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PREFACE.

The Geological Survey’s work upon manganese was
taken up in July, 1889, and entrusted to Dr. R. A. F.
Penrose, Jr., assistant geologist, by whom all the work has
been done except such aid as could be given by others in
mapping, drawing, and in making analyses. Every known
manganese mine and locality in the state has been ex-
amined by him, and is here reported on in its general
geologic relations and almost always in detail,

Besides describing occurrence of ores in this state, the
subject of manganese has beeni taken up as a whole. This
has led to an investigation of the different kinds of ore and
of the uses to which they are put. In order to ascertain
the importance of the Arkansas deposits, it was necessary to
know to what extent the other mines in the country could
meet the demand for manganese. This made it essential
that all the other manganese mines should be examined,
But as the funds appropriated were not available for work
outside the state, Dr. Penrose has himself met these expenses
out of his private funds, and, in addition to doing the field
work on manganese in this state, he has visited and
personally examined every known manganese region in
North America—those of Georgia, Tennessee, Virginia,
Vermont, Texas, Arizona, Colorado, California, Oregon,
Nevada, Utah, Nova Scotia, and New Brunswick ; only lack
of time prevented his visiting those of Cuba and Chili. The
conclusions given in the report are therefore based upon
direct personal observations, and it is felt that they are thor-
oughly trustworthy. The descriptions of deposits other
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than those of Arkansas serve {0 bring out in bolder relief
the value of our manganese ores.

The report has been prepared upon the general plan of
discussing :

1. The uses of manganese, together with the history
and statistics of the manganese industry ;

2. The ores of manganese;

3. The nature of the manganese deposits.

In the descriptions of localities the deposits of the
Batesville region have been treated first, and in greater
detail than the others, for not only did those deposits furnish
the chief incentive for making the present investigation, but
they have been worked up more thoroughly than the other
regions, and their discussion forms the most important part
of the report. After the discussion of the Arkansas de-
posits, the Appalachian region is described ; then the various
other localities are taken up geographieally, beginning with
Texas and continuing westward to California; the deposits
of Canada are treated last.

The small map showing the distribution of manganese
in the United States and Canada gives the principal areas
from which ore has been shipped, and those from which,
either on account of its scarcity, poor quality, or distance
from railway transportation, no imporfant quantities of ore
have yet beeu produced. The distinction between these two
classes of localities is, in certain cases, gomewhat arbitrary>
but the classification has been made on the basis of the best
statistical information obtainable. (See chapter IV.)

A geological map of the Batesville region is folded in
the pocket in the cover of the volume. The geographic base
of this map was compiled from the government township
gheets, and these were corrected and added to by data
collected by the Survey. Later a number of roads were
added from the field sheets of the U. 8. Geological Survey
topographic corps by whom the region was mapped after
the present State Survey had finished the geologic work.
The topography of the Boston Mountains is from the

Ll
¥
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same source. No attempt is made to show the topography
in the region north of the Boston Mountains, for its repre-
sentation would obscure important geologic details.

Dr. Penrose was aided in the preparation of the map of
the Batesville region by Prof. J. H. Stoller, T. C. Hopkins,
Prof. W. 8. Blatchley, D. M. Barringer, and H. Landes. In
sonthwestern Arkunsas the geologic investigations made by
Mr. L. S. Griswold of the novaculites aided materially in th:a
comprehension of the details of the structural geology and
distribution of the manganese-bearing strata in that part of
the state.

The chemical analyses when not otherwise accredited
have, with the exception of that of pelagite (p.'83) which is
quoted from J. D, Dana, been m_ade in the chemiecal laboratory
of the Survey by Dr. R. N. Brackett.

Two classes of analyses, mineralogical and commercial
are given. The mineralogical analyses are, of carefullv,
gelected specimens of the purest and most characteristic oreus
from each region. They are intended to show the mineral-
ogical nature of the oresand do not represent their economie
value in large quantities. The commercial analyses are made
f’f samples taken from large shipments of ore in the condition
in which it is used, and are intended to represent the com-
n:fercial values of the ores. A number of these analyses are
given with most of the important manganese localities. In
cases where such analyses were not obtainable, however
analyses of hand samples are given. Where the ores art;
useful mainly for the manufacture of spiegeleisen and ferro-
manganese, the commercial analyses represent the contents

of the ores in manganese, iron, silica, and phosphorus.
Where the ores have an additional value for OXidlZinC;
purposes, such as the manufacture of chlorine, etc th;
amount of peroxide of manganese is also given. ; ’
The measurements of elevation given in the report were
made, unless otherwise stated, with an aneroid barometer
The waut of adequate library facilities has made il;

02 Geological; Vol. i, 1890,
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impossible to give with this volume a complete bibliography
of manganese, but with the exception of half a dozen of the
less important ones all the titles known to the author are
given in the foot notes.

Aside from the aid acknowledged in the body of the re-
port and in the preceding part of this preface, the work repre-
sented by this volume, from the collection of data in the field
to the reading of proof, has all been done by Dr. Penrose in
person. His unwearying industry and zeal, his enthusiastic
absorption in and devotion to the work cannot be too highly
praised, while his intelligent grasp of the subject and his
clear treatment of it cannot fail of appreciation by geologists
and by all who are interested in manganese.

Tt is hoped that professional readers will bear in mind,
however, that the writer of a state geological report must
often sacrifice brevity and conciseness for the sake of
making his meaning plain to the unprofessional. On the
other hand the unprofessional reader shounld remember that
it is impossible to dispense entirely with technicalities in
discnssing a technical subject.

The Survey is indebted to so many persons for kind aid
in this work that it is impossible to mention them all. In
the manganese region of this state the Survey has met with
uniform cordiality and kindness. Especial acknowledge-
ments are due Dr. J. E. Wolff of Harvard University for
microscopic examinations of rocks, and to Dr. 8. L. Pen-
field of Yule University for assistance on the miuneralogy of
certain of the manganese minerals; Mr. James E, Mills of
San Francisco has given the Survey the benefit of very
valuable suggestions and observations; Mr. E. Gilpin, Jr.,
Commissioner of Mines for Nova Scotia, has kindly
furnished valuable statistics and other information regarding
the deposits of that provinee; Major A. Markham of Mark-
hamville, N. B., and Major W. K. Armistead of Abingdon,
Va., aided very materially by their cordial assistanee and
information regarding their respective regions.

The studies made by the Survey lead to the conclusion

PREFACE, xxvii

that the southwestern manganese areas of Arkansas, uamely
Polk, Montgomery, and Pulaski counties, formerly supposeci
to be rich in manganese, contain no deposits of value. This
is not gratifying, but it is conclusive, and must be so ac-
cepted. It is very gratifying, however, to know that these
same studies show that the Batesville region is one of the
most important manganese fields known in North America.

JOHN C. BRANNER,
State Geologist,
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MANGANESE

ITS USES, ORES, AND DEPOSITS.

By R. A. F. Pexrosk, Jr,, Assistant GeolSgist.

-

CHAPTER 1.
NATURE AND EARLY USES OF MANGANESE.

Nature of manganese—Manganese is a metal and represents
one of the elementary substances composing the earth’s crust,
It belongs to what is known as the iron group, which comprises
iron, manganese, cobalt, and nickel. These metals form com-
pounds which, in their chemical relations, have certain points of
similarity to each other, and they are therefore classed together.
They are frequently associated with each other in nature ; and,
in fact, one of the most common modes of occurrence of man-
ganese ore is with iron ore deposits.

Manganesein the mineral kingdom.—Manganese is never foun d
in the metallic state in nature, but is always in combination
with one or more of the other elementary substances, and gen-
erally occurs as oxide, silicate, or carbonate. In these forms, it

is one of the most widely distributed of the metals in the mineral
1 Geological, Vol. i., 1890,
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kingdom, and is almost coextensive wittl.a lir;):és:ihtszﬁth o}nn:r;:§
3 ller quantities. Lt is an essentia R
E?::r::; aand 3‘3 found in greater or less quant.ltlesIltn ﬂ:;iglo::p :.:}
metamorphic, eruptive, and sedimentary rocks. b e
sents one of the twenty-two or more elementary s
found in meteorites. The oxides are the most common = efﬁvely
minerals, but the simple silicate and carbonate, known r cll)lrrence ’
as rhodonite and rodochrosite, arehs:lsq! of fr:;:llle;l: (::auy Othe;
ile carnet, pyroxene, and amphibole, as & B
:;}i]:;aeraigs, frec;ui{nly contain mang.anese'. Rhodomt; :i ;)fte:rglll:
for jewels on account of its beautiful pink color, an . m:‘)ngan'
of t.l;e amethyst is supposed to be due i.;o.the presence S
ese, Only a few of the minerals containing marfg]jnese, - useé
are available as ores of the metal, and th'O.BB whic fcar; Rt
are only rarely found in sufficient quantities and of such q _
ial value.
- toﬂz:f:nﬁ?:r:;l :nimal and vegetable kingdom.—ThO}lgh
manganesge in large quantities .is corlﬁned to tlz.le. m1i1111erl::‘1}t11:u:§;
dom, it is widely distributed in mnm;.tte E;uant;tles i Bt
animal and vegetable kingdoms. It is said to form e
tituent of the tissues and of the red corpusclfas of the
:30“5 human body, being present in the proportion of o_r.le part
mf J:::l:in ginese to t.w:anty parts of iron.  In the veget;bl;ar:[ kmgdr;r:
" i iti f many plants: E. N. Horsfor
. enters(;ntoa;hz:zsf];‘zsiﬂz l:.s{:l of 3015;15 varieties of tea, coﬂ‘e:e,
Ihazai(;uZn(:n squgash ; and E. Maumenéf describes its existence in
f(:lbacc:), potatoes, beets, c:r{;r;ts, ;g‘rai];:s, a?llzlnzzz; lsvhe;.:,isr f;?,’
ables, fruits, - :
e andf m:zym::;:::al:ii; max:ganese enters into the anim-al
e : f3‘1:3.1:1(1 in fact, the general distribution of manganese in
:;?fui?:;;d veg"etable organisms, though if] sn:fall qlt::an.'jtnt:ltes&l,1 ;z
irectly traceable to its persistent presence " soils, where 1 i
s ived from the decay of rocks. It is absorbed fron? the
be‘en derllvets and transmitted thence to animal blood and tissue.
e i;\fyial::;:ne’se represents one of the mineral constituents

i 1, p. 259, .
. Sei., 2d.series, Vol. XI1,, 1851, : =
e J(:.:;dus d'a 1"Acad. d,es sel., t« XCVILL, 1884, pp. 1416-1419. D?S)r the existe
M : 56-1053.
Tg::ese in wines see B, Maumené, Ibid., pp. 845-846 and 10
of man

.
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of many trees, being found in the ash of certain forms of the oak
(Quercus robur), the chestnut (Castanea vesea), and the floating
plant known as Trapa natans* 1t also occurs in several species
of the genus Cinchona, the source of the commercial quinine.

Ancient and medieval uses and names of manganese.—The

application of manganese in the arts is of great antiquity, and
dates back at least as far as the times of the ancient Egyptians.
‘One of its first uses was in glass-making, and analyses of Egyp-
tian and Roman glassware have shown the presence of over two
per cent of the protoxide of manganese,} equal to over one and
a half per cent of metallic manganese.

Pliny, iu his treatise on natural history, mentions the use of
manganese oxide among the Romans in decolorizing glass, He
considered it a variety of magnetic iron ore, or lodestone, which
he speaks of as magnes. Daring the middle ages it was known as
magnesia, and was later referred to as magnesia nigra,
from the true magnesia, or magnesia alba,
is of somewhat obscure origin.

in distinction
The name manganese

It is supposed by some to have
been derived from the expression magnesia nigra, by metathesis.

It appears in such expressions as lapis manganensis in the Latin
literature of the 16th century,|| and still later as manganesium,
but as late as the 18th century it was frequently mentioned as
magnesia nigra. These names all referred to the oxide of man-

ganese, since the metal was not known until th
the last century.

Growth of knowledge concerning manganese.—Though the
oxide of manganese and its more apparent properti
to the ancients, and to the priests and chemists of the middle ages,
yet the old idea of Pliny, that it was a form of iron ore, was
still generally retained until late in the last century. Glauber
<arried on experiments with the compounds of manganese about
the middle of the 17th century, and in his work known as The

Prosperity of Germany, published in 1656, he describes his
investigations.

e latter part of

es were known

*Gray’s Botanical Text Book, Vol. I1., Geo. L. Goodale, Physiological Botany, p, 256.
T E. Maumeng, Comptes rendus de I’Acad. des sci., t, XOIIL,, 1884, p. 1417,

f B. A, Hadfield, Proceed, Civil Engineers, XCIII., 1888, IIL., p. 59,

| Roscoe and Schorlemmer, Treatise on Chemistry, Vol. 1., Pt, IL, p. 2.
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In 1740, Potts* showed that oxide of manganese formed
a series of salts distinct from those of iron, but the existence of a
separate metal was not understood, and even as late as 1758
Cronstedtt speaks of it as a “kind of earth” with “no greater
quantity of metal than sometimes two or three per cent of iron
and sometimes a little tin.”

Scheele’s celebrated experiments,] published in 1774, mark
the first systematic attempt to investigate manganese and its.
compounds, and to his labors are due the first detailed knowledge
of the subject. He suspected the existence of a metal in the
magnesia nigra, but was unable to isolate it. This was accom-
plished shortly afterwards (1776), for the first time, by Dr, Gahn;
though Kaim of Vienna is quoted as stating, in 1770, that a
“peculiar metal” could be extracted from oxide of manganese.

Hence it will be seen that, though certain uses of oxide of
manganese have been known from ancient times, our knowledge
of the nature of the metal itself is of modern date, and on this
knowledge are based the most important of its present applications.
in the arts. Its principal commercial use up to the end of the-
last century, seems to have been in decolorizing glass, as well as
in coloring both it and pottery, as explained in chapter III.
Considerable quantities, obtained {rom the Mendip-Hills, near
Bath in England, are said to have been used in the last cen-
tury by the Bristol potters, among whom it was known as
“glassmaker’s manganese,” “glassmaker’s soap,’ oOr “black
glass.” It was not until 1785, however, after Berthollet had
suggested the economic application of chlorine in the arts, and
works for its manufacture had been started at Javelle, in France,
that an extensive field for the application of manganese arose.
Manganese ore Was & Decessary reagent in the manufacture of
chlorine and the demand for it soon rapidly increased. In 1786
chlorine works were started in England by James Watt, and in

+ Examen Chymicam magnesia vitrariorum, Germanis Braunstein. (Roscoe and
Schorlemmer.)

1 Alex. Frederic Cronstedt, An Essa-y towards a System of Mineralogy, transiated from
the Swedish by Gustay von Engstrom in 1788, p. 849,

1 Stockholm Memoirs, 1774, (Handlingar Kongl. Svenska vetenskaps Akademien (7))
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::Sglil;:iizs Tennant erected the celebrated St. Rollox works
With the introduction of manganese in the manufacture of
steel by Heath, in 1839, and the subsequent immense increase ;)
the production of steel by the invention of the Bessemer proce .
less than twenty years later, another great use for manp an N
was found, and at the present day this use has become sugch P
important factor in the metallurgy of steel, that it probabiu
-consumes over nine-tenths of the manganese production of thz
world. The demand for manganese in the manufacture of
chlorine has decreased considerably since the introduction o? t;l)
Weldon regenerative process, which makes it possible t ”
the same ore over again indefinitely. e
. Besides these two main uses of manganese, numerous other
minor sources of consumption have arisen (see chapter II.) and

Syen yet the ancient Egyptian and Roman practice of using it
in glass consumes certain quantities,



CHAPTER IL
MODERN TUSES OF MANGANESE.

CLASSIFICATION OF THE USES OF MANGANESE.

Manganese is used at the present day for a great many
different purposes in the arts; but, as already stated, prabab}y
over nine-tenths of the manganese ore produced is consumed in
the manufacture of the alloys of iron and manganese, known as
spiegeleisen and ferro-manganese, which in turn, are used in the
manufacture of steel. 1f the class of manganiferous iron ores
were included as manganese ores, the proportion consumed for
these purposes would be vastly greater. Smaller quantities of
manganese are used in manganese-bronze, silver-bron.ze, and
other alloys. Next to its application in alloys, its most import-
ant use, when in the form of pyrolusite (peroxide of manganese),
is as an oxidizer in the manufacture of chlorine, No chlorine,
however, is made in the United States, all that is used in this
country being imported. Smaller quantities of manganese are
also consumed for many other industrial purposes.

The various uses to which manganese and its compounds are
put, may be divided into three classes: alloys, oxidizers, .audr
coloring materials. Each of these classes includes the applica-
tion of manganese in sundry manufactured products, oF ad B
reagent in carrying on different metallurgical and chemu-:al pro-
cesses. The most important of these sources of consumption may
be summarized as tollows : :

MODERN USES OF MANGANESE, T

Uses of manganese. *

Gt

gelei gAlioys of mangan-

Ferro-manganese, ese and iron,

Manganese-bronze and copper with or

without iron.

g Alloys of manganese

ALLOYS . uuasnsasnssissss I, TR
ganese, aluminum,
Silver-bronze. zing, and copper,
with a certain
quantity of silicon,

Alloys of manganese with alumioum, zine, tin,
lead, magnesinm, ete,

[ Manufacture of chlorine,
Manufacture of bromine,

As a deenlorizer of glass (also for coloring glass, see
eoloring materials).

OXIDIZERS ............4 As a dryer in varnishes and paints,
Leclaoché’s battery.

Preparation of oxygen on a small scale,

Manufacture of disinfectants (manganates and per-
manganates),

Calico-printing and dyeing.

COLORING ' Coloring glasg, pottery, and brick,
MATERIALS,

Green.
Reints Violet.

© Besides these main uses of mavganese a certain amount is consumed as a fluxin smelt-
ing silver ores, a purpose to which iron ore isalso extensively applied. Many silver ores, es -
pecially in the western states, contain manganese minerals asa part of their gangue material, and
the value of the manganese in fluxing is rated at the same price as iron. As manganese ore, under
most cireumstances, is a much more valuable material than iron ore, it is consumed as a flux:
only when it is of such low grade or so far from market that it cannot be nsed for other
purposes, or Wwhen it is in such intimate association with the silver ore that it cannot be con-
sumed otherwise without sacrificing the more valuable metal. In other words, manganesein
associarion with silver ores, is a valuable ingredient in smelting, but, except under special
circumstances, it does not pay to mine a good manganese ore for silver smelling purposes.
Under peculiar conditions, such as the proximity of a smelter to manganese ore and the scarcity-
of a suitable iron ore, the manganese has been used. The use of manganese as a flux, therefore,
may be considered rather an accidental application than an imperative sourceof consump-
tion:

Manganese in the form of the mineral rhodonite, which is often of a beautiful pink
color, is cut for jewelry and other ornamental purposes. Manganese in the form of its various.

salts is a,lm? employed for otber lesser chemical, manufacturing, and medical purposes, as.
further mentioned in the next chapter.
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In alloys, manganese is used in its metallic state, combined
with other metals. Its value in this form depends on its con-
tents of metallic manganese, and, in some of the alloys, on its
comparative freedom from  phosphorus, silica, and other
injurious ingredients.

In the various uses of manganese for oxidizing processes,
the manganese itself serves simply as a carrier for oxygen. For
snch purposes it is generally used in the form of the raw ore known
as pyrolusite (peroxide of manganese); though, in some cases,
especially in disinfectants, it is used in manufactured forms, as
manganates and permanganates. In all cases, however, whether
the manganese is in the form of its ore or of an artificial com-
pound, its use for oxidizing purposes depends on the readiness
with which it combines with oxygen in nature, or in the labora-
tory, and the ease with which, by simple means, it can be made
to give up a part of it for manufacturing purposes. The oxygen
thus obtained is konown as the “available oxygen,” as dis-
tinguished from the oxygen that cannot be taken from the ore or
other compound in the ordinary processes of manufacture. As
the amount of available oxygen in an ore depends on the amount
of peroxide of manganese present, the market value of the ore is
expressed in termsof peroxide. For use in glass-making, freedom
from iron is a necessary condition of the manganese ore employed.

In the different applications of manganese for coloring
materials, the manganese is used, not in the metallic form as in
alloys, but as various compounds of the metal.*

THE ACTION OF MANGANESE IN ALLOYS WITH OTHER METALS,

' Nature of metallic manganese.—Perfectly pure metallic man-
ganese is exceedingly difficult to obtain, as it is usually mixed
with more or less carbon taken up from the fuel used in its re-
duction, and even when it is pure it is such an unstable material
that it has not yet been put to any practical use. When pure, it
is of a gray color, or of a grayish-red like bismuth, and is not
unlike cast-iron in general appearance. It is exceedingly hard,
that prepared by Brunuer cutting glass and hardened steel. It

# The various uses of manganese will be deseribed in this and the following chapters,
in the order of the above table.

—— e
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has a specific gravity variously estimated at from 7.13 to about
‘8, which is close to that of iron (7.84). It meltsata white heat.
Though very hard when first made, this metal rapidly crumbles
to powder on exposure and passes into the oxide form, In factso
great is this tendency, that it has to be kept in some protecting
oil or a closely sealed vessel to maintain it in its solid state. It
decomposes water when brought in contact with it, taking up the
oxygen and setting free the hydrogen. The pure metal was first
“isolated by Gahn in 1776, and was known in Germany as Braun-
stein-kinig, or Braunstein metal. It was later prepared in yarious
ways by John,* Deville, Brunner,} and other chemists. It is
-only in an alloyed state, however, that it has proved of service
in the arts.

Manganese mixes with iron and other metals readily in all
proportions, and it has been found that a very small amount of
iron will add stability to the product, counteracting the tendency
-of the manganese to oxidize and crumble. Manganese and iron
alloys containing even over 80 per cent of the former ingredient
-are comparatively stable, but when the manganese is increased
much over 90 per cent the product is liable to crumble. In
many of the manganese alloys, not only those with iron, but also
with other metals, the most noticeable effect of the manganese is
the hardness that it gives to the resulting product, while other
properties, such as ductility, elasticity, tensile strength, etc.,
“depend more or less on the amount of manganese present and on
the accompanying impurities. The hardness, however, is con-
-stant, and its influence on iron is well shown in Hadfield’s man-
ganese steel, which is harder than any known form of steel and
'is scarcely affected by the ordinary machining tools, (See
pages 256-27,) The white color given by manganese is a feature
of many of the alloys of that metal and is described later in this

-chapter in the case of manganese-bronze and Cowles’silver-bronze.

SPIEGELEISEN AND FERRO-MANGANESE.
Spiegeleisen and ferro-manganese are alloys of iron and
manganese in different proportions. An alloy with less than

# GGehlen’s Jour, Chem. Phys,, II1,, p. 452,
1 Ann, Chim. Phys., (3), XLVL., p. 182.
} Pogg. Ann., OL, p. 264.
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twenty per cent of manganese is called spiegeleisen, and with
from twenty per cent upwards it is called ferro-manganése. All
degrees of admixture are made, from a spiegeleisen containing
only 1 or 2 per cent of manganese up to a high grade ferro-
manganese containing from 85 to 90 per cent or even more. Both
are white or light gray in color and have a bright metallic lustre.
Spiegeleisen has a brilliantly glittering crystalline structure, and
hence its name, meaning “ mirror-iron, ”

A spiegeleisen containing about 4 per cent of manganese.

often has a fibrous or columnar structure, and is known in
Germany as weissstrahl and in France as fonte-rubanée.* When
the alloy contains 25 per cent or more of manganese, it assumes
a compact, granular structure; with upwards of 50 per cent it
often has an acicular crystalline structure.

All the alloys of manganese and iron contain considerable.

quantities of carbon, and analyses of certain grades of spiegel-

eisen sometimes show from 6 to 7 per cent. They are low in.

silicon, often containing less than 0.06 per cent of that ingredi-
ent. In other impurities they vary according to the nature of
the ores used in their manufacture.

Spiegeleisen is miore easily and more cheaply made than
ferrd-manga’nese, but its use is sometimes accompanied by diffi-
culties which are overcome by the latter: it is often
found that when enough spiegeleisen is added to the steel to
supply the requisite amount of manganese, an injurious excess of
carbon is imparted because of the amount of that ingredient in
the spiegeleisen. Hence it becomes necessary to have a material

richer than spiegeleisen in manganese, so that enough of the

latter can be obtained in the steel without having to add too
much carbon. This need is supplied by ferro-manganese, a
material in which the manganese may be almost indefinitely
increased. The increase, however, reaches a limit beyond
which it is not advisable to go, since, as already stated, when

the alloy contains over 90 per cent of metallic manganese it ist

apt to crumble.
The presence of manganese in iron has a marked effect in

% Phillips and Baue;man. Elements of Metallurgy, 1887, p. 255,
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giving non-magnetic qualities to the alloy. According to R. A.
Hadfield* this was observed as early as 1773 by Rinman, and
later David Mushett observed the same fact in his experiments.
with iron and manganese admixtures., The non-magnetic qual-
ity increases with an increase of manganese, and Mr. Hadfield,
in his experiments with manganese-steel, has found that an ap-
proximate idea of the amount of manganese present can be
obtained by testing the specimen with a magnet.

Methods of manufacturing spiegeleisen and ferro-manganese.—
Spiegeleisen was formerly made by using a manganiferous iron ore
in a blast-farnace, or by inserting small quantities of manganese
ore in the iron ore charge. When the amount of manganese
became large, however, great difficulties were experienced on
account of the high temperatures required to smelt the metal and
the loss due to the combination of the manganese with the slag.
The more manganese contained in the charge the higher the
temperature that is required,and a white heat is needed to
reduce oxide of manganese alone. Consequently, in the early
manufacture of ferro-manganese, the metal was reduced either in
graphite crucibles as in Prieger’s method in Germany, or in a
Siemens’ furnace as in the Henderson method in England, which
was later improved by the Terre Noire Company of France.
These processes were expensive, the loss was considerable, and
the product limited. More modern appliances, however, and.
greater experience in the use of manganese ores have con-
siderably facilitated the reduction of the metal, and now ferro-
manganese is readily made in any properly arranged blast-
furnace, with a high temperature and a strong hot blast. Coke
is the best fuel, as it admits of a sharper blast and gives a stronger
heat, but charcoal can be used, and Wm. P. Blake describes the
manufacture of ferro-manganese with that fuel from a highly
siliceous ore at Reschitza,] in Hungary. The other desirable
features in the process besides those mentioned are : a highly basic
slag, secured by large charges of lime; an abundance of fuel;
and sufficient time. The basic character of the slag causes the

% Iron and Steel Institute, 1888, IL., p. 55.
T David Mushet, Papers on Iron and steel, 1840, p. 775.
I Trans, Amer. Inst. Mng, Eng., Vol. IV., 1875-6, p. 217.
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saving of a considerable part of the manganese, which with a
less baxic, or an acid slag, would combine with the latter and be
lost. If the slag is too basic, however, other difficulties are met;
and even with all precautions, a loss of from 4 to sometimes over
15 per cent of manganese, the quantity varying according to the
amount of the metal in the product to be obtained, is often sus-
tained in smelting the ores.

HISTORY OF THE USE OF MANGANESE IN STEEL.

Introduced by Heath in 1839.—The introduction of mangan-
ese in improving the quality of iron and steel took place in Eng-
land in 1839, as the result of the researches of Josiah Marshall
Heath. Previous to this, the value of manganese for such
purposes had been recognized by some metallurgists, and even
as early as 1799 Wm. Reynolds* took out patents for its use.
Between this date and 1837 three other patents were taken out
in England for similar purposes, but all these failed to attract
any attention. This was probably due, in some cases, to the
‘imperfect methods proposed for its use, but it seems likely that
‘the principal cause was that the inventors had not yet proved the
advisability of employing manganese on a commercial scale. In
1830 Musheti actually made, experimentally, a Jow ferro-man-
ganese containing about 30 per cent of manganese, but his work
at that time failed to make any change in the manufacture of
steel. To Heath, therefore, is due the credit of having first in-
troduced into general use the employment of manganese in the
metallurgy of iron and steel, a use which has since grown to such
importance that it is now well-nigh indispensable. The cause of
the adoption of his methods was probably due to the fact that he
conducted his experiments on a large scale and therefore, as soon
as his invention was published, he had abundant evidence to
prove its applicability on a commercial basis.

Cause, nature, and result of Heath’s invention.—The im-
‘mediate causes which led to Heath’s discoveries were his

#J, 5. Jeans, Steel: its History, Manufacture and Uses, London, 1880, p. 79.
1 David Muoshet, Papers on Iron and Steel, London, 1840,

———— | — e —— :.'f——‘
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endeavors to use, in the manufacture of steel, the low grade

Wootz iron ore of Porto Nuevo, in the Madras district. He

not only succeeded in this, but also completely revolutionized

the steel industry of England. His original object was to

improve both malleable iron and cast steel. In the first case.
he mixed with the cast or plate-iron, while fused in the
puddling farnace, from 1 to 5 per cent of pure oxide of man-

ganese, the sesquioxide being preferred. In the second case
he mixed in the crucible, with the materials to be converted

to steel, from 1 to 3 per cent of what he called carburet of-
manganese. The latter consisted of a manganese pig cor-

responding to white iron pig, and was composed of metallic

manganese with a small percentage of carbon. It was made

by smelting an intimate mixture of oxide of manganese and

coal-tar. Previously the carburet of manganese had been

simply a chemical curiosity, produced only in small quantities.
and with considerable difficulty; but by Heath’s process it

was obtainable in large amounts. By the addition of this
material, it was found that the low grade steel made from

the Wootz ore could be converted into an excellent product,
easily malleable and weldable.

In 1839 Heath took out patents for his process, and
made preparations for the introduction of his carburet of
manganese among the steel makers of Sheffield. Further
investigations proved to him that the same result as that
brought about by the use of the carburet, could be obtained
by simply inserting into the crucible the unsmelted mixture
of oxide of manganese and tar, and that he could thus save
the additional expense of converting the manganese into a
carburet. He therefore moulded the manganese and tar
into bricks, dried them by heating in a closed vessel, and
used them in their raw state. In this form he soon found an
extensive demand for his manganese compound among the
steel manufacturers, who, after the first trial, realized the
great advantage derived from it. Heretofore the best quality
of steel in England had been made of high grade and ex-
pensive bar-iron from Sweden and Russia, but by the em-
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ployment of Heath’s process it was possible to make an
equally good product from a comparatively low grade iron
of English manufacture.*

Unfortunately for Heath, however, he had not taken
out patents to cover the use of his mixture in the raw state,
and this fact was taken advantage of by his agent and others
to defraud him of the royalty on his invention., Years of
litigation followed, and the case was tried many times over,
passing through a series of vicissitudes of favorable and
unfavorable decisions. Heath died during the proceedings
in 1853 and the litigation was continued by his widow until
1855, when it was finally decided against her, thus ending
one of the most celebrated sunits in the history of English
patents.

Though Heath was thus deprived of the well deserved
fruits of his labors, his discoveries mark an epoch in the
history of steel. Jeans, referring to the results of his inven-
tion, says,t ¢ David Mushet has calculated that Heath’s
invention, causing, as it did, an immediate reduction of 30/
to 40/ in the price of good steel, resulted in an aggregate
saving up to 1855 of not less than 2,000,000/ sterling, while
it also rendered England comparatively independent of the
Swedish and Russian iron previously imported in such large
quantities, ”’ -

According to Percy, the secret of the success of Heath’s
mixture was the intimate association of the carbonaceous
material, in the form of tar, with the manganese ore.
The tar thoroughly impregnated the ore and when the
compound was smelted, either alone or with the steel,
the metal was easily reduced; whereas, with a less inti-
mate mixture, a rapid corrosion of the smelting pots would
have ensued, and it would have been much more difficult
to obtain the manganese in the metallic state. To this fact Percy
also ascribes the failure of previous attempts to introduce
manganese into the manufacture of steel. The experience of

# John Percy, Metallurgy: Iron and Steel, Londoa, 1864,
+ Steel: its History, Manufacture and Uses, 1880, p. 30.
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thalf a century, however, since Heath’s first experiments has
thrown more light on the subject of handling manganese ores,
-and what was then a new and difficult problem has since become
:a much less complicated one.

Increased use of manganese with the introduction of the Bes-
semer process.—The Bessemer process for making steel was first
publicly announced by Henry Bessemer in 1856, but was not
perfected until 1858. The principles of the patent were at that
time ridiculed by the steel makers of England, and Bessemer,
‘despairing of inducing them to adopt his methods, erected steel
works in Sheffield for the employment of the new process. He
subsequently realized large profits, and reduced the price of
steel far below the quotations of other manufacturers, * thus
compelling them to take out licenses to use the same process,
The manufacture of steel was immensely inereased by the
introduction of this new method, and the demand for manganese
became correspondingly large.

Robert Mushet’s patent.—In 185 6, shortly after the Bessemer
process had been made known,-Robert Mushet T took out patents
in England for the improvement of steel by the introduction of
a “triple compound” of iron, manganese, and carbon. This
process was perfected in subsequent patents by the same in-
ventor, It was claimed by others, however, that the patents
were illegal, as similar compounds were already in general use
throughout the kingdom, and, though the case did not come to
trial, the exclusive rights of the patentee were not maintained,

Mushet’s patent, however, was of the greatest importance to
the successful working of the Bessemer process, as it overcame
one of the main difficulties met in the early use of that method
of steel making : it was found soon after the Bessemer process
_had been started, that a too extensive oxidation took place in
the converter and that the whole of the carbon was burned off, the
metal being ctrmplete]y reduced to wrought iron instead of steel.
3;;:::::]:; 22;8,‘3?8::1:2;11 am?unt c:f Mushet’s comp.ound, which

of spiegeleisen, was added in a molten

# Jeans, Steel : its History, Manufacture and Us s
es, 1880, p, 67.
T Ibid., p. 80, i =
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state to the converter after all the carbon had been burned off
from the metal within it. In this way the amm:mt Of. carbon re-
quired for steel was restored by that in the spiegeleisen; or in
: ds, the metal was recarburized. :
OtherTvl:erpi’egeleisen played other val.uable .parts in ]?iezserfxer-
steel, in reducing small quantities of OXl(}'e of iron form; ; uﬂrmtg
the process, in counteracting to a certain degree thel“ab effects.
of sulphur and phosphorus, and in other ways, as wi 1 e mm:}
fully explained later in this chapter. Thesef eﬂects,. ovl\?e.ve 4
were directly dependent on the manganese in the splig.e 1:313:];1,
and, though they were recognized, the exact par.t v; 1:: e
manganese played was not thoroughly understood ; i fao v,leven
yet the details of the various actions of' manganese in steel are,
in many respects, much disputed questions. ' '
From Mushet’s time dates the really extensive use of .sp:e;
geleisen, and later experiments have been largely in th? line 0di
making that material more cheaply and of better qua.h:;y, a?i
in bringing it up in its contents of manganese to a high grade
'ro- nese.
- rolt}];:tfgcture of ferro—manganese by W.‘Henderson.—After-
Bessemer had proved the practicability of his stee! process on.s;
commercial scale, he soon saw the necessity of having aTlmaterla
high in manganese to supply that me.t,al to the steel. lelgom;
mon spiegeleisen at that time contained only from 5 to tpe
cent of manganese, and sometimes as n.mch as 6 or T per 1cen‘t 01]:
more of carbon. It was made mostly in Germany, and the s i;:e
works in other countries obtained their sup})ly from ther: ; s
using this material as a source of m:.mganese it was fom;d t .'alt-, in
order to get enough of the metal into the steel, succ :: a:§&
quantity of spiegeleisen had to be added that mote t ant e
desired amount of carbon was introduced. In maku.lg certain
kinds of steel this had to be avoided, and therefore it became

desirable to have something richer than spiegeleisen in

manganese, so that enough of this metal could be

added without adding an excess of carbon; in other words, a

{erro-manganese was needed. Accordingly, at the instigation of
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Bessemer, experimeats to this effect were undertaken by W.
Henderson, of the St. Rollox Chemical Works, Glasgow, who at
first used the waste manginese from his chemical manufactures
as a source of the desired material. Here, again, we have an
instance of the remarkable foresight and ability of Bessemer in all
matters pertaining to the manufacture of steel,

After a series of experiments, in which the great heat vec-
essary and the eorrosive action of the manganese were among
the main difficulties, success was attained, and in 1865 the Hen-
derson process was producing a ferro-manganese containing
25 to 30 per cent of metallic maunganese, About the same time,
according to Jeauws, it was announced that a ferro-manganese,
containing 75 per cent of metallic manganese, was being made
by the M. Oscar Prieger process in Cologne,

Manufacture of ferro-manganese at Terre Noire, France —
After Henderson had proved the possibilities of his method, it
was adopted by the Terre Noire Company, of France. This
company perfected the process and raised the percentage of man-
ganese to 75 per cent, besides reducing the price 50 per cent.

MANUFACTURE OF SPIEGELEISEN AND FERRO-MANGANESE IN
THE UNITED STATES,

New Jersey Zine Company, 1870.—The manufacture of spié—

geleisen in the United States was first commenced by the New

Jersey Zine Company, at Newark, N. J., in 1870. They used as

& source of manganese, the residuum of the zine ores after the ex-

traction of the ziae. This residuum, known as clinkers, ”” con-
tained iron and manganese ; and spiegeleisen was made contain-
ing over 11 per cent of manganese aud over 83 per cent of iron.
Spiegeleisen often containing more than this amount of man-
ganese is still made from the same material, (See chapter V.)
Willard P, Ward, 1874.—The first ferro-manganese, how-

ever, that was manufactured in the United States was made by
Willard P. Ward, in 1874, al the Diam

Creek, near Cartersville, Georgia.
and contained over 55 per cent of m

ond Furnace, on Stump
It was made of Georgia ores
etallic manganese. * Later,

*Ferro-manganese: Its Uses and the Facilities for its Manufacture in the United
States, Willard P, Ward, 1876, p. 1

2 Geological, Vol, i., 1890,
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the proportion of manganese was raised to over 67 per cent.™
Mr. Ward’s work is said to have represented the first successful
manufacture of ferro-manganese in a blast-furnace.

Oumbria Iron-Company 5 Bethlehem Iron Company ; 1875.—
In 1875 the manufacture of spiegeleisen was started by the Cam-
bria Tron Company, in Johnstown, Pennsylvania; and by the
Bethlehem Iron Company, in Bethlehem, Pennsylvania.
Spanish ores were used at both places.

Woodstock Iron Company ; 1875.—In the same year of 1875
the manganiferous iron ores of Alabama were used in the manufac-
ture of spiegeleisen at the Woodstock Iron Company’s works at
Anniston, in that state. According to W. P. Blake,t the
spiegeleisen contained from 8 to 20 per cent of manganese and
from T3 to 85 per cent of iron. It was made from a mixture of
manganiferous iron ores containing over 20 per cent of man-
ganese and ores containing something over 8 per cent.

Carnegie Brothers and Company.—Somewhat later, the man-
ufacture of spiegeleisen was begun at the works of Carnegie
Brotbers and Company, Bessemer, Pennsylvania; and in 1883
+the manufacture of ferro-manganese was introduced at the same
place. The ferro-manganese now made there supplies not only
their own consumption, but also that of certain other steel works.
“T'he variety for which there is most demand and which is made
in largest quantities by Carnegie Brothers and Company, con-
tains from 79 to 81 or 82 per cent of manganese. Some is made
for special purposeé containing 83 per cent and more of man-
ganese, and, at times, a ferro-manganese containing over 90 per
cent of manganese has been produced.

Oblorado Coal and Iron Company.—In 1883 spiegeleisen
was successfully made in Pueblo, Colorado, and at the present
time it is produced at the works of the Colorado Coal and Iron
Company at that place. The raw material is largely a mangan-
iferous iron ore gangue from the silver veins of Leadville and
elsewhere in the state, analyzing 9 to sometimes 51 per cent of

manganese and 6 to 48 per cent of iron. The spiegeleisen

* Willard P. Ward, Trans. Amer. Inst. Mog, Eng., 1876-7, Vol. V., p. 612,
4 Trans. Amer. Inst. Mng. Eng., 1V., 1875-6, p. 219..
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analyzes from 20 to 25 per cent of manganese, 4.8 to 5 per cent
of carbon, 0.91 to 1.0 per cent of silies, 0.095 to 0.11 of phos-
phorus, and 0 14 to 0.16 per cent of sulphar, Ferro-mauganese
is also nnw made containing forty per cent of mangane-e. *

THE USE AND EFFECT OF MANGANESE IN STEEL

General statement.—The application of manganese in steel
as already shown, has been a common practice ever since the’
-publication‘ of Heath’s patents for its use in 1839, but the exact
part that it plays in the metallargy of steel has long been a
matter of discussion, and, in many respects, is still a very much
disputed question. '

The use of spiegeleisen as a recarburizer in steel, to replace
the carbon that has been burned off during its manufacture, de-
pends on the existence of carbon in the spiegeleisen and, has
been mentioned on page 16. The manganese itself in the
spiegeleisen, however, also plays very important parts, The
fact is well known that its most valuable effect is in reducing
the small quantities of oxide of iron formed in the steel durin
the final melting. The munganese thus used leaves the steel ang
goes into the slag; but it has been found that by allowing a
ce-rtain quantity of it to remain, other valuable results are ob-
tained in counteracting phosphorus, removing and counteracting
sulphur, and in other ways. HEven in late years, however, the
quantity that should be left in steel has been greatly displ;ted
and not twenty years sgo many prominent authorities though;
that more than 0.75 per cent greatly injured the tensile strength
duetility and other properties of steel, while still others deniec,l
the advisibility of even this amount. Now, steel rails, though

they still often contain less than 0.5 per cent of ma’ngauefe
an frequently made with over 1.5 per cent and, in some cases’
over 2 per cent. Recently, the experiments by R. A. Hadﬁeld’
;n manganese steel, show that a metal containing mauganes:a
rom the proportions commonly used up to over 21 per cent,

“Th ¢
e m:i S;r;;e)é:; 11debii.ed to the kindness of Mr, 1. Grove, Superintendent of the Oolo-
N hadiginiae pmducedp :yh .or the analyses of the ores used and of the spiegeleisen and fer-
P at his works, The forier are given under the headiig of Rock
msrnsaneae ores and the latter in the list of analyses of spiegeleisen, : g
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possesses remarkable properties ; and that the mixture containing
14 per cent of manganese and not over 1 per cent of carbon,
especially, shows a wonderful combination of hardness and
toughness. - Thongh these high-manganese steels are not at pres-
ent used on account of mechanical veasous, yet the value of steel
with trom 0.5 to over 1.5 per cent for certain purposes is now
very generally recognized. The present state of our knowledge
concerning the effects of manganese have been carefully sum-
marized by Professor Henry M. Howe, in his late work, the
Metallurgy of Steel.

Effect of manganese on oxide of iron.—As just stated, the
most important action of manganese is the reduction of the oxide:
of iron in the steel. During the final melting in the Bessemer
process, the steel absorbs from the blast a certain amount of
oxygen, from 1 to 2 per cent and sometimes more, which com-
bines to form oxide of iron. The presence of this compound ren-
ders the steel difficult to forge, or, as it is commonly expressed,,
«ped-short.” This defect is counteracted by the addition of small:
quantities of manganese in the molten steel. The manganese.
has a greater affinity for oxygen than iron has, and the action.
which goes on is the absorption by the manganese of the oxygen
in the oxide of iron, forming oxide of manganese. The latter
combines with the slag to form a proto-silicate and is thus sepa-
rated from the steel. The oxide of iron in the steel is supposed
by some to be in the ferroso-ferric form (Fe,0,), which is the
form of iron in magnetic ore. Others believe it to be in the-
ferrous form (FeO). Howe inclines to the latter supposition
and suggests that some of each may be formed, or, that a more
general distribution of the oxygen throughout the iron may take
place; and that “part or all the oxygen may, like hydrogen and
carbon, be united with the whole of the metal,”’ *

If the manganese applied played no other part than to com-
bine with the oxides of iron, the question as to which formula
is correct would be more easy of solutiun, but, as pointed out by
Howe, some of it seems to combine directly with the slag, with-

_the removul of the latter from the molte n metal.

# Metallurgy of £teel. New Yorlk, 1890,

MODERN USES OF MANGANESE, 21

ou! the intervention of oxide of iron, and possibly a part of it is
volatilizad.  Also, various combinations of manganese with the
impurities in the steel are supposed to go on, and these, as well
miy iofluence the siz: of the charge of manganese necessary tc;
have the desired effect on the oxide of iron. The determination
‘of this question is a most important one, as it is directly connected
with the amount of manganese necessary.
B:sides the oxygen thus combined with the steel there is
also a certain amount of it in the small particles of slag mschan-
ically enclosed in the matal. The oxygen itself in this form is
less injurions than in its other form, but the removal of the slag
particles is a very desirable object and is largely effected by the
mainganesz. In this case Howe thinks that the manganese ¢om -
bines with the silicate of iron composing the particles of slag and
forms a douable silicate of iron and minganese, which coalesces
nfmch more readily from its finely disseminated condition and
rising to the surface of the m:til, mixes with the main body 0;
the slug above. “T'his,” says Howe, “ does not mean a greater
fusibility, but the minganese malkes a silicate which is either
lighter or, more probably, which coalesces easier.”
Lffect of manganese on sulphur.—M inganess counteracts, to
a geeater or less degree, the quality of hot-shortness produ’ced
by the presence of sulphur, phosphorus, copper and other im-
pucities. Howe ™ shows that manganese acts on sulphur both by
removing it bodily from the cast iron, and probably also from
th_e.steel, as well as partly neutralizing the effects of what re-
muins.  Percy,t as early as 1864, quotes Mr, Perry of the Ebbw
Vale Ir-ou Works, as stating that whenever there is much man-
ganese in the slag tuere is also a considerable proportion of sul-
phar associated with it, pointing, as his baen since proved, Lo
thinks th‘au this association of manganese and aulphurPr?J:;fy 1?:;
:1(:_1:;5111;::31:“9‘:“ .nf the mineral helvite, which consists of
, glucinum and sulphar.
Effect of manganese on phosphorus and on ecarbon.— Accord-

* Metallurzy of Steel. New York, 1800,
F Metallurzy :  Iron and Steel. London, 1564
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ing to Howe, though mancanese counteracts the hot-shortuess
caused by phosphorus, it does not ¢hunteract the cold-shortness
produced by that impurity, H: thinks the first result isaccom-
plished by rendering the mewal more fluid and plastic when
molten,and thus counteracting the tendency toward erystall zation
in the steel caused by phosphorus, rather than by forming a
phosphide of iron, or other chemical compounds.

Munganese is said to increase the power ‘of carbon to com-
bine with iron at very high temperatures and to restrain its
separation as graphite at lower ones, thus acting in an opposite
direction to silicon, which tends to cause carbon to separate.

Ejffect of manganese on the physical properties of steel.—Ac-
cording to A. L. Holly * manganese in proportions of 0.75 to 1
per cent in steel gives hardness, toughuess, malleability and
elasticity ; and that its hardening influencet up to 0.20 to 0.30
per cent is slight.

The influence of manganese on the ductility of steel hes
been a much disputed point, and is often supposed to decrease it;
but Howe] shows that the eflect depends on the amount of
manganese present and that, “ While 1.5 to 2.5 per cent of man-
ganese is nearly universally admitted to cause brittleness, steel
with 8 per ceut of minganese is astonishingly ductile; with
further increase of the manganese the ductility again diminishes.
Steel with 8 to 10 per cent of manganese, though exceedingly
tough, is so hard as to be employed without quenching for cut-
ting tools.”

Though manganese is apt to raise the melting point of steel,
it often adds fluidity when the metal is molten, and this fact
sometimes plays a beneficial part in the manufacture of steel
castings. P. G. Salom || states that low-carbon steel, to which is
added about 0.5 per cent silicon, is very pasty and it is only in
the largest castings that it can be poured without chilling.
Manganese corrects this trouble to a great extent, though some-

#Tests of Steel, Trans, Amer. Inst. Mng. Eng,, IL., 1873-4, p. 117.

+ Trans, Amer, Inst. Mng. Eng., VL., 1887-8, p. 110,

1 Metallurgy of Steel. New York, 1890, p. 42.

| The Manufacture of Steel Castings, Trans. A aer. Inst. Mog, Eng., XIV., 1885-6, p. 128
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what at the expense of softness and ductility. The castings are
less liable to crack in the moulds, however, since the metal is
much less red—short.

The influence of mangane-e on slag is very marked, giving
it a green color and cousiderable fluidity. Perey* has observed
a pink color in certain slags which he also aseribes to manganese.
Manganese also gives the slag such a strong corrosive power that
its influence on the linings of furnaces is often very considerable.

Amount of manganese added to steel.—It has been shown that
manganese is a most important agent in the modern manufacture
of steel, not only removing from it bodily certain impurities, but
alse counteracting many of those that remain., The mancanese
used to remove the oxygen, which is its most important ;I}ject,
leaves the iron and goes into the slag after it has accomplished
its purpose. Therefore, if only just enough manganese were add-
ed to reach this end, the steel, as finally cast, would contain none
of that metal; cousequently it is found advisable to add more
than enough to rednce the iron oxide and to have a certain
amount, varyiag according to the kind of steel wanted, in the
final product. Thisis especially necessary where there is any
considerable amount of sulphur or phosphorus present, in ordar
to counteract the deleterious effects of those impurities. The
amount that is necessary, however, is very uncertain. Mangan-
ese is added in the form of spiegeleisen or ferro-manganese and:
from one to five per cent of these materials is used. The quin-
tity varies according to their metallic contents, and according to-
the amouant of manganese it is desired to leave in the steel after:
that which has combined with the oxygen has gone into the slag.

Dudley’s formula.—Dr. Charles B. Dudley in his article on
the Wearing Capacity ot Steel Rails in Relation to their Chemical
.Qompositipn and Physical Properties, 1 gives the following two
fox_'mulasj for percentages of carhon, phosphorus, silica and man-
gavese in good steel rails. The first he considers the best, but

ad.mlts the second as nscessary since the first is lower in phos-
phorus than manuficturers of rails in this country can work.

* Metallurgy : Tron and Steel, p. 506,
T Trans. Amer, Inst. Mag. Eng., IX., 1880-81, p. 856,
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FIRST
CarBon : coinivitvsemars ety sy s s s il 0.334
PhoaplortE vesse svnisasnsscrsasipnssonnssnsrnnsmns 0.077
B s e T 0.060
MEAREHHEEG . . .o comansnanmoas cnnarasnnasne ssesus amins 0.491
: SECOND.
Carbon, between 0.25 per cent and 0.35 per
SR RHEN B B o sresmmsiimsensimsnaanssssssa 0.30
Phosphorus, not above.....ccocivuniiiiiiiianinnn 0.10
Bilieon; BOEABONE LGt vries o srae oS b ma e s s 0.04
Manganese, between 0.30 and 0.40 with aim
L S N S Sos=S REUDR S P verr 0,35

Dudley’s paper created a great deal of discussion and
brought out the results that had been obtained by many others
in similar investigations,

Wendel’s formula.—Dr. August Wendel * in the same year
presented the following formula for good rolling steel: i

Mn =08 (C43% 8i) 4 P.
the figures stand for percentages and the letters for manganese,
earbon, silica, and phosphorus respectively. Howe quotes this
formula in his Metallurgy of Steel, and while acknowledging its
applicability in Wendel’s practice, says that it cannot be used in
all cases.

Hence, it will be seen that while it is now universally ac-
knowledged that manganese gives certain valuable properties to
steel, yet the quantities to be used under different conditions are
still greatly in dispute. Ifit were a question simply of the effect
of mangauese on the steel itself, it might be much more easily
solved, but it also involves the action of manganese on carbon,
silicon, phosphorus, sulphur, and probably othar ingredients, as
well as the action of these ingredients when thus effected, on the
steel and on each other. Thus there is a labyrinth of compli-
cations which will require the highest art of the metallurgists
to solve.

# Trans. Amer. Inst. Mog. Eng,, IX., 1880-81, p. 564,
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HADFIELD'S MANGANESE STEEL.

Properties of Hadfield’s manganese Bsteel.—1It has already
been shown that the use of small quantities of manganese in steel
has become a universal practice, butthe amount of it is very
small compared with the mass of the steel and usually ranges
from less than 0.5 to 2 per cent. Lately, however, R. A. Hadfield,
of the Hadfield Steel Foundry Company, Sheffield, England, *
has made and deseribed a steel with a larger proportion of man-
ganese, sometimes containing over 20 per cent of that metal.
The most remarkable feature of this steel is its excessive hard-
ness, which is so great that the ordinary machining tools have
little effect on it. If, however, suitable tools ecan be made for
handling it, this quality, which is now one of the great draw-
backs to its use, will doubtless make it a most valnable material
for many purposes,

The strength and toughness of the steel vary considerably
-according to the amount of manganese used, and also according to
the per cent of carbon present. The different mixtures are de-
seribed by Hadfield as follows:” “That containing from 2% to 6
per cent is extremely brittle in its cast state; then a return in
strength gradually takes place, and, with about 9 to 10 per cent,
-a cast bar, 23 inches square, can be bent considerably out of the
straight without breaking. This continues up to about 14 or 15
per cent when a decrease oceurs in actual toughness, though not
in transverse strength, and after about 20 per cent is passed, a
rapid decrease again takes place. [t should be stated that these
remarks apply especially to the material in its cast state, * *
The peculiar gain in strength noticed by an increasing addition of
manganese is still more closely shown with the material in its
forged state, * * * the maximum strength being obtained with

_the 14 per cent material. Possibly, if ferro-manganese was made

with less carbon, or if pure metallic manganese could be obtained,
the maximum of strengh might oceur with even higher mingan-
‘ese; but now, as the higher percentages are approached—say over
16 per cent—the experiments become more complicated owing

* Jour, of Iron and Steel Inst., 1888,, II.
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to the presence of 13 to 2 per cent of carbon, which must neces-
sarly interfere with the action of the manganese.” *

TIn addition to these qualities, the metal is not so liable to
honeycomb as ordinary steel and the addition of silica is un-
necessary; it cools more rapidly; it is very fluid; it has a strong
electrical resistance and low magnetic characteristics.

Uses of Hadfield’s manganese steel.—This material has
not yet been put to any considerable vommercial use on
account of the difficulty of handling it, but its valuable
properties, and especially, as Howe suggests, its ‘ marvelous
combination of ductility with certain kinds of harduess,” should
make it valuable; and it seems probable that means will be
found to treat a material which can be devoted to so many useful
purposes. Tests of it for car wheels have been made and have
proved highly satisfactory. It has also been proposed for certain
kinds of tools and various other uses in which a combination of

hardness and toughness is necessary. Hadfield, { in speaking of’

its adaptability for car wheels, says: “On the Nottingham
Tramways a set ran over 30,000 miles under severe conditions,
the gradients averaging as much as 1 in 18 for about one half the
route of the daily journey. In this case a peculiar point was
noticed, viz., that, whereas the cast-iron wheels are liable to slip
when going down an incline, the chilled break-blocks bite much
more effectively on manganese wheels, enabling the car to be
stopped soomer. The Chester Tramways Co. have had a
get running for over two years, which up till now have run
over 45,000 miles, and are not yet worn out. Wheels of this
description can be tested with more than one hundred blows.
with a heavy sledge hammer without fracture occurring, and at
the same time the type is so hard that a chisel will not touch it.
A set put to work in America has already run 200,000 miles,
under heavy engines of the consolidation type, on the New York
and New BEngland Railroad. The life of the ordinary chilled
iron wheel does not average more than 50,000 miles. ”

This steel has also been proposed for resistance coils in

# Loc.. cit., p. 42.
+Jour, of the Iron and Steel Inst., IT,, 1888, pp. 51-52.

MODERN USES OF MANGANESE. 27

electric work on account of its high electric resistance, which
has been found by Professor Barrett, of Dublin, to be about eight
times that of ordinary steel and iron, and thirty times that of
copper. Its use as the base of dynamo machines has also been
suggested on account of its highly non-magnetic properties.

Materials for making Hadfield’'s manganese steel.—Man=
ganese steel is made best, according to Mr. Hadfield, from
decarbonized iron or mild steel, to which ferro-manganese in a
molten state is added. Tt is necessary to keep the carbon low,
and in the steel contiining 14 per cent of manganese, the carbon
should not amount to over 1 per cent. This has proved one of
the main difficulties in making high manganese steel, as even the
best ferro-manganese contains considerable carbon. To avoid it
as much as possible, however, a ferro-manganese rich in metallic
manganese, at least 80 to 84 per cent, should be used, thereby
getting in the largest possible amnunt of manganese to the least
carbou. About 0.50 per cent of manganese is lost in the process,
and this must be allowed for in making the charge for the alloy.
The mixture of the iron and manganese can be best made in a
ladle, as the latter metal is apt to attack a erucible,

PRODUCTION OF BSPIEGELEISEN AND FERRO-MANGANESE IN THE
UNITED STATES.

As already stated, the New Jersey Zine and Iron Company
were the first to produce spiegeleisen in the United States.
They began in 1870 and their output in 1872, 1873, and 1874 .
was : ¥

Production of spiegeleisen in the United States, 1872-1874.

e e N et 4,072 tons.
B o aammiiin RO 3,930 «
7% Ui ol e e, S 4,070 «

The manufacture was taken up by other companies in 1874
and 1875, and the production of the United States since 1875 as
given by Me. James M. Swank, Secretary of the American Iron

and Steel Association, in his Statistical Report of May 1st, 1890,
has been as follows :

*J. S.Jeans, Steel: [1s History, Manufacture and Dses,
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Production of spiegeleisen and ferro~manganese in the United
States, 1875-1889,

TEARS, ’mrr"rurxs.' TEARS. NET TONS,
7.832 24,574

6,610 33,803

8,845 34,671

10,674 47,082

13,831 47,598

19,607 54,769

21,085 85,528

21,963 -

FLOERY 1k o e o d i 459,860

It will be seen that the production has steadily increased
since 1872, the years 1873 and 1887 alone having fallen a few
tons each behind the year before, and that the produe-
tion of 1889 shows an increase over 1888 greater than the
increase in any one year previous. The supply of domestic ores
is not sufficient for the demaud in the manufacture of spiegeleisen
and ferro-munganese, and considerable quaatities of foreign ores
are used. (See chapter IV.).

The production for the census year of June 30, 1889 to
June 30, 1590, was 149,959 tons. This is almost one and three-
quarter times the production of the calendar year of 1889, and
shows a much greater increase than any previous year since the
manufacture of spiegeleisen and ferro-minganese was begun in
the United States.

IMPORTS OF SPIEGELEISEN AND FERRO-MANGANESE INTO THE
UNITED STATES.

The Survey is indebted to the kindness of Mr. James M.
Swank, Secretary of the American Iron 2nd Steel Association,
for the records of the imports for the following years:

Tmports of spiegeleisen and ferro-manganese into the United States,

) 1887-1889.

Gross tons.
B e e S o 157,279
L e P A R 1L

1889.Il'1"‘.‘01Uv"ll‘.rllill-lllllllolll.ll-l‘llu. 99,481
It will be seen that the imports are much larger up to 1889
than the domestic manufactures, though the relative difference
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has become very much less than in former years, and possibly
the production of the census year may reverse the standing,
The excess of importation over domestic production in late years
has undoubtedly been largely due to the same cause as prompted
the importation of foreign manganese ores, that is, the limited
quantity of such ores produced in this country.

At the time the New Jersey Zinc Company first manufac-
tured spiegeleisen twenty years ago, the consumption in the
United States was entirely supplied from Europe and amounted
to & maximum yearly importation of about twenty—five thousand
tons. Prof. Wm. P. Blake* speaking in 1876, states that
the importations were mostly from Germany and amounted then
to from twenty to thirty thousand tons yearly, while that of do-
mestic manufacture amounted to seven thousand tons per annum.

ANALYSES OF SPIEGELEISEN AND FERRO—MANGANESE.

Analyses of spiegeleisen made by the New Jersey Zine Company.+

. ~ I IL
Al
g 11.586 11.67
Tron daid s ST 83.250 83.23
Sillcon..uieces 0.867 0.99
Phosphorus.. ..... i 0.196 0.19
Carbon 4.632 4,02
100,081 100.10

* Amer. Inst. Mog. Eng,, IV,, 1875-6, p. 218,
1J. 8. Jeans, Steel: Its History, Manufacture and Uses, 1880.
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Analyses of ferro-manganese manufactured by Willard P. Ward
at the Diamond Furnace, Georgia*

I 3
Mang e e ROt 55.22 55.99
BETTOOTL tassanicnsrns nasinss s an P vaii dasse it SARM-HM A YRS S RRS G NP SYTp s g i T 0.031 1.671
Phosphorus, 0.471 0.890
“Carbon 186 luiaies i i
FBIRE oneaianarananiisinr e s e R AR RN RS dRas et S sy ‘. 2EI8 i

—3y

No. I. was the first ferro-manganese made at the Diamond
‘Furnace. Analyzed by Otto Wuth, of Pittsburg.

No. IL was a sample of ten tons shipped to the Vulean
Iron Works, of 8t. Louis. Analyzed by Chauvenet and Blair.

Analyses of spiegeleisen manufactured by the Woodstock Iron
Company, Anniston, Alabama.t

1 | 1T, 111, Iv.
Mang . 1018 | 814 14.13 20.69
T L P 85.11 85,98 50,87 73.86
TTET WO E RN, B ML 0,95 0.88 0.38 0.93
PHOSPHOTUS s rsuse crsasansmssspnsosessanses 0.10 0.17 0.18 0.197
- Qarb 3.66 4,83 4.94 432

Analysis of ferro~manganese t'mpo?‘te& into the United States in

1890.
Metallic manganese........civceiiniiniinieiniens. 80.29
Phosphorus......ccoeuvinnenne Spen RS ceeeen 0,387

® Ferro-manganese ;: Its Uses and the Faecilities for its Maoufacture in the United States,
«by Willard P, Ward. St. Lous, 1876, p. 7.

1 W. P. Blake, Trans. Amer. Inst. Mog, Eng., IV., 1877, p. 219,
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Analyses of spiegeleisen and ferro-manganese manufactured by the
Colorado Coal and Iron Company of Pueblo, Colorado.*

SPIEELEISEN. o i
Mang 25.96 23.80 20.50 40.00
B s it 98 91 1,00 5
Phosphorus .. .95 100 LA10 L1100
LTI — o 4,50 5.00 5.00 5.500
T E T R P—— 150 140 160 .130

Analyses of the best spiegeleisen imported into New York in 1868,
1869 and 1873.1

1868, 1869, 1873.

Mang 9.142 10.625 10,568 10.223 11180 10,22
Iron... 85.67 84,455 84,122 84,869
BHICODL s sssssnssnsnnser mpsnanissneivnnis| 068 368 .268 B84
Phosphorus.......e. D37 044 104 027
Sulphur R 002 21 AN POt (R T
Carbon. 5.048 4.304 4.907 4.461 vase
COP PO i inimrniaia 032 034 036 031 279 420
Nickel and Cobalt...c.ceens,.rnn| 006 05 004 002
Al min O sineraassansomnaninnans | JOBZ 45 012
BT P L DM T e e (B 1| 016 J021

TORL otiesrsossesnives annnasonns| F9HG 09.898 100,062  |100.010

#Furnished by Mr. L. Grove, Superintendent of the works.
+ Mineral Resources of the United States, 1883-84, p. 561,
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Analyses of low—manganese pig-iron, of spiegeleisen and of ferro-
manganese from St. Louis furnaces, Marseilles, France*

SPINGELEISEN. | Ferro-manganese. Gray

Lamellar steoly

R A B. A, B. pig.

MAanganes,......oossnasasnasasssss 4.640 10.930 18500 39.000 84,960 8.310
TEOI L friuutiny sy sesiisineensbmananrs]  DEVUT O 183.958  |175.562 154,436 8.550  [189.029
B eon...eunases sramesen 1.325 0.690 0.168 0.186 0.660 2,740
Phosphorus..... traces. 0.002 0.015 0,020 0,005 0.015
Sulphur.... 0.048 0.010 0.005 0.008 0,035 0.006
Total OarhoN caisiessesnosisanmis 3.627 4.410 8.750 5.450 5.700 4.900
Totall i mewiiismerimvin 99.710 100,000 100.100 100,100 9,910 100,000

Analyses of French and German weissstahl,

spiegeleisen and ferro-

manganese.|

g g - Carbon.

| E |2 |g|[~]=]>
Eisenerz Weissstahl,...... 009 | 0.02 | 0.57 prementl i
Wissen Spiegeleisen.. '3 [ ) 0.25 | 0.08 | 0.06 [roreere]| 430 [ieienues
French Spiegeleisen....... 20.50 75.86 0.46 DU |inasiiais 5.25
French Ferro-manganese........| 51.80 41,70 046 | 013 6.00
French Ferro-manganese....... 74,00 18.20 2.73 0.24 5.40
French Ferro-manganese,.......| 87.90 6.73 149 | 0.29 B.50
Fren.ch Ferro-silicon....eeieeees 20,50 66,75 10,20 0.18 2.65

# Quoted from M. Jordan, Managing Director, by Dr. R. W. Raymond, Trans. Amer.
Inst. Mng. Eng. VI, 1877-8, p. 188,

+ By difference.

tMetallurgy, by J. A. Phillips and H. Bauerman, 1887, p. 257,

-

l
i
|

|
a
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Of the three columns under carbon, the first, ¢, represents
the amount of graphitic carbon, the second, b, that of combined
carbon, the third, ¢, the total amount of that element present.

Table showing the quantity of manganese in various kinds of for=

elgn steel *
E Per cent | 3 Per cent
Steels, Manganese, I Bteels: Manganese,
Krupp's erucible cast steel ‘Hu‘crder wtealuiesnansisn 0.107 to 0,170
TERSARY i sian s e 0,457 to 0.438
Cannon steel (Tevre Noire)... 0,240
Bochum cast steel..nnie..] 0312 to 0817
Rail steel (Orensot)..., 0.550
Haspor 8teel.., ... iongnns| 0,327 to 0,582
Rail stee’ (Petit Gaudin)...... 0.560
Man%anesa steel of Ludwig
in Berlin,...... 0.808 |Rail steel (Terre Noire)........ 0.860
Fine piano wire 0,035 |Ra.l.l steel (Seraing)...iieii. 0850

ALLOY8 OF MANGANESE WITH METALS OTHER THAN IRON,

Early experiments.—The first reference to the use of man--
ganese in an alloy was made in England by Dovey f in a patent
taken out in 1773, His object was, as he explained, to make “a
metal of the color of and in all respects resembling gold,” by
mixing “mangonize oar” with copper, tin and zine. Though his
ambitious desire to imitate gold was not accomplished, his pat-
ent is of interest as showing the early attempts touse mangan--
ese in alloys.

Berthier made, experimentally, many alloys containing mair-
ganese and described their properties early in this century. Dr.
John Percy also investigated the effects of admixtare of mangan-
ese and other metals, and the results of his investigations have
greatly assisted the commercial manufacture of such alloys at
the present day.f

Characteristio features.—In spite of these early experiments,
the art of using manganese in alloys with other metals than iron

*Quoted by Mineral Resources of the United States, 18834, from Kessler, in Dingler's
Polytechnisches Journal,

T R. A. Hadfleld, Procesd, Civil Engineers, XCIII., Pt, ITI,, 1888,
1 E. H, Ciwles, Trans. Amer, Inst, Mog. Eng. XVIIT., 1888-90, p. 495,

8 Geological, Vol. i., 1800,
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may be said to be yet in its infancy. The alloys known as
manganese-bronze, silver-bronze and other manganese-bearing
alloys, however, have many valuable properties, and their manu-
facture, especially that of manganese-bronze, has already become
an important industry.

Among the most marked effects that manganese has on
these alloys ave the hardness it imparts, the influence it exerts,
when present in various proportions, on elasticity, ductility, ten-
sile strength, fusibility, fluidity, ete.; the low magnetic proper-
ties and the high electric resistance that it gives the alloy, and
the power that it exerts in imparting a white color to copper and
other metals. The whitening power of manganese, as shown in
the description given further on of Cowles’ silver—bronze is, in
some cases at least, greater even than that imparted by nickel.

Manganese-bronze.—The name manganese-bronze is ap-
plied to alloys of manganese and copper, and alloys of manga-
nese, copper and iron. Certain forms of these alloys possess
remarkable strength, toughness and hardness, and bave
been devoted to varions uses. The largest use of manganese-
bronze in this country, however, is as a material for the screw
propellers of steamships. It is manufactured by B. H. Cramp
and Company, of Philadelphia, and by the Cowles Electric
Smelting and Aluminom Company, of Lockport, New York.
Many of the new craisers and gunboats of tne United States
Navy, as well as many other large steamers, are fitted or being
fitted with manganese-bronze propellers.™

Manganese-bronze mixed with tin and lead has been used
for machinery bearings and other similar purposes.

In 1870 M. A. Valenciennest described several alloys of

cobalt and copper, and of manganese and copper, He made
metallic manganese first, by reducing pure peroxide with char~
coal in a magnesia crucible. The metal thus obtained was brittle,

# Among these are the cruisers Philadelphia, Baltimore, Newnri and Vesuvius; the gun-
boats Yorktown, Bennington and Concord, BSeveral of the largest of the trans-Atlantic steamers
also have manganese-bronze propellers, among them being the City of Paris, the City of New
York, the Etruria, Umbria, Teutonie, Augusta Victoria and many others.

+ Notes sur le gcobalt, le manganese et leur alliages avec le cuivre. Comptes Rendus Acad,
Lei., 1870, LXX., p. 607.
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white and altered rapidly in the air, going into the form of a red
oxide. With this mztalhamids an alloy containing 20 per cent
of manganese, and from it made five others containing respect-
ively 3 per cent, 5 per cent, 8 per cent, 12 per cent and 15 per
cent of manganese. They all resembled the alloys of copper and
tin, and like them were hard, sonorous, and easily melted.

The alloy containing 15 per cent of manganese was of a gray
color, very hard and brittle. It melted like brass and was very
fluid. It did not appear to undergo alteration even after con-
siderable time.

The alloy containing 12 per cent of manganese was also very
brittleand havd. When freshly tarned it was of a gray color, but
soon changed to a brass yellow.

The alloys containining 3, 5 and 8 per cent of manganese
seemed to have lost the brittle quality given by a larger per cent
of manganese. They were ductile, could be hammered, passed
through rolls and converted into thin sheets.

Parson’s manganese-bronze.—~In 1876 Mr. Parson took out
a patent in England for the manufacture of certain alloys of
copper, or ordinary bronzes, with manganese. In 1878* this
alloy was manufactured at the works of the White Brass Com-
pany and sold under the name of ‘“ Parson’s Manganese Bronze.”

The alloy, as then manufactured, was composed of any ordi-
nary bronze combined with manganese. The latter appears to
have the effect of cleansing the metal of all oxide and

renders it of a very uniform and close grained consistency, a
fresh fracture having a structure as fine and close as steel, The
alloy possesses increased strength, toughness and hardness, the
latter being especially marked. In color it is like good gun
metal, but is of a rather brighter and more golden hue. “It can
be forged at a red heat and rolled into rods and sheets, and
dr?.wn into wires and tubes. The best results are obtained in
using spiegeleisen or ferro-manganese in varying proportions,
according to the requirements of the bronze.” Specimens were
t_este'd at the Royal Gun Factories and it was found that cast
specimens had a tensile strength and elongation equal to medium

# Ure's Dict. of Arts, Manufactures and Mining, Vol, IV., Supp. 1878, pp. 160-161.
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quality wrought iron, and a higher elastic limit. ~All the forged
specimens had a considerably higher tensile strength and elonga-
tion,

Tn connection with the fact already mentioned, that mangan-
ese frees the copper from oxide, it is of interest to mention that
Richard Pearce * has found as much as 3 per cent of sulphide
of manganese in copper matte containing 50 to 60 percent of me-

“tallic copper, made at Butte City, Montana, and he states that
its presence seems to render the copper less liable to oxidize.
In the case of manganese-bronze, the metallic manganese prob-
ably acts as a reducing agent for any oxide of copper that may
be present, and in the case of the Butte City matte the sulphide
possibly plays a somewhat similar part.

Cowles’ silver-bronze.—Cowles’ silver-bronze is an alloy of
manganese, aluminum, zinc and copper, with a certain proportion
of silicon. It is manufactured by the Cowles’ Electric Smelting
and Aluminum Company, of Lockport, New York, and is the
result of a long series of experiments by the Cowles brothers.
It is made as a substitute for German silver and has only lately
been put on the market. The following description of the silver-
bronze alloy, and the causes which led fo its manufacture, are
given by Mr. Eugene H. Cowles.t After speaking of the diffi-
culties attending the use of manganese-bronze, he says:

“Tn order to overcome the two prime difficulties, that of
casting and that of corrosion, we have introduced a small per-
centage of aluminum into the alloy, with the happiest effect.

“The successive steps that have been pursued are recorded in
a list of upwards of two hundred distinot mixtures of the several
metals, copper, zine, tin, lead, aluminum, iron and manganese
and the metalloid silicon, and experiments upon the same in
ascertaining the tensile strength, ductility, color, ete, The most
important determinations derived from this list of experiments
appear to be about as follows:

“1, That pure metallic manganese exerts a bleaching effect

#'Trans, Amer. Tost, Mng, Eng. XL., 1882-83, p. 59,

1 Physical Properties of sowe of the Alloys of Manganese, Copper and Aluminum, Trans.,

Amer, Inst, Mng. Eng., XVIIL, 1889-80, pp. 494-486.
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upon copper, more radical in its action even than nickel. In
other words, we found that 18% per cent of manganese present in
copper produces as white a color in the resulting alloy as 25 per
cent of nickel would do, this being the amount of each required
to remove the last trace of red.

“2, That npwards of 20 or 25 per centof manganese may

be added to copper without reducing its duectility, although
doubling its tensile strength and changing its color.
i “3. That manganese, copper and zine, when melted together
and poured into moulds, behave very much like the most ‘yeasty’
German silver, producing an ingot which is a mass of blow
holes, and which swells up above the mould before cooling.

“4, That the alloy of manganese and copper by itselfis very
easily oxidized.

“5. That the addition of 1.25 per cent of aluminum to a
manganese—copper alloy, converts it from one of the most refrac-
tory of metals in the casting process, into a metal of superior
casting qualities, and the non-corrodibility of which must, in
many instances, be far*greater than that of either German or
nickel silver.

“The ‘silver-bronze alloy’ especially designed for rods, sheets
and wire has the following composition: Manganese, 18;
aluminum, 1.20 ; silicon, 5; zine, 13, and copper, 67.5 per cent.
It has a tensile strength of abont 57,000 pounds on small bars,
and 20 per cent elongation. It has been rolled into thin plate;
and drawn into wire .008 inch in diameter. A test of the elec-
trical conductivity of this wire (of size no. 32) shows its resist-
ance to be 41.44 times that of pure copper. This is far lower
conductivity than that of German silver, and is a matter of con=
siderable importance to electricians who may wish a cheaper and
better material than can be had at present, from which to con-
struet resistance coils,”

Manganese with aluminum and with magnesivm.—Alloys
have been made by Terreil composed of manganese with alumi-
num and manganese with magnesium.* The aluminum alloy

*Bull. Soc, Chim., XXI, p, 230, Quoted in Dict, of Chem., Henry Watts, 8d Supple-
ment, Vol. 1L, 1881,, p. 1264,
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was very hard and seratched glass. The magnesium alloy was
softer.

Alloys of manganese with copper, zine, tin and lead.—In 1870
J. F. Allen* described several alloys of manganese with copper
and with zine. The first were made by reducing a mixture of
oxide of manganese and oxide of copper in a plumbago crucible
with charcoal. Later, a Siemens furnace was used. An alloy con-
taining copper 75 per cent, manganese 25 per cent, was very hard
and very brittle when hot, and when cold was still hard, but was
highly elastic and was rolled with ease. With proportions of man-
ganese from 5 to 80 per cent, thealloy was malleable, ductile and
had a considerably greater tenacity than copper. When zino
was added to the manganese—copper alloy in certain proportions,
products were obtained which Allen says * possess the advantage
both over German silver and yellow metal, that whereas, the one
will only roll cold and the other hot, the manganese alloys roll
from hot to cold.” In other respectsthe manganese-copper-zine
alloy very closely resembled some grades of German silver,
though not the best. A manganese~copper alloy was made to
combine with tin, lead and other metals, and from these, castings
for machinery-bearings were made.

Five sample alloys were made :

1. Manganese—copper alloy, varying from 5 to 35 per cent
manganese ; made in form of ingot, sheet or wire,

2. Copper-zinc-manganese alloy in different proportions
and different forms. :

8. Copper—zinc-manganese—tin alloy in form of ingots and
bearings.

4, Copper-manganese—tin in several different proportions
as bars.

5. Copper-manganese—lead alloy.

Other alloys.—According to D. C. Davies,t “at the smelt-
ing works at Dillenburg, in Hesse-Nassau, several valuable alloys
of the metal (manganese) are made with iron, copper and tia.

# Chem. News, Vol. XXIIL., 1870, p. 194,
t Earthy and other Minerals and Mining. London, 1884, p. 283,

NATURE AND EARLY USES OF MANGANESE. 39

Mansfield refined copper, for example, mixed with 11 per cent
of manganese forms the pure manganese-bronze, which is capable
of bearing a heavy breaking strain. A mixture of copper 85,
tin 6, zine 8, and cupro-manganese 3 parts, gives a casting that
will bend to a right angle before showing fine cracks. An alloy
also of great hardness, but workable with tools, is also made at
the same works with 80 parts of copper, 10 parts of tin, and 10
parts of manganese. Varying proportions of the metal are used
with iron, tin, copper and zinc to produce results adapted to
particular uses.”



CHAPTER III.
MODERN USES OF MANGANESE— Continued.

OXIDIZERS AND COLORING MATERIALS,

Elements of value of manganese ore for ozidizing purposes,.—
‘The manufacture of chlorine consumes by far the larger part of
those ores of manganese that are used for oxidizing purposes.
As already stated, the value of an ore for such purposes depends
apon the amount of oxygen that can be derived from it by means
of heat or acids, or both. This product is known as the “avail-
able oxygen” of the ore, as distinguished from the oxygen that
cannot be taken from the ore in the ordinary processes of man-
ufacture. The only manganese ores in which available oxygen ex-
ists in commercially important quantities are pyrolusite and some
forms of psilomelane. Braunite, though richer in manganese than
either of these, contains much less available oxygen, and
manganite is no better. The reason for this difference is due to
the different stages of oxidation of the manganese in the difterent
ores. They all consist of chemical combinations of manganese
and oxygen, but braunite and manganite are in lower stages of
oxidation, that is, the manganese in them is combined with less
oxygenthan in pyrolusite and psilomelane. Hence the manganese
itself in braunite and manganite is higher than in the last two aid,
though they are of but little value as sources of oxygen, they are
more valuable than pyrolusite and psilomelane as sourees of
metallic manganese.

Pyrolusite and psilomelane, when pure, are essentially com
posed of peroxide of manganese, though psilomelane contains in
addition small quantities of baryta and potash. The peroxide
contains more available oxygen than any other oxides of man-
ganese found in nature, and, as pyrolusite is a purer peroxide
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than psilomelane, it is the most desirable ore for oxidizing pur-
poses. The chemical composition of peroxide of manganese is a
combination of one atom of manganese and two atomsof oxygen,
amounting, when the ore is pure, to 63.2 per cent of manganese
and 36.8 per cent of oxygen. Only one of the two atoms of
oxygen, however, can be obtained economically, and therefore
the amount of “available oxygen™in a theoretically pure oreis
only 18.4 per cent. Even this is never found in commercial
ores, as they are all more or less mixed with earthy impurities,
and from 13 to 17 per cent is as high as they usually run.

The action of the ore in oxidizing processes.—Hence we see
that when a manganese ore is employed as an oxidizer, the man-
ganese itself is not utilized. It is simply the oxygen which is
combined with the metal that is used, and the fact that manga-
nese ore is adapted for such purposes depends upon the facility
with which metallic manganese in nature combines with a large
proportion of oxygen, and the equal facility with whica it can be
made to give up a part of that material. Hence, in the manu-
facture of chlorine, manganese is simply a carrier, as it were, to
transport oxygen to the materials from which chlorine is ex-
tracted.

THE USE OF MANGANESE IN THE MANUFACTURE OF CHLORINE.

Requirements and valuation of the ore.—In the manufacture
of chlorine, several other factors enter into the valuation of a
manganese ore, besides the percentage of available oxygen. Any
impurities soluble in hydrochloric acid are injurious, as they
consume a part of that acid used in the process® Iron,alkalies
and alkaline earths come under this head. Ferrous oxide is
additionally injurious as it not only uses up acid, but also ab-
sorbs oxygen. Carbonate of lime and other carbonates are also
especially injurious as they both consume hydrochloric acid and
give off carbonic acid, which has a very deleterions effect on the
bleaching powder made from chlorine. In Kngland ores con-
taining over one per cent of carbonic acid are considered very
poor for chlorine purposes.™®

#Geo, Lunge, Manufacture Sulphuric Acid and Alkali, Vol, 11L.
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The difficulty could be overcome by crushing the ore and
treating it with acid, but this adds considerably to the expense.
Even insoluble impurities, like sulphate of barium and silica, are
undesirable, as they obstruct the action of the acid. The value
of the ore also depends largely on its softness, as a soft ore is
readily dissolved by hydrochloric acid, while hard ores require
more heat, a longer time, and an excess of acid. Therefore
many ores, otherwise very good, are rendered of baut little value
for the manufacture of chlorine by being too hard.

The ores are rated according to to their percentage of per-
oxide of manganese. The mineral pyrolusite, if theoretically
pure, would be composed entirely of the peroxide, but, as found
in nature, it always contains from 2 or 3 to 50 per cent or more
of other ingredients. These are often in the forms of the various
manganese ores which afford no available oxygen. According
to Lunge® a deduction is made in England for German ores,
used for chemical purposes, if they contain less than 60 per cent
of peroxide, andan advance is given on any containing more. than
that. No German ores containing less than 57 per cent are
accepted. The standard for Spanish and other similar ores is 70
per cent of peroxide, with an advance or a deduction for ores
containing more or less. The minimum limit allowed is 65 per
cent.,

Nature, discovery and history of chlorine.—Chlorine is a green-
ish-yellow gas, of a pungent, suffocating smell, and, when expoged
to a pressure of about four atmospheres, can be reduced to a
yellow limpid fluid. It is one of the elementary substances com-
posing the crust ot the earth and forms an essential part of com-~
mon salt. It was first discovered by Scheele, and was described
by him in 1774. Previous to this, in the early part of the seven-
teenth century, the vapors which rise from aqua regia, and which
are in part composed of chlorine, were known to Glauber and
other chemists, but the nature of the material was not understood.
Scheele discovered chlorine during his celebrated investigations
on manganese, and his results have not only distinguished him
as the first expositor of the nature of manganese compounds, but

% Geo. Lunge, Manufacture of Sulphuric Aeid and Alkali, Vol. IIL
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also as the discoverer of a material which is today at the founda-
tion of many of the most important manufacturing industries.
Scheele noted the power of chlorine to bleach vegetable colors, a
power on which depends most of its present uses, but its indus-
trial value was first agitated by Berthollet* in 1785, and it was
made at Javelle, near Paris, ‘soon afterwards. James Watts
introduced its manufacture into Glasgow in 1786. 1In 1798 and
1799 Charles Tennant made great improvement in its production,
and started the practice of absorbing the gas in hydrate of lime.
In the latter year, he erected the still celebrated St. Rollox
Chemical Works at Glasgow for its manufacture.

Uses of chlorine.—As chlorine, under ordinary conditions, is
a gaseous material, it is inconvenient to handle, and consequently
it is passed into slaked lime, which absorbs it and forms the
chloride of lime of commerce. This material is employed as an
oxidizing agent in a vast number of industries, its principal use
being in its bleaching powers, which are directly dependent
upon its oxidizing qualities. It instantly destroys the strongest
organic coloring principles, such as indigo and others, and its
largest consumption is in bleaching vegetable fibre, such as cot-
ton, flax, hemp, as well as manufactured cotton and linen arti-
cles, and old rags used in paper-making. Its next most exten-
sive use is for disinfecting and deodorizing purposes; and in all
sanitary work it is one of the most powerful agents available.
It is also used as an oxidizer in dyeing and calico-printing, in
the manufacture of chloroform and of chlorate of potash;in puri-
fying spirits of wine and fusil oil; and in innumerable other
industries where a powerful oxidizer is desired.

The manufacture of chlorine—The simplest means of making
chlorine is by treating pyrolusite with hydrochlorie acid, but in
former times the latter material was too expensive to allow of
this being done profitably on a commercial scale, and therefore.
a process was resorted to by which pyrolusite and common salt
were treated with sulphuric acid. The resulting products were
sulphate of manganese, sulphate of soda, chlorine and water.
The reaction which went on was :

* Geo, Lunge, Manufacture of Sulphuric Acid and Alkali. London, 1880.



44 ANNUAL REPORT STATE GEOLOGIST.

MnO. (pyrolusite)--2NaCl (salt)+2H.80,(sulphuric acid)
=MnBSO,(sulphate of manganese)+Na,50, (sulphate
of soda)-+2CI (chlorine)+2H.O(water).

This method was accompanied with considerable expense
and is now only oceasionally used to make chlorine in small
(quantities.

In the first half of this century, an extensive development
of the alkali industry took place in England after the introduc-
tion of the Leblanc process from France, in 1824, and one of the
waste products was hydrochloricacid. Consequently large quan-
tities of that material became available, and its use in making
chlorine quickly drove out the old method. It now practically
supplies the whole of the chlorine * used for the making of
bleaching powders, bleach-liquors, and the various other com-
mercial forms of chlorine,

' Many different ways have been used for treating the hydro-
chloric acid, but they all depend upon its action on pyrolusite,
the peroxide of minganese. The acid attacks the ore and forms
chloride of manganese, chlorine and water. The reaction which
goes on is:

MuO. (pyrolusite) 4HCI (hydrochlorie acid)=MnCl,

(chloride of manganese)+2Cl (chlorine) +2H,O (water).

The process is carried on by treating coarsely ground pyro-
lusite in an oblong stone still with hydrochloric acid. At first
the action goes on without the aid of heat, but after eight or ten
hours it is hastened by injecting steam into the mixture at inter-
vals of about an hour. The whole process takes about twenty-
four hours.  The chlorine is conducted off in pipes trom the top
of the still. The liquid that remains after the process is over,
is known as “still-liquor ” and contains chloride of manganese,
together with a little chloride of iron and chlorides of other im-
purities that were in the ore; also a little free chlorine and
hydrochloric acid.

Regeneration of manganese—The still-liquor was formerly
allowed to go to waste, doing ‘great damage to the fish in the
rivers, fouling the air and injuring anything that it came in con-

#Geo, Lunge, loc. eit.
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tact with. Not only this, but all of fthe manganese wuas lost in
the form of the chloride. As manganese ore was an expensive
material, many efforts were made to save it and reconvert it to
peroxide, so that it might be used over again.

Dunlop process.—No regenerating process was successful,
however, until Charles Danlop, in 1835, took out patents for the
desired object. His process was introduced into the St. Rollox
works and resulted ina great saving of expense, as the annual con-
sumption of manganese at those works alone was then ten thonsand
tons. The method is as fallows: Thestill-liquor is nentralized
with ground chalk, the iron precipitated as hydroxide, and the
rest of the liquor pumped into large, horizontal boilers, supplied
with agitating shafts. More chalk is then added in quantities
sufficient to combine with the chloride of manganese, and steam is
blown in until a pressure of two to two and a half atmospheres
isreached. Intwenty-four hours, a chemical interchange between
the chloride of manganese and the lime has taken place, resulting
in the formation of chloride oflims and carbonate of manganesa.
The latter is removed, washed, pressed, partly dried and then
placed in a furnace. Here it is gradually subjected to a heat
which reaches a maximum of 3156° C. A draft runs through the
farnace and the manganese carbonate is occasionally splashed
with water. At the end of twenty-four hounrs it has been com-
pletely oxidized. About 72 per cent of it is in the form of per-
oxide, the same form as pyrolusite, and 28 per cent is in the form
of lower oxides of manganese and of lime, the latter comprising
about 2 per cent,*

The peroxide thus prepared is said to be much more easily
dissolved in hydrochloric acid than the native ore, and is
therefore more serviceable in making chlorine.

Weldon process.—The Dunlop process is accompanied
by considerable expense, and the method now almost uni.
versally used both in England and in Europe is the celebrated
Weldon process, invented by Walter Weldon in 1867, and first
put into practice at the works of Messrs. Gamble, at St. Helen’s,
in 1868. The principle of this method depends upon the fact

#(teo. Lunge, loc. cit., pp. 196-197.
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that when freshly precipitated manganous hydroxide, in a solu-
tion of caleium chloride, and with an excess of lime, is subjected
to a carrent of warm air, it is completely converted to mangan-
ese peroxide. The still-liquor is neutralized and freed from iron
in the same way as in tha last method, To it is then added 1.6
times the amount of milk of lime required to precipitate the
chloride of manganese in the form of hydroxide. In this way a
mixture of hydroxide of manganese, carbonate of lime and
<chloride of lime is obtained. This is heated by steam and a
current of air passed through. The hydroxide is gradually
‘oxidized to the peroxide and settles as a black sediment known
as “manganese mud.” The liquid is run off and the peroxide
pressed into cakes. It is then ready to be used again in making
chlorine.

This process has practically revolutionized the chlorine in-
dustry, saving, as it does, by far the larger part of the manganese
There is always some loss, however, which has .to be replaced
by the addition of fresh manganese ore, but the total consump-
tion of manganese for chlorine purposes has been very much
reduced by the introduction of the Weldon process.

Consumption of manganese in the alkali trade in England.
—The following figures are taken from tables quoted by Geo.
Lunge. *

A BBE iueins it i 12,000 tons,
] T 33,000 «
TBT0. v can st bbb s e i 18,200 «

The manganese represented in these statistics was largely con-
sumed in the manufacture of chlorine, though smaller quantities
were probably used for minor chemical purposes.

Source of chlorine supply in the United States.—Most all the
chlorine used in the United States is imported. The reason
for this is that in England, hydrochloric acid is obtained very
cheaply, as a waste product from the alkali factories, while in
this country, where comparatively little alkali is made, hydro-
chloric acid is mnch more expensive. Consequently, com petition
is al present impossible, In Eongland the alkali and chlorine

# Manufaciure of Sulphuric Acid and Alkali, Vol. ITL, pp. 67-70:
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manufactures are carried on together, and it is the profits real-
ized from the chlorine, that make it possible to sell the alkali

at the present low rates.
THE USE OF MANGANESE IN THE MANUFACTURE OF BROMINE.

The use of manganese in the manufacture of bromine de-
pends on the same principles as its use in the manufacture of
chlorine. In fact, the process which goes on is the generation
of chlorine, from hydrochloric acid or from chlorides by means
of peroxide of manganese, in the manner already described, and
the action of this chlorine on various bromides, causing the evo-
lution of bromine.

The nature of bromine.—Bromine was discovered by Balard
in 1826, At ordinary temperatures it is a deep red, very volatile,
thin liquid, with a suffocating and very pungent odor. It goes
offin yellowish-red fumes when heated and has a bleaching
power similar to that of chlorine. It is used in photography,
medicine, aniline dyes, as a reagent in chemical work, and in
limited quantitiés for various other purposes, but its application
is much less extensive and less varied than that of chlorine, and
its production is correspondingly small.

The sources of bromine.—Bromine is a constant constituent of
sea water, and frequently occurs in saline springs, and in salt
deposits. From these three sources the principal supply of it is
obtained. It is genarally found in the form of bromide of mag-
nesium, sodium, potassium or lime and its preparation consists
in its extraction from these compounds.

The manufacture of bromine in the United States.—The man-
ufacture of bromine on a large scale in the United States was
begun at Natrona, in Pennsylvania, in 1868, and spread thence
to Pittsburg, and to Pomeroy, and other places in the valley of
the Ohio River in Ohio and West Virginia. It is at present
made from the mother-liquor obtained from salt brine. The
brine is partly evaporated and the larger part of the salt depos-
ited. The remaining liquor contains the salt that was not depos-
ited and the soluble bromide. Sulphuric acid and peroxide of
manganese (pyrolusite) are added to this solution, The sulphuric
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acid acts wpon the salt (chloride of sodium) forming sulphate
of sodium and hydrochloric acid. The latter attacks the oxide
of manganese forming chloride of manganese and chlorine. The
chlorine attacks the bromide forming chloride of sodium and
setting free the bromine. The latter is then distilled over and
condensed,

The manufacture of bromine at Stassfurt, Sazony.—Large
quantities of bromine are obtained from the salt springs of Stass-
fart, in Saxony. The bromine here oceurs in the form of
bromide of magunesium and was fiest worked on a large scale by
A. Fraunk, in 1865. Most of the salts of soda and potash are
removed from the brine by concentration, and it is then treated
with calorine, as already explained. The still is heated and the
bromine is distilled over and condensed* The various process-
es in the manufacture of bromine in Europe have been fully de-
seribed by Dr. Emil Pfeiffer.t

The manufacture of bromine in Seotland.—In Scotland {
large quantities of bromine are obtained from the mother-liquor
of varee. Varec is the alkaline residue obtained by burning sea-
weed, and is used as a source of alkali. The process of extract-
ing the bromine is the same general method as that described
last. The principal difference is that the solution contains
iodine, which has to be removed before the bromine is extracted.
This is done either by precipitation by passing chlorine through
or by adding sulphate of copper and forming iodide of copper
and free iodine.||

THE USE OF MANGANESE IN THE MANUFACTURE OF GLASS,

Effect—Manganese is used to accomplish two different re-
sults in the manufacture of glass: one in removing the green
color given by iron and the other in giving a violet, amber, or
black color.

* Spon’s Encyclopedin of the Industrial Arts, Manufactures and Commercial Pro~
ducts, Division IL., p. 542,

T “Handbuch der Kali-Industrie, Braunschweig, 1887.
1 8pon, loc, cit., p. 542.
|| Bpem, loc. eit., p. 543,
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As a decolorizer of glass.—One of the most important points
in selecting sand and other material for glass-making is to have:
them as free as can be from iron impurities, but it is practically
impossible to get them absolutely pure and the presence of iron:
shows itself in the green color common in bottle-glass. This
color is due to the existence of iron in the ferrous state, or state
of low oxidation, and is removed if pyrolusite (peroxide of man-
ganese) is mixed in with the glass during its manufacture. The
manner in which the pyrolusite effects this is = somewhat dis-
puted question. Two explanations have been given: the first
is that the peroxide of manganese gives up a part of its oxygen
to the ferrous iron and converts it to the ferric state, or state of
high oxidation. In this form the iron, when in small quantities:
in the glass, gives a light lemon-yellow color which is almost
imperceptible, and hence the clearness of the glass. The second
explanation is that the green color of the iron and the purple,
which, under certain conditions is given by manganese, act as com-
plementary colors, neutralizing each other and giving a colorless
glass. It has also been suggested thaf a combination of both actions
goes on, by which a part of the ferrous iron is oxidized to ferric
iron and the greenish-yellow of the latter is neutralized by the
purple of the manganese.

If sufficient heat is not used, the manganese is apt to give a
pink or violet color to the gluss, and the same effect is produced
if too much manganese is used. Hence, if perfectly clear glass
is wanted, these contingencies must be guarded against. Even
when a golorless glass is obtained, the long continued action of
sunlight on it very often brings out the violet color, and hence.
the cause of that color often seen in the window-panes of many-
old houses. To avoid these difficulties, arsenic trioxide is often.

used instead of manganese peroxide and for the same purpose.._

When heated with the glass, it gives up its oxygen to the ferrous
oxide, and the arsenic is volatilized, and thus entirely removed
from the glass.

Another difficulty with the use of manganese peroxide is
that, as found in nature, it almost invariably contains more or

less iron, which, of course, is injurious to the glass. Therefore
4 Geological, Vol. i, 1890,
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pure peroxide is often chemically prepared by dissolving the cre,
freeing it from iron and reconverting it to peroxide.

As a coloring material in gluss*—In coloring glass, a pink
or violet shade can be gotten, as already shown, by adding man=
ganese, which forms a silicate with the glass, If the glass is
heated too long or too high, however, the color dizappears. A
red color can be obtained in glass by adding certain mixtures of
manganese peroxide and iron sesquioxide, A black or dark
amber color can also be gotten by proper treatment of the glass
with manganese oxides.

THE USE OF MANGANESE AS A DRYER IN VARNISHES AND
PAINTS.

Manganese peroxide is used as a dryer in oils to be mixed
with varnishes and paints. The oxideis not left permanently in the
oil, but is only immersed in it for a certain length of time, when
it is removed and, after exposure to the air, is ready to be used
again. Its effect is to materially increase the power of the oil to
dry rapidly. It is claimed that this result is reached by the
manganese giving up part of its oxygen to the oil, and that on
exposure to the air the manganese replaces its lost oxygen by =
new supply from the atmosphere. It seems somewhat doubtful
awhether this transmission of chemically combined oxygen actually
takes place, and whether the manganese oxide does not benefit

“the oil by simply carrying to it oxygen from the air mechanically

held in its interstices.

Sometimes manganese peroxide is not used in the raw state
in oil, but is prepared chemically. In this condition it is said to
be especially fitted for a dryer. Oxide of lead is sometimes used
for the same purpose.

THE USE OF MANGANESE -IN ELECTRICITY.

Leclanche’s battery.—Pyrolusite (peroxide of manganese) is
used as one of the elements in Leclanche’s battery.
The production of electricity in batteries depends on thg

# The mention of the use of manganese in coloring glass belongs properly under the head-
ing of the uses of manganese for coloring materials, but it is given here in order to bring all
the applications of manganese in glass-making together.
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fact that when two metals, immersed in a liquid medium which
dissolves one more easily than the other, are connected together,
a current is generated, proceeding from the more soluble to the
less soluble metal. The more soluble metal represents the neg-
ative pole or electrode of the battery, and is usually made of
zine ; the less soluble metal represents the positive pole or elec-
trode, and is often made of copper. An entirely insoluble mate-
rial may be used for the positive pole, and carbon or platinum
are frequently employed. The liquid medium in the battery is
usually water with sulphuric acid or some other material that
will attack the soluble pole.

-During the generation of the electricity, the acid attacks the
zine forming a soluble sulphate of zine, or other salts of that
metal, varying according to the liquid used. Hydrogen is liber -
ated from the dilute acid and settles, when there is nothing pres-
ent to take it up, on the positive pole. It also attacks the solu-
ble salt of zinc, reducing it to the metallic state and causing the
formation of a layer of zinc on the same pole. Both these effects
of hydrogen weaken the action between the two metals, and the
current becomes correspondingly weak, This is known as the
polarization of the electrodes, and is usually counteracted by the
addition of a material which acts chemically on the hydrogen
and prevents its remaining on the pole. In the Daniell’s cell,
and also in the Gravity battery which is almost universally used
for telegraph work in this country, the required material is sup-
plied in the form of sulphate of copper (blue vitrol); in Le-
clance’s battery it is supplied by peroxide of manganese (pyrolu-
site). :
In Leclanche’s battery, the negative pole is zinec. The
positive pole is a.carbon rod tightly packed in a porous jar with
a mixture of equal parts of coarsely ground pyrolusite and carbon.
The top of this mixture is covered over by a layer of pitch. Both
the zinc and the porous jar, with its contents, are immersed in
an aqueous solution of chloride of ammonium (sal-ammoniac),
which plays the part of the dissolving medium. When the cir-
cuit is closed, the chloride of ammonium, zinc and water react on
each other, forming chloride of zinc and hydrate of ammonium,
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and evolving hydrogen from the decomposition of the water.
The hydrogen thus set free combines with a part of the oxygen
in the pyrolusite and is again converted to water, instead of
being deposited on the pole. The pyrolusite is reduced from the
peroxide state to a lower stage of oxidation and has be to renewed
at intervals. A modification of the carbon -electrode has been
introduced in the form of a mixture of finely ground pyrolusite
and carbon pressed into a brick. By this arrangement, no
porous jar and no additional manganese and carbon packing is.
required.

The electromotive force of Laclanche’s cell, when first
started, is 1.38, compared with that of the Daniell’s cell as a unit;
and Leclanche states that 24 of his cells can replace 40 Daniell’s
cells.* This amount of power is due to the depolarizing ac-
tion of the peroxide of manganese, and renders Leclanche’s cell,
for certain purposes, more useful than the Daniell’s cell. In
continuous work, however, the Leclanche cell soon becomes
polarized and loses strength, but it rapidly regains its power
when left at rest for a short time. Hence the cell is not adapted
for long continuous service, such as heavy telegraphic work; but
is excellently fitted, by reason of its quick recovery, for open
circuit work, such as in telephones, electricbells, ete. For these
purposes it is very extensively used all over the United States.

THE USE OF MANGANESE IN THE PREPARATION OF OXYGEN.

A common method of preparing oxygen on a small scale is
to heat pyrolusite (peroxide of manganese) to redness in a re-
tort. The pyrolusite gives off part of its oxygen and goes into a
lower oxide. The oxygen is conducted through a tube into a
receiving vessei. As already explained, the power of pyrolusite
to give off oxygen in this manner depends on its high degree
of oxidation, a property which is also shared by psilomelane.
But on account of the greater hardness of the latter ore, as well

as its usual contents of other materials with the peroxide of

manganese, the amount of oxygen obtainable from it is usually
less than from pyrolusite.

* Elsctric Batteries, Alived Niaudet, translated by L. Fishback, 1888, p, 183,
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Oxygen is often made by heating chlorate of potash in a
vetort or flask. The chlorate is decomposed with the formation
of oxygen and chloride of potassium. It is found that if finely
powdered oxide of manganese is mixed with the chlorate of pot-
ash, the latter gives off its oxygen much more readily and at a
much lower temperature than if heated alone. At the same time
the oxide of manganese is in no way affected, none of its oxygen
is removed and all of that gas which is produced comes from

_ the chlorate. This is a case of the influence occasionly seen in

chemical reactions, which some substances can exert in certain
processes without undergoing any apparent change them-
selves.

Both those methods of obtaining oxygen are only used on a
small scale.

THE USE OF MANGANESE IN DISINFECTANTS.

Manganese, in the form of manganates, and permanganates is
extensively used for disinfecting purposes. These materials in-
clude two series of salts, répresenting two acids high in oxygen,
known as manzanic (H, MnO, ) and permanganic (HMnO, )acids.
The manganates are less highly oxidized than the permangan-
ates, but are very unstable and readily pass into the latter form.
This transition can be bronght about by the action of carbonic acid
or by disolving in an excess of water. Conversely, the perman-
ganates can be converted to the manganates by boiling in strong
‘caustic potash or by the action of a reducing agent. The man-
ganates are characterized by a green color, and their solutions,
unless in the presence of a large excess of free alkali, assume a
violet or red color and pass into the permanganates. This very
markedc hangein color led Scheele to give the coloring material the
name of mineral chameleon, a name also applied to other mineral
substances,

When the manganates or permanganates are brought in
contact with organic matter, they readily decompose and give
up part oftheir oxygen. O this fact depends their use as disin-
fectants. The oxygen combines with, and carries off the injuri-
©ous elements in the decaying material. Both series of salts
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are also used for other oxidizing purposes, in laboratory work, in
bleaching fats and in other ways.

Permanganate of potash is the most common of the per-
manganate or manganate compounds, and has long been used
as a powerful oxidizing agent in various chemical reactions.
The use of manganates and permanganates as disinfectants, how-
ever, was not introduced until after Hofmann, in 1859, had
pointed out their value in sanitary work. H, B. Condy, of Lon-
don, was the first to bring about their extensive use, and, in 1862,
he received a prize medal for their manufacture on a large scale.
The green and red liquids known as Condy’s F'luids are alkaline
manganates and permangaunates. The compounds ordinarily
used for sanitary purposes are mixtares of manganate and per-
manganate of sodium. They are made by heating to a dull red-
ness, for forty-eight hours, in a flat vessel, a mixture of caustic
soda and finely divided peroxide of manganese (pyrolusite). *
This is then lixiviated and partly boiled down. It can be used
in this fluid form, or evaporated and shipped as solid.

If it is desired to get pure permanganate free from mangan-
ate, the latter is converted into the former, by neutralizing the
solution with sulphuric acid, concentrating until Glauber’s salt
(sulphate of sodium) crystallizes out, remoying this and further
evaporating the solution.

THE USE OF MANGANESE IN CALICO—PRINTING AND DYEING.

In calico-printing and dyeing, manéanese compounds can be
used both as coloring materials and as mordants.

Manganese as a coloring material.—The color known as
“manganese brown” or “manganese-bronze” can be obtained by
the use of the ehloride, sulphate or acetate of manganese. What
is known as “bronze liquor™ is a solution of chloride of mangan-
ese; but a solution of the acetate is preferable as the acid prop-
erties of the former are apt to injure the fabric. The cloth is
treated with a solution of whichever salt of manganese is used
and then with soda-ash or lime, thus forming the protoxide of

* Roscoe and Schorlemmer, Treatise on Chemistry, Vol. II., Part I1., page 23.
t Hofmann’s Report, Exhib,, 1862, p. 109, (cited by Roscoe and Schorlemmer),
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manganese, which is precipitated in the cloth. This material
is white when freshly formed, but, by exposing to the air, or by
treating with chloride of lime, it goes into a higher oxide, which
has the desired brown color. Figures in different colors can be
printed on the “manganese brown” ground, the celors being so
composed as to remove the brown immediately under them,
thus giving white, black, blue, red, yellow and other colored
objects on a brown background. This is known as “manganese
bronze style”. *

If cotton is soaked in a solution of permanganate of potash
it assumes a dark brown color similar to that already deseribed.

Manganese as a mordant.—Manganese inthe form of the
hydrated protoxide is sometimes used as a mordant in “fixing”
different colors in dyeing. The fabric to be dyed is treated with
permanganate of potash and then subjected to the action of a
strong reducing agent. This causes the precipitation of the
hydrated protoxide in the fibre, which is then ready to receive,
and hold the required dye.

~

THE USE OF MANGANESE IN COLORING GLASS, POTTERY, BRICKS AND-

OTHER MATERIALS.

The use of manganese in coloring glass has already been
deseribed under its use in decolorizing the same material.
Pottery and earthenware are sometimes colored by manganese in :
a similar manner to glass. A jet black can be given to door
knobs f by manganese oxide; and other colors are produced
in the glaze of pottery. The pottery known as Rockingham-
ware is colored a deep brown or almost black by adding man-
ganese to the glaze. | A lead-gray tint can begotten by the use
of manganese alone, and variously shaded brown colors can be
obtained with mixtures of manganese and iron.

Wad and other low grade earthy manganese ores are used in

% 8pon's Encyclopedia of the Industrial Arts, Manufactures and Commercial Products,
Division IIL, p. 852,

1 Geologieal SBurvey of Ohio, Vol. V., Economic Geology, p. 677.
1 Geological Survey of Obio, Economic Geology, Vol. V., p. 682,
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giving a rich, dark, chocolate-brown color to the bricks, and in
coloring artificial brownstone,
The oxides of manganese are also used for coloring mottled
soap.
THE USE OF MANGANESE IN PAINTS,

The manganese ore known as wad is used in its crude state
as a pigment, varying ia color from a dark-chocolate to a reddish-
brown. Manganese, in a manufactured form, has also been used
for paints of various other colors, but especially green,

Manganese green.—This is made by mixing three to four
parts of caustis baryta, moistened with water, with two parts of
nitrate of baryta and two parts of oxide of manganese, placing in
# crucible, previously heated to dull redness, and then fusing,
The product thus obtained is poured out, pulverized, digested in
boiling water, washed in cold watep and dried in an atmosphere

known as “Scheele’s Green”, which contains arsenic and is very

poisonous, “Nurenburg Violet” is aleo made of manganese com-
pounds,

there are many others, which, though they consume insignificant
quantities of ore are very necessary for medical, chemical and
manufacturing purposes. Sulphate of manganese is frequently
used in medicine. The oxide, sulphate, chloride,and as already
stated, the manganates and permanganates, as well ag other salts
of manganese serve many purposes in work in chemicy] labora-
tories and in small quantities in various arts other than those al-
ready mentioned,

The finer varieties of rhodonite or silicate of manganese are
of a beautiful pink color and are frequently used as ornamental
Stones or cut for gems,

* Spon, loc, cit., Division V., page 1549,
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CHAPTER IV.

THE MANGANESE INDUSTRY.

HISTORY OF MANGANESE MINING IN THE UNITED STATES
AND CANADA.

General Statement.—Manganese was mined in the United
States as early as 1837, but the production at that time was very
insignificant, and it was not until 1867 to 1869 that any sys-
tematic attempts were made to work the Americanores. In
Canada, the first mining was done in 1861, and the largest pro-
duction, up to 1888, was that of the year 1880, which amounted
to 2,179 short tons. The production of the United States, even
as late as 1880, was small, amounting in that year to about 5,761
tons. Since 1880, however, the production has increased con-
siderably, amounting in 1888 to 29,198 tons.*

In the United States, manganese ores have been mined in
Vermont, New Jersey, Virginia, Tennessee, North and South
‘Carolina, Georgia, Alabama, Arkansas, Colorado, California,
and other states in small quantities. Manganese ores exist in
Texas, but have not been worked. In Canada, manganese has
been mined for many yeurs in the Provinces of Nova Scotia and
New Brunswick, with smaller quantities in Quebec.

Of all these localities, the only ones now producing mangan-
ese as a regular industry are New Jersey, Virginia, Georgia,
Arkansas, Colorado, California, Nova Scotia, and New Bruns-
wick. Of these, Virginia, Greorgia and Arkansas produce over
nine-tenths of the total output of North America.

#The figures given for the production in the United States do not include manganiferous
iron ores nor the manganiferous silver and zinc ores.
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Early manganese mining in the United States: Tennessee,

1837 ; Arkansas, 1850-52.—The first manganese ore mined in
the United States, so far as the writer has been able to find out,

was obtained near Whitfield, Hickman County, Tennessee, in
1837.  This locality was worked on a very small scale, and

limited quantities of ore have been taken out at various times

since then for use in coloring -earthenware. The production
hasalways been very insignificant and that of 1885 was only

a few hundred pounds.* The next manganese mining on record:

was in the Batesville reginn of Arkansas, between 1850-52,
when Col. Matt. Martin shipped small ciuantit.ies of ore from
that locality. Similar limited quantities were mined ocecasion—
ally for some thirty years, but the quantity was very small, and
the first Jarge shipments from Arkaunsas date from 1481,
Virginia, 1859.—In 1859 Mr. Sibertt prospected and
opened up several localities in the Valley of Virginia, among
which were the Lyndhurst and the Kennedy mines. Small
quantities of ore were taken out but work seems to have been soon
discontinued, Thereare frequent statements of so-called ““large
quantities ” of manganese ore having been mined in several other
places in Virginia about this time, but it seems more probable
that a part of this, at least, was manganiferous iron ore, and that

the production of manganese ore, properly so-called, was very
limited.

Up to this time the small amount of manganese mined inthe
United States was of very little importance. The subject had
not yet attracted general interest, as the demand for the ore in this.
country was still very small ; the annual consumption probably did
not exceed a few hundred tons, and this was largely supplied:
from European sources. Even in England, the consumption was
limited and Prof. J. D. Whitney,} writing in 1854, states that
Nassau then supplied all the wants. In 1852, 3,291 tons were
imported into Liverpool from that locality and sold at 8¢
sterling per ton.

“ Mineral Resources of the United States, 1885, pp. 344-345.
1 Ibid, p. 817,
} Mineral Wealth of the United States 1854,

—e e
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Vermont, 1859.—About the time Sibert was prospecting in
Virginia, or possibly a little earlier, manganese miniug_began in
Vermont. The exact year that work was commenced is oget=
tain, but in the Geology of Vermont, { published in 18{31, it
is stated that considerable quantities had already been shipped
to England from Brandon and Chittenden in that state. T.he
writer is informed by Dr. Prime, of Brandon, that the deposits
of that neighborhood were worked for iron ore about seventy-
five years ago, but the manganese was avoided, as it was-thunght.
to be injurious to the iron, and it was not worked until some-
thing over thirty years ago, before 1860.

‘Nova Scotia and New Brunswick, 1861-1890.—In 1862 the
Tenny Cape Mine, of Nova Scotia, was opened, and this repre-
sented the first systematic work done on Canadian manganese,
though small quantities had been obtained in 1861. About
1864, the first work was done in New Brunswick, at the Mark-
hamville mines, under the management of Major A. Markham.
Major Markham has been a most active worker in deve%oping
the ores of that region, and practically the whole production of
New Brunswick manganese now comes from the Markhamville
mines. Other mines in Canada have since been opened up and
worked to a greater or less extent, such as at Cheverie, Walton,
Toch Lomond (Cape Breton), and elsewhere in Nova Seotia ;
Shepody Mountain, Jordan Mountain, and Quaco Head and
other places in New Brunswick.

James B. Mills, in Virginia and elsewhere, 1867-1871.—
Mr. James E. Mills, in 1867, was the first to undertake a sys-
tematic search for manganese in the United States. In the
interests ofa firm in Newcastle, England, he visited many local-
ities in New England, the Middle States, the Valley of Virginia
and elsewhere, collecting all the information that was available
on the subject. This, however, was very small, as is shown by
his statement made in a paper written in 1871, in which he says,
“ The consumption of manganese in this country is quite limited,
and it is perhaps principally on this account that so little is known

+ E. Hitchcoek, E. Hitcheock, Jr., A. D. Hager and C. H. Hitchcock, published by
authority of the State, 1861.
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of the deposits ofthe ore on our own territory, the greater part
of the little consnmed being imported from Nova Scotia and
elsewhere, If the manufacture of bleaching powder were under-
taken, or any metallurgical process which required considerable
quantities of the binoxide of manganese, it would be a serious
question where to obtain it ¢neaply and in the required amounts.”

Mr. Mills early predicted the value of the Virginia ores
and opened up the Cibell mine in the valley of the James River,
in that state. He mined over 4,500 tons of manganese ore,
which was sent to Eagland for use in the manufacture of chlor-
ine. This use at that time represented the principal consumption
of manganese, and as nearly all of the chlorine used in the United
States was made in Eoagland, the larger part of the manganese
ore was sent there. A very pure peroxide or pyrolusite was re-
quired for this purpose, and, as the pyrolusite of Virginia was
generally associated with greater or less quantities of other oxides,
the production of that state was not large. The use in steel,
however, was beg'inning to make itself more strongly felt than
in former years, and its requirements soon began to reach large
proportions. '

Virginia, Georgia and California, 1867.—The year 1867
seems to have marked an era in manganese mining in the United
States. Not only were Mr. Mills’ investigations started in
that year, but the Crimora mine of Virginia, and the Dobbins
mine of Georgia, the first manganese mine in that state, were
opened shortly afterward. In the same year also the Old Ladd
mine in Corral Hollow, San Joaquin County, California, and
Red Rock island in the Bay of San Francisco were worked for
the first time. In Georgia, however, about 550 tons of ore are
said to have been mined in 1866.%

Crimora mine, Virginia, 1867-1888.—The Crimora mine
was worked by a stock company from 1867 until 1869, when
operations were suspended, and from then until 1882 only oc-
casional small quantities of ore were mined. In that year it
was leased by Jas. B. White and Company, of Pittsburg, and
operation on a large scale were begun. It is now operated by

“#Mineral Resources of the United States, 1885, p, 320,

l
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the American Manganese Company. It has produced more
manganese than any other mine in the United States, and its
total production represents the larger part of that of the
whole of Virginia, since the time manganese mining was begun
in that state. Up to December 31st, 1888, the total output of
the Crimora mine was about 103,785 tons.*

Virginia, Georgia and other Eastern States, 1867-1890.—
In both Virginia and Georgia, numerous other manganese mines
have been opened since 1867, such as the Bagley, Mt. Athos,
Midvale, Simpson, Davis and other localities in Virginia, and
the Chumler Hill, Bishop, Poorhouse, Layton and Satterfield
properties in the Cartersville region of Georgia ; the Banks, Ware
and other properties in the Cave Spring region of Georgia, and
the Tunnel Hill mine in the extreme northwest corner of the
same state. Manganese has also been mined in Pennsylvania,
Maryland, Tennessee, North and South Carolina, and Alabama,
but the production has been very small. The total yearly output of
Virginia and Georgia has grown very considerably since 1867,
but the production of individual localities has been very irreg-
ular, and has béen characterized by alternating, spasmodic in-
creases and decreases, due largely to the uncertain character of
the deposits. The total production of the two states in 1888
was 23,214 tons.

California, 1867-1882.—The first manganese mining in
California, as already stated, was done in 1867 at the Old Ladd
mine in San Joaquin County, and on Red Rock island in the
Bay of San Francisco. The Old Ladd mine has produced most
of the manganese of that state. It was opeuned by A. 8. Ladd
and worked by him until 1874, during which time he shipped
about five thousand tons of ore. This, as well as the production
of Red Rock, was almost all sent to Fngland, There appears
to be some doubt as to the production of the Red Rock locality
but it was very much smaller than that of the Old Ladd mine,
Itis stated that at least one schooner load, and probably more, had
been shipped when the mining was stopped by the government
authorities, who wished to preserve the island for harbor pur-

#* Mineral Resourcesof the United States, 1888 p. 183.
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poses. In 1874, the Old Ladd Mine was bought by Justinian
‘Caire, of San Francisco. About 1875 the shipments of California
ore to England were stopped by the impossibility of comper-
ing with Spanish manganese ; and since then, only very small
quantities have been produced in that state. Mr. Caire still owus
the Old Liadd mine and maintains a smzll annual production for
use in his chemical manufactures in SBan Francisco and to supply
the limited demand of California. In 1882 work was started on
small deposits near Saucelito, Marin county, California, in the
mountains forming the northern barrier of the Golden Gate of
the Bay of San Francisco. The production was used as a flux
in a smelter at Sauvcelito. Only small quantities were mined,
and work has since been abandoned. Manganese ore is also said
to have been mined in Santa Clara county, California, but no
details are available and no work is being done now.

Arkansas, 1850-1890.—In the meantime, Arkansas had
come on the scene as a considerable producer of manganese ore.
As already stated, Col. Matt. Martin made small shipments of
manganese from the Batesville region in that state as early as
1850-1852, but the quantity mined was very small. The first
shipment from Arkansas, for use in the manufacture of steel,
was made by Wm. Einstein, of St. Lounis, who, in 1868, sent
about ten tons to Messrs. Schoenberger and Company, Juniata
Iron Works, Pittsburg, Pa. Though the test of the ore is said
to have been satisfactory, chipments were not continued ; and it
was not until 1881, when Mr. E. H. Woodward, representing
the Ferro—Manganese Company, appeared on the scene, that
Arkansas became a regular producer of the ore. Mr. Woodward
had already had large experience in the manganese region of the
Appalachian Mountains, and was one of the first to open up the
deposits in the neighborhood of Cartersville, Gzorgia. In Ar=
kansas, he worked the Southern Hill, the Turner, Trent, Mont-
gomery and other mines in the Batesville region, and is said to
have shipped some five thousand tons of manganese up to 1887.

In 1885, the Keystone Iron and Manganese Company, of
Pennsylvania, commenced operations on the Southern Hill, near
‘Cushman, in the Batesville region, and at once became the largest

T
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producers of manganese in the state. Their produaction up to
December 1st, 1890, has been 18,111 tons of ore. In the same
year, 1885, The Bt. Louis Manganese Company and the Mis-
souri Furnace Company, both of St. Louis, Missouri, acquired
manganese lands in the Batesville region. Their production up
to September, 1890, has been 1700 tons and 500 tons respect-
ively.

In 1888, Messrs. Abbot and Ring, of Chicago, carried on
‘operations north of Batesville. The firm was later changed to
Skinner and Abbot, and then to John B. Skinner and Company.
Their production from June 20, 1889, up to June 26, 1890, was
over 700 tons.

The Keystone Iron and Manganese Company, and John B.
Skinner and Company are now (December 1st 1890) the prin-
cipal operators in the Batesville region. Other companies,
as well as numerous private individuals, have also shipped ore
from the same district, and farther details are given in the de-
scription of the Batesville region. The total production of this
region up to December 31st, 1890, has been between thirty and
thirty-five thousand tons, and probably nearer the former
figures.

In 1888, work was begun by the Arkansas Improvement
Company on the mangianese ores of Polk and Montgomery
counties, in south-western Arkansas. About twenty tons are
said to have been mined. Work wasdiscontinued in April, 1889.

« About the same time limited mining was done by the Capitol

Land and Mining Company in what is known as the Fletcher

. Range, in Pulaski county, twelve miles west of the city of Little

Rock. No quantity of ore was shipped and operations here also
have been abandoned.

New Jersey, 1870-1890—Manganiferons zine ores are found
at Sterling Hill and Franklin, Sussex county, New Jersey, The
residue from these ores after the extraction of the zinc was used,
in 1870, in the manuafacture of the first spiegeleisen ever made in
the United States. It is still used for the same purpose.

Missouri—Manganese and manganiferous iron ores are found
in several places in the vicinity of Pilot Knob in the south-
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eastern part of Missouri *, and have been worked to a limited
extent in Iron county, on the land of Mr. Marble at the Cul-
bertson Bank, at Buford Mountain and elsewhere. Manganese
ore has also been found near Arcadia in the same county.
Texas.—In Texas, manganese ore has been found in Llano
and Mason counties, in the central part of the state, but it is still
about sixty miles from a railway and none has yet been shipped.
Nevada.—In Nevada, manganese has been found near Gol-
conda, on the Central Pacific Railroad, in the valley of the
Humboldt River. 13} tons are said to have been shipped a few
years ago to San Francisco. The deposit is small and is not

worked at present.

Colorado.—In Colorado, manganese has been found in sev-
eral parts of Gunnison county, but most of the localities are at
present too far from railway transportation to be of immediate
value. A manganiferous iron ore, however, which forms the
gangue of many silver-bearing veins especially of the Leadville
district, has been introduced, in the last few years, at Pueblo,
Colorado, as a source of spiegeleisen and ferro-manganese. 1t is
at present used for these purposes at the works of the Colorado
Coal and Iron Company at that place. The first shipment of
this ore, to points east of the Mississippi, was made in the sum-
mer of 1890, when 500 tons were sent io the Illinois Steel
Company, of Chicago.

Montana and Arizona.—A. manganiferous gangue is also
found with the silver ores at Butte City, Montana; at Tombstone
Arizona, and in lesser quantities elsewhere in the Rocky Moun-
tains and the West; but Colorado is the only place in that region
where the gangue material has been used as a source of metallic
manganese, /

PRODUCTION OF MANGANESE ORES IN THE UNITED STATES.

In the annual reports of the Mineral Resources of the
United States those ores only are included as manganese ores
which contain over 44} per cent of metallic manganese. Many
manganiferous iron ores are found containing less than 44} per

# Raphael Pumpelly, Geological Survey of Missouri, Iron Ores and Coal Fields, 1872,

F
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cent of manganese, but these are grouped as a separate clase.
Manganilerous silver ores are also classed separately. The pro-
duetion in tons of manganese ores proper, as thus limited, in the

United States from 1880 to 1888 was:

Production of manganese ores in the United States, 1880-1888.%

STATE, 1880 | 1831 | 1882 | 1883 1884 | 1885 | 1886 | 1887 | 1888
VIrginia . .oeeesenes 3,601 8,205 2082 5355 8,980 18,745| 20,567| 19,835| 17,646
APRRANNRE v deiis | ionssniiivig 100 175 400 800 1,483 5,816/ 5,651 4,312
GEOTEIB ccereyivinie]  1,8000  1,2000 1,000 secencni] coiaiin e 2,580 6,041 '9,024| 5568
Other States.. ... 300 300 375 400 400 450 269 M| 1,672

Pkl iscsives 5,761 4,805 4,532 6,155 10,180 23,258| 80,193| B84,524| 29,198

The production of manganese ores in the United States
previous to 1880 is very uncertain, but the following table will
give an approximation:

Production of manganese ores in the United States, 1837-1879 :f

STATE. YEARS. TONS,
MATHERT s consorsasrmanisorsindianinssas] LBOT O I8 covivcivioniians PrE PRy | 18,000,
Georgia 1866 to 1879...c.u0ve R 19,950,

.81 ¢ TeT T DOPRES RIS RRtk § £:-:1 1 ) 0 1. I TPl R Probably a few hundred tons.
W armORs: i i, j 2
o - BATerala: G i ErT i e B e R i Probably 5,000 to 6,000,

Ofher Btates.....iceevierernasssesnss 1887 10 I870.00sreunremmsrsssnesnsrenens| Very litile,

The total production of the United States from 1837 to
1879 inclusive, would probably not amount to much, if any,

“over filty thousand toms. Further statistics of different
states and of individual localities are given under the descriptions

of those places.

* Mineral Resources of the United States, 1888, p. 125,

- 1 Compiled from the Mineral Ressurces of the United States and all other available
sources of information,

5 Geological, Val, 1., 1830,
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Production of mangunese ores and the richer of the manganifer-
ous iron ores in the United States, 1888.%

g g
A o S
STATE. F £ B
= o
& = =
WATBITIR s iiancswinaussimsensanssnssss A 17646 | § 171,848 : $9 74
Michigan 11,562 37,000 320
O o S s B o A 5,568 38,126 6 85
Arkansas,, 4,312 38,582 8 95
P L ST A 1 L | O A w2 A - e i e et o | 1,500 130,000 § 20 00
Vermonl S 1,000 5,500 5 50
North Caroling.......cemmmiesisassan N TR T SR e i 50 150 3 0o
F T TR T T L T SRR —— ety b 50 150 300
PennsFIVANIR .ooviniirvnnns vns snssteasisent sianns vassussns ases siseas 22 225 100
Nevada 20 80 4 00
o T} L R P L PP PRSP PO IR e PP e 16 ‘-1_8 300
T 41,746 | $ 321,709 §770

Of the above production, most of that from Virginia
was manganese ore proper, though a small part of it was man-
gaviferous iron ore. Of the Michigan product all except 100
tons was manganiferous iron ore, containing about 11 per cent of
manganese. The 100 tons was high grade manganese ore. All
‘the Michigan production came from the Gogebic range, in the
Lake Superior region, and mostly from the Colby mine. - Most
of the Georgia production, as well as all of that of Arkansas and
California, was manganese ore. Most of that from Vermont
was manganiferous iron ore. The product from Pennsylvania
is said to have been classed as manganese ore, though the price
quoted would suggest a low grade material. The product from
the other states mentioned is said to have been more or less
mixed with iron.

# Mineral Resources of the United States, 1888, p. 124,
1 Value at San Franeiseo.
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PRODUCTION OF MANGANIFEROUS IRON ORES IN THE
UNITED STATES,

Some of the richer manganiferons iron ores are included in
the manganese productions for 1888 given in the above table,
and are mentioned in the explanation which accompanies it.
Large quantities of ore, however, are mined which are consider-
ably lower in manganese. The principal sources of them is the
Gogebic range, Liake Superior region, Michigan. The follow-
ing table gives the production of that region.* Most of the
ore came from the Colby mine.

Production of manganiferous iron ores in Michigan, 1836-1888.

1886 1887 1888
Ore containing between 10 and 11 per cent of MANEANESE.L oiviureasssnians 10,000 1 11,462
Ore containing between 2 and 4 per cent of manganese...... 257,000 200,000 189,674

Production of manganiferous iron ores in Virginia, Georgia, Ver-
mont and Maine, 1887,

=

STATE. TONS.
Virginia siiasain 1,025
GOOLEIR,, orsucssssnssms busssnsssnsassarssssssins 195
Vermont 451
Maine a0

In 1888 about one thousand touns of manganiferous iron ore
were produced in Vermont.

PRODUCTION OF MANGANIFEROUS SILVER ORES IN THE
UNITED STATES.

The production of manganiferous silver ores in the United
States is derived almost entirely from the Rocky Mountain
region, with small quantities from elsewhere in the western states.
These ores are worked for the silver they contain. None are
used as a source of manganese except in the case of certain mines

* Compiled from figures given fo the Mineral Resources of the United States for 1886
1887, and 1888,

. T The Colby mine also produced one hundred tons of manganese ore proper, which is not
included bere, but is represented in the last table.
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at Leadville and elsewhere in Colorado, where a manganiferous _ _
iron ore gangue is found and us-d as a source of spiegeleisen, Value of exports of manganese ores from the United States in
certain years befween 1869—1884.*

Production and value of manganiferous silver ores in the =

R{J(}:{’ay Momltainsi 1882~1888. _& Fiscal Year Ending June 30, Value, Fiseal Year Buding June 30. Value,
s ¥ ; ==
YEAR. LOCALITY TONS, VALUE. | 13,382 00 ‘ 1875 e 82,261 00
46,125 00 || 1878... 1,030 00
From Moantankalone:; i i medein aniia 208 |meausiiangy s # ol | 5l 5500
I FLACL R LT I | . 1 P Y ¥
From the whole Rocky Mountain region 60,000 | § 600,000 ’ i
IR 28 I (F F—— 6,163 00
From the whole Rocky Mountain region... ’ 60,000 | § 600,000 §
9,959 0 1834 1,802 00
1888...... .... | From the whole Rocky Mountain region........ceeee. 60,000. | § 600,000 |

IMPORTS OF MANGANESE ORES INTO THE UNITED STATES.
SUMMARIZED PRODUCTION. !

! General statement.—The imports of most foreign mangan-
Production and value of manganese ores, manganiferous iron ese ores, especially of manganiferous iron ores, are often obscured
ores and manganiferous silver orves in the United States, -' among those of iron ores, 7 that accurate statistics are difficult

to obtain. A general summary, however, may be given.

1886-1688 % |
‘ ' ‘ | Until the last three or fonr years, the Canadian minganese

1886 ’ 1887 1888 e e : ; 5
KIND OF ORE. ores and the Spanish manganiferous iron ores hive represented
Pro- Pro- Pro- anginese i: i i i
luotion | Yome. [affee | vale |3 PR | value. most of the raw manginese materials imported ll.ﬂ.LO Lhe- United
= States, though large quantities of manufactured spiegeleisen and
MANGANESE OVS.ocssvemeennnns | 30,108 | $277,686 | 84,504 83,844 | 29,198 | 219, i 3 ; ;
S, A ’ e o e ferro-manganese have been imported ever since their use in steel
Manganiferous iron ores....... 257,000 732,450 211,751 600,000 | 202,132 | 575,000 'y ! " » .
: i was introduced in this country.i Ltely, howzaver, importations of
Manganiferous silver ores....| 60,000 600,000 60,000 600,000 | 60,000 600,000 e d R K F
TotL vmrsessron 193 | $1,610,086 | 306,275 | 81,688,500 | 291,090 | 81,450,410 - manganesc ores from Cubua, Chili an ussia, as well as certain

quantities from Turkey and Greece, have commenced.

Imports from Cunada.—The m mganese production of Cunada
comes from the provinces of New Brunswick and Nova Scotia,
It is almost all imported into the United States, where it is
used largely in glass-making, in electric batteries, as a dryer in
varnishes and in varions other minor industries. Only small
quantities are used for spiegeleisen and ferro-manganese, and

- even these amounts are the low grade ores. The high grade
- Canadian ore brings too high a price for other purposes to allow
ﬂ; it to be applied to these uses. The production of Canadian
~ manganese is given later in this chapter. In 1888 it was 1,182
. tons, :

# Mineral Resources of the United States, 1883-1884, p. 557,
t¥ee imports of spiegeleisan and ferro-manganese, on page 28,

The production in the above table is given in long tons. by

EXPORTS OF MANGANESE ORES FROM THE UNITED STATES,

Twenty years ago, a considerable portion of the manganese
production of the United States was shipped to England,
but in later years the home consumption has steadily increased,
and the exports have correspondingly decreased, until in 1888, the
records of imports into Great Britain, France, Belgium, and
Germany, as given in the Mineral Resources of the United States,
for 1888, show no mention of shipments from America.

* Compiled from statisties in the Miveral Resources of the United States for 1886, 1887
and 1888,
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Imports from Spain.—Spanish manganiferous iron ores were
used in the manufacture of spiegeleisen as early as 1875 at the
Cambria Iron Works, Johustown Pa., and the Bethlehem Iron
Works, Bethlehewm, Pa. Large quantities of ore are at present
imported from Spain which contain from 5 to 12 or 15 per cent
of manganese, though some go over 20 per cent. Spanish ores
from Mazzarron and Goruguel are considerably used for admix-
ture with other ores.

Imports from Cuba.—The importations of manganese ore
from Cuba began over two yearsago. In 1888, according to the
Mineral Resources of the United States for that year, 1,581 tons
were imported. This was consumed by Carnegie Brothers and
Company at their works in Bessemer, Pa. Since that time the
imports from Cuba have increased very much, and the statistics
for 1890 will show an importation of several times as much as
in 1888.

Imports from Chili.—Until lately most of the Chilian man-
ganese ore has been exported to England, but during the past
year or so imports into the United States have commenced.
In the last few months Carnegie Brothers and Company ' bave
received considerable quantities from Chili.

Imports from Russia.—The Russian ove alsy, until lately,
has gone largely to England, but is now being imported into the
United States as well. Some 6,000 tons of Russian manganese
ore were imported in the latter half of 1890.

PRODUCTION OF MANGANESE ORES, IN AND EXPORTS FROM
CANADA, 1861-1888.

The provinces of New Brunswick and Nova Scotia, as al-
ready stated, produce practically all the manganese mined in
Canada. The total production, from the time work was
first commenced in 1861 to the present year (1890), has probably
been less than fifty thousand tons. In former times, a large part
of it was sent to England; now most of it is consumed in the
United States. Only very little manganese is consumed in
Canada and therefore the tables of exports represent very closely
those of production.

—f
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Ezports of manganese ores from Canada, 1868-73.%

Nova Scotia, New Brunswick. TOTAL.
FISCAL YEAR.
Tous. Value. Tons, Value. Tons. Value.
156 84,700 00 8§61 [$19,019 00 1,007 |$28,719 00
156 4,695 00 332 6,174 00 488 | 10,869 00
1,256 | 4,102 00 146 | 8,580 00 1,402 | 7,652 00
102 1,608 00 E51 S §,150 00 1,056 9,788 00
131 4,005 00 1,075 | 24,495 00 1,206 | 28,500 00
..................... 888 | 17,171 00 888 | 17.171 00
L0 [§19,11000 | 4,206 {875,619 00 5,007 ‘3‘.}?,1‘29 w

Exports of manganese ores from Canada, 1873-86.*

| NOVA SCOTIA. NEW BRUNSWICK. TOTAL.
o [Il;s. Value. ] Tons., | Value. Tons. Value.
; |

...................................... 1,081 $20,192 00 1,081 $20,19:2 00
6 §l2 U\U 776 16,261 00 782 16973 000
i snaninranananes 200 00 184 5,814 00 203 3,514 00
21 723 00 591 7,516 00 412 8,030 00
1B7T (B —rsania 106 3,699 00 785 12,210 00 8m 15,909 00
1y o A ] 106 4,889 00 520 5,071 00 626 10,860 00
154 7,420 00 1,732 20,016 00 1,886 27,436 00
79 3,000 00 2,100 31,707 00 2,179 34,797 00«
200 18 022 00 1,504 22,532 00 1,704 40,554 00«
123 11,520 00 7L 14,227 00 894 25,747 00
313 8,635 00 1,018 16,708 00 1,326 25,343 00
134 11,154 00 469 9,035 00 603 20,089 00
77 5,054 00 1,607 29,595 00 1,684 34,649 00
(b) 441 30,854 00 1,377 27,484 00 |(b) 1,818 58,338 00
1,769 §105,172 00 14,270 2235,268 00 16,089 £344,440 00

©Eugene Coste, Slatistical Report on the Production, Value, Exports and Imports of
Minerals in Canada during the Year 1886 and Previous Years, p. 47; Geologieal and Natural
History Survey of Canada, Alired R. O. S8elwyn, Director, 1887,

{a) 2 tons, valued at §6, w2re exported from Quebec that year,

(b) 250 tons from Cornwallis included in this quantity more properly come under the
heading of mineral pigments.
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Production of manganese ores in Canada, 1887-1888, *

NOVA SCOTIA. NEW BRUNSWICK. | TOTAL.
YEAR. —
Tons. Tons, Tons.
691 93914 1,630%
88 1,094 1,182
779 2,033%4 2,81214

In 1890 the total maganese production of Canada was 1,455
tons, valued at $32,737.+ '

Production of manganese in Nova Scotia, 1872-1890.,1

YEAR, TONS YEAR, TONS.

67
5,300

The product for 1890 will probably not exceed that of 1889,

The production from the time Nova Seotia manganese was
first worked in 1861 until 1871, inclusive, is quoted in the Min-
eral Resources of the United States for 1888, at 1,500 long tons.

“ The statistics for Nova Scotia in this table have been kindly furnished the Survey by
Mr. E, Gilpin, Jr., Commissioner of Mines for that province. Those for New Brunswick are
iaken from the Mineral Resources of the United States for 1888,

t Engineering and Mining Journal, January 3, 1891, .18

1 These statistics have been kindly furnished the Survey by Mr, E. Gil pin, Jr., Com~
missioner of Mines for Nova Scotia.

il
|
-
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Imports of manganese ores into Canada.*

1885, 1886.
PROVINCE.

Pounds, Value, Pounds. Value,
Ontario I 20,158 § 648 00 16,464 2 824 00
QUEDB0:, ;ciniiaiasanonisasnssassnas pisesiin LT 22,687 1,128 00 29,413 1,530 00
oV SEOLIR.. waccinimmmmnniestsnirs s isssss s e 1,087 7600 1,075 75 00

New Brunswicke e ssssinims sone 930 27 00
MATIEODA ..oesceeiescrmase shmnssass snesssns sssess savinnuns | renens 609 26 00
TOTR L rsvs ctssm somssnssnssmnsssnmassssassssnsannsnanss 44,882 [§ 1,874 00 47,561 |§ 2,455 00

!

The production of manganese ores in the world in 1888.7

COUNTRY, Long Tons. COUNTRY. Long Tons.

Cancasus (Russia). ..isanmeserarsanyes 48,653 Greece. ..o o, 883
United States 29,198 || Italy, (1887).. 1,652
Chili... 24,746 1,581
Frauce, (1886) 5 7,676 INOVE: BOOELHurisusiisssers snsvnsorsvisspions 106
Bwedel i 6,089, New BronswicK. . s 1,094
Portugal 5,638 Queb 3
T e T 2,830 || Great Britain, (1887).mmmresimeenes 13,054
T e S P 1,572 Bosnia........ e 4,000
New Zealand s 787 Holland PN e, 1,107
Turkey.. 669 Other countries " 3,114

Tolal...oiiee 158,954

From the above table it will be seen that the United States
is next to the largest producer of manganese ore in the world,
being second only to the Caucasus region of Russia. It will
also be seen that the Caucasus, the United States and Chili pro-
duce by far the larger part of the world’s output. Their
combined production in 1888 was 102,597 tons, which lacks only
thirty-nine tons of being two thirds of the total production of
the twenty or more countries represented as manganese producers
in 1888. '

#*Taken from the statistical report of Eugene Coste, quoted above,
F Mineral resources of the United States, 1838, p. 143.
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Imports of manganese ores inlo Great Britain, France, Belgium
and Germany, 1888, *

IMPORTED INTO, Lonog Tons. IMPORTED FROM. Long Tons,
Great Britain. ... viiereseinsinsnsis 74,906 || Caucasus, (RUSSIA).c...carieseaniares 48,653
TR IO edohsass instiarvarasnodes sosarsiny LT LR | [6 o] (7 ey 24,746
Belginum 1,945 Spain..... 2,830
EPIHIRT voesstisnssassanrssiansrmmnanssssens R Sl [ 2T R e e 5,638
Turkey 669
BRI isasrsannnioresnicosine tnisasbib o 855
GHLeB0BL i essimisit dasanssian (sivniver 500
BWodon o v il i e wssah 6,089
Australia ... 1,572
New Zealand 787
Canada .oese ssserens 248
Other countries...... 532

L RSN [ 7 A e I T

By comparing this table with the preceding one it will be
seen that Kngland is the largest consumer of manganese in the
world, using not only ifs own production, but also 74,906 tons
from outside sources; that the United States is not only the
second producer, but the second largest consumer, using its own
production as well as that of Cuba and most of that of Canada.

# Mineral Resources of the United States, 1888, p. 143.

CHAPTER V.
THE ORES OF MANGANESE.

MINERALOGICAL FORMS OF MANGANESE.

The metal manganese occurs in nature in a great number of
different mineralogical forms, but the only ones that are, accord-
ing to present standards, applicable to any considerable extent
in the arts, are the oxides and the carbonates. The latter, thongh
of frequent occurrence in small amounts, are so rarely found in
large quantities in America, that the oxides represent practically
all the ores of manganese now used in this country. Besides these,
however, numerous other manganese-bearing minerals are found

_ which, either on account of their chemical composition, or their

limited quantity, are not available as sources of manganese. In
some special cases, where such minerals are worked as a source
of other metals, their residue has been profitably uzed for its
contents of manganese. This is the case with the zinc ores of
northern New Jersey, which contain a considerable percentage of
manganese, and, after the extraction of the zinc, the residue is
used in the manufacture of spiegeleisen.

The most common of the manganese—bearing minerals, with
the exception of the oxides and the carbonates, contain manganese
in the form of silicates, and are not used as a source of the metal, on
account of their high percentage of silica. In some of these com-
pounds, manganese is the only metal, but in most of them it is as-
sociated with greater or less quantities of iron and other substances.
The simple silicate of manganese, known as rhodonile(see page 85),
is the most abundant of this class of minerals, and is a common
constituent of erystallive rocks. Among the others, containing
manganese in greater or less quantities, may be mentioned the
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several manganiferous minerals of the olivine group, such as
roepperile, tephroite, friedelite, knebelite, danalite, and helvite ; the
manganiferons forms of augite, hornblende and garnet ; the man-
ganiferous form of magnesian mica known as manganophyllite ;
the manganiferous epidote known as piedmontite; the mangan-
iferous form of staurolite, and the manganiferous minerals in the
chlorite group, such as prochlorite and others ; the manganiferous
pectolite known as manganopectolite, from Magnet Cove, Arkan-
sas, lately described by Dr. J. Francis Williams * ; the alumina-
iron-manganese-lime silicate known as ilvaite or lievrite and the
related mineral known as ardennite; the beryllium-manganese-
lime silicate, known as trimerite, found in Warinland, Sweden
and lately described by Gust. Flink.f

Among minerals containing manganese in other forms than
as oxides, carbonates or silicates, may be mentioned the mono-
sulphide of manganese, alabandite or manganblende, found in
some of the silver veins in the Rocky Mountains, in the gold
mines of Nagyag, Transylvania, and elsewhere; the disulphide,
hauerite, from Kalinka, Hungary; the sulphates, Jauserite ap-
Johnite and bosjemanite; the arsenide, kaneite, found in Saxony;
the arsenate, chondrarsenite;the compounds of manganese, iron
and other metals with phosphorus in the form of triphylite, lithio-
phylite and hureaulite, or with phosphorus and flourine in the
form of triplite and various related minerals; the compounds of
manganese and iron with tungsten in the form of wolframite, and
the compouad of m tnganese alone with tungsten in the form of
huebnerite ; the magnesia-manganese borate, known as pinaeio=
lite, from Warmland, Sweden, lately described by Giust. Flink.}
Numerous other instances of manganese-bearing minerals might
be cited,|| but those given are sufficient to show the great
variety of forms under which the metal occurs, and though many
of them are of absolutely no value as sources of manganese,

* Zeitschrift f, Krystallographie und Mineralogie, P. Groth,
-B386-389.

+ Ibid. pp. 365-376.
1 hid, pp. 361-385.
|| Others are mentioned farther on in this chapter,

Leipzig, Nov., 1890, PP
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some of them have played an important part, in the origin of
the useful deposits of that metal. (See final chapter).
THE OXIDES OF MANGANESE.

General statement.—The most stable condition of manganese
in nature is in the form of oxides, and, therefore, Whven any of the
other manganese minerals are decomposed by the mﬂt::eneea of
surface agencies, they all tend, sooner or later, to go into tha}t
form. As a direct result of this, the oxides are the most })]enm-
ful of the manganese minerals. They occur in seve.ral different
forms, varying considerably in the relative p[‘OpD'l'tIOl.lS of man-
ganese and oxygen, that is, in the degree of oz'ndation c:f' the
manganese, and in the nature ot the e e chemically
or mechanically combined impurities. The most 1mp0rtaut,.aa
regards quantity and usefulness in the arts, are, pyrolusite,
psilomelane, braunite and manganite; lessimportant are h.ausmann-
ite and wad. Other oxides arve polianite (see pyrolusite), pyra-
chroite, chalcophanite and the deep-sea nodules known as pelagite.

The minerals will be treated in the order named, except in
the case of the somewhat rare polianite, which, on account of its
relation to pyrolusite, is described with that mineral,

Pyrolusite or black oxide of manganese, peroxid? of man-
ganese.—Pyrolusite is a heavy, highly crystalline, iron-black
mineral, very soft, and often easily crushed in the fingers, apuas
ing a deep black stain. It has a hardness of 2 to 2.5, a specific
gravity of 4.8, and a black streak. It belongs to the ortho-
rhombic system of erystallization and occurs in more or less.
modified rectangular prisms. Sometimes the crystals are an
inch or more in length, fibrous and needle-shaped, standing up
at right angles to the base on which they rest, but more gener-
ally they are in clusters, radiating more or less regularly from a
center; at others, they are closely compacted into a solid body,
and often they are small and compose a brightly glittering,
granular mass. The most beautifully erystallized pyrolusite
found in America is that from the Tenny Cape mine, in Nova
Scotia, though well developed forms are also found in Virginia,
Georgia and southwestern Arkansas,
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In chemical composition, pyrolusite is a peroxide of man-
ganese, having the formula MnO,, and containing 63.2 per cent
of manganese and 36.8 per cent of oxygen, though it is never
found in nature in this degree of purity. Peroxide of man-
ganese can readily be made to give up a part of its oxygen, and
on this property, as has been explained more fully in chapter
III., depends its value in the manufacture of chlorine. Its
value for the manufacture of spiegeleisen and ferro-manganese
depends on its metallic contents. The name pyrolusite is de-
rived from the Greek pur, fire, and luo, to wash, and refers to
the use of the mineral in freeing glass from the green color
given to it by iron. The name was given by Haidinger in 1827 %

Pyrolusite is supposed in many cases to be a product of ths
alteration of manganite, as is mentioned further under the de-
seription of that mineral. The mineral varvacite is an impure
pyrolusite.

Polianite—The mineral polianite has the same composition
as a very pure pyrolusite, consisting of almost absolutely pure
peroxide of manganese. It was first described and named by
Breithauptf in 1844, but its independent position was established
beyond all doubt by Professors Edward 8. Dana and Samuel L.
Penfield in 1888.F It is distingnished from pyrolusite by its
very much greater hardness, which, according to the experi-
ments of Dana and Penfield, is 6 to 6.5, and by its white or
light steel gray color. It has a specific gravity of 4.992 (Dana
and Penfield), which is a little greater than that of pyrolusite
(4.8), and it belongs to the tetragonal system of crystallization.
It is considered to be an alteration product of manganite, and
crystals of polianite have been found in the hollow interiors of
altered manganite prisms.

Polianite occurs in too small quantities to be of any com-
mereial value as a manganese ore.

Psilomelane.—This is a heavy, black, steel-blue or, more
rarely, greenish-black mineral, very hard, and occurring in a

# Trans. Roy. Soc. Edinburgh, Vel. X1, 1827, p. 119,
T Pogg. Ann. Vol. LXI, 1844, p. 191,
1 Amer, Jour, Sel,, Vol. CXXXY., 1588, pp, 243-247,
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massive form. It hasa hardnessof 5 to 6, a specific gravity of 4
to 4.4, and often showsa well developed conchoidal fracture.
1t is very much harder than pyrolusite, but can asually be faintly
soratched with a knife. It commonly occurs in botryoidal,
nﬁammillary or kidney-shaped masses, and the name psilomelane
cefers to their smooth surfaces, being derived from the Greek
words psilos, smooth, and melas, black. The ore ona fresh
fracture, often shows a bright steel-blue, glossy lustre.

In chemical composition, psilomelane is largely a peroxide
of manganese with variable amounts of water, potash and baryta.
The water is sometimes absent altogether, and at others, is pres-
ent to the extent of over six per cent. The potash is equally
variable, and sometimes composes over four per cent of the min-
eral. The baryta, though occasionally absent, is generally found

in greater or less quantities, varying from 0.10 per cent to over
17 per cent of the mass. By some mineralogists, the potash and
baryta are supposed to be mechanical admixtures, and by others
they are considered to be in chemical combination, forming the
base of a compoundtin which a part of the peroxide of manganese
acts as the acid, Itis very difficult to determine under what
conditions they are present, as psilomelane occurs in the
massive form, and therefore it is always doubtful whether any
specimen is a perfectly pure sample of the mineral. The con-
tents of manganese vary according to the percentages of other
ingredients, and range, when the ore is pure, from forty-five to
sixty per cent.

Psilomelane is one of the most abundant of the manganese
ores found in nature, and it occurs to a greater or less extent
almost everywhere that pyrolusite is found. The mode of
occurrence of psilomelane and pyrolusite in nature leads to
the belief that, in some cases at least, the two minerals are
closely related. Both frequently form part of the same mass,
blending into each other without any sharp line of separation,
and it is common to have an incrustation of erystals of pyrolu-
site radiating from a kernel of psilomelane, or else similar crys-
tals lining the interior of a geode of psilomelane. Such associ-
ations are frequently seen in parts of Nova Scotia and elsewhere.
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Frequently nests of solitary crystals of pyrolusite are scattered
through the pislomelane, and, in fact, wherever the two minerals
occur together, they are generally associated in such a manner

_ as to suggest the possible derivation, by chemical alteration, of the

pyrolusite from the psilomelane. Another fact leading to the
same supposition, is that, in the case of a bedded deposit, it often
happens that the greater the amount of chemical action which
has gone on, the greater is the proportion of pyrolusite as com-
pared with psilomelane. Such evidence as these facts afford,
however, is of but little value without the further evidence of
mineralogical investigation.

Braunite.—This is a heavy, black, or brownish-black mineral,
very hard, occurring in both the massive and crystalline forms,
with a dark brown streak and a submetallic lustre. It has a spe-
cific gravity of 4.8, and a hardness of 6-6.5, being often too hard
to be scratched with a knife. 'When erystallized, it belongs to
the tetragonal system, and frequently occurs in the form of
pyramids. e

In chemical composition, braunite is an anhydrous oxide,
generally containing silica, sometimes to the extent of over 8 per
cent. Professor J. D. Dana, in his System of Mineralogy, fifth
edition, thinks that the silica is in chemical combination with the
oxide of manganese.

Braunite is also considered by some mineralogists to be some-
times simply an anhydrous sesquioxide of manganese, having the
formula Mp,O, and containing silica as a mechanical admixture,
In some cases, however, the silica when preseat, is undoubtedly in
chemical combination with the manganese. This hasbeen clearly
proved by the late investigation of pure crystals of braunite, by
Dr. 8. L. Penfield. Silica, however, is not invariably present
in braunite, and samples have been analyzed which were almost
entirely free from it.* When pure, braunite contains an average
of sixty-nine per cent of metallic manganese, but it is never found
in this degree of purity in nature,

Manganite—This is a heavy, black mineral, softer than

# For @ further discussion of braunite see the desmiption of the manganese ores of the
Batesville region, Arkansas, in chapter VII,
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braunite, bot harder than pyrolusite, sometimes massive, some-
times crystalline, and has a brown or black streak. Its specific
gravity is 43 to 4.4, and its hardness is 4 to 4.5. It is easily
scratohed with a knife. It belongsto the orthorhombic system
of erystallization, and frequently occurs in strongly striated
prisms. It is found at Tenny Cape; Cheverie, Walton, and other
places in Nova Scotia, and at Markhamville, and elsewhere in
New Brunswick. It is frequently associated with pyrolusite and
psilomelane. It probably, also, occurs among some of the ores
of Virginia, Georgia and Arkansas.

In chemical composition, manganite is a hydrous sesquiox-
ide-of manganese, having the formula Mn,0,.H,0 and contain-
ing 62.5 per cent of manganese, 27.3 per cent of oxygen, and
10.2 per cent of water. 'When the water is removed from man-
ganite, it changes to pyrolusite, hausmannite or braunite, and in
some cases these minerals, as found in nature, have been sup-
posed to be altered manganite. This is especially true of pyro-
lusite, which, in many cases, is a pseudomorph after manganite.
Crystallized specimens have been found in which the crystals at.
one end had the composition of manguanite, while those at the
other, though of the same form, were composed of pyrolusite.
Consequently, there can be no doubt that pyrolusite, in some.
caser, has been derived from manganite, but whether it i
always derived from it is, as yet, in doubt.

Housmannite—This is a heavy, brownish-black mineral,
massive or crystalline, harder than manganite, but softer than
some forms of braunite. Its specific gravity is 4.7 and its hard-
ness 5 to 5.5. It can be faintly scratched with a knife. It be-
longs to the tetragonal system of erystallization, and is sometimes
found in the form of pyramids. It is rare.

In chemical composition, hausmannite has the formula, ac-
cording to Dana, * of 2MnO.MnO,. When pure it contains
72.1 per cent of manganese, 29.9 per ceat of oxygen, though it is
never found in nature in this state of purity. A zinc-bearing
hausmannite, known as hetearolite, oceurs at Sterling Hill, N. J.

* System of Mineralogy, fifth edition, p. 162,

6 Geolog cai, Vol. L., 1890.
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Wad, or bog manganese—This is a low grade, light, earthy,
brown or black ore, varying from a soft, loose, porous mass to a
very hard variety, which can hardly be seratched with a knife.
The soft variety, however, is the most common form. It is
never erystalline. Tts hardness is from 1 to 6, and-its specifie
gravity from 3 to 4.

The chemical composition of wad is very variable. It is
essentially an impure peroxide of manganese, containing from
fifteen to forty—five per cent of the metal, mechanically mixed
with different quantities of other ingredients. It contains a
greater or less amount of sesquioxide of iron, and, in faect, is
often mixed with so much of that material that it blends into a
bog iron ore. It contains a very variable and often a very large
quantity of water, from less than ten per cent to over twenty-
five per cent, It frequently contains cobalt, and sometimes
nickel. The mineral asbolite is a wad with large quantities of
oxide of cobalt, sometimes running up to as much as thirty-two
per cent. The common wad, however, contains much less. A
sample from Long Gully, near Bungonia, New South Wales,
was found by Dr. Thomson* to contain 1.57 per cent of cobalt,
and 0.36 per cent of nickel. A considerable quantity of copper
is often found in wad, and a variety containing from four to
eighteen per cent is known as lampadite or cupreous manganese.
Reissacherite is a form of wad containing a large percentage of
water ; and groroilite is another name for ordinary wad.

Wad sometimes oceurs in irregular masses in clay, and some-
times as a solid bed, often several feet thick. It is found in
conneetion with rocks of almost all geologic ages,but is usually

a secondary product, and does not always represent a material
laid down in its present form at the time of the deposition of
these rocks. This is especially true with the older formations
and noticeably so with crystalline rocks, where wad often occu-
pies hollows and basins in their surfaces and has come from the
disintegrating of either some of the other oxide ores already de-
scribed, or, more generally, of the various silicates of manganese,
and occasionally of the carbonate.

# Ure's Diet. Arts, Manufactures and Mines, Vol. IV., Supplement, 1878,

[.
=
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Wad is too low grade and contains too many injurious
impurities to be used as a source of manganese, or to be em-
ployed in the manufacture of chlorine.” It is occasionally used
as the basis of a black or brown paint, and in some places there
is a considerable local consumption of it for this purpose.

The black arborescent figures, known as dendrites, frequently
seen lining the sides of cracks, joints and faults, are often, or
-even generally, manganese in the form of wad or some other
oxide. Bome of them, however, especially the brown dendrites,
are formed of iron oxides. They have all been deposited from
waters carrying. manganese or iron, or both, in solution, and
percolating through the crevices of the rock. The figures in
moss-agates are due to the same substances occupying a moss-
like form instead of the branching form observable elsewhere.

Pyrochroite—This is a white mineral having the composi-
tion of a hydrous protoxide of manganese and the formula
MnO,H,. It is very rare and isnot found in quantities suflicient
to be of any commercial importance. It oceurs at Sterling Hill
and Franklin, New Jersey, and in Sweden.

Chalcophanite.—This is a hydrous oxide of manganese and
zine, of a bluish- or iron-black color and a chocolate-brown
gtreak. It occurs in rhombohedral crystals, and in stal-
ac.tit.ie and plumose masses. -It is about as hard as some vari-

-eties of pyrolusite, being rated at 2,5. Tt is supposed to be the
?mduct of decomposition of the mineral franklinite, and is found
in the zine deposits of Sterling Hill, New Jersey. ,

| P_efdgite.—'[‘his is the name given to the manganese nodales
_'f'_tfm.ndm the deep-sen dredgings. They consist of a mixture
pr(')ba?ly a mechanical one, of peroxide of manganese and ses-’
quioxide of iron, with silica, alumina and water. The er-
‘centage composition is approximately as follows : :

Peroxide of manganese........ 40.00 per cent.
Sesquioxide of iron..........., 27.00 « ¥
BLHON o Ts e m s saresrosisss ovs sbisi 1400 « «
BIRIINA. o s o veninans sarassove 4.00 « «
Water (at red heat)............ 13,00 «

( Water below 100° C. 24.5 per cent,)
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CARBONATES OF MANGANESE.

Rhodochrosite—The simple carbonate of manganese is known
as rhodochrosite or diallogite, Tts characteristic color, when
freshly broken, is pink or light rose-red, and hence the name rodo-
chrosite, from the Greek adjective, rodochroos, meaning rose-col-
ored. This color, however, fades on exposure to the air and
becomes white or buff, and in cases even darker, as a result of the
partial oxidation of the mineral, Itis easily scratched with a
knife, having a hardness of 3.5 to 4.5. It has a specific gravity of
3.4to 3.7. It erystallizes in the hexagonal system, and is often
found in beautiful pink rhombohedrons.

Tt contains, when theoretically pure, 38.6 per cent of car- .

bonic acid, and 61.4 per cent of protoxide of manganese, which
is equal to 47.56 per cent of metallic manganese. It is never,
however, found in nature in this degree of purity.

This ore is very generally distributed, but is usually in
small quantities, and is not mined as a source of manganese any-
where in America, It is found in many of the silver veins in
the Rocky Mountains. At Butte City, Montana, when the
water level of the country is reached, 2 mixture of carbonate and
silicate of manganese often forms a large part of the gangue ma-
terial. Above the water level, the manganese is in the form of
oxides. Inthe San Juan Mountains, in sonthwestern Colorado,
beautiful crystals of rhodochrosite are frequently found. Dr.
T. 8. Hunt describes carbonate of manganese in the dolomites
of Eastern Canada, and as interbedded lenticular strata asso-
ciated with silicate of manganese in the crystalline schists of New
England. It is also described by Dr. Hunt in slates of probably
Silurian age at Placentia Bay, Newfoundland.* It is a very
common ingredient of limestones of all ages, though almost al-
ways in very small quantities. As will be shown under the
discussion of the origin of manganese ores in the final chapter
of this volume, the carbonate is probably the original form of

many of the oxide ores now worked as a source of manganese.

Ankerite—This is a carbonate of lime, magnesia and irom,
frequently containing manganese.

# Amer. Jour. Sei., 1859, Vol. XXVIIL, p. 374,
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Manganocaleite—This is a lime-manganese carbonate and
much rarer than the simple carbonate of manganese.

SILICATES OF MANGANESE.

Rhodonite—The simple silicate of manganese is known as
rhodonite or manganese spar. Its characteristic color is flesh—
red or pink, and hence the name] rhodonite, from the Greek
rhodon, a rose. Sometimes, however, when impure, it is yellow,
brown, or even green. It is very often blackened on the outside
by oxidation. Tt has a colorless streak, a vitreous lustre, a spe-
cific gravity 3.4 to 3.7 and is transparent to opaque. It is hard
and often cannot be scratched with a knife. Its hardness is 5.5
06.5. Itbelongs to the triclinic system of erystallization, though
it is usually found in the massive form.

In chemicul composition, rhodonite has the formula, when
pure, MnSiO; , containing 45.9 per cent of silica, and 54.1 per
cent of protoxide of manganese, equal to 41.90 per cent of metallic
manganese,

On exposure to surface influences, rhodonite becomes ox-
idized and converted into one or more of the black oxidesalready
described. Sometimes this alteration has penetrated the mass
down to the water level of the country, where usually the pure
silicate is found. Generally, however, the change is much more
superficial, and the oxidation runs down into the deposit along
joint eracks and fissures, only partially altering it and giviag it
tlh'e appearance of a pink or brown material, cut up by a net-work
qf'intersecting straight or irregular black lines. From this the
oxidation increases until the whole mass has a black color,
studded here and there with lighter colored kernels of unaltered
silicate, and, eventually, even these disappear.

- -Rhodonite is sometimes founnd in considerable quantities,
butis not used as a source of manganese on account of its very
large percentage of silica. It is sometimes used in the glaze

on potlery, and to give a violet tint to glass. Also, the pure,

finely colored varieties are used as ornamental stones, and are
sometimes cut for gems. Its consumption, however, is small.
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Rhodonite frequently occurs with the carbonate of manganese
at the localities mentioned under that heading. It isa common
mineral in metamorphic and igneous rocks, sometimes forming
interbedded lenticular layers, and sometimes occurring in veins.
In some of the silver veins of Butte City, Montana, and in Colo-
rado and other places, it often forms a large proportion of the
gangue material. It is also found in many parts of New En-
gland, at Plainfield and Cummington, Mass; at Blue Hill,
Maine, and elsewhere. 1t is a very frequent accompaniment of
the crystalline rocks of Virginia, North Carolina and Georgia.

Bustamite.—This is a silicate of manganese containing 9 to

15 per cent of lime, which replaces part of the manganese. It

often contains carbonate of lime, and, from the presence of this,

it has been suggested that part of the lime replacing the
manganese has resulted from partial alteration. *
Fowlerite.—This is a zinc-bearing rhodonite.

Tephroite—This is a manganese olivine, having the formula

Mn, 8i0,. It occurs at Sterling Hill, New Jersey. Other

silicates have already been mentioned on page T76.

CLASSIFICATION OF ORES CONTAINING MANGANESE.

Intimate association of oxides of manganese.—As already
stated, the oxides are the only ores of mangauese in this country,
so far as yet known, which are commercially important as a
source of the metal. These are rarely found singly, being al-
most always associated with greater or less quantities of ea ch
other. The one variety blends inte the other, and it is often
impossible to draw any sharp line of separation between them.
So intimate a mixture is often found, that it is difficult to decide,
without a very careful analysis, to which variety a certain ore
should be assigned. It only too often occurs that in mentioning
manganese ores, the names of the various oxides are most indis-
criminately applied without any evidence at all that the appella-
tion is properly used. The most marked difference in the general
appearance of the ores is their ¢rystalline or massive character.
Pyrolusite is always crystalline, and psilomelane is massive,

% J. D. Dana, System of Mineralogy, fifth edition, p, 225
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while braunite and manganite are sometimes crystalline and
sometimes massive. Therefore, in the descriptions of different
localities given in future chapters, wherever detailed analyses
are not obtainable and there is any doubt concerning the exact
mineralogical composition of an ore, it is referred to simply as
erystalline or massive, as the case may be, the former including
pyrolusite and the crystalline forms of braunite and manganite,
or even admixtures of two or more of the three forms; the latter
including psilomelane and the massive forms of braunite and
manganite, or admixtures of two or more of them.

Manganese with iron, silver and zine.—Not only are the
oxides of manganese mixed with each other, bat they are often
associated with a greater or less quantity of oxide of iron, form-
ing a ferruginous manganese ore; or, when the iron predominates,
a manganiferous iron ore. Sometimes manganese ores contain
considerable quantities of silver, and are more valnable for their
contents of that metal than for their manganese contents, In
some places also, as in northern New Jersey, manganiferous zine
ores occur, which are valuable for both their zinc and manganese.
These varieties of manganiferous ores have become so important
in the United States, that it is necessary to divide manganese
bearing ores into four classes, differing considerably in their in-
gredients and in the uses to which they are applied. They are,
manganese ores proper, manganiferous iron ores, manganiferous
silverf ores and manganiferous zine ores.

MAGANESE ORES PROPER.

These have already been described, and do not require
further mention, As already stated, they consist of various ox-
ides of the metal more or less intimately mixed, and, in some
rare cases, are represented by carbonates,

MANGANIFEROUS IRON ORES.

Generally, manganese ores are more or less mixed with iron
and frequently the latter increases in quautity until it forms the
predominating feature of the ore, at times almost totally replac-
ing the manganese. Between the two extremes of a manganese
ore with a little iron and an iron ore with a little manganese,
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there are all stages of admixture of the two materiuls. The
iron in manganiferous iron ore may be in almost any of the com-
mon forms of iron ores, such as brown hematite and other forms
of limonite; red hematite, specular ore; magnetic ore, and spathic
ore.

Sometimes the iron and manganese are intimately mixed,
so that they have the appearance of a homogeneous mass, resem-
bliog an iron ore when the iron isin the preponderance, and a
manganese ore when manganese predomipates. In such cases there
appeirs to be no tendency to combine in any one fixed propor-
tion. When it is considered, however, that both the iron and the
manganese in many deposits of manganiferous iron ore, especially
in manganiferous brown hematites, were, probably, originally in
the form of carbonates, and that carbonate of iroun and of man-
ganese, being isomorphous substances, can replace each other in
all proportions, the variable quantities of the two metals in the
oxide ores that have been derived from the carbonates is not
extraordinary. At other times, the manganese oceurs as nests
of erystals in hematite, or as nodules of massive, hard ore, and
also as inclusions of a dull black or brown earthy wad, the
latter being well seen in some of the brown hematite of the
Londonderry mines, Nova Scotia. In Virginia, very common
oceurrences ave interstratified layers of hematite and manganese,
either blending into each other or separated by a sharp line of
demarcation. In such cases, the iron ore is always in the larger
quantities and the more continuous deposits; while the mangan-
ese is often represented by thin lenticular beds, disconnected
pockets or irregularly disseminated nodules. In southwestern Ar-
kansas, a stalactitic ore is found in which the interiors of the stalac-
tites are hematite, and the exteriors are massive manganese ore;
also, geodes, with an outside incrustation of browu hematite and
an inside layer of manganese ore, are found in parts of the same re-
gion. Such occurrences may be due to the different character of the
metalliferous solution which affected the rocks at different times;
but, as is shown under theldiscussion of the origin of manganese
ores, it is possibly also due, in some cases, to the different
methods of solution and redeposition of the two metals.
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The principal regions where the manganiferous iron ores
are found, are in the Lake Superior region of Michigan and
'Wisconsin, and in smaller quantities in Vermont, New Jersey,
Pennsylvania, Virginia, Tennessee, North Carolina, Georgia,
Alabama and many other places. Extensive deposits have lately
been discovered in Gunnison County, Colorado. The Lake Su-
perior region, however is the principal source of this ore at
present, especially the Colby mine, in the Gogebic range, Mich-
igan. This mine produces nearly all that is mined in the United
States. Statistics of production have already been given on
page 67. The ore is 2 red hematite containing from one to
thirty three per cent of metallic manganese. The latter
amount is, however, rare in this region, and the usual quantity
varies from two to four per cent, though 11,5662 tons of the
1888 product contained eleven per cent. The manganifer-
ous iron ores of the Appalachian Mountains are usually brown
hematite, though sometimes red hematite and magnetic varieties
-also oceur.

No sharp line of division can be drawn between mangan-
ese ores proper and manganiferous iron ores. The one class
blends into the other, and any Jdivicion must be arbitrary. The
use of such ores for the manufacture of spiegeleisen and ferro-
manganese is not a case, such as the chemical uses of manganese,
where an ore, containing under a certain percentage of the desired
‘ingredient, is unmarketable. On the contrary, all the manganif-
-erous iron ores, free from deleterious ingredients find a ready
market, the higher grade for the manufacture of spiegeleisen and
ferro-manganese, and the lower grade for the manufacture of low-
manganese pig or of ordinary pig iron. The manganiferous iron
‘ores low in manganese are sold simply as iron ores, and the
‘manganese in them is either paid for at the same rate as iron or,
when under certain percentages, is not paid for at all.

It has not been within the scope of time and means available
for this report, to make a thorough investigation of manganifer-
‘ous iron ores in the various regions of the United States, but
:several localities that have been visited are described with the
‘manganese ores of various states.
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MANGANIFEROUS SILVER ORES,

Manganiferous silver ores are a characteristic feature of many-
of the metalliferous veins of the Rocky Mouuntains, especially of
Butte City, Montana; Leadville, Colorado; and Tombstone,
Arizona. Above the water level of the country, the manganese
usually occurs in the form of one or more of the oxides already
described; below the water level, the oxides very often, especially
at Butte City, pass into the carbonate (rhodochrosite) and the
silicate (rhodonite). The last two minerals doubtless represent
the original condition of the oxides, which have, by the action
of surface influences, assumed their present oxidized condi-
tion,

The various forms of manganese, in manganiferous silver
ores, are associated in different places, with different gangues:
sometimes with a highly siliceous gangue of almost pure quartz
or with a highly caleareous one; sometimes with an iron ore, form-
ing a manganiferous iron ore gangue; and at still others the man-
ganese minerals themselves comprise the larger part of the
gangue. At Butte City, manganese sometimes forms over
fifty per cent of the gangue, and from this it decreases to
less than twenty per cent. At Leadville, the manganese and
iron often form almost the*whole gangue, and the analysis of

seventeen samples of this used at the Colorado Coal and Iron,

Company’s works as a source of speigeleisen, show 9.3 to over
51 per cent of manganese, and from 1.33 to over 48 per cent of
iron. At Tombstone, the manganiferous ores contain from
ten to over thirty per cent of manganese.

In these manganiferous gangue materials, the silver occurs
in many different forms, and in quantities varying from so small
that it hardly pays to work them, up to many dollars per ton in
value. Sometimes it occurs as chloride, and at other times as
metallic silver or as argentiferous zinc blende, and also in other

forms. These ores also frequently contain limited quantities of

gold, lead, copper, antimony and other metals.
Very few of such manganiferous ores are used as asource of

manganese, since their silver contents are more valuable than
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their manganiferous contents, and, as they cannot be used as a
source of both materials, they are, of course, devoted to the most
profitable purpose. In fact, even if they were not of value as a
source of silver it is probably in very few cases that they
are in sufficient quantities and of such quality as to be useful as
a source of manganese, Leadville and a few other places in
Colorado are exceptions to this, and there the manganiferous
gangue is separated from the silver ores and shipped for the man-
ufacture of speigeleizen. But, though elsewhere the ore is not used
for such purposes, the manganese oxides in it are of value in
smelting the ore for its silver, as they play the part of iron as a
fluxing material. The manganese is paid for at the rate of ten
cents per unit, the same price as is paid for iron, and the ores
containing it are valued for admixture with other more refractory
ores.

The Rocky Mountains are the principal region of manganifer-
ous silver ores in the United States, but these oves are also found
in Nevada and elsewhere. In fact, silver in very small gqunan-
tities is a very common constituent of many of the manganese
oxides, not only in vein deposits, but also in bedded ores. Thus,
a sample of manganese ore from Tenney Cape, Nova Scotia, is
said by Professor H, How * to have assayed five dollars per ton
in silver; the bedded manganese deposit near Golconda, Nevada,
is said to afford three dollars per ton in silver, and the ore of the
Spiller manganese mine in Mason county, Texas, was once
worked as a source of the same metal.

MANGANIFEROUS ZINC ORES.

Manganese is a common accompaniment of the zine ores of
Sterling Hill and Franklin, Sussex county, New Jersey. The
zine minerals are mostly franklinite, an iron-manganese-zinc ox-
ide; zincite, a zine oxide generally containing more or less man-
ganese; and willemite, a silicate of zine. These minerals are
associated with each other in varying proportions, and occur
with calcite in a white crystalline limestone. In the same region
are found other manganese-bearing minerals in smaller quantities,

* London, Edinbhurgh and Dublin Phil. Mag., March 1866,



92 ANNUAL REPORT STATE GEOLOGIST,

such as fowlerite, a zinciferous silicate of manganese; tephroite,
a silicate of manganese; roepperite, an iron-manganese-zine sil-
icate; and chalcophanite (Sterling Hill), a hydrous oxide of man-
ganese and zinc.

The ores are mined, primarily, as a source of zine, but, after
the extraction of that metal, the residuum, known as “clinker”,
is nsed in the manufacture of spiegeleisen. The crude ore is
heated in a furnace and the zine is volatilized and collected in
the form of oxide. The percentage of manganese in the residunm
is increased over that in the ore by the removal of the zinc and
{requently amounts to 12 to 16 per cent.

The composition of the ore and of the residuum are given
in the first two tables below. The ores as mined, however, are
mixtures in varying proportions ofthe minerals mentioned above,
mostly franklinite, zincite and willemite with calcite, and there-
fore do not represent the composition of any one mineral.
Analyses which do show such compositions are, therefore, also
given. g

Analyses of manganiferous zinc ores of New Jersey.*

Manganese protoxide (Mno0)..........| 15.84 | 16,46 | 17.63 | 15.66 | 15.93 | 12.80 | 12.21 | 18.00 | 17.81
Iron sesquioxide (Fe:Os)....cun e | 8141 | 8163 | 27,54 | 80.46 | 80,86 | 80,85 | 80.18 | 27.62 | 27.20
Aluming (ALy0s), cussirarisensonssenas| 21| 80| 241 00| 138 | 67 L] . 264 67
Zine oxide (Z00) ... reesemmrninnnes| 32.83 | 34.07 | 85,88 | 27.15 | 26.84 | 28,42 | 2712 | 25.88 | 22.94
Lime (CaO)..cciicnciiiiiiiinianinsisan 5.00 | 4.08) 2.01 | B.45 | T.15 | 12.65 | 12.63 | 14.37 | 1146
Magnesia (Mg0)..... % H B Y i I3 S R 1.69| 1.98| .74
Bilica (S104)....o0usen .| 10,21 | 9.91 | 11.08 | 10.28 | 10,33 | 486 | 443 | b.16 | 9.78
Metallic manganese. L 12,27 | 12,75 | 13,60 | 12,12 | 12,35 | 9.53 | 9.46|11.15 | 13:79
21,98 | 22,14 | 19.28 | 21.32 | 21.26 | 21.28 | 21.09 | 19.33 | 19.04
.o 26.34 | 27.34 | 28,78 | 21,79 | 21.14 | 23.61 | 21.76 | 18.76 | 18.41

Metallie iron....
Metallic zine .

# Quoted in Mineral Resources of the United States, 1885, p. 837, from Geo. S, Stone,
Engineer New Jersey Zine Company.

o

THE ORES OF MANGANESE. 93

Analyses of “clinker” from manganiferous zine ores of New Jersey.*

Manganese protoxide 15,10 L) POPURm———t— S Y i L i L 18.90 | 21.08
Tron sesquioxide (Fe;05) 33.21 | 31.06 | 33.84 | 36.16 | 31.08
2.25 6.86 8.24 6.94 5.08
10,74 6,98 4,98 4,06 7.84

Alumina (Als0y)
Zine oxide (Zn0).oammemammmoissien o
Lime (Ca0)...counues 11,96 | 1073 | 1104 | 1181 | 7.60

Magnesia (Mg0)...cvrees 280 | 267 | 184 | 198 | 401
Silica (SI0s) ieurrsnsnrersrsueerrassansssnssssssnsstins sesssesss aapsunn: 19.97 | 25.02 | 2847 | 1814 | 2128
FPhosphoruos.... 0BT |arringpannaafisrmmsimmm | Savibsensy | biustasans
Metallic MANEATEEE. (iuuwescsrsrerss srs sermsssransa srs et sasanaies 13.82 12,56 12.13 14 G4 16.29,
Metallio IP0M i sesnssisimsssnnsnsnnises 23.25 | 2174 | 23.69 | 25.30 | 21.74
Metallic zinc avursves 8.62 5.60 8.17 8.26 6.20

Analyses of franklinite, zincite, and willemite from New Jersey.

FRANKLINITE. ZINCITE. l WILLEMITE,
g 1 2 3 4 I 5. \ 6
Munganese seaquloxi‘de (M0 evemsernienne] 1189 | 18,17 g i 00} 3,70 266 |uissveens
Manganese protoxide (MnO) W Ll [ LSRR R S 9,22
Iron sesquioxide (Feg0y)occmimncniicinsnne| 8611 | 6888 Lcrre vonns fonmsmnnnanns DT Lisasmnea
Iron protoxide (FeO) trace:
Alumina (AlL:O;) {Jiy i IFREREES, HRRCIERRet SUESRE PR
Zine oxtde {Zu0)uamaiiaiiinmiian]  2ETT 10.81 88.00 | 96.19 | 71.88 80,07
Magnesia (MgO)..ovenn o feaveeavannas | srrnns asnans | nensidinian 2.901
Water (H,0) | FONPISEl MER COR SIS o o P B 1.00
BIHOE - (RI05Y s yurisrssssscinnsunsns vssssrpns sassress 0.13 LV 1 L) PRRRONI IR 25.00 26 80
100.06 98.99 | 100.00 99,50 | 99,66 |100.00
Undecomp .10
99.99
Metallic MANZADRSC. vusreivicsirrnnssrasesirean 8.34 12:65 | 8.62(7) 2,58 1.85 7.14
Metallic Iron . sariian. 46.28 | 48.22 0.47 | trace.
Metallic zine 17.46 8.67 70.59 l 77.16 |57.22 fs.ls-

(1.) By G.J. Dickerson, in Rept. on New Jersey Zinc Mines by C. T. Jackson,
(2). By Abich, Pogg. Ann., Vol. XXIIL,, p. 342.

(8). By Berthier, Annales des mines, Vol. IV., p. 482.

(4). By Whitney, Pogg. Ann., Vol. LXXI., p. 169,

(8). By Vanuxem and Keating, Jour, Acad. Nat, Sci, Phila., Vol. IV., 1824, p. 8.
(8). By Hermann, Jour. Prakt. Chemie, Vol. XLVII., p. 11.

* Quoted in the Mineral Resources of the United States, 1885, p, 838, from Geo. 5. Stone,
Engineer New Jersey Zine Company.
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MANGANESE WITH COBALT AND NICKEL.

One of the most noticeable features of manganese oxides is

the very frequent presence in them of small quantities of cobalt.
This sometimes exists only as a trace, and from that increases up
to several per cent, but, though in small quantities, it is remark-
ably persistent in its presence. It is especially characteristic of
wad, and often occurs in it in larger quantities than in the other
ores of manganese. (See wad, on page 82.) Wad is generslly
a subaerial deposit, existing near the source of supply of its
-metallic constituents, and this is especially true in regions of
crystalline rocks. In such a deposit, the mineral constituents
cannot have come from any great diversity of sources, and it
seems likely that the cobalt had its origin in the same rocks as
the manganese ores. Probably the cobalt in all manganese ores
had a similar origin, and its excess in wad over other ores, may
be due to the fact that the latter were generally deposited at a
greater distance from their source than wad, and, therefore,
there was a better opportunity for the separation of the two
metals,

Nickel is also frequently found in a similar manner in
manganese ores, but it is usually in smaller quantities than
cobalt, and is not so constant a constituent as that metal.

MANGANESE WITH TUNGSTEN.

Manganese is sometimes associated with the metal tungsten.
The association usually occurs in the form of wolframite, which
is an iron and munganese tungstate ; or of huebnerite, which is
an exclusively manganese tungstate. The former is found in sev-
eral places in New England, also in North Carolina and Missouri.
The latter occurs in the Mammoth District, Nevada, * and in
the Gagnon silver mine, Butte City, Montana. T An interesting
occurrence of tungsten has also been found in samples of
manganese ore collected by the writer in the Pleistocene shore

* Amer Jour. 8el., Vol, XLIIL., 1867, pp. 123-4.
T Richard Pearce, The Association of Mincrals in the Gagnon Vein, Butte City, Mon-
tana. Trans, Amer, Inst. Mng, Eng., XVL., 1877-8, p. 64.
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deposit of the extinct Lake Lahontan, in Nevada, described by
I. C. Russell.* The ore is an oxide of manganese, containing
small quantities of iron, magnesia, baryta and other constituents.
An analysis by R. N. Brackett, chemist of this Survey, showed
the presence of 2.78 per cent of tungstic acid, which may, pos-
sibly, be in combination with the manganese, or with that and
iron, in the form of one of the tungsten minerals already

mentioned.
MANGANESE WITH BARIUM,

Barium is an ordinary accompaniment of manganese oxides.
As already stated, it forms a characteristic constituent of psilome-
lane, but it also occurs in separate masses in the form of barite
or sulphate of barium, with this ore as well as with the other
manganese oxides. Such occurrences are seen at several places
in Hants county, Nova Scotia; in northern Georgia; and else-
where. At the Satterfield property, in Georgia, nodules of barite
are found in the clay bed containing the manganese ore ; and in
the Nova Scotia area it is frequently found in erystals adhering
to masses of ore, ’

MANGANESE WITH PHORPHORUS.

Phosphorus is a very common constituent of manganese
oxides, usually existing as only a fraction of a per cent, but
sometimes running up to over 4 per cent, It forms the most
injurious element in the manufacture of spiegeleisen or ferro-
manganese, as ores containing even two-tenths of one per cent
of it are looked on with disfavor by manufacturers.

MANGANESE WITH THE RARER METALS.

Besides the materials already mentioned as being found
with manganese ores, numerous rarer metals sometimes occur
in small quantities, such as yttrium, thallium, indium, ete.
In fact, though the number of large constituents of manganese

* Geological History of Lake Lahontan, a Pleistocene Lake of Northwestern Nevada,

- Monograph XI,, U. 8, Geological Survey, J. W. Powell, Director, 1885.
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oxides are few, yet when the ores are examined in their minute
details the number is very large and the composition of the ores
very complicated. This is shown in a remarkable manner in
the following two analyses, the first (1) by T. L. Phipson, * of a
specimen from an unknown locality, the second (2) by Andrew 8.
McCreath,t of a specimen from the Crimora manganese mine,

Virginia.f

# Chemical News, June, 1876,
+ Amer. Inst. Mng, Eng., Vol. XII., 1883-84, p. 22.

+ These two analyses are intended to show the chemical nature of certain manganese
oxides and not their commercial value in large shipments. Analyses for the latter purpose are
given in the suecceeding chapters, in the descriptions of the various manganese regions of the
United States and Canada.
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Analyses of manganese oxides.

o7

3 5 2.

Manganese peroxide...... 72,17 81703
Manganic oxide 6.20 P
Mang PEOLORAIA O ccrsmsansonsnrassssarssnsensammonsarssssns srasns 7.284
Ferric oxide..... 4.66 0.583
B TTVO IV v e o 43 4 4 MO S A5 0.90 0.806
Yttria PRI0F Janainmssy
Cobalt oxide. truce 0,354
Nickel oxide. 0.04 0.006
G s 1 L e S e e e s P L 0.623
T2l -OX IR nacornssonamirorsrsse Sl e {11 O A
Thallium oxide. 111 SR T
Copper oxide 0.04
Bismuth 0XId8. ciisninnissssassrasssssssassssnsenissoisaiaenns trace
ATSEnIE OXIFO: ars crasssissanammmarisnss snaibssmsrsssnasisns insees 0.15
Indinm oxide.......... we.| distinet trace
Y T P O S s e o T e o 4.01
;T e S R el S A (A 0.65 0.829
MAPTEBIA «oeresonie siarinins 3 AT, 0,24 0,630
R ) o | { S
Lithia trace
Water. & 2.02 3.405
Carbonic acid....... 3.20
Phosphoric acid. 0.35 0.171
SO esosens s st sansios sssssnsssentn s s s | § 000 200 K 2152
Loss, including flourina .., YAk oacnaisisnag

Total 100,00 100,000

7 Geological, Vol.

L., 1800,
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MANGANESE WITH NITROGEN.

M. M. Deville and Debray * have shown that pyrolusite or
peroxide of manganese contains many soluble salts, and that the
mineral; as it oceurs in nature, has really a very complex consti-
tution. By heating a sample of pyrolusite from Giessen, they
obtained appreciable quantities of nitrogen in the oxygen that
was evolved. Both Scheele and Berzelius had previously ob-
served that nitrous vapors were given off in the process of
obtaining oxygen from pyrolusite, but they had not investigated
the matter, as did Deville and Debray. The latter, following up
their observations on the vapor from the peroxide, digested a
part of the mineral in distilled water and obtained a solution of
sulphate of calcium, chlorides of sodium, calcinm, and magnesinm,
and nifrates of sodium and potassium. The presence of the
nitrates accounted for the nitrogen in the gases that were derived
from the mineral.

Professor H. How obtained strong acid fumes on igniting
manganese from the Tenny Cape mine, Nova Scotia.t

¢ Comptes Rendus Acad. Sei., Vol. L., 1860, p. 868,
1 London, Edinburgh and Dublin Phil, Mag., Vol. 31, p. 160,

CHAPTER VI
THE BATESVILLE REGION OF ARKANSAS,

DISTRIBUTION OF MANGANESE IN ARKANSAS,

Manganese ores occur in two diflerent parts of Arkansas,
one in the Batesville region, mostly in Independence and Izard
counties, in the northeastern part of the state; the other in the
southwestern part of the state, in the region extending from
Pulaski county on the east to Polk county and the Indian
Territory border on west. In the former region considerable
mining has been done; in the latter the amount of work has been
limited. The two regions approach, in their nearest parts,
within about 90 miles of each other, the southern extension of
the Batesville region being about that distance northeast of the
manganese area of Pulaski county, while it is over 150 miles
northeast of the manganese area of Polk county.

The ores of the Batesville region oceur in a residual clay,
derived from the decay of a limestone which has been placed,
chronologically, by Professor Henry 8. Williams, in a position
intermediate between the Trenton and the Niagara horizons of
the Silarian section of New York; the ores of southwestern
Arkansas occur in novaculite (a siliceous rock) which is in all
probability of Lower Silurian age, but of somewhat doubtful
position in that series.* The limestone of the northern part of
the state dips in gentle monoclines to the south and southwest;

* Graptolites collected up tothe present time (January, 1891), by Mr, L. S, Griswold,
of this Survey, in rocks associated wilh the novaculiie have been determined by Professor
Henry 8, Williams and by Dr. R, R. Gurley as mostly of Trenton age, though those from one
'loc«n.l?ty were determined by Dr. Gurley as of Caleiferouns age, See the fortheoming report by
Mr, Griswold on the novaculite region, Vol, IIL,, of the publications of this Survey for 1590.
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the novaculite of the southern part of the state is greatly
disturbed and exists in a series of east and west folds, Between
the two areas, there is a great series of Carboniferous and Lower
Carboniferous rocks, ocenpying the valley of the Arkansas River
and comprising the mass of the Boston Mountains to the north.
To the north of the Batesville region, and dipping under it, is a
series of rocks belonging to the Calciferous formation of the
Lower Silurian. Both manganese regions are cut off on the east
by the Tertiary, Pleistocene and Recent sediments of the
Mississippi valley.

The paleontology of the manganese regions is not as yet
known in sufficient detail to attempt to trace out the relations of
the two ore-bearing horizons, but the wide lithologic difference
between the limestone from which the ore is derived in the
northern part of the State, and the novaculite, composed of
almost pure silica, which contains the ore in the southern part of
the state, is a noteworthy fact. _

The manganese ores in both regions ave in the forms of the:
various oxides of the metals.™

PREVIOUS GEOLOGIC INVESTIGATIONS IN THE BATESVILLE
REGION.

A detailed account of the geologic investigations made in
Arkansas previous to the explorations of the present Survey,
will be given ina forthcoming report by Dr. J. C. Branner,

tate Geologist. The statements made below, therefore, are in-
tended only as a briefsummary of the principal explorations that
have heretofore been made in that part of northeastern Arkanvsas
included in the Batesville manganese region,

Previous to the present investigation the only work of a
geologic nature that had been published concerning this area
was that of Dr. D. D. Owen,f former State Geologist of Arkan-
sas, and his assistant, Edward T. Cox, in1858. Analyses and
descriptions of the manganese ores were also given by Dr. Wm.
Elderhorst, chemist of the Survey.

* For further details, see deseription of each region,
+ First Report of a Geelogical Reconnoissance of the Northern Counties of Arkansas,

1857-1858.
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As early as 1834, G. W. Featherstonhaugh,* United States
Geologist, passed from Missouri southward through what was
then the Territory of Arkansas, to Texas. His course from
Missouri lay from Wayne county, in the southeastern part of
that state, across the St. Francis and Black Rivers to the White
River valley, and thence southwest across the valley of the Ar-
kansss River. He describes the lead and zinc ores of Missouri
and relers to the occurrence of the manganese in the southeastern
part of that state.} He does not, however, mention the existence
of manganese in northern Arkansas and it is probable that his
route lead him through the country immediately east of the part
of the state containing those ores. At that early date the exist-
ence of manganese was not known in northern Arkansas and the
expedition was made to obtain a general knowledge of the nature
of the region and not to attempt any detailed investigations.

Owen, in his survey already referred to, described the oc-
currence of the manganese ore in several localities on Lafferty
Creek in the western part of Independence county,f and his
assi~sant, Edward T.-Cox, deseribes the ore on the Cason property,
three miles north of Batesville.§ No detailed investigations,
however, were made on the subject. Their observations were
confined to a cursory examination of the region, such as was un-
avoidable in the general reconnoissance of the state made by that
survey. This kind of work was a necessary preliminary to a
more thorough study of different districts, and though it gave
only a limited amouunt of detail, it afforded a general idea of the
different parts of the state.

Owen refers the manganese ores chiefly to the “cavernous
subcarboniferous limestones,” || but the investigations of the pre-
sent survey have shown that the ores occur in a residual clay
derived from the decay of a Silurian limestone. This formation
<ontains fossils which have been determined by Professor Henry

“Geological Report of an Examination made in 1834 of the Elevated Country between
ALhe Missouri aud Red Rivers. Washington, 1835.

f1Ibid., page 54.

1 First Report of a Geological Reconnoissance of the Northern Counties of Arkansas,
AB5T-1858, p. 89,

¢ Ibid., p. 221,

i 1bid., p. 186,
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S. Williams, of Cornell University, as belonging in some places
to the Trenton and in others to the Niagara of the New York
section. It is designated in the present report as the St. Clair
limestone, and is overlain by a' series of cherts and lime-
stones, designated as the Boone chert. The latter formation
was also included by Owen in his Lower Carboniferous
series, and the examination of the fossils from it by Prof.
Williams has corroborated its Lower Carboniferous age. The
chert series caps the St. Clair limestone throughout the region in
question, and loose fragments of it usually cover the slopes of
the latter formation. The St. Clair limestone has also, in many
places throughout the manganese region, been very extensively
decayed and the overlying chert has been let down in a broken
mass on top of the residual clay and ore, often completely
obscuring any parts of the original limestone that may have been
preserved. Consequently, the fact that Owen included both the
chert and the 8t. Clair limestone together as Lower Carboniter-
ous, is probably to be attributed to an accidental oversight due
to his hasty trip. Above the Boone chert are a series of shales,
sandstones and limestones, including the Fayetteville shales,
Batesville sandstone and other formations mentioned later on in
this chapter, which were correctly determined by Owen as Lower
Carboniferous.

Below the St. Clair limestone, occurs a massive blue lime-
stone, the Izard limestone of this report, which was also included
both by Owen and Cox in the Lower Carboniferous; but its
position below the St. Clair limestone now makes this determin-
ation untenable and proves its Silurian age. Well preserved
fossils are rare in this formation, and to this is probably due the
determinations of Owen and Cox, since, in an examination such
as they made, which was necessarily of a hurried and general
character, they were compelled to draw certain conclusions with-
out the assistance of local details,-and hence the possibility
of error. Below the Izard limestone, Owen describes a series of
magnesian limestones, sandstones, “‘calciferous sandrocks” and
cherts, which were determined by him as belonging to the Lower
Silurian. This correlation has been corroborated by the exam-
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inations of Professor Henry S. Williams who has since identified
{he series as belonging to the Calciferous formation of the Lower
Silurian.* (See page 112)

The annual reports of the Mineral Resources of the United
States from 1883 up to the present time have given statistics of
production of Batesville manganese ores and brief accounts of
the operations of the various companies. The first of these
statements was written by Dr. David T. Day in the report for
1888-4, and since then they have been written by Mr., Jos. D,
Weeks.

In 1886 Professor F. L, Harvey, of the Arkansas Industrial
University at Fayetteville, published a pamphlet entitled The
Minerals and Rocks of Arkansas. To it he states the existence
of pyrolusite, braunite, psilomelaneand wad in Independence
county, but gives only a brief, general description of them.

Beyond the work already mentioned, little or no further
investigation of the Batesville region has been published, though
many short accounts of the manganese ores have been given at
different times in various periodicals and official state documents.
In addition, numerous private reports on various properties
have been made to mining companies, but have necessarily
been confined in their circulation. The most extended of these
was that made in 1885 by Mr. John Fulton, of Johnstown, Penn-
sylvania, to the Keystone Iron and Manganese Company.

THE POSITION OF THE BATESVILLE REGION.

The manganese region of northern Arkansas, as shown in
the map accompanying this volume, lies in the northeast part of
the state and in the valley of the White River. It occupies
the northwest part of Independence, the southeast part of Izard,
and the eastern corner of Stone counties. It is situated from
three to twelve miles north and northwest of the town of Bates-
ville, and has long been known as the Batesville region. This
name is retained here not only because the town is the largest in
that part of the state, but, as a shipping point and as a source of
supply, it has long been identified with the manganese industry.

* This subject is discussed in full in the report of Dr.J, C, Branner, State Geologist, in
Vol. T, of the reports of the Survey for 1889,
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The manganese area, as thus defined, is about seventeen
miles long in an east and west direction, its longest axis being on
the line between townships 14 and 15 north. Itis 7 to 9 miles
wide in 2 north and sonth direction, the widest part being along
the valley of Polk Bayou. These bouundaries include about 122
square miles. It is not to be inferred, however, that manganese
is to be found everywhere in this area. The ‘region defined
above simply represents the part of the country in which man-
ganese occurs at varying intervals. The ore in any one place
may or may not be in paying quantities, as will be hereafter
explained.

HISTORY OF MINING IN THE BATESVILLE REGION.

The existence of manganese in the Batesville region has
been known for over forty years, but it has ounly been since 1881
that the ore hasbeen mined toany considerable extent. Col.
Matt. Martin, of Batesville, was the first to discover the value
of this ore, and between 1848 and 1850, he and Mr. M. D. Fields
acquired large tracts of land in the manganese region. This was
done on the advice of Professor Gerard Troost, who was then
State Geologist of Tennessee. Col. Martin worked some of these
lands to alimited extent, and as early as 1850-1852 shipped small
quantities of ore to Boston, New York and Philadelphia. One
shipment is also said to have been made to Liverpool, where it
was used at the chlorine works of Charles Tennant, in Glasgow.
At this early date, however, there were no railways in the state
and the ore could be brought to market only by hauling in
wagons to the White River or Black River, and shipping by
barge to the desired destination. The ore mined by Col. Martin
was taken to New Orleans in barges and shipped thence by sea.

For over twenty-five years after Col. Martin’s first ship-
ments, occasional small quantities of manganese were mined in
the Batesville region. The ore shipped during this period was
mostly,ifnot altogether, used for chemical purposes and not in the
manufacture of steel, which today consumes the whule produetion
of Arkansas. A few hundred tons would probably include the
total quantity produced up to 1868. In that year Mr. Wm. Ein-

.i
|
i
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stein, of St. Louis, made the first shipment of manganese from
Avrkansas for steel purposes. It was sent to Messrs. Schoenberger
and Company, Juniata Iron Works, Pittsburg, Pennsylvania.
The ore was shipped by barge down the White River, thence to
the Mississippi, and up the Ohio to its destination. The total
quantity amounted to ten tons, which was sold at Pittsburg for
$30.00 per ton. A{ thut time, however, the production of steel in
the United States was very small compared with its present
manufacture, and the demand for manganese was correspondingly
less than at present.

For twelve years after Mr. Einstein’s shipment, little or no
mining was done in the Batesville region. The test of Mr. Ein-
stein’s ore is said to have proved a success, but the comparatively
small demand for manganese at that time was mostly supplied
from Virginia, Georgia, and foreign sources. Moreover, there
was still no means of railway transportation in the state, and it
was not until 1871-1872, when the St. Louis, Iron Mountain
and Southern Railway was extended south from the Missouri

* line to Little Rock, that shipping facilities were obtained. Even

then, Newport was the nearest railway point, and it was thirty-
five to forty miles distant from the manganese region. The ore
had to be shipped by barge to that place and there transferred
to cars. It was not until 1886, when the Batesville branch line
was extended to the manganese region, that the ore could be
shipped all the way by rail.

In 1881, Mr. E. H. Woodward, representing the Ferro-Man-
ganese Company, started operations in Arkansas. Mr. Wood-
ward had already become identified with the Georgia manganese
region, and was well known in all the other manganese localities of
the Appalachian Mountains. He bought and leased tracts of land
in the Batesville region, and from then until 1887 mined inter-
mittently, shipping altogether, probably about five thousand
tons or more of ore. A large part of this came from the South-
ern, the Turner, the Trent, and the Moatgomery mines.

At the time Mr. Woodward began his operations, the de-
mand for manganese for use in steel was rapidly increasing, and
the output of his mines, representing as itdid, the first systematic
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production of manganese in the Batesville region, found a ready’

sale,
In October, 1885, the Keystone Iron and Mauganebe

They commenced operat.lona on the Southern
They are the
largest operators in the region and have probably mined over a
balf of the ore that has been shipped from Arkansas. Their
total production, since they commenced work until December 31,
1890, hasbeen 18,111 tons.

Tn the same year (1885) the St. Louis Manganese Company,
of St. Louis, Missouri, was organized and commenced work in
the region north of Cushman, and elsewhere., They mined, up to
September, 1890, 1,700 tons of cre. About the same time, the
Missouri Furnace Company, of 8t. Louis, acquired manganese
lands in the Lafferty Creek district, but their work has been
limited. The total output up to September 1, 1890, was a little
over 500 tons.

Batesville region.
Hill and have worked continuously ever since.

Besides these companies, others commenced
operations at or near the same time, but their production has
been small. Among them were the American Manganese
Company, the White River Manganese Company, the Arkansas
Manganese Company, and the Blair Mining Company, as well
as others, _

The extension, in 1886, of the Batesville branch of the St.
Louis, Iron Mountain and Southern Railway, from Newports
through Batesville, to Cushman, has greatly facilitated the trans-
portation of the manganese ores, and has opened up mining local-
ities which would otherwise have been inaccessible. In 1888,
Messrs. Abbot and Ring, of Chicago, opened up properties on
Polk Bayou. Later, the firm was changed to Skinner and Ab-
bot, and in 1889 it was again changed to John B. Skinner and
Company. Mr. Skinner has erected a large washer on Sullivan
Creek, and energetic arrangements are now being made for the
extensive mining and treatment of the mangavnese ores of that
part of the Batesville region. The production of these firms
from April 20, 1889, to June 26, 1890, was over seven hundred
tons,

———

. tons and is between that and 30,000 tons.
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Besides the compaunies already mentioned, occasional ship-
ments of manganese ore have been made by private individuals,
among whom are H. M. Hodge, R. R. Case, I. N. Reed,
J. P. Montgomery, John W. McDowell, A. A. Steele, Wm.
Reves, J. B. Gray, Messrs. Pritchett, Russell, Drake and others.
These shipments, however, were small and a few thousand tons
would cover the aggregate amount.

Correct figures of the total amount of manganese mined in
the Batesville region are difficult to get, except since the time
the ore has been shipped by rail. The records of the ore shipped
by barge down the White River, before the railway was extended
to Batesville, were either not kept at all or have been lost. It
is probable, however, that the total amount of manganese ship-
ped from the Batesville region, from the time mining was
first begun, until December 31, 1890, does not exceed 35,000
This production is
small compared with that of Virginia and Georgia, but it must
be remembered that the latter places have been worked for a
much longer time than the Batesville region, that over nine
tenths of this production was mined between 1881 and 1890, and
that the Batesville region has only in the last four years (1886-
1890) had suitable railway facilities.

THE TOPOGRAPHY OF THE BATESVILLE REGION.

Prominent Features.—The prominent topographic features
of the Batesville manganese region and the surrounding country,
are the Boston Mouatains, forming the southern barrier of ‘the
White River valley and running northwest and southeast; the
rugged chert region running parallel to them on the north side
of the river; the rolling sandy country still further to the north ;
and the low flat woods region, which, to the east, cuts off the
mountainous and hilly areas very abruptly. This last region
extends thence seventy miles or more to the Mississippi, and
represents the westerly extension of the old flood plain of that
river,

Erosion.—The topography of the mountainons area is most
strikingly dependent on the geologic structure of the country
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and on the nature of the different rocks. The whole region
is the remoant of an ancient highland, sloping gently to
the south and southwest, at angles of from less than 1° to 3°,
and occasionally dipping off in steeper monoclines at angles of from
. 10° to 20°. This simple topography has, however, undergone
great change under the denuding influence of atmospheric agen-
cies. The water courses have cut deep chanuels, which have
steadily increased in number and size as the surface exposed to
erosion has increased, and, as a result, the steep ravines of parts
of Polk Bayou, Salado and Lafferty Creeks and numerous smaller
streams have been formed, besides the wider channel of the
upper part of the White River. Subterranean erosion has also
had its influence in the configuration of the country : the lime-
stones in many parts of the region have been honeycombed by
caverus and underground water courses, and in places the grad-
ual leaching away of the limestones has let down the overlying
and less easily attacked strata, causing a characteristic topography
whieh will be described more fully in the succeeding chapter.

As a result of all this erosion, the region uow presents a
series of rugged hills rising 800 to 1000 feet above the sea level
and 400 to 600 feet above the surrounding drainage, at times
showing gently undulating slopes, at others rising up in coniecal
peaks, or forming flat-topped hills, in which the remains of the
tormer continuous table-land structure still exist.

Boston Mountains,.—The Boston Mountains skirt the south
side of the White River, and, in the region south of Batesville,
rise from 500 to 600 feet above its waters. Sometimes they abut
directly on it, forming steep bluffs in which the gently dipping
rocks are clearly defined, aad at others they recede from it, giv-
ing room for small areas of alluvium. This escarpment repre-
sents the northern face ot the Boston Mountains and is the most
striking feature in the topography of the country. It marks, in
a general way, the course of the White River from the Missouri
line, in Boone county, to the lowlands of the Oil Trough Bottom
and Newport. South from their north face, the mountuins slope
off much more gently in a high, flat country forminy the southern
part of Independence county. Viewing the B jston Mountains from
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tne north, they loom up as a long, flat-topped range of remark-
ably uniform height wooded with a heavy growth of oak and
pine.

Chert Region.—To the north of the White River, the gen-
eral level of the country gradually rises into an area of rugged
chert-capped hills reaching from 100 to 400 feet above the
surrounding drainage. 'This is a barren region, strewn with
loose fragments of chert and characterized by a very abrapt and
angular topography. 1In its northern part, erosion has cut
through the chert, and the underlying limestones and sandstones
have been exposed, giving rise to a less abrupt topography, and
representing the region where manganese occurs, This area is
characterized by long, tortuous ridges, following the courses of the
streams and by rounded knobs, both usually capped by chert
and exposing the limestones and-sandstones on their lower slopes.
To the west, the chert-capped hills gradually blend into the
still more rugged country of Marion and Baxter counties; to
the east, they are abruptly cut off by the low, flat area of the
Black River bottom. ~

Divide of the White and Strawberry Rivers.—To the north of
the chert area, the general level ofthe country still continues to rise,
though the region is not so rugged as that to the south, and, there-
fore, presents a less imposing appearance. The country is char-
acterized by undulating hills with occasional steeper slopes, and
extends thence to the height of land between the waters of the
‘White and Strawberry Rivers.

Rivers, springs and lakes.—The whole of the region already
described is well watered by many creeks, all draining into
the White River. The latter is navigable up to Batesville at
almost all times of the year, and, at high water, it can be navigated
for over two hundred miles above that town. '

Springs are very numerous in the limestone region, where
they gush out of the sides of the hills, often in sufficient volume
to afford water power for grist-mills. The Big Spring, six miles
northwest of Batesville, and Luster’s Spring, six miles west of
Batesville, are examples of such water powers. Besides these,
many smaller springs are found, such as Blowing Cave and



110 ANNUAL REPORT BTATE GEOLOGIST.

Phelps’ 8prings, near Cushman; Cave Spring, on Polk Bayou; and
innumerable others. Lakes are nowhere found in the highland
region, but in the lowlands to the east, deep sloughs are nu-
merous.

STRUCTURE OF THE BATESVILLE REGION.

Monocline.—The general structure of the Batesville region
is that of a broad monocline dipping at low angles, averaging
probably less than one degree, to the south and southwest, and
finally disappearing under the Carboniferous rocks of the central
part of the state. Locally, the rocks often assume a position dif-
ferent from this general structure, and a gentle northeasterly dip
or small, low anticlines and synclines are not of unfrequent oceur-
rence. Such disturbances, however, are very limited in their
extent, and in their influence on the general features of the
country. Local monoclines, dipping off at angles of from 5° to
20° to the south are of frequent occurrence, and are often per-
sistent for considerable distances in the direction of the strike of
therocks. In fact, the grand monoclinal structure of the region
may be said to be made up of these local monoclines connected
by areas of more gently sloping or even horizontal strata.

Faults.—Faults have been observed in several places in the
region under discussion, but a throw greater than from 100 to
250 feet has not yet been observed. A line of weakness appears
to exist at or near the line of parting between the Batesville
sandstone and the Boone chert. Sometimes a fault ocours at this
point, and at other times there is an abnormally steep dip of 12° to
20°.  The faults, in places, blend into the steep dips, and the latter
seem to represent simply a tendency towards, or initial stage of
the former. Sometimes, as on the lower part of Polk Bayou, this
line of weakness is represented by two faults, striking at low
angles to each other, and frequently appearing to run together
again a short distance beyond.

On Polk Bayou, north of Batesville, where the line of con-
tact of the Batesville sandstone and the Boone chert crosses the
stream, two faults are observable, about a half a mile or less
apart and running, probably, in a general east and west, or north-
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east and southwest direction. In the more southerly one, the
level of the top of the Boone chert is above the level of the to.p
of the Batesville sandstone. The exact amount .of throw here is
: &oubtful, but it is over 100 feet, as can lc.:e seen in the bluffs (.)f
the bayou. In the second fault, which is to t..he north of t!ns
one, the central part of the 8t. Clair limestone is on a level Wlt%l
the base of the Boone chert. The amount of the throw l?ere is
about 65 feet. The accompanying figure shows the relation of

these faults.

Figure 2. Section showing faults on Polk Bayou.

Batesville sandstone,
Boone chert.,
St. Clair limestone.
Izard limestone. -
E. Saccharoidal sandstone.
Horizontal scale: 1 inche=14 mile. vertical seale : 1 inch=600 feet.

S eWk

At the Cason manganese mine, a little over a mile to the
northeast of the Polle Bayou faulted area, there is another fault,
iﬁ which the lower part of the 8t. Clair limestone is on a level
with the top of the Batesville sandstone. The amount of throw
here is over 200 feet and, probably, not less than 250 feet. The
Cason fault runs in a general southwest direction, and .,it
seems possible that it is the continuation of one, or the combi-
_ nation of both of the Polk Bayou faults. It will be further
: ‘mentioned under the head of the Cason mine.

To the east and west of the faulted areas just mentioned,
‘the line of weakness has not yet been carefully examined; but
= ;B?‘ﬂe.p dips and areas of possible faunlting have been seen at. differ-
- enb points along it, and further investigation may prove it tc.) be
an intermittent series of steep dips occasionally breaking off into
- local faults. It is especially possible that faults, like those just
‘described, may occur on Lafferty Creel, near its mouth, and on the
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White River, between Penter’s Bluff and the mouth of Lafferty
Creek. As a result of the existence of this line of weakness, the
contact of the Batesville sandstone and the underlying shales with
the Boone chert, is often marked by a series of chert ridges run-
ning parallel to the direction of the faults, or to the strike of the
steep'dips, and rising up somewhat abruptly from the less rugged
area of the sandstone and shales,

THE AGE OF THE ROCKS OF THE BATESVILLE REGION,

The rocks of the Batesville manganese region and the sup-
rounding country represent formations of Silurian and Carbonifer-
ous ages, cut off abruptly on the east by Teritary and Post-
Teritary deposits. The sequence of the formations of the Silurian
and Carboniferous is shown in the accompanying columnar section.
The paleontologic determinations on which the divisions in
the section are based were made by Professor Henry 8. Williams,
of Cornell University, and are given in detail by Dr. J. C,
Branner, State Geologist, in Volume I. of the reports of the Sur-
vey for 1889, ml e

The lowermost rocks found in the region are a great series
of sandstones, sandy limestones and more or less dolomitic lime-
stones, considered by Dr. Williams to represent the Calciferous
group of the Lower Silurian. They berder the manganese
region on the north and extend thence into the extreme northern
part of the state. Above them isa massive blue limestone reach-
ing a maximom thickness, in the manganese region, of over 280
feet, and designated as the Izard limestone. It is extensively
developed to the south of the area of the Calciferous rocks., Im-
mediately overlying this, is a bed of highly crystalline limestone,
reaching a maximum thickness of over 150 feet and designated
as the St. Clair limestone. This formation is the source of the
manganese ores in the Batesville region, as will be explained
more fully in chapter VIIL,, and is extensively developed through-
out the manganese area, It containsa fauna which has been deter-
mined by Dr. Williams as belonging, in some places, to the upper
part of the Lower Silurian age, corresponding to the Trenton
limestone of the New York section, and in others to an epoch
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intermediate between the Trenton and the Niagara. TFossils
collected on Polk Bayou, four miles north of Batesville,
have been determined by him as undoubted Trenton forms;
while fossils from St. Clair Springs, eight miles northeast of
Batesville, and from elsewhere in the country to the west, are
considered by him to be intermediate between those of the
Trenton and Niagara. The bed appears to be continuous, and
Dr. Williams places it, chronologically, in the latter intermediate
position.

Overlying. this Silurian terrane, is a bed of yellow, brown
or uray earthy sandstone, often containing green or black shaly
layers, and sometimes merging into beds of the same material.
1t is frequently much stained by iron and sometimes contains
small flat ferruginous concretions, This deposit is of very ir-
regular distribution, sometimes being entirely absent and at
other times reaching a thickness of thirty or forty feet. It is de-
veloped on a much larger scale in Stone county and the country to
the west, than in the Batesville region, and is described under
the name of Sylamore sandstone, by Dr. Branner in the report
referred to, and by Mr. T. C. Hopkins.* It is supposed by Dr.
Williams to be the equivalent of the “Black shale” of Tennessee
and elsewhere in the Mississippi basin (See Dr. Branner’s report).
It will be farther mentioned under the deseription of the BSt.
Clair limestone.

Above this formation comes a series of Lower Carboniferous
rocks capped by the Millstone grit. They aggregate, including
the Millstone grit, probably over 1,300 feet and compose the
Boston Mountains, T as well as part of the country lying to the
north of the mountains. The Lower Carboniferous rocks are
named the “Mississippian series” by Dr. Williams, and are
divided by him into three groups, which, in ascending order,
are the Chouteau, the Osage, and the Genevieve or Boston.
The Chouteau, as thus defined, represents the lowermost

# Report on Marbles and Other Limestones, Vol, IV., of the publications of the Survey for

1890.
{ These remarks refer only to the eastern part of the Boston Mountains, extending from
the eastern borders of Stoneand Cleburne counties to Oil Trough Bottom and the lowlands of

Newport.
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group of the Mississippian, and is not developed, so far as yet

known, in northern Arkansas, unless it be by the Sylamore sand-

stone just mentioned. To Missouri it inecludes the ““Chouteau
~ « limestone,” the “Vermicular sandstone and shales,” and the
“Jithographic limestone”. The overlying Osage group, which
includes the “Burlington” and “Keokuk” groups, is represented
in the Batesville region by the Boone chert, the Fayetteville
shale and the Buatesville sandstone. The Boone chert is the
lowest member of this group, and includes a series of interbedded
cherts and limestones. Dr. Williams,* in'speaking of the age
of this chert horizon, says, “Stratigraphically, it appears to be
the equivalent of the Tennessee Siliceous group, and of the Ka-
erinital and Archimedes limestones of the Missouri classification.
Paleontologically, it includes the Burlingtoa limestone of Iowa,
and the Lower Archimedes or Keokuk limestone of Hall.”

The Boone chert comprises the broken country rising up
‘three miles north of Batesville and running off thence west and
novthwest in a range of rugged hills, in the general direction of
the White River. Above the Boone chert, is the Fayetteville
shale, which appears on the surface along the southern border of
ithe chert area. It is especially well developed east of Batesville,
_ %ﬁ__'Iudependence'county, in the neighborhood of Moorefield and
- Bulphur Rock. The Batesville sandstone, which forms the
uppermost member of the Osage group, extends from north of

Batesville sonthward, through that town, across the White River
valley, and finally disappears at the foot of the Boston Mountains
‘under the members of the Boston group.
. The Boston group includes the series of shales, limestones
~and sandstones reaching from the top of the Batesville sandstone
to the base of the Millstone grit, and representing the upper part
£ th'le Lower Carboniferous, or Mississippian of De. Williams’
 classification. The name Boston group has been applied by Dr.
_ ner from the fact that these formations comprise the mass of
;:f"ﬁhe'Bpston Mountains.
It isnot within the scope of this volume to treat all the

. ==

e % See report by Dr. J, C. Branner, State Geologist, Volume I of the publications ufze
- Survey for 1889.
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members of the large series of Lower Carboniferons and Calei-
ferous rocks of the Batesville region in full, but only to the ex-
tent to which they are connected with the oeceurrence of
manganese ores. The St. Clair limestone, the overlying
Boone chert, and the underlying Izard limestone are inti-
mately connected with the occurrence of these ores, and
and will be treated in detail. In order, however, that the rela-
tion of these formations to the overlying and underlying rocks
may be better understood, a short summary of the latter will be
given later in this chapter.®

THE CALCIFEROUS FORMATION.

Nature of the Calciferous rocks.—As already stated, the
oldest rocks in the Batesville region are a large series of sand-
stones, sandy limestones and limestones of a more or less mag-
nesian nature. Fossils are sometimes found in the limestones,
but most of them are badly preserved and generally in the form
of calcite casts. The rocks are supposed, however, by Dr. H.
S. Williams to belong to the Calciferous formation of the Lower
Silurian, and are designated as such on the map accompanying
this volume. The larger part of them remain to be studied;
only the upper members have yet been carefully examined,
and the thickness of the series is, as yet, undetermined. Below
them, and exposed to the north of them, is a series of rocks
which, according to the observations of Dr. J. C. Branner, con-
sist mostly of dolomites, cherts and quartzites. These run
thence northward into Missouri,

The Calciferous series consists of alternating calcareousand
arenaceous deposits, varying from comparatively pure limestoneg
through various stages of sandiness to comparatively pure sand-
stones. The limestones are massive and vary from gray to brown
in color, from hard to soft in consistency, and are generally
more or less magnesian, The sand frequently found in them is
in the form of transparent grains, varying from very fine to com-

% For further details of the Lower Carboniferous rocks of northern Arkansas, the reader
is referred to the report of Dr. J. C. Branner, State Geologist, in Vol. L., of the publications of
the Survey for 1889, and to the report of Professor F. W. Simonds on Washington county in
Vol IV., of the publications of 1888.
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paratively coarse. The sandstones are composed of white or
transparent grains varying in size in the same way as the sand in
the limestones. Sometimes these beds are soft, and readily
disintegrate, on exposure, into a white sand. At other times
they are much harder and gradually merge into quartzite, Fre-
quently quartzite occurs as an interstratified bed, though
elsewhere it is found in irregular masses, enclosed by the softer
sandstone, and blending into it both laterally and vertically.
Iron pyrites is a frequent constituent of many of the beds,
and the brown hematite ores of the country about Smithville
and Powhatan belong in the rocks of this series.

The section of the Southern mine well.—At the Southern
mine, near Cushman, in Independence county, the lower 1,750
feet of a well boring 2,040 feet deep passed 'through rocks of
the nature described,® but did not reach the underlying cherts.
This boring gives the most detailed information, as regards the
sequence of the strata it passed through, that is at present ob-
tainable. Samples were saved wherever the nature of the rock
changed during the hnring‘and were carefully labelled. By the
kindoess of Mr. 8, R. Kunnedy, Superintendent ot the mine,
‘the Survey was enabled to eximine them and compile theaczom-
panyiog columpar section. The strata either lie horizontally or
~dip at very low angles, so that the thickness obtained from the
‘boring very closely represents the actual thickness of the beds.
- The samples were in the form of powder or sand, such as is
‘brought up in the “slimes” of an ordinary punch drill, and there-
dore the exact structure of each member, and in certain cases the
tive proportions of sand and limestone, are sometimes a little
doubtful. But generally a few pieces were found in each sample
saﬁclent}v characteristic to show, with the help of a lens, the
physical character of the rock. Some of the upper rocks passed
irongh in the boring have also been examined in the field, and

:* ‘The limits of the Oaiciferous formation in the region in question have not yet been
mined, and, consequently, it is uncertain whether all the rocks passed through in the
parLof the 8 thern mine well are to be included in this formation, or whether some are
older. Therefore no attempt at a division is made here, and the accompanying well sec-
4 _'xi' 1 simply fo illusirata the nature of rocks which it passed through and not with the
of necessarily grouping them together.
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thus farther information has been obtained regarding their
n“tug"-:- The well boring was started on the slope of a hill, and
the first fifty feet that were passed through consisted of frag-
ments of chert and limestone buried in residual clay.

9. Below this detrital deposit is a thickness of 240 feet of
This formation will be described later in

the Izard limestone.

this chapter. -
3. At the base of the Izard limestone, is a bed of sandy

limestone, 10 feet thick. This represents the transition between
the limestone and the underlying saccharoidal sandstone. These
two beds rarely come together in sharp contact, but are almost
always separated by this transitional stratum. It is frequently
geen on the slopes of the hills and is composed of massive blue
Jimestone, becoming more and more sandy as it approaches the
— sandstone, and varying from two to ten feet in thickness.
Sometimes thin Jayers of pure limestone and of pure sandstone
zéécur in this stratum, but most of it is simply a more or less even
sﬁix-tnre of sandy limestone. In the Izard limestone, justabove
its contact with this bed, there are frequently found concretion-
y masses of hard gray chert, three to eight inches in diameter.
: "_ey-' Eave an oval shape, a distinct concentric structure, a marked
“conchoidal fracture and a vitreous lustre.

4, Tmmediately below the transitional bed just described,
is a ftiable, white saccharoidal sandstone 125 feet thick.
is crumbles very readily on exposure into a loose fine sand.
metimes strata of a very characteristic light, watery-green

uginous crust from an eighth to ome inch in thickness;
hile inside this covering, the original green color remains-
pyrites, in disseminated crystals and nests of erystals, is a
quent constituent of the bed, and on an exposed surface it also
is oxidized and shows itsell in rusty blotches on the rock.
i-’ﬁ?h@u_‘gh the normal color of the sandstone is white, this rusty
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stain is very characteristic in many places, and it is rare that
any large areas of the bed are seen without being partly discol-
ored on the surface. The stain is especially noticeable in the
bedding planes; and in many creek bluffs ferrnginous springs
issue from these lines and cover the surfzce of the rock with a
rusty coating of hydrous peroxide of iron.

This “sandstone occars in strata of different thicknesses
varying from a few inches ta several feet. Falsebedding is
of very frequent occurrence, and, in many places, layers of false-
bedded sandstone are interbedded with lavers of the same rock
horizoutally bedded. Ripple marks are also of frequent occur~
rence on the bedding planes of the rock.

The rock, as a whole, is of uniform structure, though some
of the strata approach a quartzite in form, and are harder than
others, thus causing the weathered surface to show protruding
and receding lines. In many places the whole mass of the rock
is cut up by a net-work of seams of white quartz from an eighth
to a half inch in thickness. Where such an occurrence is
exposed to weathering, the sandstone disintegrates much faster
than the quartz and the latter protrudes from the rock, giving it
a honey-combed appearance.,

The saccharoidal * sandstone is eroded in a very irregular
and very characteristic manner. The accom panving figure repre-
sents a weathered surface on the east side of Polk Bayou, ten
miles north of Batesville. It is on the slope of the hill near the

Figured. Section showing the erosion of the saccharsidal sandstone.
Horizontal and vertioal seale: 1 inch==30 feet,

bed of a small creek channel. The table-shaped mass rising up
on the left hand shows the layers of false-bedded sandstone.

#The term saccharoidal is used here simply to designate the nature of the sandstone in
question, and not with any intention of correlating it with the Saccharoidal sandstone of the
Missouri classification. The geologic relationsof the two formations have not yet been de-
termined.
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On the Batesville and Powhattan road, twenty mil:es northeast

of Batesville, the sandstone underlies a gently rolling country,

and, at frequent intervals, its eroded surface protrudes through

the sandy soil in the form of low knobs and mushroom-shaped

bogaegelow this sandstone is a series shown in the well section

to be 45 feet thick, and composed of thin beds of sandstone and

limestone. The sandstone is sometimes of the soft, pulverulent
variety just described, but is usually much harder, and ofnfen oc-

curs in the form of a guartzite, in which the separate gra:|n3 of
sand have sometimes been almost entirely obscured. Sueh rock

often caps small hills, and some of it very much resem-bles the

chert of the country to the south, lying, as-it does, in rough,

-iiroken, angular fragments on the hilltops and slopes. T.he

conversion of the sandstone to quartzite has taken place very ir-
ﬁgularly, and the two rocks blend into each other both laterally
and vertically. Frequently irregularly shaped masses of 'saud-
&6ne are enclosed on all sides by the quartzite, and, conversely,
masses of quartzite ate often enclosed on all sides by =oft sand-
stone. Such phenomena as these evidently point to the local

formation of hydrous silicic acid in the interior of the sandstoue
beds, though the chemical processes by which this has been
b_r'o_ﬁ_ght about have not yet been sufficiently studied to satisfac-
torily explain such occurrences. Frequently, also, nodular
‘masses of chert, one to ten inches in diameter, of a gray or black

35@'.1;61-',- with a distinet concretionary structure and a conchoidal
~ fracture, are found in the sandstonestrata. The limestone strata
are of a light or dark gray color, massive, or, rarely, semi-crystal-
line and often of a slaty structure, splitting into slabs from a half
inch to three inches in thickness.

The remaining rocks passed through in the well boring at
Bouthern mine have not been sufficiently studied in the field,
‘to afford further details than have already been given on the
<columnar section.

THE IZARD OR BLUE LIMESTONE,
Name.—The name Izard has been applied to this formation
by Dr. J. C. Branner, State Geologist, on account of its extensive
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development in the southeastern part of Izard county. In
Penter’s Bluff, on the White River, in this county, it reaches a
thickness of 280 feet (barometric measurement), which is the
maximum observed for it.in.the manganese region.

Nature of the Izard limestone.—The limestone is a massive,
blue or grayish-blue rock, sometimes, though rarely, assuming a
finely granular semi-crystalline structure. The weathered sur-
face frequently shows very irregular spots and lenticular seams
of a buff-colored earthy appearance, varying from one sixteenth
to one half inch in thickness, and very much like some of those
seen in the Lower Silurian limestones of Virginia.

Lithographic stone in the Izard limestone—Near the top of
the Izard limestone, are frequently found strata of a cream-colored
or of a dark watery-blue limestone, witha smooth, even, compact
structure and a conchoidal fracture, These vary from 1 to 4 feet
in thickness and are separated from each other by strata of the
ordinary limestone. Often the creamyand dark colors blend into.
each other in horizontal layers, forming a beautifully banded
rock. Such a material has been worked for lithographic stone
in several places, especially at Dr. Warden’s quarry, on Lafferty
Creek. It is also seen in the Izard limestone on Penter’s
Bluff, and in places on the divide between Polk Bayou aund Sul-
livan Creek. The objection to the rock for lithographic pur-
posesis that it contains veins of white crystalline calcite, varying
frem the thickness of a sheet of paper to one-sixteenth of an
inch or more, which often pierce it in all directions and render
it unsuitable for the finer classes of lithographic work. In
places, however, small masses can be obtained which are free
from sueh imperfections, and possibly, further explorations may
develop localities where larger pieces can be gotten.

Caves in the Izard limestone.—Caves are of frequent occur-
rence in this formation, and, although not of very great size, are
very numerous and often run far back into the hills, forming a
series of chambers connected by narrow passages. Stalactites
and stalagmites are sometimes seen.

Thickness of the Izard limestone.—In a general way, the Izard
limestone is thicker in the western part ofthe area represented in

GEOLOGICAL SURVEY OF ARKANSAS, VOL. I, 180, PLATE 1V,
SEOL! AL

FARRELL'S CAVE, BATESVILLE REGION, ARKANSAS,

A cavern mostly in the lzard limestone, partly in the St. Clair limestone.

By S ——
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the map than in the eastern part, though for short distances this
rule will not always hold, as the thickness is very variable, even
over limited areas. It has already been stated that the greatest
“thickness is in Penter’s Bluff, where the Tzard limestone forms
the lower 280 feet of an almost vertical cliff rising 485 feet above
the White River. As it is still seen at the foot of the bluff, it
probably has a greater thickness. To the northeast of Penter’s
Bluff, it is exposed in numerous other bluffs on East and West
Lafferty Creeks. On Lee’s Mountain, in township 15N., 8 W.,
gection 7, its thickness is 240 feet, and in the well boringat the
Southern mine, near Cushman, a similar thickness was found.
The bed does not, however, preserve such a development
throughout this area, and sometimes it is probably less than half
this thickness. On Polk Bayou, two miles above the mouth of
Sullivan Creek, and some ten miles, in an air line, east by south
from Penter’s Bluff, it has a thickness of only 150 feet, this
measurement having been taken from the base of a small
exposure of St. Clair limestone on top of the hill, to the sand-
stone, which underlies the Izard limestone, at the foot of the
hill. Still further east, in the region of the lower part of Dota
Creek and of Walout Grove, * the Izard limestone is probably
as thin, if not thinner, than at the last mentioned locality; but
as the hills here are largely covered with gravel, and are much
lower than to the west, the exact amount of change is uncertain.
To the west of Penter’s Bluff, beyond the western limit of
the map, the Izard limestone has been found by Mr. T. C. Hop-
kins,} of this Survey, to gradually thin out, just as it does to the

east, but probably less rapidly.

Fossils in the Izard limestone—Fossils are occasionally
found in the Izard limestone, but they are usually very im-
perfect and occur as calcite casts of the original remains.
The overlying St. Clair limestone, however, has been defi-
nitely determined by Dr. H. 8. Williams, as belonging to a

* Walnut Grove is not included on the map awumpanﬂng this volume, but it lies six
‘miles east of Convenience post office,

+8ee veport by Mr. Hopkins on Marbles and Other Limestones, Vol. IV,, of the publi-
tations of the Survey for 1890,
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horizon between that of the Trenton and that of the Niagara
of the New York section, and, therefore, the Izard limestone
cannot belong above this horizon. On the other hand, it is
underlain by Calciferous rock. Whether it should be in-
cluded, however, with either the underlying or overlying
formations, or whether it marks a distinctive horizon, is as
yet uncertain,

Contact of Izard and St. Clair limestones.—At the contact
of the 8t. Clair and Izard limestones, the !atter generally
shows a tendeucy towards, or an initial stage of the same
crystalline structure as is well developed in the former. This
becomes apparent by the presence of transparent calcite
crystals scattered through the massive rock. These, though
very numerous near the contact line, rapidly decrease with
an increase of distance from that line. Such occurrences are
not confined to isolated localities, but wherever the contact of
the two rocks is seen, this tendency of the massive rock
towards crystallization is very apparent, and seems to show
that the same agency that enabled the St. Clair limestone

to crystallize, also acted, though in a lesser degree, on the
Tzard limestone.

THE 8T. CLAIR LIMESTONE.

The 8t. Clair limestone will be treated under the dis-
cussion of the manganese ores of the Batesville region.
Mention of it here is confined to its general character and
its relation to the underlying and overlying formations.

Name.—The name 8t. Clair is taken from St. Clair
Spring, which is on the Batesville and Hickory Valley wagon
road, eight miles northeast of the former place. The spring
is a well known locality, and the name is used here as the
bed is the only limestone in the neighborhood and cannot
be confused with any other. Elsewhere it is usually exposed
with the underlying or overlying limestones, and therefore
the use of the name of any such place might give rise to
confusion.

Composition of the St. Clair limestone.—The formation con-
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sists of a granular crystalline limestone of light gray, pink,
chocolate-brown or purplish-black color. It hasa maximum

] thickness 6t over 150 feetin the manganese region. Itcontains
' nodules and interbedded layers of oxides of manganese, and
is the source of the manganese ores as they are now found ina

-

residual clay. It sometimes,also, contains strata of an earthy,
red, argillaceous or siliceous material, showing the presence
of more or less manganese and iron, as well as strata of
sandstone.

To the east of the manganese region, in the country
along the south fork of Dota Creek, the St. Clair limestone
R thins out, and finally disappears altogether, or is repre-
éented only by a very thin stratum, which isalmost invariably
covered up by loose chert from above.

‘I'he work of Mr. T. C. Hopkins, *in the area to the west
of the manganese region, has shown that there also the St,
Clair limestone thins out in a manner similar to the Izard
limestone, already described. Consequently it will be seen
that the part of the Silurian terrane of northern Arkansas
;._@_mﬁrised in the Izard and St. Clair limestones, reaches its
.~ maximum development in the Batesville region, especially
the Lafferty Creek basin and the country immediately
of it.

Fossils in the St. Clair limestone—Fossils from this forma-
1ave been determined by Dr. H. 8. Williams as belong-
,in some plaéea, to the Trenton and in others to a horizon
ween the Trenton and Niagara of the New York section.

'”"'ti'('_i_:'we'ver, been observed in the manganese region; but
Williams cites facts observed in Boone county, in the
estern part of the state, by W. P. Jenney, of the
States Geological Survey, as'suggesting an uncon-

"'*_'Eae' report on arbles and other limestones, Vol. IV., of the publications of the Sur~
1890,
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formity between the Silurian and the Carboniferous of that
area.*

Contact of the St. Clair limestone and the Boone chert.—The
contact of the St. Clair limestone and Boone chert is rarely
seen in the Batesville region, as it is usually covered by
broken chert. Where it occurs, however, the St. Clairlime-
stone sometimes comes in direct contact with the chert, and
at other times there is an intermediate earthy, siliceous de-
posit, varying from oune foot to probably thirty or forty feet in
thickness. In township 15 N.,8 W, section 29, the northwest
quarter of the northwest quarter, there occurs a rock, which,
though it was seen only iun loose boulders, probably belongs
at the contact of the chert and 8t. Clair limestone. Itis a
dark brown or black, earthy, siliceous, soft rock, probably
about one foot in thickness and emitting a strong odor on a
fresh fracture. At the Southern mine, near Cushman, there
are frequently found, at the base of the chert and just above
the residual clay, which has resulted from the destruction of
the St, Clair limestone, a red, brown or mottled seam of a
dry, earthy cousistency, It is known by the miners as
“ochre,” and may possibly represent the former contact of
the chert and St. Clair limestone. Elsewhere in the neigh-
borhood of Cushman, and thence westward to Lafferty Creek,
there are frequently found loose fragments of a soft buff-
colored or rusty-brown material of an earthy or fine sandy
structare, frequently containing thin ferrnginous seams or
flat concretions. The source of these fragments is generally
obscured by loose chert, though they are often seen about
where the contact of the 8t. Clair limestone and Boone chert
should come, and doubtless sometimes represent the transi-
tional deposit; but the St. Clair limestone itself often con-
tains sandy strata and some of the fragments have un-
doubtedly come from them. Sections showing the existence
of the sandstone in place, both at the contact and in the un-
derlying limestone, are given inchapter VIII. The rock

# For further details see report of Dr. J. C. Braoner, State Geologist, in Vol. L, of the
publications of the Survey for 1889,
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i both places is, in external appearance, the same. On the

Batesville and Cashman wagon road, one mile scuthwest of
the latter town, a deposit of this kind, over 20 feet thick,
oceurs, and probably represents the transitional bed.

At the Meeker place, township 14 N., range 7 W.,
section 8, in the south half, the contact bed is seen in place.
Tt varies from 6 to 15 inchesin thickness, isa compaet, bluish-
green, earthy rock. It contains small siliceous nodules,
an eighth of an inch to one inch in diameter, and small crys-
tals of iron pyrites. White specks, a sixteenth of an inch and
smaller, are scattered throughit. The material is slightly cal-
careous and weathersinto a brown or buff-colored mass, much
softer than the original rock. Its relations to the overlying
and underlying formations are shown in the accompanying
section. The residual clay in the section is the product of
@g@mpoaition, in situ, of the St. Clair limestone,
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. . Dr.J. E. Wolff, of Harvard University, has very kindly

ined under the microscope a slide made from a sample
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of this material collected by the Survey and has found evi-
dence pointing to the possibility of its being composed
partly of voleanic ash, though, as he suggests, further labor-
atory work will be required to determine the matter defin-
itely. He describes the section as composed of rather

angular small clastic grains of quartz and of fragments of

triclinic feldspar, often much bent and rounded, and some-
times angular; together with deep brown homogeneous
grains which are partially transparent, but completely iso-
tropic in polarized light. The latter show no signs of
cleavage or crystal structure, and look like possible fragments
of a ferruginous basaltic glass. The clastic grains are
separated by thin films of a green chloritic substance.

Lack of time has not yet permitted a further investiga-
tion of this subject, but should this deposit, representing, as
it does, the parting between the Silurian and Carboniferous
terranes, prove to be an ash bed, it will throw additional
light on the series of phenomena which took place in the
interval between those ages. That the deposit is not of
this nature everywhere in the region, is shown by the fact
that in many places, even in the neighborhood of the Meeker
locality, it consists of what seems to be a common sediment-
ary sandstone, though in some places the grains composing
it show a very remarkable globular form.

Dr. J. C. Branner, State Geologist, had already suggested,
from his examinations in the field previous to the discovery
of the above mentioned locality, that the parting between
the Silurian and Carboniferous in northern Arkansas might
contain eruptive debris, and should the case in question prove
to be composed of such materials it will materially substan-
tiate this view. Dr. J. Francis Williams* of the Survey,
had also discovered, previous to the present discovery, a
somewhat similar material in the Paleozoic rocks of south-
western Arkansas.

#Bee report on the Igneons Rocks of Arkansas, Vol. IL, of the publications of the Sur-
vey for 1890,
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i 3 THE BOONE CHERT.

il Name.—The name Boone has been given by the State
. Geologist, to the series of cherts and cherty limestones,
‘which forms the base of the Carboniferous system in the

. Batesville region and elsewhere in northern Arkansas. It is.
e taken from Boone county, where these rocks form the pre-
: dominating feature of the region.

Composition of the Boone chert.—The formation consists
) 2 of aseries of interbedded strata of chert and limestone.
= Thie two materials differ greatly in relative amounts in dif-
fér.é'ut places, sometimes the whole deposit being composedl
“almost entirely of chert, and sometimes consisting of over
half limestone., In places where chert is the predominating
. constituent of the bed, the limestone occurs as thin strata or
s Jenticular layers, and very often asirregularly shaped bunches.
or masses, varying from half an inch to several inches in di-
ameter. Frequently the chert contains isolated crystals of
calcite, at times large enough to be seen with the naked eye,
and at others only visible under a microscope. In parts of
“the bed where limestone is the predominating feature, the
-occurs as thin strata, lenticular layers or as bunches
ke those of limestone just mentioned. Frequently it occurs
finely disseminated siliceous material throughout the
‘mass of the limestone. One of the most common phases of
the chert bed in the manganese region is a central mass of
~more or less calcareous chert, about 100 feet in thickness,
overlain and underlain by aseries, 25 to 50 feetin thickness, of
interbedded chert and limestone strata, the limestone be-
ming more and more plentiful, both above and below, until
chert layers either entirely disappear or are represented
by small irregular segregations and disseminated sili-
8 impurities. Frequently, however, limestone beds are
in the central part of the deposit, and sometimes ne—
a thickness of & hundred feet or more. These beds
contain numerous lenses of chert and are frequently

9 Geologieal, Vol. I., 1880,
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cut up into separate limestone beds by more or less contin-
uous layers of chert.

The character of the limestones in this cherty deposit
differs very much in difterent localities, and at different
horizons in the series. They vary from a massive gray or
blue limestone of a compact structare and more or less
siliceons nature, to a highly crystalline gray variety, often
strongly charged with organic matter. Between these limits
are found all gradations in structure, purity and color. The
bed that preserves the most uniform consistency, though of
intermittent occurrence, is a cherty limestone which occurs
at the very top of the deposit. This is of a white or light
gray color, and is composed of small, transparent, granular
crystals of calcite, having the size and general appearance
of finely granulated sugar, and imbedded in a massive
white, calcareous cement. It contains variable quantities of
chert in the form of lenses., It has been quarried at Ward’s
quarry, seven miles northeast of Batesville, and at Allen’s
quarry, two miles north of the same town, for a building
stone and as a source of lime. It takes a beautiful polish
and is well adapted for structural purposes.® A similar rock
in a similar position, is seen on the north side of the wagon
road to Mountain View, three miles west of Batesville, where
the rcad passes under the 8t. Louis, Iron Mountain and South-
ern Railway. This limestone is not continuous: in some
places it disappears altogether and in others it reaches a
thickness of over fifty feet.

Another very characteristic limestone of this series isa
coarse grained, highly crystalline variety, snch as is seen at
Denieville, six miles northwest of Batesville. This is highly
bituminous and emits a strong fetid odor oo 4 fresh fracture. A
thickness of a hundred feet of it is exposed at this point. Like
the other limestones of the chert beds, it is cat up by numerous
cherty lenses which frequently assume a peculiar undulating
position. Similar limestones are seen along the line of the

% Sge the report on Marble and Oiher Limestones, by Mr. T.C, Hopkins, Vol. IV.,
annual report of the Geological Survey for 1890.
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‘Mountain View road, from five to eight miles west of Batesville.

| Besides the varieties of limestone already mentioned, an earthy

" variety, and a hard, siliceous, semi-crystalline form frequently
= ~opeeur.

The chert, where seen in large deposits, is a bedded sili-
ceous rock, generally of light gray or drab color. Tt is often
stained yellow or brown by iron, and is sometimes black. It is
very hard and brittle, has an angular to conchoidal fracture and
_ a lustre, varying from dull to resinous. Frequently masses of
g @ chert breceia occur, composed of fragments of chert from an

. eighth to a half inch in diameter and cemented in a hard,
i massive, siliceous matrix. Often a breccia of similar chert frac-
: ments with a black earthy manganiferous cement, as well asba
chert cut up by a net-work of thin black films of manganese
occur, These, however, are secondary produects, the manganese
haying come, probably, from the underlying St. Clair limestone
and will be described more fully in chapter VIII, Iron pyrite;
is frequently found in the chert in the form of small disseminated
erystals and, on an exposed .surface, its presence is shown by
zusty, brown blotehes, due to its oxidation. Frequently, also
-darkgray or smoky black spots occur, which gradually b]em;
“into the lighter colored part of the rock, ‘

The nature of the chert bed has, in some pl
changed to such an extent by chemical a;tion, that t:ea(?:?éinb;?n
maselve rock has been partially converted into a ﬁne—grainecyl
erystalline material, often containing cavities lined with larger
ggyatals of transparent quartz. Such occurrences, however, are
only local : they are seen in places in the chert bluffs of S,tone
vm_ltmty, opposite Penter’s Bluff; and near Cushman and on the
~upper part of Polk Bayou, in Independence county.

. ”.'Sfmdstone in the Boone chert.—A noticeable feature of the
-' _\_l‘f‘t 1§ the existence in it of interstratified beds of sandstone
= ;Ii_ra .from one or two to eight or ten feet in thickness, an(i
.e:bli, f::; s:;:ogza:es;];re sbtiil thicker. They are, sometimes,
§ . 5 ut probably represent lenticular
' + Sometimes they appear to exist simply as
ets in the chert. These sandsto %

nes are composed of coarse,
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angular and rounded grains, are soft and friable, and of a gray,

buff, rusty-brown, or red color. They frequently contain con-
cretionary nodules of chert, as well ds angular masses of the
same material. The Ilatter sometimes become sufficiently
numerous to ferm a breccia with a sandstone matrix. Such
breccias are seen on the land of Squire Meeks, in 14 N,, 7 W,
section 3 ; and also in 15 N., 8 W, section 25. In both places,
the material is of only local occurrence. The interbedded
sandstone is well seen about two miles southeast of the mounth of
Lafferty Creek, in a hollow which makes up into the chert from
the White River. The bed here isabout eight feet thick, contains
nodules and angular fragments of chert from an eighth of an inch
to six inches in diameter, is of a buff color, friable and composed
of coarse, angular, transparent grains. It crops out in the chert
bluffs of the ravine and dips with the chert at an angle of 3° to
the east and southeast. The accompanying columnar section

§ Chert. ! o

Sandatong, JBoone chert.

Chert.

8t, Clair limestone.

Figure 6i. Section showing the occurrence of sundstone in the Boone chert, in the While River
vallzy. Secale: 1 inch=25 feet.
shows its position. Similar sandstones are seen elsewhere in the
neighborhood, and also between here and Cushman.

Shale in the Boone chert.—In some places in the chert there
occur lenticular strata of a black, massive or slaty, bitum-
inous shale, containing considerable quantities of shells of small
Lingulae, as well as iron pyrites, either in crystals or in thin in-
terbedded layers, one thirty second to one sixteenth of an inch in
thickness. The bed has been dug into for coal in several places,
but without finding any. The accompanying chert in such places
is sometimes of the same black color as the shale. In 14 N., 5
W., section 15, the northwest quarter, the bed was opened for a
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depth of twenty feet without reaching the bottom. In an old
prospect pit, io township 14 N., 6 W., section 33, north part,
the accompanying section was obtained, being made up partly
‘from exposures on the hillsides, partly from the materials on the
dump and partly from the statements of the owner of the property.
The first member of the section represents the series of cherts and

i |

{ Cherty limestone,

= + Boone chert.
Shale.

=== L Ohert,
-

Shale,
Figure 7. Section showing the occurrence of shale in the Boone chert, in fouwnship 14 N., 6 W.,
‘3ection 33. Scale: 1 ineh=25 feet.

quantities of iron pyrites are found in all the rocks at this place.
{?J_:ﬁi;nh slate or shale beds are only of local oceurrence and
*_jilepreseut lenticular strata in the main chert formation.
Topography of the chert area.—The erosion of the chert
s rise to a very charasteristic topography, forming steep
metimes with slopes covered by loose chert fragments
ch obscure everything else, sometimes rising up almost per-
! ¢ular1y in the sides of ravines 80 to 100 feet deep, in which
almost horizontal strata are clearly exposed, Still again,
;e_}ie_rt forms the capping of the underlying limestones on
1 river bluffs and rises up in bold angular escarpments, pro-
in rugged, turret-like forms, or receding in deep stony
The chert breaks easily along the planes of bedding, and
waters, peccolsting through these passages have often
narrow cavities, giving the bluffs a peculiar loose
nce.  Frequently there occur at the base of such bluffs
erous flat slabs of chert varying from four to twenty-four
b thickness and with uneven, undulating surfaces. At
ern limits, the chert formation thins out and is finally

8e ted only by loose piles of broken, angular chert, capping
Als or abrupt conical knobs.
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Caves in the Boone chert.—Caves are very numerousin the
upper and lower parts of the chert series. These appear to have
been formed by the leaching out of the limestone layers and
the gradual dropping in of the associated chert. Sometimes the
leaching action shows itself simply in the form of a conical hol-
low in the gide of the chert hill, and no open cavity is visible, but
in other places large caverns have been formed, which consist of
a series of chambers of very irregular shape, varying from 50 to
100 feet in height, and width, and connected by narrow passages.
In some places streams of clear water gush from the caves; while
in other places the latter serve as ‘‘sink-holes”, into which
streams flow, and, passing through underground channels, again
appear as springs elsewhere. In most cases, the beds of lime-
stone, which characterize the chert, cin be seen on the sides of
the caves, and prove clearly the origin of the latter. Stalactites

and stalagmites are rare, though sometimes found in small quan-

tities, The sides and roof are usunally comparatively smooth,
but the floors are covered with loose chert blocks which have
fallen from above and have accumulated in greit heaps. Such
caverns are frequently the haunts of great numbers of bats.
Deeay of the Boone chert.—The surface of the whole chert
area is strewn with loose angular chert fragmeats, and the rocks
are rarely seen in place, except where they are exposed in steep
bluffs, The surface leaching of the interbedded limestone in the
upper part of the formation has looszned the chert strata, and is
doubtless one of the causes of this very characteristic surface.
The fragments vary from one inch to two feet or waore in diam-
eter and have often collected in large quantities on the slopes of
the hills. This breaking up of the chert beds, however, is not
always confined to the surface. In the northern part of the
region of its exposure, the ckert has been undermined and let
down by the leaching out of the underlying St. Clair limestone,
and the whole formation has been much broken, shattered, and
faulted from bottom to top. This often gives itthe appearance,
at first sight, of having been disturbed by lateral pressure, but
the horizontal or gently sloping position of the underlying rocks
precludes such a supposition, as will be shown in chapter VIIL.
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The chert fragments found on the surface are frequently
honeycombed by small cavities an eighth of an inch to one inch
in diameter and very irregular in shape. These are due to the
leachnngout of included masses of limestone. The real nature of
the chert is never seen on an exposed surface and it is only in a.
ﬂ"éshly broken mass that the original structure of the rock be-
When exposed to the process of decay, the chert
first, into a light,

comes visible.
undergoes two stages of decomposition:
porous, opacue, buff-colored rock of the consistency of an ordi-
nary pressed brick; second, into an impalpable white or brown
powder, locally known as “polishing powder”. This last stage
of decomposition is not seen so often as the first, as the surface
waters rapidly carry off the fine material as fast asit is formed.
In places, however, where there ure conditions for its preserva-
tion, it has collected in considerable quantities, The white
powder frequently contains masses of the porous, semi-decom-
posed rock, the latter in turn encircling kernels of hard
unaltered chert. Throughout the chert area generally, the rock
has usually been converted, superficially, to a more or less
porous mass, sometimes reaching ten feet or more into the rock
“and at other times only a fraction of an inch. This is very char-
eristically shown in the accompanying section, which is seen
posed about six miles northwest of Batesville.

Flgure 8. Ssction showing the irregular decay of the Soone chert,
A, Decomposed chert,

B, Undecomposed chert.

Horizontul und vertical seale: 1 inch=230 feat,

\ The decomposition is doubtless due partly, if not wholly, to
2 leaching out of carbonate of lime and other carbonates dis-
ated through the chert, either in the form of minute
g or as an amorphous powder. The varying amounts of
materials in different parts of the chert possibly account
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for the unequal decay of the rock. The removal of the carbon-
ates leaves a skeleton of the less soluble siliceous parts.

Microscopic examination of the Boone chert.—A mieroscopic
examination, kindly made for the Survey by Dr.J. E. Wolff, of
Harvard University, of chert specimens collected in the Bates-
ville region, have shown them to be composed largely of chalce-
donic silica, though in some cases the silica is possibly in an
opaline form. They show numerous rhombohedral crystals of
-carbonates, many of which are doubtless calcite, as shown by
«chemic1l tests. Others have been determined by Dr, Wolff as
being rhombohedral cavities filled with limonite or with black
oxide of iron. The iron also, at times, occurs in shapeless bodies
or impregnates the other carbonates, suggesting in some cases,
as shown by Dr. Wolff, that the latter may have been originally
siderite or ferruginous calcite. Flakes of muscovite mica were
also found in one of the specimens examined. He describes
one specimen as ‘“‘composed of a mass of chalcedonic silica
in little, fibrous, irregularly shaped masses which often cross each
other at right angles like the structure of cloth or are ar-
ranged radially.” TLarger masses, arranged radially in imperfect
spherulites, are interspersed. There is a large amount of opaque
ferruginous material (ferruginous clay?) scattered about in small
specks, and also abundant little, more or less cloudy rhombohe-
drons, which, from their form, suggest a carbonate.

A second specimen, he describes as containing a great num-
ber of small rhombohedrons largely filled with limonite or black
oxide of iron. Bmall irregular bodies of the same substance oc-
cur abundantly in the specimen, and flakes of muscovite are
scattered here and there through it.

A third specimen is described by Dr. Wolff as being com-
posed of chalcedony with the same structure as the first. Cloudy
bands are seen in the specimen and are made up of aggregates
of little rhombohedrons with curved surfaces, evidently repre-
senting a carbonate. They are often limonitic, suggesting that
they may have been originally siderite or ferruginous calcite.

A specimen of a highly caleareous part of the chert bed was
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found by Dr. Wolff to be “composed principally of calcite in
; grains and masses,” cloudy by admixture with argilla-

irregular A A
: material; and with little branching areas of silica among

ceous (?) :
the caleite aggregations. . '
The presence of the carbonate rhombohedrons in chert is not

an unusual occurrence, and is simply an expression of the chem-
icil changes which have gonme on in the chert since its de-
position. Similar crystals occur in many cherts elsewhere, and
Mr. L. S. Griswold* has found them in the novaculite of
southwestern Arkansas.

The evidence in the field, seems to point to the original
deposition of the cherts as a siliceous sediment, separated at
varying intervals by caleareous deposits of greater or less
thickness. The deposition of the siliceous and calcareous
materials seems, sometimes, to have taken place at the same
liin‘e.-, instead of at separate intervals, thereby giving rise to
the calcareous cherts and the siliceous limestones character-
istic of the deposit. The theory of the origin of chert by a
replacement of carbonate of lime by silica seems, at least in
most parts of this region, 10 be untenable ; on the other hand
the presence of shale and sandstone strata, of pockets of sand-
‘stone and occasional grains of sand in the chert, as well as the
ﬁ;h_arp contact often seen between chert and limestone strata,
would lend support to the supposition that the chert was orig-
‘inally a siliceous sediment, not of the coarseness of sand but in
the form of a very fine siliceous clay or mud, such as is repre-
sented by the material carried down by many rivers at the
present day. The presence of sand in such a deposit is
probably to be accounted for by the temporary increase in
‘speed of the waters carrying the sediments, thus bringing
sand in place of the lighter materials usually carried by
the quieter waters

' Fossils in the Boone chert.—Fossils are frequently found
the chert and the associated limestones. When in the
- chert, they usually occur as siliceous casts, the carbonate of

e

A See Vol. [11., annual report of the Geological Survey for 1800,
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lime of the original remains having been leached out and
hollow spaces left. In places, these cavities are so num-
erous as to give the rock a porous, honeycombed appearance,
All the specimens collected from this deposit have been de-
termined by Dr. H. 8. Williams as belonging to the lower
part of the Lower Carboniferous or Mississippian series. (See
page 115.)

THE FAYETTEVILLE SHALE.

Above the Boone chert, is a series of black or gray
shales with thin beds of siliceous black limestone and of sand-
stone. This formation has been named the Fayetteville
shale by the State Geologist, on account of its extensive
development near the town of that name.* Sometimes in
the Batesville region it consists largely of dark gray or black
shale, and at other times it contains, especially at its base,
beds of highly fossiliferous black limestone. The whole series
is highly siliceous, and the limestone and calcareous shales,
when exposed to the leaching action of surface waters, give
rise to a very porous, light, siliceous skeleton. Associated
with the shales are often found iron pyrites, partly oxidized
nodules of carbonate of iron and calcareous concretions, the
latter often containing fossil remains, The thickness of the
Fayetteville shale is exceedingly variable: sometimes the
deposit is thin and the overlying Batesville sandstone
comes close to the Boone chert; elsewhere it has an aggre-
gate thickness of probably over 200 feet. Definite estimateg
of the thickness of this formation greater than 190 feet have,
however, not, as yet, been made in the country surrounding
the manganese region, though it doubtless is, in some places,
considerably thicker than that.

In the Batesville region, the Fayetteville shale is well de-
veloped in the neighborhood of Moorefield, Sulphur Rock, and
thence south to the White River, and north to beyond S8harp’s
Cross Roads, To the west, between Batesville and Penter’s

@ Fayetteville is in Washington county, in the northwestern part of Arkansas, and is not-

shown on the map accompanying this volume, See Vol. IV.,annual report of the Geological,
Burvey, 1838,
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Bluff, it and the associated limestones are seen at intervals
‘between the areas of overlying sandstones and the underlying
chert. But, in this region, it covers a much smaller area
~than to the east, and its outerop is rarely over a few hun-
dred yards wide* TIts geologic position is shown in the
columnar section on page 113.

The Fayetteville shale is so intimately associated with
the Batesville sandstone in its areal distribution, that, in the
map accompanying this volume, one color is employed for
both formations.

THE BATESVILLE SANDSTONE.

Overlying the Fayetteville shale, is a sandstone formation
with lenticular beds of gray, black or brown shale.. This forma-
tion lies on both sides of the White River, reaching to the area of
~ the Fayetteville shale and the chert hills on the north, and, on
outh, disappearing under the overlying rocks at the foot of
~ the Boston Mountains. It is well developed at the town of
Batesville and has been named, by the State Geologist, the
tesville sandstone. It consists of a brown or buff colored, fine
jed sandstone, generally soft, though sometimes hard. It
its easily along the lines of bedding, in slabs varying from a
ches to three or four feet in thickness, and is extensively
worked for structural purposes at Bartlett’s quarry, in Bates-
ville. The shales in the sandstone occur as lenticular deposits,
often ending very abruptly, though sometimes traceable for -
ral miles, They and the sandstones appear, in many places,

be mutunally replaceable. The thickness of the Batesville
andstone is very changeable, varying from twenty or thirty feet
almost two hundred feet. One mile east of the town of
sville, on the bluffs of Blue Creek, it shows a thickness of
0 feet, and, as it is still at the foot of the bluffs, it is probably

oing east from Batesville, the old “ wire road” follows,

. “As already stated on pages 110-111, a line of weakness, marked by oceasional fanlts, exists
I ;phces west of Batesville, about on the outcrop of this shale, and it seems possible that
posures, in some places, may be due to this fanlting.
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for four miles, the summit of a high ridge of Batesville sand-
stone, some 200 feet above the White River, and then de-
scends to the level of the underlying shales.

THE FORMATIONS COMPOSING THE BOSTON MOUNTAINS.

Boston group.—The Boston Mountains, as already stated,
begin on the east at the western edge of the lowlands of New-
port and Oil Trough Bottom, and bear thence northwest up the
south side of the White River. They rise from 500 to 600 feet
above the river and end on the north in an abrapt escarpment.
To the south they dip off gently in a broad, sandy, heavily
timbered highland. They form the southern border of the
White River basin, and lie to the south of the manganese area of
the Batesville region. In their eastern part, these mountains
are composed entirely of Lower Carboniferous rocks eapped by
the Millstone grit, but in the northwest part of the stats, they
become much higher and are more deeply cut by steep ravines, in
the sides of which the underlying Silurian rocks are seen.
In the north face of the mountains, in Independence and eastern
Stone counties, the formations are often well exposed. The
Batesville sandstone disappears under the mountains at their
base, and above it isa series of shales, limestones and sandstones,
representing the Boston group. Their sequence, as seen in the
region south and southwest of Jamestown, is shown in the
columnarsection,on page 113. The shale immediately overlying
the Batesville sandstone forms, in many places, a prominent
feature of the country. It has been named the Marshall
shale by the State Geologist, on account of its well developed
‘condition in the neighberhood of the town of that name in
Searey county.

Millstone grit.— The Millstone grit overlies the rocks of the
Boston group of the Lower Carboniferous and represents the

uppermost formation of the Carboniferous system in this region.

It varies considerably in thickness and reaches a maximum, se
far as observed, of over 400 feet. Possibly further investiga-
tion will show it to have, locally, a still greater development-
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g - The formation was determined by Owen* as early as 1858, as
' the Millstone grit, and since then later investigations have
still further strengthened his correlation. The rock is of a
~ baft or brown color, varying from soft to hard and compact..
It is composed of sand grains of various sizes and frequently
contains well rounded, white, siliceons pebbles, a sixteenth of
an inch to a half inch in diameter. These either occur as.
isolated pebbles imbedded in the sandstone, or form the
larger part of a conglomerate with a sandy matrix. Such.
beds, however, do not form any prominent feature of the.
sandstone, being of a very limited thickness and lateral ex-
‘tent. Sometimes the sandstone assumes a shaly or fissile
structure. Frequently itis highly stained with iron, giving
it a rusty appearance, aud, in some places, it contains small
geams of iron ore (limonite), ’ ‘

The Millstone grit caps the highest parts of the Boston
_Mou-u'taius and is the most prominent feature of the region..
It forms an almost continuous escarpment en the summit of
the northern face of the mountains, at times receding where
creeka have cut down into it, and at others protruding in
high bluffs, such as are seen at Dean’s Mouuntain, five miles
~west of Batesville, and elsewhere. Ascending the steep
‘slopes of the Boston Mountains to the southwest of James-
whn, a sandy highland is reached, underlain by this bed and
E avily covered with pine, oak and other timber, This
: f@rms the southern boundary of Independence county and
- extends into Cleburne county on the west, and to the head
pf(hl ';:rough Bottom on the east. At the latter place, the
‘mountains end abruptly, in the same way as at Jamestown,
.gjl}qwin_g a section capped by four hundred feet of sandstone
~ and underlain by shales and black limestones.

v THE PLEISTOCENE AND RECENT AREA.

The low country, already mentioned as bounding the mount-
8 area on the east, has not been studied by the writer and
herefore, be simply mentioned here. It is covered, at least

alogical Reconnoissance of the Nor
1868, p. 187,

thern Counties of Arkansas, D, D, Owen, Btate-

A
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superficially, by Pleistocene or later sediments, in the form of
clay, sand and gravel, and represents the western part of the
Mississippi bottom. Between this area and the Mississippi,

however, are found Tertiary strata in Crowley’s Ridge, which
have been treated in detail by Professor R. E. Call* Below
Newport, Tertiary strata occur at several places along the line of
the St. Louis, Iron Mountain and Southern Railway and near
the hase of the Paleozoic escarpment. Hence it iz more than
probable that the area in question is also underlain by Tertiary
beds and that it represents a part of the northern extension of
the Mississippi embayment which, in Tertiary times, extended up
the river into this region. It is very probable that a further in-
vestigation of this region will prove the local existence of Ter-
tiary beds on the surface, but in the absence of evidence to this
effect, and in view of the fact that the predominating surface
materials are Post-Tertiary, the area has been provisionally
marked, on the map of the Batesville region, as Pleistocene and
Recent. ;

The gravel varies in size from pebbles a fraction of an inch
to over twelve inches in diameter. It is more or less rounded
and is composed mostly of chert, with smaller quantities of sand-
stone and quartzite. It is frequently associated with sand or
clay, or both, either as interbedded strata or as an intimate mix-
ture.

The gravel is especially well represented on the Paleozoic
escarpment at the junction of the lowlands and the high-
lands. It probably, in some places, reaches a depth of over
75 feet. It frequently conceals the underlying Paleozoic
rocks over areas of several square miles, but oceasionally a deep
ravine has cut down to its base, or a rocky knob protrudes
through it, proving the existence of rocks similar to those found
in the less heavily covered country to the west. The gravel
continues to occur as a heavy covering for from one to five or
six miles back from the escarpment. Beyond this, it forms a
less prominent feature of the country and, though never entirely

# 8pa Vol. IL., annual report Geological Survey for 1888,
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absent over any considerable area, it is much thinner and oceurs
‘in isolated patches. In this region it usually occurs on the tops
«of the hills, sometimes as scattered pebbles and at other times in
_twenty and thirty feet thick. Some of these hills rise
400 to 500 feet above the level of the White River. In
-ﬁe nelghborhood of Cushman, and thence east to Dota Creek
and north to Barren Fork, it is found on many of the highest
hills. Most of the hills of this region are capped with chert, the
-eharacteristic surface of which is a mass of loose angular cherty

: 'ﬁ*ﬁgments resulting from the weathering of the underlying bed.

ese have become mixed with waterworn material in varymg
portions, and, as a result, rounded pebbles are often found
y depth of ten feet or more in loose angular chert.



CHAPTER VIL
THE BATESVILLE REGION OF ARKANSAS.-Continued.

MINERALOGICAL FORMS OF THE MANGANESE ORES.

General statement.—All the manganese ores of the Batesville
region are oxides of manganese in various mineralogical forms.
There are two principal varieties of these minerals: one massive and
representing the mineral psilomelane; the other crystalline and
possibly representing the mineral braunite. Between the massive
and the crystalline forms there are all gradations in degree of
admixture; the one blends into the other, and it- is often im-
possible to draw a sharp line of demarcation. The massive
variety almost always contains some of the crystalline variety,
which, at first, exists only as minute crystalline specks scattered
through the massive matrix, but becomes more and more
plentiful, until the whole material merges into a coarsely cerystal-
line aggregate.

Besides these two principal forms of manganese oxides,
there are also found smaller quantities of pyrolusite and of wad.
Possibly further investigation may show the existence of still
other varieties of the manganese oxides, though the analyses so
far made, have not proved the presence of either manganite or
hausmannite; nor has any evidence of the existence of polianite
yet been found in the region in question.

As early as 1858, Dr. Wm. Elderhorst, chemist of the Geo-
logical Survey of Arkansas under Dr. David Dale Owen, gave
analyses of manganese ores® from Independence and Izard
counties, and described three samples of psilomelane, one of wad,
and one which he considered probably braunite. These are further

* First Report of a Geological Reconnoisance of the Northern Counties of Arkanses, 1557
1858, pp. 161-169.
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referred to in the following puges. Below are given descriptions
and analyses of typical samples of the different oxides of man-
- ~ ganese collected in the Batesville region by the present Survey.
P = Psilomelane.—Specimen from Cave Creek, nine miles north
of Batesville, Independence county. This is a dark, steel-blue
or black, massive mineral ; opaque; lustre submetallic ; streak
brown ; fracture smooth, conchoidal ; hardness 6. Its specific
gravity is 3.72. The mineral occurs in irregular masses, some-
times reniform and botryoidal, sometimes porous and with ap-
_paréntly no physical structure.
With fluxes it gives manganese reactions; in bydrochlorie
‘aeid it dissolves with the evolution of chlorine.
B An analysis made by Dr. R. N. Brackett, Chemist of the
' "'-gt:rvey, of this material dried at 110°-115° Centigrade gave the
following results :
Analysis of psilomelane from the Batesville region.

Manganese protoxide (MnO)........cs cesrreer 7155
Oxygen (0) 14.56
Ferric oxide (Fez0s), cvvrureirrinesmmmrsnssenss 0,90
Alnming (Al20s)vuiisinieesasnsmmsmessasssssins sa 0,80
Lime (C20) w8
Baryta (Ba0) 0.21
Magnesia (Mg0).......ssomemseisssisensssnsson very slight
- " trace.
Potash (K20) 1.99
Soda (Naz0). 0.97
Phosphorie acid (P205) vvoivvivccnrassnsisnerens 0,67
Bilica (8i0g)...... 0.88
100,58

| C[-.‘-he analysis and the physical properties of the mineral
show it to be a psilomelane. Rammelsberg * describes psilome-
ugd'er two different headings, those varieties high in baryta
.elasse& as baryta-psilomelane, and those low in baryta and
, ._l.n p_.ot'ash being classed as potash-psilomelane, The

e in question, as compared with other varieties of
omelane, is low in baryta and does not contain as large a

* Handbuch der Mineralchemi
e _ mig, second edition, 1875, pp. 189-
10 Geological, Vol, i., 1890, RIS
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percentage of potash as some, but can be included under the
head of potash-psilomelane. Its specific gravity (3.72) is low,
but is within the limits given by Prof. J. D. Dana * (3.7-4.7),
The mineral contains numerous small cavities which, possibly,
may partly account for the low specific gravity obtained. The
specific gravity was determined, however, with a powdered
sample, so as to avoid this source of error as far as possible.

The following two analyses of potash-psilomelane, the first
(1) from Ilmenau, Germany, t and the second (2) from Schnee-
bero, | Germany, are given for comparison with the Arkansas

specimen.
Analyses of German psilomelane.
Psilomelane | Psilomelane
Ilg:;:u. Schn&:e?:!erg,

Manganese protoxide (MnO).......ccovmiinnnn 77.23 20.27

Oxygen (0) 15.82 14.10

Copper oxide (010)uwmmsescesssssissssssossanarns] 0.40 :

Lime (Ca0) 0.91 1.05

Baryta (Ba0). A A

Magnesia (MgO)

Potash (K20) 5.29 4,35

Wt (Ha0V b sttt s b s st s pepistasie 0.23
99.77 100.00

The following deseriptions and analyses of specimens of
psilomelane from the Batesville region are given by Wm, Elder-
horst, Chemist of the former Geological Survey of Arkansas
ander D. D. Owen : ||

“No. 20. Psilomelane, from the main manganese mine, two
miles above west fork of Lafferty Creek, Independence county :

¢ Massive ; lustre submetallic ; color between dark steel-gray
and iron-black ; hardness, 5.5; fracture suberystalline, hackly,

+ System of Mineralogy, filth edition, 1883, p. 180.

+ Analyzed by Clausbruch, quoted by C. F. Rammelsberg, Handbuch der Mineral-
chemie, second edition, 1875, p. 190.

t Analyzed by Sehultz, quoted by C. F. Rammelsberg, Ibid., p., 180

| First Report of a Geological Reconnoissance of the Northern Counties of Arkansas,

D. D. Owen, State Geologist, 1858, pp. 161-163.
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= snmewhat resembling the fracture of cast iron; Drittle; strikes
fire with steel ; powder reddish-brown.

¢ Before the blowpipe, infusible alone ; on charcoal in reduc-
tion flame becomes reddish-brown; in a matrass, yields water ;
mth ﬂnxea, gwes the manganese reactmns. Dissolves in hydro-

X K K»
¢« The air-dried mineral lost 0.53 per cent of moisture at 250
degrees F.”

~ The composition of the specimen dried at 250° Fahrenheit
s given as follows :

Analysis of psilomelane from the Batesville region.

Manganese protoxide (MoO)........eeuunee 54,995
Oxygen (0) 10.483
Lime (Ca0). trace
Baryta (Eel) v sisianramsamsning. 0510
Water (HaO) i sissiaisissriissiommmins. T80
Silica (Si0,). 2,845

100.655

“No. 21. Ps:lomelane, from same locality as No. 20.
“ Massive ; close-textured ; color bluish steel-gray; hard-

; fracture splintery and subconchoidal; brittle; strikes
ateel- powder reddiah brown.

;‘ air-dried mineral lost 1.02 per cent of moisture at
2

iven as follows :

Analysis of psilomelane from the Batesville region.

Manganese protoxide (MuOYeiiiisirnannnes 82,448
Oxygen (0) 10,002
Lime (Ca0) 1178
Baryta (BaO) 0.282 ' =
Magnesia (Mg0) trace
Water (H,0), 0.611
BMQUBIOD v it Sricissine 51820

99,850
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Braunite.—Specimen from the Sullivan Creek fork of
Polk Bayou, ten miles north of Batesville, Independence
county. This is a dark, iron-gray or black mineral, forming
a coarsely crystalline aggregate with a marked cleavage, the
crystallographic position of the cleavage being uncertain ;
lustre submetallic; streak dark chocolate-brown ; hardness
5to 5.5. Its specific gravity, as determined by the Chemist:
of the Survey, is 4.50. -

With fluxes it gives manganese reactions; it dissolves.
in hydrochloric acid with the evolution of chlorine.

The following analysis was made mostly by Dr. R. N.
Brackett and partly by Prof. W. A. Noyes. It shows the
composition of the mineral dried at 110°-115° Centigrade.

Analysis of braunite from the Batesville region.

Per cent, Ratio.
Manganese proioxide (MnO)... §7.47 1.282 2.0

(03 &3~ c-T (o) AR — . 962 0.601 100
Ferric oxide (Fea0a) conmmaernns 0044
Alnoiba: (B1,05) i 011
Lime (Ca0).m 0,34
Baryta (BaQ).....cceee 0,48
Magnesia (Mg0)...... ... trace
Potash (Ez0).cmmmissmissnienn 0.10
Soda (Mas0)uvmssnsmisssssenn. 0,08
Phosphorie acid (P20skuiiin 0.25
Silica (Si02)uuumnssesismssssssanes 018
99.04

It will be observed that the ratio of MnO to O is almost
exactly as 2:1, which is the theoretical ratio of manganese
sesquioxide (Mn,0,). It will also be noticed that the analysis
shows less than 2 per cent of ingredients other than MnO
and O, and the mineral is therefore a very pure Mn,0,.
Though the mineral occurs as a compact crystalline aggre-
gate and not as isolated crystals, it seems, judging from its
general appearance and its physical characteristics, to be
homogeneous.* In some other specimens of a similar material

#The original specimen contained inclusions of a massive or semi-crystalline oxide of
manganese, but the sample analyzed was carefully separated from this and was composed only-

of the coarsely crystalline parts,
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there were found some very small crystals, apparently tetrag-
" onal pyramids, suggesting, from their general form, that they
might be braunite, Hausmannite crystallizes in the same
system, but the above analysis does not show any close re-
lation to the composition of that mineral. The analysis
shows a mineral resembling in all respects a braunite without
silica, and the physical features of the specimen, as far as
they can be distinguished, are also those of braunite,

W. Elderhorst,*in 1858, gave an analysis of a specimen
of manganese oxide from the Batesville region which he
considered probably braunite. It contained 9.968 per cent
of silica, and came from the same region as the specimen in
question, in which practically no silica was found (0.18 per
cent). Itwas massive, however, so that the chemical relation
‘ 'Qf the silica to the oxide of manganese was uncertain.
- Elderhorst describes the specimen and discusses the analysis

s follows :
“No. 23. Braunite (?), from Poke Bayou, Marion county.t
“ Massive; texture finely granular; lustre submetallic ; color
steel-gray ; hardness 5.5; strikes fire with steel; powder
black; much more easily reduced to powder than the
receding minerals ; weathered surface shows brown spots of
of peroxide of iron.
“ Before the blowpipe, infusible; on charcoal in reduction
becomes pale reddish-gray at the point of contact with the
coal; in a matrass, yields a little water; with fluxes, gives
anganese reactions,
‘Dissolves in hydrochloric acid with evolution of chlorine,

a residue of silica, Composition dried at 220 deg. F.:

i Protoxide of manganese

- Fiee oxygen (0) ga ..S.Tnm
Peroxide of iron (Fe0y)

Oxide of cobalt (CoD)...

ﬁme ((i:nos.{. .........

agnesia 4]
Water (H Og..‘)
Silica (S103)

Report of
s, Bt ol Beoonsoimanceof. the orthera Gouniesof Arkaios,

reference to Marion count

¥ is doubtless a mistake for Indepe
g&:ﬁ*nl,&?erg:ort to having received the specimen in B&;?ﬁ?ﬁ," ﬁ%ﬁ;ﬁhﬁf
Besides, you, now spetled P{{lk Bayou, is in Independence county and
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¢ The air-dried mineral lost 0.1 per ceot of moisture at 220
deg. F. * * *

“ Proceeding in the same manner with the analysis of No.
23, that is, rejecting silicic acid and peroxide of iron, and calcu-
lating the remainder for 100, we have:

Protoxide of manganese (MnO).....,..ocounn  86.96
Oxygen (0).. 9.20
Lime (Ca0) 2.12
Magnesia (Mg0O) 0.22
Nt THGO) iy 00
100.20

“ 86.96 parts of protoxide of manganese consist of 67.41 of
manganese and 19.55 of oxygen ; hence we have, in toto, 67.41
manganese to 28,75 oxygen, corresponding to the ratio :

69.68Mn : 29.72 O;

The compound Mn,O, requires...... 69.68Mn: 30.42 O;
so that the mineral may be considered as a sesquioxide of man-
ganese, or braunite, under the supposition that we are justified in
rejecting lime, magnesia, and water as adventitious. But if
these bases have to be taken into consideration, and the free
oxygen is united with a portion of the protoxide of manganese
to the formation of peroxide, we have:

Peroxide of manganese (Mn0O,).... 50,10 contains O 18.40

Protoxide of manganese (Mn0Q),  46.06 contains O 10.36

Lime (Ca0) suvurrssessmmtsesssseannnnsnss 212 contains O

Magnesia (Mg0}...covwmnmmsssssnarises 0.22 contains O
Water (Ha0)iuuummmnssmsmsrsmsparsans 1.50 gontains D 1.33

12,87

“Here the oxygen-ratio of RO: MnO, is nearly as 4:6,
which would lead to the formula
4 (MnO. Ca0. MgO. HO). 3 Mn0,.”
It is evident from Elderhorst’s discussion of the mineral,
that he considered the silica in it to be an accidental ingredient,
but, at that time, the nature of the siliceous braunites was not so

well understood as at present.
The composition of pure braunite has for a long time been
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a matter of considerable discussion and, in some respects, still
continues to be an uncertain question. 'The mineral is stated by
most authorities to contain silica in chemical combination,
‘and various formulas are given to explain the relation of the
gilica and the manganese. Some authors, however, describe
praunite as a sesquioxide of manganese frequently contain-
mg silica as a mechanical admixture, while others think it is
a combination of one molecule of protoxide and one of per-
‘oxide of manganese.
Turner® obtained the formula Mn,O, for a specimen of the
‘mineral braunite from Elgersburg, Germany. He noted a siliceous
residue on dissolving the mineral, but referred to it simply as a
- trace. On the other hand, the later investigations of Rammels-
~ berg,t Dr. Penfieldf and others have shown certain specimens
ot braunite to contain from 7.4 to over 8 per cent of silica
chemical combination. Rammelsberg found 7.4 to 8.6 per
t of silica in pure crystals of braunite from the same locality
rsburg) as the sample already’ referred to, in which Turner
and no silica. ’
Rammelsberg § originally considered braunite to be a com-
ation of sesquioxide of manganese and the silicate of the
pxide of manganese, having the formula 3 Mn,0,+MnSiO,.
iter investigations, however, he found that, by heating the
with nitric acid, a greater percentage of the protoxide
ined than would be afforded by the silicate in the above:
la; also, that the amount he obtained approached that
would be given if the sesquioxide (Mn,O,) in the formula
onsidered to be composed of MnO and MnOQ,. Therefore:
roposed || the followmg formula :

MnO,
MnO -+ {
8i0,

. D. Dava, on the other havd, though he considers the

Trans, Roy. Soc. Edinburgh, Vol, XTI,
~ t Handbuch der Mineralchemie, second edition, 1875, pp. 160-161,
sy Unpuhlishud results, see page 158 of this report.
-3 Handbuch der Mineralchemie, second edition, 1875, page 160,
|| Bandbuch der Mineralchemie, 1875; Supplement to second edition, 1886, page 52.
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silica in braunite to be combined with manginess, gives a differ-
ent formula : he calls attention to the close relation of the crys-
tallization of the mineral to -that of rutile, and shows that this
velation is brought out in the formuls 2 (2 MaO,; MnO,)+
MnO,,8i0,, which represents the mineral ‘‘as corresponding to
2 of hausmannite and 2 of a silicate analogous to zircon, with
which silicate also it is isomorphous.”*

Tschermak | gives the formula of braunite as the simple
sesquioxide (Mn,0,). Hermanni distinguishes between
braunite with silica and braunite without silica: in the case of
the latter, he rejects the formula Mn,0; and substitutes MnO+-
MnO,, a suggestion that is also accepted by Gustav Rose as
explaining why the mineral was not isomorphous with hematite
(Fe,0,). He explains the occurrence of baryta and silica
in some varities of braunite, by supposing that the baryta com-
bined with MnO, and the silica with MnO,. He proposes,
therefore, to separate the braunite containing no silica from the
braunite containing silica, by confining the latter to the name
Marceline, a name already given to a siliceous variety of braunite
from St. Marcel, in Piedmont.

Bauer|| describes braunite as an isomorphous mixture of
MnO,MnO, and MnO,Si0, in which part of the MnO is replaced
by BaO.

The analyses by Rammelsberg and by Turner of the El-
gersburgs pecimens, and those of the Arkansas specimens are sum-
marized in theaccompanying table. It will be seen that while one
sample from Elgersburg contains 8.63 per cent of silica, the other
shows no silica ; and, in a similar manner, while one sample
from Arkansas shows 9.968 per cent of silica, the other shows
only 0,18 per cent. Hence it would appear that there may exist
two forms of braunite, one containing silica in chemical com-

* System of Mineralogy, fifth edition, 1883, p. 183,

+ Gustav Tschermak, Lehrbuch der Mineralogie, second edition, 1833, p. 397,
1 Cited by Naumann-Zirkel, Elemente der Mineralogie, 1885, p, 384.

[l Max Bauer, Lehrbuch der Mineralogie, 1886, pp. 317-318,
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%ination and with a formula differently written by various
authorities; the other containing no silica and representing a
simple sesquioxide of manganese (Mn,0,). The exact chemical
structure and relations of the two materials, however, must be

left for future analyses to determine. )

Analyses of German and Arkansas braunite.

ELGERSBURG ARKANSAS
BRAUNITE. BRAUNITE.
CONSTITUENTS. B‘-g F E,E 5’%:‘3
33 | 2| ¥ | i
g2 |3 | & | %
w2 § &
m—u P ide (MnO). 80.94 86,95 75.886 87.47
Oxygen (0) 8.08 9,85 7979 a.62
T Tie 0 s AR I 3.528 0.44
mina (Al203) et rors gt 1 e e 0.11
t oxide (CoO) trace
{Ca0) ‘ 0.91 . 1.838 0.34
ta (Ba0) 0.44 2.2 st 0.48
(MEQ)eciserircsmsssissnmsrainsssmsenssmiansl sy A R 0,192 trace
) EETTRR RS [ o5 0.10
L1 ) [ " . i E— ' 0.05
20) 1.00 0.95
acid (P20s).. vivis s . siny 0,25
) L ‘ 9,968 0.18
Total 100.00 100.00 100,176 99.04

silica.
Manganese protoxide (Mn0),..... 80,90  81.09
OXYZON (O).isinsriersmmsasstracnanseres BOT 7,90
Ferric oxide (Fez03). aneeensDLBL 0.31
Lime (Ca0}......ceneus PPN 012
Boda (NazO)... 0.28
" Water (H20),. . 0,35
Silica (3102)vuneinne PR TIR A el T 1% 4 8.28

08.40  98.33
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(3) Pyrolusite.—Besides the varieties of manganese oxides
already described, a crystalline pyrolusite sometimes oceurs
in the Batesville manganese region. It is, however, in much
smaller quantities than the ores already mentioned, and exists in
thin layers and irregular masses associated with them. Some
times it fills cavities and cracks in the ore-bearing clay, appearing
to be, possibly, a secondary product, from the other ores. It is.
a black to iron-gray mineral; opaque ;' lustre submetallic ;
streak black ; hardness 2. Itissometimes easily crumbled in the
fingers. It usually occursasafinely granular, crystalline aggregate,

This ore is found in only a few places, and does not exist in
quantities large enough to warrant its separation from the other
ores.

(4) Wad.—The variety of wad known as bog manganese
sometimes occurs in the Batesville region. It is usually in a
black, earthy form, frequently showing glossy slickensides, and
having a hardness of from 1to 3. TItis associated with more or
less iron, silica, alumina, and water, the last sometimes amounting-
to from 10 to 15 per cent.

PHYSICAL FORMS OF THE MANGANESE ORES,

The different mineralogical forms of manganese ores in the.
Batesville region exhibit themselves in various physical shapes,
They usually occur as loose lumps, varying in size from almost
microscopic grains to masses weighing several tons. At times,
however, more or less solid bodies of ore, containing several
hundred tons, occur. Sometimes the separate masses have a
distinctly concretionary form, and at other times they are simply
irregularly shaped bodies, showing no structure whatever. For
the sake of convenience in description, the different physical
forms of the ores are here enumerated. They occur either together
or separately.

(1) A shapeless mass of crysialline or non-crystalline ore,
containing numerous irregular cavities from a sixteenth of an
inch to one inch in diameter. These cavities are usually lined or
filled with an impalpable clay of varied colors, black, chocolate,
brown, red, yellow, or buff. Sometimes the cavities are filled,
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with calcite instead of clay. It is probab‘le that all the cavities
were once filled in this way, but have since been acted on by
surface water, the calcite dissolved and a residue of clay left.

This variety of ore isthe most common form in the man-
. ion,
ganeg(‘;)regMassive or semi-crystalline ore, showing a slight .tef]d-
ency towards a concretionary structure, and often containing
lenticular cracks, either empty or containing black, chocolate-
brown, red, yellow, or buff clay. These cavities resemble l:h-e-
shrinkage cracks seen in nodules of eclay ironstone. This
variety of ore is of common oceurrence, but not so generally
distributed as the last. .

(3) Massive ore showing a concretionary structure. The
concretions are generally small, varying from the size of a
mustard seed to two or three inches in diameter. The smaller
ones often approach a globular form, but the larger are usually
lenticular and resemble large buttons, being locally known as
“Button ore.” They often contain cracks similar to those in
the last variety of ore mentioned. The smaller concretions.
oceur in several places on Polk Bayou ; the larger at the Cason
perty, the Pitman place, and elsewhere. (See chapters I
ind X.) These concretionary varieties of ore are rarerthan the
ers mentioned above. )

) Loose nodules of an irregular shape from one inch to-
ve inches in diameter, with a smooth, dull brown surface and

rsely crystalline interior. These masses are usually solid:
oughout, very heavy, and show no internal evidences of con-

tionary structure. If any once existed it has been destroyed

the crystallization of the nodules. This variety is rare: it.
curs in the Coon Creek regioun, in places on West Lafterty
k, and elsewhere in smaller quantities.

(5) Shapeless masses of a soft, dull, earthy, porous ore.

. containing hard spots of massive, steel-gray ore. This
'm occurs in many places in the manganese region.

(6) A massive, hard, black ore in stalacitic forms. This.
ety is rare,

(7) A black, or dark chocolate~brown manganiferous.
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“clay, sometimes containing wad, or bog manganese. This is
‘too low grade to be used as an ore, but, as it sometimes contains
‘from ten to twenty per cent of manganese, it is classified here. Tt
‘has been shipped for a coloring material for dark brown bricks
and for other purposes. (See Brooks mine, chapter IX.) It
is often found enclosing the different varieties of ore mentioned
above. In most cases it doubtless represents a residual clay
derived from a limestone which once contained manganese in a
finely divided state, but which has since been decomposed. It
‘has sometimes been solidified 1nto a soft, earthy mass, with slick-
‘ensides showing bright, glossy surfaces. It is often locally
'mistaken for plumbago. In many places it forms the cement of
a chert hreceia. '
In conclusion it may be said that the mammillary,
‘botryoidal, and kidney-shaped forms in the ore are
much more rarely seen in the Batesville region than in the
Virginia and Georgia mangancse regions. In the last
“two regions they are often the characteristic forms, while
the ore in the Batesville region tends more to retain the
original condition which it had when it existed as lenticular
layers in the St. Clair limestone ; and the masses now found
‘in the residual clay, though sometimes, as at the Cason place
and elsewhere, of a distinctly concretionary or nodular form,
-are very often simply fragments of the larger bodies.
Miners’ names of the ores.—For the sake of reference, the
names commonly used by the miners to designate the
‘difterent physical forms of manganese ores in the Batesville
region are given as follows:
(1) “Lump ore.” This means masses of ore large enough
‘to pick out of the enclosing clay without the assistance of
the washer.
(2) “Wash dirt.” This means clay containing numer-
-ous fragments or nodules of ore too small to pay for hand-
picking, and therefore sorted by means of a washer.
(3) “Shotore.” This means a variety of small frag-
'ments or nodules of ore the size of mustard seed, or a little
larger.
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4 Button ore.” This means the button-shaped con-.
cretions already described on page 155.

COMMERCIAL VALUE OF THE MANGANESE ORES.

The manganese ores of the Batesville region are used
altogether for the manufacture of spiegeleisen and fer'ro-
manganese, which is by far the most important use to which
manganese ores are put. The Batesville ores are better-
suited for this purpose than for many of the chemical uses
gf manganese described in chapter 1IT.

2 © That a manganese ore may be of value for use in the
~ manufacture of spiegeleisen and ferro-manganese depends
~ Jargely on the relative amounts of three of its con-
- stituents: first, on its being sufficiently rich in man-
_ ganese ; second, on its containing a sufficiently low percent-
- age of silica; third, on its containing a sufficiently low-
percentage of phosphorus. An ore containing a large.
-"Percentage of manganese may be rendered unmarketable by
containing too much silica or phosphorus, or both; and
conversely, an ore low in manganese can often be used to
- _I_géx_'.ea,t advantage when it contains only small amounts of
these impurities.

‘Ina good ore, the silica should not amount to over 12
per cent at the most, and the phosphorus should not be over
0.2 to 0.25 per cent. Even as much as 0.2 per cent of phos-
-.’fljorus is high, and a first-class ore should contain less.
Ores containing more than these proportions of silica and
phosphorus can sometimes be sold for certain purposes,
‘especially if they contain a large percentage of manganese,
but they bring a lower price than the purer ores.

‘An ore containing less than 40 per cent of manganese is
idered low grade, and, unless mined very cheaply and in
arge uantities, cannot be worked at a profit. In some
, where the ore contains even less than 30 per cent of
ianganese but is associated with a large proportion of iron, it
as a considerable commercial value as a manganiferous iron
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-ore, but such materials are rarely found in the Batesville
region. There is almost always a little iron in the Batesville
ore, but it is only in a few localities that it runs over T or 8
per cent, and in many places it is less than 3 per cent. In
rarer cases, however, the ore contains over 20 per cent of
iron.

The better classes of Batesville ores are high in mangan-
ese and frequently contain, in car-load lots, over 50 per cent
of that ingredient. Some shipments have contained over 55
per cent and a few as high as from 57 to 58 per cent. Any
shipments that contain over 50 per cent of metallic mangan-
-ese, however, are considered first class ores.* The low grade
ores frequently run from 40 per cent down, in some cases, to
less than 25 per cent of metallic manganese, but large quan-
tities of ore are shipped which contain over 50 per cent.
This amount, as compared with manganese ores mined
elsewhere in the United States, is very high. A part of
the Canadian ore and part of the Virginia ore contain
more, but these grades are in small quantities in those
regions and are used for chemical purposes. It may be
safely said, that of the ores used in the manufacture of
spiegeleisen and ferro-mangauese, the better grades of those
from the Batesville region are equal, in their contents of
manganese, to any others at present mined in the United
States, The accompanying table of analyses, which has been
kindly furnished the Survey by Mr H. M. Curry, of the firm of
‘Carnegie Brothers and Company, represents the composition of

#1In all these statements as to the quality of the Batesville ores, conclusions are drawn
altogether from analyses of car-load shipments of ore, such as are given on pages 159 and 162-
163. This is the surest way to arrive at a just estimate of the commercial value of the ore,
-since, with analyses of hand samples, there is always an uocertainty whether or not they rep-
resent the average of the ore as it would be shipped in bulk. The analyses of car-load ship-
ments, on the other hand, are made from saniples carefully taken from ore in large quantities
and in the condition in which it is used. Consequently such analyses have by far the greater
practical value; and as many of them as itis thought necessary to give, are compiled in the
#ables on pages 162-165. They represent analyses of quantities varying from one to seven car-
loads, or, in other words, of quantities varying from about fifteen to a hundred tons.

M GRADE,

different regions.
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. lyjses of car-load or cargo shipments of manganese ores from

vooarrry. [0 | won | snica | Fhor | niample
Chiliversssess corwesnnns|  50.370 2.320 8.950 0.014 0.370
(o171 | EORM—— .5 § 0.660 6,630 0.022 0,350
CUDE srssnns sasannesr| 49,015 1,650 8,400 0,069 6.000
OUbBiceassnssnenns | 00044 2.740 7,760 |not made 4.000
Nova Scotia .......| 47.174 1.980 7.800 0.012 2,500
Crimora, Virginia| 49.163 1.750 9,800 |not made 6.000
Crimora, Virginia| 48.580 1.985 | 10.200 0.108 14,000
COrimora, Virginia| B50.541 1.957 10,120 [not made 3.000
Crimora, Virginia| 48.162 4,568 10.300 0,095 3.000
Arkansas...........| 952.721 3.857 2,440 0.198 4,000
Arkansas.. e 50.142 8.505 2,950 - (.165 3.000
Arkansas....iwmee 53,023 1.907 1.700 0.352 8.000
41,248 9,100 14 400 0.108 2.000
41,60 1.890 10.820 0.050 4.000
42,856 10.491 7.800 0.139 6.000
44,308 4.585 10.950 0.156 6.000
48,379 9,683 9.750 0.068 4.000
48.612 6,650 10,480 0.221 1.500
42,0568 14 850 8,600 0.184 6.000
South Carolina.....| 45.018 2.750 8.100 0,085 9,000
Virginia... | B87.693 12,368 10.600 0.158 9,000
Virginia........onne| 28811 27.830 4.460 0.067 4,000
Virginia...ccoiveenn| 95,862 20.950 6.250 0.780 5.000
36,028 8.708 | 16.880 0.113 7.000
33.589 16.588 14,750 0.095 8.000
84157 13.590 12,900 0.167 8.000
86,179 7.078 16.400 0.053 1.000
Georgin ..ovemneees,| 59,893 10.210 12,720 0.106 6,000
Vermont ..., | 20,869 31648 12.770 0125 5,000
Vermont .............| 19.706 29.268 14,000 0.145 B.000
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average car-load or cargo shipments of manganese ores from
Arkansas, Georgia, Virginia, South Carolina, Vermont, Nova
Scotia, Ouba, and Chili. The analyses are arranged under three.
different headings : high grade, medium grade, and low grade.
It will be observed that the average contents of manganese in
the Arkansas ores™ is greater than in any of the others, except the
Chilian which are practically the same.

Very few of the better grades of the Batesville ores are
injured by any considerable percentage of silica: this ingredient
varies from less than 2 per cent to about 8 per cent, though in
some of the low grade ores it occasionally runs over 20 per cent.
By far the greater part of the ore shipped, however, contains
under 10 per cent and a considerable portion of it contains
under 5 per cent. Very little is shipped that has as much as 15
per cent. Hence it will be seen by referring to the table of
analyses, that the Batesville manganese ores compare favorably
in their low silica with the ores from other localities, showing as
they do, a smaller amount of this impurity than any of the others.

The only harmful ingredient that occurs in the Batesville
ores in quantities sufficient to be injurious, is phosphorus.
Though this often exists in quantities less than 0.125 per cent,
it sometimes runs up to 0.30 per cent, and occasionally though
rarely, toas much as from 1.00 to over 3.00 per cent. Considerable
quantities of ore, however, are at present being mined which
contain only between 0.10 and 0.20 per cent, and the average of
the better grades of ore in the Batesville region generally ranges
from 0.10 to 0.25 per cent. Some ofthe ores, however, are greatly
injured in their market value, and in certain cases rendered
unmarketable, by containing larger percentages of phosphorus.

The distribution of phosphorus in different parts of the ore
deposits is irregular: sometimes the ore in a given place
contains less than 0.20 per cent of phosphorus, while perhaps

* The analyses of Arkansas ores in this table are of samples from the Batesville region
and not from the southwestern Arkansas region.
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not ten yards off, apparently the same ore contains over 0,30, A
study of the nature of the ore in each individual locality, however,
and a series of analyses of properly selected samples, will usually
show what part of a certain deposit contains a large amount of

: i;ﬁosphorua and what part contains a small amount. In this way
pumerous areas of ore deposits low in phosphorus can be selected
and the manganese obtained without any great admixture of
less pure ores.

Summary.—The facts relative to the commercial value of
the Batesville ores, as illustrated by their chemical analyses, may
be summarized as follows: Considering the ovesas a whole,
their strong pointe are their high percentage of manganese and
their low percentage of silica® Their only weak point is their
‘gceasional high contents of phosphorus, This ingredient, how-
ever, is only in some cases in injurious quantities, while ina great
‘many others, it is not high enough to be any detriment to the
‘value of the ores. By carefully selecting localities to be worked
and by properly preparing the ore for market, this difficulty

_can, in many cases, be largely overcome, even in the localities
of high phosphorus ores.

The composition of the Batesville ores, as represented in
car-load shipments, is shown in the following tables. These
inclnde seventy-two analyses of samples taken from quantities of

_ ore varying from one to seven car-loads. The total amount of

ore sampled for the analyses probably amounted to about two

- theusand tons, and were mined in various parts of the Batesville
- ifﬁgion. Many analyses of hand samples of ore might be given,
but the table is confined to those of car-load shipments since,

as already stated, the latter represent the average composition of
‘the ore in bulk far more accurately than the analyses of small
samples,
Wherever it was possible, the locality at which each ship-
ment of ore was mined, and the name of the company or indi-
vidoal producing it are given, as well as the quantity sampled
dthe name of the company or companies under whose dirce-
01t was sampled and analyzed.

@ These statements refer only to the better grades of ore.
11 Geologieal, Vol. i., 1890,
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~load shipments o L .
Analyses of car-load shipm f ganese ores from the Batesville region.
- Mangan- 5 Ph"“f"“"lhr isture,

“No. LOCALITY, B Irom. | siliea. | ™ ypg LR &‘f,.‘::fi-t{ Sampled hy. Analyzed by. No.
1 | Southern mine, 14 N., 7 W,, sec. 4...| 53.'2 2.30 2.75 0.165 4.40 5cars | Keystone M. and L. Co.| Keystone M. and T, Co. 1
2 m W i e 51.82 3,40 2.50 0,193 8.10 T @ i 0 T o " 2
3 i " @ 5 B50.75 4.97 3.52 0.184 5.40 i if i g U o 3
4 " @ W i 49.73 2.15 3.0 0,166 23 i g ‘@ “ i« “ 7 @ ¥y
5 « “ “ @ 51.77 238 3.18 0.128 1,68 s @ “ e 5
& " w £t ] 49,60 3.84 4.7 0.184 8.83 4 cars | Carnegie Brothers & Co.| Oarnegie Brothers & Co| &
= 55.73 3.32 2.30 0.148 3.00 7
8 | sesadminasimaaniianlinin) R 3.07 2.7 D:d2d %20 e 8
9 ik 5548 .69 4.58 LIBE 1 $.30 o T e o 9

= 0.198 %
10 s BT | S Hak o Carnegie Brothers & Co.| 10

1 sl BOIE | 850 | 2.95 i W “« o w 1
% 53.02 1.90 1.70 0,352 3.00 12
18 | Lafferty Creek ivide ..omeeecesnns| 5211 T 0.134 S 1 ear Missouri Furnace Ce......| 18
14 “ “ i“ “ 53,41 = il 0.118 P aelley ti o & 14
15 “ " i “ 45.56 4.50 5.78 0.165_ Pigkth 15
16 @ " " te 46.21 ) 3.00 10,05 0.157 A
17 o “ i " 43.39 5.98 2.80 0,288 2%
15 o w0 i L 46.60 5,94 800 0.831 o ae “ 7 “ « 18
19 # “ i “ 89.52 14.23 4,80 0615 oo s o W " " % 19
20 0 1] i LU 49.00 9.00 3.00 0.880 TR 1 “ ] i n o a0
21 @ € “ L 44,66 0.46 3.65 0.391 i & t 5 “ & @ a1
22 | Coon Creek...ccsn 50.81 2.90 2.50 0.126 1 ear Carnegie Brothers & Co.| Carnegie Brothers & Co.| 22
23 Coon Creek, 14 N,, 6 W, sec. 2 46.36 8.53 4.25 0128 T “ o “ I i " 28

24 | Coon Creek.... IR 49,36 5.97 3.90 0.156 e @ It 0 it " i 24
25 | 14N, 6 W, 860. 18 4 visorivnnes nasssses| G568 200 | e D172 o North Chicago R.M.Co.| North Chieago R. M. Co.| 25
5 o “ i “ b3.66 2.50 i 0.209 "o I W n i it “ 25

o7 i £ L e 51,86 TED | s 0.141 T ' o 1] € t " 97
28 <l 1 o i 42,77 5.50 Sasr 0B | wann oot 0 [ [ W i 1 a8
20 | Castiletract, 14 N,, 6 W., sec. 18....| 5545 | 205 | 5.60 ouT | L#0 “ | Tlinois Steel Company.| Tllinols Steel Company.| 29
20 " i L] L 87,13 1.89 .50 0,078 1.30 o oo “ W w i i il 30
31 | 14N 6 W., 800 18w | D80 | 2061 544 0075 | 0.60 vesst a i .. 4 o i
32 o i i i a7.01 2,05 5.33 0.072 0.80 o " i it “ i 0 a0
3'3 “ [ L LU 57.41 162 1. 00 0,100 1.00 oo i “ t o " I 33
H & @ I a“ 55.70 1.85 8.7 0.078 .80 P “ " “ “ “ “ 34
a5 o & “ “ 58,75 2,19 .49 0.068 0.20 T “ I “ . “ " 35
38 " i i L 57.89 1.55 .46 0074 0.10 TR T W a " “ I 25
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Analyses of car-load shipments of manganese

No. LOCALITY, Mangan-| gron, | Silies. | FUpeb*"| Moisture,
37 | 14 N., 6 W., 886 Buresecreninnivonee | 88,49 .80 19.96 0.115 7.80
38 w = J 56,65 1.68 5.55 0,066 0.80
39 “ « % 5831 1.38 5.78 0.064 0.90
40 | Maxtield tract, 14 N.,8 W., sec. 30] 44,60 0.18 3.23 0.319
41 i * # 4108 | 1075 0.467
42 L “ 3 43,12 | 12.50 1.54 0.839
48 i i 3* 42.74 4,95 10.41 0.385
44 5 i i* 3190 | 11.20 20,50 0,347
4% L) i 2 2431 | 21.68 14.82 (1107, [
46 i £ t 2450 | 28.72 5.22 0,226 i
47 s ke & 2749 | 28.40 7.08 0.405
48 @ i i 2057 | 28.40 5.10 0452 | 19.00
40 = H L 31,56 | 2147 6,75 0.385 | 16.40:
50 5 H H 26.82 | 24.42 7.83 0.273 | 16.20
51 " H " 27,55 | 24.00 7.46 0,265 [ 1550
52 # £ “ 8055 | ZL.T0 6,45 0.328 | 15.00
53 £ o £ 83.21 18.80 5.05 0.194 15.10
54 i " # 30,55 | 2L70 6.48 0.328 | 15.00
56 s 4 o“" 81,35 | 20,70 4.49 0.581 | 14.50
56 e H o 87.60 | 1270 . b6 0.957 | 1820
57 o " ¥ 3438 | 17.70 4.08 0.476 | 2150
58 e Ly L 86.05 | 15.50 48T 0.279 | 1830
59 " = 5 87.21 15.30 4.55 0.481 21,10
60 o v i 28,60 | 28.00 5.42 0.788 | 20.00,
61 " " # 53.80 | 16.85 5,70 0,596 | 19.10
62 " L2 o 34.08 | 11.20 3,65 0,782 | 16.30
63 1 Y H 3618 | 1470 3.97 0.608 | 18.50.
64 e 4 # 35.40 15.70 435 0.785 16.30
65 f # o 86.86 | 15.20 3.68 0.585 | 12,00
66 | 14N, 6 W.,860 88.uiiinricrssnrnsnens|  88:80 8.45 0.380 P
7 w woa 20,35 | 580 027 |
68 | Baxter mine, Wood & Sipes wine..,| 45.02 7.87 8.88 0.224 4.10
69 i i L 37.93 12,12 .52 0,641 6.30
70 | Baxter mine, 15 N,, 6 W., sec. 82...| 55.60 8.78 24.58 0.149 9.80
n |- " # * 47.70 497 10,98 0.284 9.20
72 ik i 9 45,77 4.67 14.06 0.342 8.20
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ores from the Batesviile region— Concluded.
== |
tity |

Mined by 3;{‘1';1 ed’: Sampled by. Aunglyzed by. No.

John B. Skinner......| 1 car Tllineis Steel Compauy.| 1llinois Steel Company.| 87
i " : i [T i i B i “ 0 38
Skinner £ Abbot .. ahoak il " i i i e 39
Abbot & Ring......... Wi North Chicago B.M, Co.| North Chicago R, M, Qo.| 40
W, 5 Abbote..... .ccoaf " Illinois Steel Company.| Illinoiz Steel Company. 41
7] 0w i WAk o W [ “w W an 42
Abbot & Ring..... cveeenne| Noith Chicago R, Co.| North Chicago R, M. Co.| 48
7] I [ (P e [ [ i i “ 44

al i i e i o i “ it i 45

W, 8. AbDOLuewsiviesn] | Tllinois Steel Company.| Tllinois Steel Company.| 46
I3 “ “ LT o “t [ s i i 47

M & o LR ] “ [ o s (1] 48

“ 0 a noa " [ i i o i 49

“ " L1 oo i it L - B i (4 50

L0 " i wEoag i o e B a i 51

“ 13 i woa (0 (0 i i " . 52

-

e w (13 Tt € I “w i “ i 53

it (3 LL} LU “ " “ o i (0 54

“ " L o wi o (3 i L I =55

“ w L WG i “ i 0 [ " 56

i i 1) oW e L " i it il ET

L o it Boa [ i i i i L 58

0 u i LT " i i it (1 i 59

i i i oo () (5 i i [ “ 60
‘é'k.inuar & Abhiot,...can LT i o W i (0 LE 61
i (0 " LT i, i i i [0 “ 62

i " " LN L13 " o L an “ 63

i o W o [ w & i W it 64

w i i Boar i i i i " it 65
Abbot & Ring...... o0 Nurth Chicago B.M. Oo,| North Chicago R. M. Co.| 66
W e [ LTy i i o ' o . wt 67
ner & Abbob.....| 0 Tilinois Steel Company.| Illinois Steel Company | 68

. " LS "o [} L i L1 i i 4 sg

4 L " a“ ok " i " L 0 ] 70
" M " T i “ u u I i =1

- b “" W wow a i i " [ & 72




CHAPTER VIIL

THE BATESVILLE REGION OF ARK ANSAS— Continued,

GENERAL FEATURES OF THE MANGANESE DEPOSITS.

The manganese ores of the Batesville region oceur as loose
masses of variable sizes imbedded in a red or chocolate-brown
clay. The clay aud the ore once formed part of a formation al-
ready mentioned as the St. Clair limestone, and locally known
as “gray rock.” By the dissolving process of surface waters, the
carbonate of lime in this formation has heen leached out and
the masses of ore, which were less easily attacked, have been set
free. The siliceous material, which was once finely disseminated
through the limestone, was also less soluble than the carbonate
of lime in surface waters, and has collected as a residual product,
forming the clay in which the ore occurs.

As a result of this decay, the manganese ore is now rarely
seen in place in the limestone, but sometimes masses of this rock
have survived decomposition and are imbedded in the residual
clay. These masses often contain layers and ncdules of ore,
which, from their nature and position, point clearly to the St.
Clair limestone as the source of all the manganese now found in
the clay.

1t will be the object of the present chapter to explain the
original mode of occurrence of the ore in the limestone, the mode
of decay of the limestone and the formation of the deposits of
ore-hearing clay, the nature and distribution of these deposits,
and their relations to the topographic and structural features of
the region. :
THE ST. CLAIR LIMESTONE.

General features.—The geologic relations of this lime-
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stone have already been treated in chapter VI, and, therefore,
the details given below are confined to the relation of the forma-
tion to the source and occurrence of manganese ores.

The 8t. Clair limestone is a highly crystalline, granular
rock, reaching a maximum thickness, in the manganese region,
of over a hundred and fifty feet. It is rarely, however, seen
with this thickness, and, even where none of it has been decom-
posed, it does not usually exceed a hundred and twenty feet.
Tt varies in color from light gray to pink, chocolate-brown, or
dark lead-gray. Frequently pockets and veins of white or
transparent calcite are found in it, Fossils are plentiful, and
their casts have assumed the same crystalline structure as the
rest of the limestone. Sometimes small quantities of red oxide
of copper, or green stains due to carbonate of copper, oceur at
or near the base of the formation. The copper is always in very
small quantities and of no commercial vaiue, (S8ee Montgomery
manganese mine), A light greenish clay sometimes occurs
in thin seams in the rock. The most remarkable feature of the
formation, however, is the manganese ore that it contains.

Condition of the manganese in the St. Clair limestone—The
manganese, as seen in the 8t. Clair limestone, exists in the same,
or almost the same, chemical and physical conditionas in the clay
that now encloses it in the various manganese localities; that is, it
occurs as oxides in bodies of different sizes. It is very
probable that the manganese originally existed in the limestone
in the form of a carbonate and was subsequently oxidized into
its present condition. Possibly this oxidation may be only
superficial, and below the water level of the country the ore may
still retain its carbonate form. Small quantities of the carbon-
ate sometimes exists in a finely disseminated state in the lime-
stone, even on the surface, but practically all the manganese in
the limestone, as now seen in surface exposures, is in the oxide
state, and the disseminated carbonate is insignificant in com-
parison with the larger masses of oxides.
~ Itis very possible that, in some cases, the manganese oxide
in the limestone may be in a different stage of oxidation from

- that in the clay, and may, therefore, represent a different miner-
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alogical form of oxide; but in many cases, at least, the ores in
both positions seem to represent the same oxide or oxides. Very
often the ore in the limestone contains smull inclusions of more
or-less pure; erystalline calcite; while; where the ore oceurs in the
clay, the inclusions have sometimes been leached, leaving hollow
cavities which give the ore a honeycombed appearance. The
cavities are often partly filled with red, yellow or dark brown
clay, representing the residual product of the calcite. Sometimes,
however, especially in the morecompact ore, the calcite remains
in its original form, even when the ore has been freed from the
limestone for.a long time.

The shape of the ore bodies in the limestone varies consider-
ably in different places, but always conforms, in a general way,
to the bedding of the rock. The ore occurs as irregular lumps
and masses, often connected by thin layers of the same material;
as lenticular bodies, a few feet to several yards in length; as flat
masses or small concretions lying in the planes of bedding
of the rock; as small disseminated particles and nodules, the
size of small shot; and, in some places, in so fine a state of divis-
iou as to forru a dark chocolate-brown coloring matter. This
last form sometimes occurs in thin layers in the rock and some-~
times as a finely disseminated material, giving the dark brown
color often seen in the limestone. When considerable quanti-
ties of it are present, the rock often loses part of its highly de-
veloped crystalline structure and presents a dark, earthy appear-
ance. The larger masses of ore oceur both in this dark colored,
and in the light colored rock. In the latter case, they are usnally
associated with more or less red clay, either in the form of a
thin coating around the masses of ore or as films between layers
of ore,

A characteristic mode of occurrence of the manganese
in the St. Clair limestone isshown in the accompanying drawing.
It represents the partly decayed surface of the rock, which has
been exposed in a pit on the William Martin property, in
township 14 N.,, 8 W, section 2. The mass of the rock is a
brown, or brownish-gray limestone, and the protrading knobs

GEOLDGICAL SURVEY OF ARKANSAS, VoL, I, IHqU. PLATY X

THE DECAYED SURFACE OF THE 5T. CLAIR LIMESTONE ON THE WILLIAM
MARTIN TRACT, BATESVILLE REGION, ARKANSAS,
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and horizontal layers are manganese ore in the process of weath-
ering out.

Another case of somewhat similar occurrence is shown in the

accompanying figure 9, This represents a cross section of a mass
of 8t. Clair limestone protruding into the overlying ore-bearing
clay in a pit at the Trent mive, 14 N., 6 W., section 10. The
limestone here is of the light gray variety.

Figure 9,— Section showing the manganese ore in the St Clair limestone and in the everlying
vesidual clay at the Trent mine,

A, Bt Clair limestone.

B. Residual ere-bearing clay.,

The black markings indicate manganese ore.

The light colored masses in the clay, near the top of the section, represent chert
fragments,

Horizontal and vertical seale: 1inch—g feet.

Frequently there are found at various horizons in the St.
Clair limestone, beds of siliceous or argillaceous material, some-
times containing manganese and sometimes entirely free from it.
These, in places, oceur as fine grained, fissile sandstones, or as
stratified shaly clays, while elsewhere they exist as highly siliceous
slaty materials, They are often more or less calcareous. In
color, they vary from chocolate-brown to red, dark yellow, or
mottled red and gray. Such deposits form lenticular beds in
the limestone and, though they have a limited lateral extent,
they sometimes acquire a thickness of as much as thirty feet or
more, They represent simply a greater development of the
smaller quantities of siliceous and argillaceous materials which
are almost always associated with the ore. The ore, when it
exists in them, occurs in the same way as in the limestone,
“except that the concretionary form is more marked. Sometimes
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these beds are entirely absent, and at other times two or more
are seen in one vertical section of the formation. Such beds are
well developed at the Cason and O’Flinn mines. (See chap-
ter IX).

Siliceous deposits also occur, with the limestone, in the
neighborhood of Cushman and thence west to Lafferty Creek
and east to Prairie Creek. In this region they are sometimes.
composed of a soft, earthy material, and at other times of a fine
grained sandstone, in which a coarser sandstone occasionally
occurs, Iron is generally present, either in thin, rusty seams,
or as flat lenticular concretions of limonite.

Columnar sections, showing the St. Clair limestone with
and without sandstone beds, are given on plate V1.

A microscopic examination, made by Dr. J. E. Wolff, of
Harvard University, of a caleareous sample from one of these
sandstone beds at the Cason property, three miles northeast of
Batesville, shows it to be composed of rounded and angular
grains of detrital quartz, with a few feldspar grains and still
fewer plates of detrital mica, cemented in a matrix of grains of
calcite, mixed with red iron oxide or hydrate. The quartz,
feldspar and mica appear to have been derived from granitic
rocks. The subject of the composition of these beds will be
mentioned further under the discussion of the origin of man-
ganese deposits in the final chapter.

Distribution of manganese inthe St. Clair limestone.—Mangan-
ese is not confined to any special horizons in the limestone.
but is apt to ocecur in it anywhere from the base to the top, and
in varying quantities. Over limited areas the richest ore-bear-
ing stratum is often fixed in position, but this does not hold
throughout the whole region. At the Southern mine, where the
St. Clair limestone has been almost entirely decayed, and where
more manganesé has been mined than at any other locality in
the Batesville region, it seems probable that the ore originally
occupied the upper part of the limestone formation. It does
not necessarily follow from this, however, that the ore elsewhere
was originally most abundant in this position.

The sections in the accompanying plate show the distribution
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of mangavese in the different parts of the Bt. Clair limestone:

PLATE V.

I, 18go.

GEOLOGICAL SURVEY OF ARKANSAS, Vol

the first two sections are from localities where no manganese
oceurs in the limestone ; while the last three, from localities
where it does occar, illustrate the existence of the ore in the
upper, middle, and lower parts of the formation, sometimes asso-
ciated with siliceous deposits, and at other times free from
such accompaniments. The ore in any one position in the
limestone may occur either with or without these siliceous materi-
als. As a rule, however, the part of the limestone carrying ore
contains more siliceous and argillaceous matter, than the part
carrying none.

The lateral distribution of the ore is even more irregular
than the vertical distribution. Manganese in small quantities is
characteristic of the whole of the 8t. Clair limestone formation in
the Batesville region, and an analysis always shows at least a
fraction of a per cent of that ingredient, but it is only locally
that ore exists in it in quantities sufficient to give rise to man-
ganese deposits after the rock has decayed; and the areas of
ore-bearing limestone are often surrounded by much larger areas
of barren limestone. This irregular occurrence of the ore in
the limestone is the cause of its equally irregular oceurrence as
now found in the residual clay.*

In a similar manner the Batesville manganese region, con-
sidered as a whole, represents an isolated manganese-bearing
area in the St. Clair limestone. The belt of country in which
the St. Clair limestone crops out, strikes in a general northwest
and southeast direction, and extends, on both sides, beyond the
manganese area. Outside the limits defined by a dotted red
line on the map, however, manganese has not yet been found
in any considerable quantities. - Aun analysis generally shows a
fraction of a per cent or more, just as in the barren parts of the
rock in the Batesville region, but the larger masses and bodies
of ore rarely occur.
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* (Good exposures of the manganese-bearing parts of the 8t. Clair limestone are rare, as
hey are generally covered by the brokeo chert which covers a larger part of the region. Itis
only occasionally, in the face of a hlaff or in the loose masses found in the residual clay in man-
ganese pils, that such exposures can be observed, The above facts concerning its various
constituents, therefore, are the result of numerous scattered observations taken over a large

area.

SECTIONS OF THE ST, CLAIR LIMESTONE SHOWING THE COMPOSITION OF THE FORMATION IN DIFFERENT PLACES.
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Isolated areas of manganese deposits have been reported as
existing in association with the St. Clair limestone to the north-
west of the Batesville region, but they have not as yet proved to
be of large extent, though future explorations may possibly
show them to be so. Therefore, according to the present state
of knowledge, the Batesville region represents an abnormal,
local accumulation of manganese in a formation which, though
characterized throughout by a certain amount of that material,
contains it usually in limited quantities, The manganese locali-
ties to the northwest may be considered as representing a ten-
dency towards a similar local accumulation, which, however,
reaches only limited proportions. Therefore, though the St.
Clair limestone is often considerably decayed in the country
outside the manganese region, the ore deposits are wanting.

It is also a noticeable fact that the St. Clair limestone
reaches its greatest thickness approximately in the manganese
region. To'the east, it rapidly thins out, and ip less than ten
miles either disappears altogether or is represented by only a
thin stratum. To the west, it retains its full thickness for a
short distance, but finally thins out in the same way as to the
east.*

The Izard limestone, which underlies the St. Clair limestone,
thins out in the same manner as that rock to the east and the
west ; and both formations may be said to reach their maximum
development in the western part of the manganese region.

Color of the St. Clair limestone.—It has already been stated
that the color of the St. Clair limestone is not uniform. The
rock is usnally gray or light pink, and from this it varies to
chocolate-brown, reddish-brown, or a dark lead-gray.

The chocolate-brown color seems to' be due to oxides of
manganese ‘and iron in a finely divided state, as is suggested by
the considerable amount of these ingredients in the rock of that
color, and by the fact that the intensity ot the color variés directly
with the amount of them present. Sometimes both oxides occur
and sometimes only one is present. But the color is usually

* Bee page 125,
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muuch the same whether the rocks contain both manganese and
iron or either one of them separately.
The pink color in the St. Clair limestone also seems to

be due to manganese and iron, probably in different stages
of oxidation than the forms which give the chocolate-brown
color. The pink specimens may contain both materials or
either one, with very much the same coloring effect. Some
distinctly pink specimens contain very small percentages of
either of these ingredients, but as the rock does not contain
any other color-giving constituents, it seems probable, though
not necessarily certain, that the color is due to one or both
of them.

Some of the pure graylimestone, which is the most com-
mon form in the region, contains only a trace of manganese
and very little iron.

The following analyses, by the chemist of the Survey,
show the compositions of the differently colored parts of the
St. Clair limestone,

Analyses of differently colored St. Clair limestone.

CONSTITUENTS. Chocolate- Chocolate- Pink, Gray.
brown. browu. N
Manganese oxide (Mny0y).., 1,59 1,24 0.26 trace.
Ferric oxide (Fea0s)imeien] 0.56 2.49 0.19 0.24
Alumina (Ala0s) i vnionns 0.37 061 0.18 0,06
Lime{Qa0)oianinianii 54.75 51,62 o470 5476
Mignesia (Mg0)u i voasian 0.29 2B || S 0.25
Potash (Ka0).iirniionssaiin 0.01 0.02 g - % -
Boda (NagDeeisnsmmnsiinnes 0.25 0.81
Volatlle matter®, . ..o 42,31 42,46 45,35 43.19
= DT (0 T RN —— 0.25 1.00 0.54 0.54
100.38 100.03 100,00 100.00

* This is mostly carboniec acid and some water. There is only a small quantity of organic
mutter present in any of the specimens and in some of them there is none. It does notappear
to have perceptibly influenced the colur, as the latter is still retained after ignition.

T Determined by difference.

Summary.—Thus it will be seen that the most characteristic

feature of the St. Clair limestone is its contents of manganese ore;
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that this ore occurs in a great variely of forms, from lenticular
pockets and masses weighing a ton or more, to small concretions
and grains, and even to impalpable coloring matter in the rock ;
that it is associated with a variable amount of siliceous or argil-
laceous material, sometimes occuring in the limestone almost
free from such accompaniments, and sometimes buried in sandy
or shaly beds, from one to thirty feet in thickness; that the ore
is very irregularly distributed through the limestone, both
laterally and vertically ; that, when it occurs, it is not confined
to any special horizon, sometimes existing at or near the top
and sometimes at or near the base, as well as at wvarious inter-
mediate stages ; that the Batesville region, considered asa whole,
represents an isolated manganese-bearing area in the St. Clair
limestone ; that sometimes iron is found in association with
the manganese, generally as a brown hematite (limonite) or as a
rusty coloring material.

THE DERIVATION* OF THE MANGANESE DEPOSITS,

Condition of workable deposits of ore.~The deposits of
manganese ore in the Batesville region that can be profitably
worked are not found in place in the limestone. One exception
is the Cason property, and even this is not worked for reasons
that will be mentioned in chapter IX. In other cases, the
quantity of ore, so far as yet discovered, is not sufficient to pay
for mining it in the rock; and it is only where the limestone,
or “gray rock,” as it is commonly called, has been decayed, the
carbonate of lime carried off in solution, and the masses of ore
with the residual clay thus set free and concentrated, that profit-
able mining can be done. This decay has taken place on an
immense scale, and all the deposits that are being worked, and
all that have been worked in the past, with the exception of the
Cason mine, represent such products of decay.

Mode of decay of the St. Clair limestone.—The St. Clair lime-

stone is composed of two different classes of constituents: materials

* The werm derivation is used here in distinetion from erigin, te express® the process of
formation of the manganese deposits as they now exist, by the decay, in situ, of the St. Clair
limestone. The origin of the ores, in the sense of their source and mode of deposition in the
limestone, will be treated in the final chapter,
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veadily soluble in surface waters, and materials either more dif-
ficultly soluble or almost insoluble. The first class is represented
by carbonate of lime, which forms by far the larger part of the
formation; the second class is represented by the manganese ores
;éth their siliceous and argillaceous accompaniments. Burface
waters always contain a greater or less amount of carbonic acid in
solution, and this renders them much more potent as disintegrating
agents than pure water. The effect of the long continued action
of surface water on the ore-bearing limestone, has been to dis-
solve and carry off the carbonate of lime, and leave the masses
of oreand other insoluble materials as a residual product, in
the form of ore-bearing clay. In places where the St. Clair
limestone contained the sandy and avgillaceous beds already
described, these have been broken up during the leaching of the
-enclosing limestone and, in some places, have been disintegrated
into a more or less sandy clay, and mixed with the other residue
from the limestone; in other places, they have not as yet been
-entirely decomposed and are associated with the clay as soft,
earthy, honeycombed, and partly disintegrated masses commonly
known as “ochre”* A small portion of the manganese has
doubtless been carried away in solution, but a larger part of it
remains. (See page 182.)

The 8t. Clair limestone occurs, in the manganese region,
under a heavy bed of Boone chert, and the dissolving action
which has leached the limestone has often gone on underneath
the chert, as is explained below.,

Stages of decay of the St. Clair limestone.—Throughout the
manganese region, all stages of decomposition of the limestone, and
all stages of erosion of the residual products can be seen. Some-
times the limestone is exposed in its full thickness, and shows no
sign of decomposition. This is especially true along its extreme
southerly outerop, where it rises from undera heavy, protecting
«cap of chert. But to the north, it has succumbed more and more
to decomposing influences, and has finally dissappeared altogether,

* This word is also used at the Southern mine to designate a certain deposit, of a some-
what similar nature to those deseribed, occurring at the base of the chert heds, and immedi-
Aately above the residaal clay. ’
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leaving nothing but the residual clay and ore, the skeleton, as it
were, of the original limestone formation. As long as the lime-
stone has remained intact, the massive chert which overlies it,
has protected it to a greater or less extent from decomposition,
But as soon as the dissolving action has set in, the residunal clay
sinks down and allows the overlying chert to settle down on it.
In this way the chert bed is shattered and broken, allowing the
frce percolation of surface waters and greatly accelerating the de-
composition of the limestone, The more carbonate of lime that
is dissolved from the limestone, the more the chert is undermined
and broken, and the faster the remaining limestone is decayed.

The decay of the limestone begins at the top of the bed,
and, generally, in places where it crops out on the sloping sides
of ravines. These being the most exposed points, are attacked
first, and thence the dissolving action spreads back into the hill

and under the chert, Where the whole of the St, Clair lime-.

stone has decayed, the clay bed rests directly on the de-
composing surface of the underlying Izard limestone. The lat-
ter formation is, in such cases, deeply scored by holes running,
sometimes, forty and fifty feet into the rock and filled with re-
sidual products. In some cases the Izard limestone is not seen
at all, and the ore-bearing clay and broken chert cover the slopes
of the hill, coming in contact, below, with the sandstone that
underlies that limestone. In such cases, however, the total dis-
appearance of the Izard limestone is only apparent, since, when
it begins to decay, the overlying clay gradually covers its slopes,
extending lower and lower until it finally reaches the level of
the sandstone and obscures the whole of the limestone. Yet a
large part of the interior of the hills is still composed of the
limestone, which rises up in the form of rounded domes, covered
with a variable thickness of ore-bearing clay.

The four ideal figures in the sccompanying plate show the dif-
ferent stages of this decomposition. The first figure (1) represents
the St. Clair limestone (“gray rock”) and its overlying chert in
their original position, lying horizontally, or almost so. Beneath
them, is the Izard or blue limestone, nnderlain in turn by the
saccharoidal sandstone. In the second figure (2), a ravine has

—
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IDEAL SECTIONS SHOWING THE FORMATION OF MANGANESE-BEARING
CLAY FROM THE DECAY OF THE ST.CLAIR LIMESTONE.

Booue CHERT | MANGANE SE-BEARING CLAY Ealzmn LIMESTONE
E ST.CLAIR LIMESTONE _S.ABCHAROIDAL SANDSTONE
FiG.l. ORIGINAL CONDITION OF THE ROCKS.

FIG.4. THIRD STAGE OF DECOMPOSITION.
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cut down through the chert and the St. Clair limestone. De-
composition has set in ou the exposed limestone slopes and
residual clay has collected in the hollows thus formed. The
chert has already been broken on the slopes and has begun to
curve down over the clay. Inthe third fignre (3), the ravine has
widened, and the decomposition has spread back into the hill,
underneath the chert. The ore-bearing limestone has mostly
decayed, while the chert has been greatly broken as a result
of this undermining process, and has been partly eroded by the
surface weathering. The residual ore and clay lie on the Izard

limestone, which itself has been attacked by the leaching waters
and scored with deep holes. In the fourth fizure (4), the ravine

has widened still more, and has cut through the lzard limestone

and into the underlying sandstone. The whole of the St. Olair
limestone has been decomposed, and the ore and clay lie on the
deeply scored Izard limestone. The chert has been very much

affected by erosion and, in some places, has been entirely removed;
in others it exists as isolated knobs, or as a blanket of loose frag-
ments on the slopes of the hills.* It will be observed that, where

_ the chert is entirely removed, the ore-bearing clay has also

suflered from surface erosion and has been partly carried off.
Bjffect of the decay of the St. Clair limestone on topography.—
The four figures in the last plate also illustrate another im-
portant f)oint, that is, the changes in the surface features of the
country resulting from the decay and erosion of the limestoue,
The first figure shows the original flat character of the region.
The sccond shows the initial stage in the alteration of this
simple topography, by the erosion of long ravines or hol-
lows. The third shows the widening of these ravines into
valleys and the formation of numerous tributary drainage basins,
giving the country a characteristic topography of irregular
ridges transversely cut at intervals by the courses of streams.
The fourth figure shows the still further decay and erosion of

“Though these figures are ideal, actually existing examples of every feature repre-
sented in them are seen in the manganese region, and figures of such cases are given later in
this chapter, and also in the detailed descriptions of localities iu the two following chapters.
Ideal illustrations are given here in order to show as much as possible in a few figures and to
illustrate better the diffsrent stages of decomposition.

12 Geological, Vol. i., 1890.
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these ridges, cansing the formation of kaobs and cone-shaped
hills.

Unequal decay of the St. Clair limestone.—1t has already been
stated that exposures of the ore-bearing parts of the St. Clair lime-
stone are rarely seen on the surface, as they are concealed by a cov-
ering of residual, ore-bearing clay. On the other hand, the parts
not containing ore are often exposed in their full thickness,
and this frequently happens in the immediate neighborhood of ore-
bearing parts which have been completely, or almost completely
reduced to their residual produets. The difference in decay is seen
even where both rocks were originally in equally exposed con-
ditions and subject to identically the same decomposing influ-
ences. The cause of the difference therefore must be looked for
in physical or chemical differencesin the rocks. It is noticeable
that the ore-bearing parts of the limestone, as a rule, though not
invariably, contain considerably more earthy material® than the
parts not containing ore. This givesa porosity to the rock and
surface waters sink into it much more readily than they do into
the purer rock, which is more dense and absorbs less moistare.
Therefore, while the leaching of carbonate of lime in the earthy
limestone goes on both inside and outside, the leaching of the
purer rock is confined largely to the surface; and, consequently,
the decay of the former is much more rapid than that of the
latter.

Another cause that may have assisted in the rapid decay of
the ore-bearing parts of the limestone is earbonic acid derived
from the ore. The original condition of the manganese ore was
probably that of carbonate. At present, at lesst in surface ex-
posures, the ore is practically all in the oxide form. In the
transition from carbonate to oxide, a considerable amount of car-
bonic acid would be given off, and this would have a potent
effect in the decay of the limestone; while the part of the forma-

* These materials are not to be confused with the regularly bedded deposits of shaly and
sandy materials already described in the St. Clair limestone. What is referred to here is simply
the earthy material finely disseminated through the rock.
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tion that did npot contain ore would not be subjected to this
action, and would therefore more effectually withstand decay.*

As a result of this unequal decay and also of-the irregular
and often abrupt manner in which the ore is distributed through
the rock, the barren parts of the limestone frequently protrude
through the partly enveloping residual clay of the ore-bearing
parts. Hence isolated hills of pure limestone are sometimes
surrounded on all sides by areas of residual clay; or, areas of re-
sidual clay are surrounded by reefs, as it were, of hills of pure
limestone. Such occurrences are seen in the neighborhood of
the Southern mine. This property represents an area of almost
complete decay of the St. Clair limestone, yet on the north, south,
east, and west of it are many isolated exposures of the same rock,
but without ore, in a good state of preservation. Moreover, in the
surrounding exposures, the rock is of a light gray color and often
does not contain over 3 to 5 per cent of earthy materials, while
the same rock at the Southern mine, judging from the products
of decay, must have contained many times this amount,.

w

CHEMICAL RELATION OF THE MANGANESE-BEARING CLAY TO
THE BT. CLAIR LIMESTONE.

The relation of the 8t. Clair limestone and its residual,
manganese-bearing clay is well shown in the chemical com-
position of these materials. The analyses given below rep-
resent the composition of the limestone and clay as they occur
on the William Martin tract, on Lafferty Creek.t The lime-
stone is of a dark chocolate-brown color, and consists of a
granular, crystalline mass. The clay is of the same color as the
limestone, but a shade darker, and is a highly plastic, impervi-
ous material. Both the limestone and clay originally contained
masses of mangunese ore. These were of considerable size and so
unevenly distributed, that unless samples of several tons of both
rock and clay were taken, their presence in the two heds could

# A somewhat similar decomposing action caused by carbonic and sulphuric acids derived
from the oxidation of carbonates and sulphides of iron in the ore-bearing rocks of the A‘p;.m-
lachian Mountains has been suggested by Professor J, D. Dana, Amer. Jour. Sui., Vol CXIV,
4877, p. 138-139,
18ee page 168, and also chapter X.
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not be properly compared. Therefore, they were all removed
frow the samples taken, and the manganese shown in the analyses
represents only that which was finely disseminated through the
limestone and the clay.

Both samples were from the same pit. The clay was
taken from a hollow in the surface of the limestone and was
covered by about fifteen feet of a similar clay, which in turn
was overlain by a protecting cap of chert. Therefore, any
changes in the constituents of the clay, that might have taken
place as a result of surface influences subsequently to its forma-
tion from the limestone, were reduced to a minimum.

The following analyses, made by the chemist of the Survey,
show the composition of the two materials dried at 110°—115°
Centigrade.

Analyses of the St. Clair limestone and its residual clay.

sione. | C1ay.
Manganese oxide (MngO4).... 4.50 14,92
Ferric oxide (FeaQa).aeenn 233 198
Aluming (AlaOs)..ciiesersans] 4,16 30,18
EIme (Ca0)iwemisisissmrasnsnssrsenss] 44:51 3.89
Magnesia (Mg0).....cunsissrmsres 0.30 0.26
Potash (Kz0)..cmmmmmniiinn 0.35 0.96
Hoda (Mas0)uwwimiimmnsinn 0.16 0.61
Water (HaOVciwiiiiaiasas 225 18,72
Oarbonie aeid (COz).ucncnn.n... 33.88 0.00
Phosphorie acid (P20s)...cen: 5.02 2,58
Bilica (S102) imasesmssiruesrssassnans 4.10 33.55

99.36 | 99.60

It will be observed that the constituents of both the lime-
stone and clay, though in different proportions, are the same,
with the exception of carbonic acid. This, in the form of car-
bonate of lime, has been removed during the decay of the rock
dnd is entirely absent in the clay. Possibly a small portion of
it was combined as carbonates of some of the other bases present.

If all the constituents of the limestone had remained in-
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soluble while the carbonate of lime was being removed, their
percentages in the residual clay should have been increased in
direct proportion to the amount of carbonate of lime abstracted.
A comparison of the analyses, however, shows changes differing
very much from this simple ratio. The proportion of silica has
increased more than that of any of the other ingredients, while
the alumina has increased very nearly as much. All the other
constituents have suffered greater or less loss, and though, in
most cases, the actual proportion that they form of the clay is
larger than that which they form of the limestone, it is not
nearly so large as it should be, had they been uninfluenced by
the same leaching action that removed the carbonate of lime.

Assuming that the silica bas remained absolutely in-
soluble, and that the quantity of it in the clay represents
the total amount of it in the limestone from which the clay
was derived, a basis is obtained on which the loss in other
constituents can be determined.* Caleulating both analyses
to 100 per cent, it is found that the percentage of silica
in the residnal clay is 8.157 times that in the original limestone;
or, in other words, it has taken 8.157 parts of limestone to give
as much silica as is in one part of the clay. Hence, by multiply-
ing each of the other constituents of the limestone by 8.157,
figures are obtained which represent the amount of each of
these constituents in 8.157 parts of limestone, or, what is the
same thing, represent the quantity of each constituent that should
remain had none of it been lost in the decay of the rock. By
dividiog each percentage in the clay by the corresponding
quantity as obtained above, the percentage of each constituent
saved during decay is obtained.

Tt is probable that at least a small portion of the silica has alsy heen carried off in the
fecay of the limestone, and, thevefore, absolute quantities for the lossin the other ingredi-
ents, caleulated on the basis of the eatire insolubility of the silica, are too small ; but the ratio
of the percentages lost in each ingredient will remain the same, whether the silica was ab-
solutely insoluble or whether it was partially dissolved. Therefors, in the absenceof evi-
dence as to how much of it has been removed, it is assumed, for she sake of simplicity in the
following caleulation, that all of it remains,
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This caleulation can be expressad in the following equations
A=the per cent of a given constituent iu the clay.
B=the per cent of the same constituent in the limestone.
X=the per cent of the same constituent saved,

Y=the per cent of the same constituent lost.
A

B x 8.157

The following table has been compiled by calculating to

100 per cent the analyses of limestone and clay already given,

and from them obtaining the percentages of the ingredients of
the limestone saved and lost during decay, as just explained.

=X 100.— X=Y,

Chemical changes in the decay of the St. Clair limestone.

ANALYSES. Percentage ol | Percentage of
oEtas. | eisenat
Constituents. Limestone. Clay. 9“"“3];;_ the ]MEI;'}fhe
Manganese oxide (Mn,0,).... 4,33 14.98 42,41 57.59
Ferric oxide (Fe 05) ... 2.35 1.99 10.44 89.56
Alumina (Al203) e, 4.19 30.30 83 65 11.35
Lime (Ca0)uiviiveiirsisisespone 41,79 3.91 Lu7 98.93
Magoesia (Mg0)...ooriiarersenrons 0.30 0.26 10,62 89,38
Potash (K00 wveinscires ivessenes .35 0.96 43,63 G6.87
=51 S 15 o ) IR ——— 016 061 46,74 53.26
Water (Ha0) i msossinisisnss 2.28 18,76 58 37 41.63
Carbonic acid (COL)uumimeimnarne 34.10 0.00 0,00 100,00
Phosphoric acid (P,0,)......., 3.04 2,54 10,24 89,76
Sithen (SIOLY s maEmn 4.18 83.60 100.00 0.00
100,00 100,00

It will be observed that the per cent of manganese oxide
has been increased from 4.33, in the limestone, to 14.98 in the
clay ; also, that this 14.98 per cent in the clay represents only
42.41 per cent, or less than half, of the manganese that would
have remained had none of it been lost in the decay of the rock.
In other words, 57.59 per cent of the manganese oxide that was
once finely disseminated through the limestone, has been lost in
the conversion of that rock into residual clay. This amount has
been carried off in solution, probably in the form of bicarbonate
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of manganese, as further explained in the final chapter of this
volume. -

It has already been stated that the original samples of lime-
stone and clay that were taken for analysis, contained large
masses of manganese ore, but these were removed for reasons
already stated, and what remained in the materials aualyze('{ rep-
resented only the manganese that existed in a finely divided
form. In this shape, the manganese would be much more rap-
idly taken up by surface waters than in the form of lu:snps, z?s a
much larger proportion of surface is exposed to the dissolving
action. Therefore, the above percentage of loss is greater than
would be represented by the actual percentage of loss from the
whole ore-bearing deposit, including both the lamp and the
finely disseminated ore. When the lumps of ore are exposed on
the surface, they rapidly crumble into small particles and then
into powder, in which form they are easily removed by the
dissolving and eroding action of surfase waters. But when they
are buried in the elay, they are, to a large degree, protected by
the impervious nature of that material, and retain their hard,
massive form, suffering but little from the action of water.
Therefore, it is safe to say, that, in the casz in question, proba-
bly less than 25 per cent of the total manganese that was origin-
ally in the limestone has been lost during the transitiep into
clay ; also, that the loss was largely in ore in the finely dissem-
inated state,in which it was unavailable for commercial purposes.
The total loss in commercially valuable lump ore has probably
not been ten per cent. In other places where the ore deposit is
still better protected, the loss is probably less, while in the
many cases where the deposit is less well protected, the loss has
been greater.

Oune of the most noticeable features in the above table is
the excess of loss in iron over that in manganese. This may
possibly be due to different chemical conditions of the two
ingredients, but it is more likely an accidental oceurrence due to
the limestone from which the clay was formed, having contained
less iron or more manginese than the sample of limestone
analyzed. The iron and manganese in the original limestone
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were doubtless largely, if not altogether, in the form of oxides,
as shown by the color of the rock and by the nature of the larger
masses of these materials already referred to. A part of them
may have been combined with the other acids present, but the
amount, as compared with that in the oxide form, was small.
Both metals have preserved their oxide form in the residual
cluy ¥

As already stated, a larger part of the lime was combined as
carbonate in the original limestone, but it will be observed that
a small amount of it (3.91 per cent) exists in the residual clay,
after all the carbonic acid has been removed. As the only
other acids present in either the limestone or the clay are silicic
acid and phosphoric acid, the presence of this remaining lime is
probably to be explained by the existence of a small portion
of it in combination with silica, or with phosphoric acid as tribasic
phosphate of lime.

The large percentages of potash and soda saved, point to a
more insoluble form for these ingredients than carbonates or
phosphates, and it is probable that they were united in the lime-
stone with a part of the silica in the form of complex silicates of
alkalies and other bases.

The water in the residual clay may be in combination with
silica and alumina in the form of hydrous silicates of alumina, or
with alumina alone in the form of a hydrate of alumina.

NATURE OF THE MANGANESE DEPOSITS,

It has already been shown how the manganese ores of the
Batesville region originally existed in the St. Clair limestone
(“gray rock”), and how they were derived from that formation by
its decay and by the concentration of the ore in the residual clay.
It will now be the object to describe the nature of these deposits
of residual ore-bearing clay and the relation of their mode of
devivation to their economic development.

Dustribution of ore in the clay.—The distribution of man-
ganese ore in the clay, as would he expected from its unequal

* The original condition of the iron and manganese in the limesione may have been as
carbonates, but later oxidation lias converted them, at least iin the surface exposures of the
limestone, into oxides. (See page 167.)
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Jistribution in the limestone, is irregular, and is the prineipa;
cause of the uncertainty in mining it. In some places, :'h(;ug.
rarely, it is evenly distributed throughout a large body of ¢ ally 3
but in most places it is in numerous pockets surrou-nded by ¢ a.y-
containing no ore. These pockets vary gre:atly in characteli :
sometimes they are comparatively solid b?dles, separated only
by thin films or seams of elay, and containing from ﬁ.fty to five
hundred tons or more of ore; sometimes t.he.y consist of large
and small masses of ore imbedded together in g'realer or less
quantities in certain places in the clay; at other times ti?ej:, are
composed of small nodules or graing (called “wash dirt” or
“shot ore” by the miners) disseminated thrnugl'mut the clay.
The mass of these pocketsof “wash dirt”conf;am from five to
twenty-five per cent of manganese ore. Sometimes l..\rge‘m:eaﬂe;
of clay contain little or no ore, just as large areas of the origina
limestone often hold enough insoluble material to form a clay
bed, yet contain no manganese. . :
Effect of the unequal decomposition of the ft‘n.wswﬂ:e on the
pockets of ore.—As the bodies of orein the orlgm.al limestone
-tended, in a general way, to follow the almost homzonjsa.l bed-
ding of the rock, and often had an oblong, .ﬁat' shape, it woul.d
be expected that they would retain something of t.hat shape n
the residual clay. In most cases, however, the horizontal posi-
tion has been considerably disturbed by the unequal clecaj.r of
the limestone, and the flat bodies of ore have been broken into
angular fragments, or crushed together in a shapeless, shatt—erefd
mass. Sometimes the fragments of ore have beeln separfa.ted in
the unequal sinking of the clay and have bee? carrnec’! to different
depths, Where the ore originally existed in the limestone as
separate nodules, the same agencies have tende{-l t'o scatte:: then.l,
thus still farther dividing the deposits as they originally existed in
the limestone. Thisaction has undoubtedly, in many places, caus-
ed a more general distribution of manganese in the clay than was
the casein the St. Clair limestone. Of course the aggregate
amount of ore has not been increased, but the original poclkets
have been broken up and separated. . .
In some places, however, where the decaying limestone has
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retained a comparatively even surface, the pockets of ore pre-
serve their general horizontal position. Such is the case at the
Southern mine, near Cushman, where, though the ore bodies
sometimes pitch at high angles, a characteristic mode of oceur-

rence is as almost horizontal pockets, gently undulating and of
variable thickness.

It is also a noteworthy fact that, where the surface of the
St. Clair limestone has been worn into the domes and peaks, al-
ready described, the clay and its accompanying ore have a dis-
tinct dip, pitching away from such protuberances on all sides.
This feature is a natural consequence of the sinking of a soft,
plastic clay on an uneven surface, and a knowledge of it will
prove of value in the practical mining of the ore. When a body
of ore is found in the clay at or near the surface of one of these
limestone peaks, its dip will be found to conform more or less
closely to the angle of slope of the surface of the limestone,
Therefore the extension of the ore is to be looked for in such
directions and not inthe interior of the limestone, asis often
thought to be the case. A large amount of time and labor has
often been spent fruitlessly in blasting through bodies of lime-
stone in hopes of finding ore in them, when, if there is any
workable ore in the locality at all, it will be found in the clay
enveloping the limestone, and not in that rock itself. As already
explaived in this chapter, the manganese has all been derived
from the limestone, but it is only in the clay resulting from the
decay of the limestone, that the ore can be profitably mined.*
Hence the uselessness of attempting to blast into the limestone and
the necessity of looking for the extension of the ore in the envel-
oping clay.

Nature of the clay.—The clay containing the ore is generally
of a red, dark purple or chocolate-brown color, though sometimes
it assumes a yellow color. It is soft and plastic when wet
but when dried, becomes a friable, earthy mass. It is frequent]):
associated with greater or less quantities of sandy materials,

*For the exception to this rule see page 174, also chapter X,
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such as have been already described as occurring in the original
limestone.* (See page 169.)

The gradual and irregular sinking of the clay has caused
gumerous faults and joints in the deposit, running in all direc-
tions, both in straight and in curved lines. The faces of these
disturbances are deeply scored, showing distinct marks of stri-
ation (slickensides) and a bright, highly glossy sarface. When
the clay is red, the slickensides are often of a brilliant erimson
color; and when it is brown, they are of a very highly polished,
black or dark brown color. Sometimes manganese in solution
has been carried into these joints and has been deposited as a
thick, black film or sheet. '

Masses of St. Clair limestone in the ore-bearing clay.—Besides
the bodies of ore found in the manganese-bearing clay, there also
oceur numerous loose masses of the original St. Clair lime-
stone, representing parts of that formation which have so far
escaped decay. These vary in size from a few inches to twenty
feet or more in diameter, and have a rough, granular surface.
They often contain more or less manganese, either in the form
of nodules, seams, or a finely disseminated, brown coloring mat-
ter. Occasionally masses of ore protrude from their surfaces,
as a result of the leaching of the limestone from around them.
In such cases the ore is commonly thought by the miners to
huve been stuck to the surface of the rock, or, as they express
it, to have been “welded on,” but it is really a directly opposite
process that is taking place, that is, the ore is being freed from
the limestone. Fragments of the limestone, of a gray color and
almost entirely free from manganese, often occur in the midst of
the ore-bearing clay. The presence of these is easily explained
when the nature of the original 8t. Clair limestone is understood.

#* Where the ovellylng' chert is thin or is represented only by scattered fragments, the
surface of the ore-bearing clay is often cultivated. These fields are very productive, and their
fertility is probably due to the large amount of phosphorie ucid in the soil (0.25 per cent to.
over 2 per cent) and not, as is usually supposed, to the manganese. The latter substance isa
desirable ingredient in the soil, asit forms a part of the mineral constituents of many plants,
(see pages2-3), but its presence is not sufficient to account for the productiveness in the present
case, The presence of the chert fragments and rounded pebbles in the soil are also, to a ceriain
extent, of advantage, for, though they increase the dificulty in plowing, they give a porosity
to the clay which is needed in such an impervious material,
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It is a common occurrence for strata of manganese- bearing
parts of the limestone to be separated by barren parts, and, in
the disintegration of the whole formation, the masses of the barren
rock are mixed with those of the ore-bearing kind in the residual
clay. Often, also, the manganese-bearing rock issofter and more
earthy than the barren and purer limestone, and succumbs more
readily to the dissolving action of water, causing a tendency for
the number of pure masses to exceed that of the manganese-bear-
ing kind. Though such is sometimes found to be the case, both
kinds are of frequent oceurrence in the clay.

In places the limestone masses oceur in the upper part of the
clay bed, with a depth of fifiy feet or more of clay below them.
That these loose masses have not been decomposed before enough
of the underlying rock has decayed to form the great thickness
of clay that is now beneath them, is probably due to the fact that
the clay is very dense and has, to a great extent, protected them
from the decomposing influence of surface waters; while the main
mass of the rock below is exposed to the action of water
constantly percolating at its line ot contact with the base of the
overlying clay. The same cause has probably operated in sav-
ing a large amount of the manganese ore set loose from the lime-
stone, since, if this had been exposed to the disintegrating
influences of air and water ever since it was freed from the rock,
it would doubtless have been entirely carried away. A tendency
to decay is seen in the porous, earthy crust that surrounds the
interior harder part of the ore even when buried in the clay.

Conditions regulating the quantity of the ore-bearing clay.—
The quantity of the residual clay varies greatly in different
places, and is directly dependent on the amount of insoluble
material that existed in the original limestone, and on the extent
to which that rock has been decomposed. Sometimes it contains

less than two per cent of insoluble material, the rest being
almost entirely carbonate of lime ; and in such cases the residue
would be exceedingly small; in fact it would probably be
im perceptible, as the waters that dissolved the carbonate of lime
would tend to carry off this small amount.in mechanical suspen-
sion. In places where the manganese ore is found, however,
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the insoluble material generally forms a much larger }:tercentage
of the limestone, and sumetimes, judging from the thickness of
the residual clay, it must have composed as much as a quarter
or more of the whole mass of the rock, This is the reason why
there is little or no residual clay in many places where the whole
of the limestone has been decomposed, while in others, where ev.en
only a part of the limestone has decayed, there are large .deposn-s
of it. Surface erosion may, in some ecases, be responsible .for
the removal of the clay, but where such deposits have a p.rotectmg-
cap of chert, the influence of this factor in its removal is sma}l._
Again, when the amount of ore and insoluble matter in
the rock is the same in two places, there will, of course, .be the
largest deposit of clay and its accompanying t.nfa.nganese in ’that
place where the greatest amount of decomposition of the lime-
stone has gone on, since, where the rock has not deca-yed,,
the clay and ore are still locked up in it. Here, therefore, is a
most important factor in the determination of the value of .a
manganese property in the Batesville region. If the St.- Clair
limestone is seen cropping out plentifully on agiven hill, it may
be confidently concluded that very little of it has decayed and
that the ore-bearing clay, if it exists at all, will be of limited
extent. On the other hand, if the St. Clair limestone does not
crop out on the hill, and if it is evident from the nature of the
surrounding region that it was there once™ and that it no longer
exists, then it must have decayed, and the mar!ganese-be-ar-
ing clay deposits can be looked for with the possibility of ﬁndm.g
them, the amount of ore in them depending on the amount in
the original limestone. If that rock contained no AR, the clay
deposit will contain none; and if the rock was rich ln- ore, -t.he
clay will also be rich. The ore in the clay, however, will be in a
more concentrated form than it was in the limestone, as the car-
bonate of lime in the latter has been dissolved out, and the ere
and clay brought together as a residual produact, representing
often only a small part of the original rock.

* It has already been shown in chapter VI that the rocks of the Batesville region lie
almost horizontally, Therefore,itis easy to follow the continuation of any given. forma~
tion on the slopes of the hills in the area of itsocturrence, as it will crop out at approximately
the same level in neighboring localities.
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Between the stages of very little decay of the limestone and
complete decay, there areall gradations in the decomposition of
the rock and, therefore, all gradations in the possible extent of
the ore-bearing clay.

Such reasoning as that used above will not afford exact esti-
mates of the quantity of ore in a given place, as that depends
absolutely on the amount of ore that was in the original lime-
stone before it decayed. Therefore, the quantity of ore present
must be determined by prospecting, but the principles set forth
in the foregoing paragraphs, if carefully put.into practice, will
indicate very clearly the places that can be prospected with a
reasonable possibility of finding ore, and the places where it will
be useless to prospect. In this manner a miner going into the
region can soon determine to what localities he should direet his
attention, and thus save a greal amount of unprofitable labor.

Time required for the accumulation of the ore-bearing clay.—
Though the process of setting the ore free from the rock has,

in many parts of the Batesville region, taken place on a large

scale, it has been very slow, and the time required to decom-
pose a large bed like the St. Clair limestone ecannot be measured
in years or centuries. The decay has been going on for geologic
ages and is still going on at the present day. Doubtless, since
the decay began, the St. Clair limestone has not only been
decomposed in many places, but the resnlting ore and clay as
well as the chert capping, have been carcied away by the long
continued surface erosion. The deposits that are now left, there-
fore, are those that have been formedat a sufficiently recent date
to survive this erosion.

Uncertain thickness of the ore-bearing clay.—As a result of
the uneven manner in which the St. Clair limestone decays,
sinking down in deep holes and leaving steep domes or peaks,
and also of the equally uneven manner in which the Izard lime-
stone decays after all the overlying formation has succumbed,
the depth of the manganese-bearing clay is very changeable,
even over limited areas. Practical tests have proved the thick-
ness to vary all the way from a few inches to almost a hundred
feet. A shaft may be sunk in clay forty or fifty feet deep in one

THE BATESVILLE REGION OF ARKANSAS, 191

place, and perhaps tweunty yards off the same clay is not ten feet
deep. In the first case the shaft has struck a hollow in the
the limestone; in the second, it has met with one of the domes
or peaks of undecayed limestone. Frequently overa hundred
feet of unaffected limestone are found in one place, while, less
than half a mile away, the whole formation has been completely
decomposed. A remarkable case of this is seen at and near the
Southern mine, which is further mentioned in this chapter and
also in chapter X,

THE CHERT CAPPING OF THE MANGANESE DEPOSITS.

Power of resisting erosion.—It will be seen, from what has
already been said, that a considerable thickness of chert still
exists in many places, even after the whole of the St. Clair lime-
stone and a part of the Izard limestone have been removed from
under it. This is due to the fact that, (1) the chert bed is com-
posed of almost pure silica, which is insoluble, or almost so, in
surface waters; (2) it is in'the form of a hard flinty rock which
strongly resists mechanical disintegration. Hence, while the
more easily dissolved limestone below slowly succumbs to the
influences of surface waters, and a large part of its mineral mat-
ter is carried away, the chert gradually sinks in to fill the cavities
thus formed. During the removal of the underlying rock, how-
ever, the chert has not remained entirely unaffected, As already
explained on page 129, the formation normally contains inter-
stratified beds of limestone, and these have been leached out.
Even the chert itself, though more resistant than the limestone,
is by no means absolately proof against the action of surface
influences and has lost a large part of its originalbulk. Though
sometimes a considerable thickness of it is still left, yet, in many
places, it has been almost entirely eroded away and the only indi-
cations of its former existence are a few angular fragmentsin the
surface of the residual clay.

The thickness of the chert formation in the manganese
regi‘on, where it is seen unaffected by weathering, varies from a
hundred and twenty-five to over two hundred feet; but where the
8t. Clair limestone has completely decayed and the chert has
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been let down upon the residual clay, it never has even the
lesser thickness, and usually does not exceed thirty to sixty feet.
Sometimes the chert has been locally turned on end in the subsid-
ence that it has undergone, and in sinking shafts in such places
it has occasionally been found necessary to go down over sixty
feet before reaching the ore-bearing clay. This depth, however,
does not represent the actual thickness of the chert bed, as the
shaft is not sunk at right angles to the stratification, but ob-
liquely to it, and therefore the thickness is exaggerated. Pos-
sibly, not fifty feet from such a place the chert may be more
nearly horizontal, and another shaft may pierce less than
half this thickness of the rock before reaching the clay. Such
occurrences are common at the Southern mine, where the
thickness of the chert capping, as estimated by shafts, varies
from less than ten to over sixty feet.

Amount of subsidence of the chert.—The vertical distance
which the chert has subsided can only be estimated from the
thickness of the underlying limestone that has been removed. In
the manganese region, the St. Clair limestone, when not decayed,
varies from a hundred to over a hundred and fifty feet in
thickness ; and not only has this often been entirely decomposed,
but a part of the underlying Izard limestone, also, has sometimes
decayed. In estimating the subsidence of the chert, account must
be taken of the residual clay that has remained, and, as the
quantity of this is variable, its exact thickness is difficult to
estimate accurately without a practical test. It is also difficult to
determine definitely whether the underlying limestone, before it
decayed, tended towards its maximum or its minimum thick-
ness; but an approximation to the original thickness can gener-
ally be made by measuring the formation in the nearest places
in which it is exposed in an undecomposed state. From a con-
sideration of all these data, it is certain that the chert formation,
or rather the part of it that remains, has, in many places, been
let down as much as a hundred feet, and possibly, in some
places, somewhat more. In cases of such extreme subsidence,
however, it is rarely that a thickness of more than twenty or
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thirty feet of chert is left; but subsidences of from forty to fifty
feet are numerous, and in such cases a thickness of from thirty
to sixty feet of chert often remains.

Effect of the subsidence on the structure of the chert.—The sink-
ing of the chert has been anexceedingly slow process, and has
gone on at the same time, and at the samerate, as the slow de-
composition of the limestone. It has, however, effected a great
change in the structural condition of the formation asa whole,
causing it to be much broken and faulted and curved into small,
shattered anticlines and synclines, often dipping off at angles of
from 45° to 60° or more, and much resembling those formed by
lateral pressure. These chert disturbances are not due to lateral
pressure, however, for the underlying rocks are either horizontal
or dip gently to the south or southwest, and show no trace
whatever of any disturbances like those that have affected the
chert. It is also observable that, when the limestone has not
been attacked, the chert overlying it shows no signs of disturb-
ance; while, where the limestone has decayed, the chert has been
affected, and the amount of disturbance depends directly on how
much and how unevenly the limestone has been decomposed. It
is invariably the case that, where the chert has been thrown into
an anticline, its form is regulated by an underlying body of
limestone, or by an especially abrupt accumulation of residual
clay ; and when it is in the form of a syncline, its structure is de-
pendent on the intervals between similar inequalities, Fre-
quently, also, the chert covers a projecting knob on all sides
and dips off in the form of a cone. Thus the problem of
the amount of disturbance in the chert reduces itself to a ques-
tion of the contour of the decaying surface of the limestone.

The chert has assumed the contorted forms entirely by a
series of fractures, and the result is that a section of the dis-
turbed rock has the appearance of being loosely put together ; yet,
though the blocks and slabs of rock are often disconnected, the
original continuity of the different parts can be clearly made out.
Though the chert is a hard rock, it is very brittle, and when
the underlying limestone is removed, it acts very much as would,

13 Geological, Vol. i, 1820,
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a plate of glass if broken by being pressed down over an uneven
surface. It is to this brittle quality that the chert owes its
power of adapting itself to the undulations of the underlying
surface.

When the chert becomes very thin, it loses all traces of
former structure and occurs simply as an irregular heap of loose,
angular fragments. As a result of this, a common feature
throughout the manganese region is the occurrence of small ab-
rupt hills of Izard limestone, overlain by ore-bearing clay and
capped by prominent knobs of loose chert, covering sometimes
only a few acres.

The accompanying drawing, made from a photograph,
illustrates the disturbances in the chert as seen at the Grubb
Cut,* one mile north of Cushman, and shows the dependence of
these disturbances on the shape of the decayed surface of the
underlying limestone. The view represents the side of a man-
ganese pit from twenty to thirty feet in depth. The rock in the

center is a protruding mass of St. Clair limestone, showing a -

surface characteristically rounded off by decay. The rock in the
background is the shattered chert which, as the underlying
limestone has decayed, has sunk down over the protruding knob,
dipping off from it on all sides in the form of a cone. The
excavation was made on the apex of this cone and the dip
of the chert can be seen on all sides of the pit.. At the base of
the chert, and occupying the foreground in the drawing, is the
manganese-bearing clay. This surrounds the knob of limestone
and a sheft is said to have been sunk into it for a depth of over
50 feet below the bottom of the pit.

Figure 10,1 on page 195, represents, on a smaller scale, a
cross section of the same pit. It is at right angles to the view in
the drawing, and therefore, in connection with it, brings out the
conical form of the chert, It shows an additional knob of
limestone, but otherwise illustrates the same subject.

It is only in a few places in the manganese region that ex-

#This locality is deseribed more fully in chapter X.

+ Numerous other figures illustrating the decay of the St. Clair limestone, the formation
of ove-bearing clay, and the consequent disturbances in the chert are given im chapters
IX and X. -
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posures of the disturbed chert can beseen, as the surface is usually
covered by loose rock which obscure the dip. But in many
openings at the Southern mine, and in a few other places, the
faults and steep dips are clearly shown. From the similarity of

Figure 10. Szetion through the Grubb Cut, onemile novth of Cushman, shewing the decay
«f the 8t. Clair mestone, the formation af residual g e-bearing clay, and the subsidence and
tiliing of the overlying Boone cherl,

A. Boone chert,

B, 8t. Clair limestone,

C. Manganese-bearing clay.

Horizontal and vertieal scale: 1 inch = 30 feet.

these places to the surrounding chert—covered country, it seems
probable that all of the region, where the St. Clair limestone
has been leached from under the chert, is affected in the same
way.

Most of the topographic inequalities in the barren chert re-
gion lying south of the manganese area, however, are formed by
the simple process of the erosion of the chert, as can be seen by
the horizontal position of the beds where they are exposed in the
sides of the ravines. There are no indications of disturbance, and,
though the slopes are covered by chert fragments, these are only
pieces broken from the exposed edges of the main formation.
This is especially true in the southern part of the chert area,
where the formation ecrops out in its full thickness, and the
limestone is beneath the drainage level of the country. It is to
the north, therefore, in the manganese region proper, where the
chert covering is thinner than it is to the south, and where the
limestone begins to yield to the dissolving powers of carbonated
waters, that the phenomena already described occur.

The accompanying drawing, from a photograph, represents
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the chert and 8t. Clair limestone in the bluffs on the east side of
Polk Bayou, four miles north of Batesville. The locality is only
a short distance north of the most southerly outerop of the Bt.
Clair limestone, and this formation still retains its full thickness
in an undecayed condition. It comprises the lower part of the
bluff, reaching from the bed of the bayou in the foreground, up
to where the dark line passes along the surface of the rock on
the left side of the drawing. Above the St. Clair limestone is
the chert formation, dipping gently with the limestone to the
south, and showing none of the disturbances seen in the last
drawing ; the reason being, as just explained, that the limestone
has not decayed and therefore the chert has not subsided as it
has done at the Grubb Cut. At the Polk Bayou locality, the
chert forms a very steep and, at times, perpendicular ledge, fre-
quently protruding in bold, turret-like forms, as seen on the
upper right hand side of the drawing. Its weathered surface is
markedly contrasted with that of the underlying limestone, by
rough, protruding knobs and layers, representing the more re-
gistant parts of the formation.*®

MANGANESE IN THE CHERT.

Manganese stain in the chert.—~ Wherever the chert overlies
or is mixed with the manganese-bearing clay, it is almost always
more or less stained with manganese, which usually occurs as a
thin layer, coating the loose fragments or permeating the cracks
of the rock. BSuch layers are often so numerous that the chert
presents a network of intersecting black lines. An examination
of the chert formation, where it is solid and overlies the unde-
composed limestone, shows that it is free from this stain, but
wherever it is broken and overlies the ore-bearing clay, it in-
variably contains more or less black discoloration. It seems more
than likely, therefore, that this manganese did not originally be-
long in the chert formation, but that it was brought there. It
was probably derived in solution from the underlying ore
deposit by capillary action and deposited in crevices of the broken

# See Boone chert, ehapter VI,

. |
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chert. The existence of such crevices would greatly facilitate
capillary action, and it is a noticeable fact, that the amount of
manganese in the chert increases as the contact with the clay
is approached.

In many fragments of chert, the manganese solutions have
permeated the entire mass and have changed parts of it into
an opaque, black material. These impregnations seem to follow
the most pervious portions,® and run into them in the form of
“gtringers” or irregular masses. Subsequent disintegration has
often removed the part that was not impregnated, leaving masses
of a highly siliceous manganese ore of a stalactitic, botryoidal or
mammillary form.

Manganiferous chert breccia.—A breccia of angular chert
fragments, cemented in an earthy, black, manganiferous matrix,
is frequently found in the manganese region. This seems to have
originated by the imbedding of chert fragments in a dark
manganiferous clay, which was subsequently indurated. Very
often such a combination seems to have been hardened by the
infiltration of surface waters containing manganese in solution.
The brecoia is always on the surface, or in the upper part of the
clay bed; never in situ in the chert, or at any distance from the
clay. As in the case of the manganese stain mentioned above,
80 here, the chert seems to have derived its manganese from the
underlying deposit. That this breccia did not originally belong
in the chert formation, is proved by the fact that waterworn
pebbles, similar to those now seen on the surface, and represent-
ing the action of late geologic times (Tertiary or Pleistocene),
are frequently cemented in the mass with the angular frag-
ments of chert.f A typical occurrence of the breccia is seen

*Itis-possible that these pervious portions represent the more calcareouns parts of the
chert and that the presence of manganese is due to a repl t of carbonate of lime.

T Breceia eemented by manganese oxides and occurring insitu in the country reck are
mentioned further on in this volume, in the description of the manganese regions of south-
western Arkansas, Georgia, Nova Scotia and elsewhere.
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on the Bruce tract, in the northeastern part of the manganese
region.* (See chapter IX).

Altered surface of the manganese deposits.—In many places
where the ore depositis exposed on the tops of the hills, there
oceurs, resting unconformably upon the surface of the residual
clay, a deposit of a brown, sandy clay, from three feet to over ten
feet in thickness, containing both rounded and angular fragments
of chert and partly disintegrated masses of manganese ore. This
deposit is usually somewhat lighter in color and of a more porous
nature than the underlying and undisturbed clay. Its sandy
consistency has allowed the free percolation of water, and the ore
fragments that it encloses have been partly dissolved and honey-
combed on the outside, leaving a dull, earthy, porous ecrust
which often contains a kernel of the original bard ore; while be-
low, in the clay deposit proper, the impervious nature of the
enveloping material has protected the ore from such decay. In

the latter deposit, no pebbles rounded by rolling are ever found.
The rounded masses of St. Clair limestone sometimes have this
appearauce, but, as already shown, their shape is entirely
due to the dissolving action of surface water on the rock and
not to any process of mechanical wearing. Angular fragments of
chert also oceur in the upper part of the clay bed proper, but
they are the products of the breaking up, in situ, of the chert
formation.

The overlying sandy deposit, just described, is the result of
the mixing of the top of the underlying ore-bearing clay with
surface materials in the form of pebbles and sand. The masses
of ore and the angular chert fragments in it have come from the
underlying clay, while the rounded pebbles and the sand have
come from outside sources.

% Iron ore, in the form of brown hematite and of red hematite, oceurs in a chert rock in
the region hounding the manganese area on the northwest, and in some places the brown hem-
atite composes the cement of a breccia of masses of chert. The iron ore ef this region has not
been carefully examined, and therefore, no definite statements can be made concerning it, but
perhaps, in this case, the ore may belong in the'chert and may not have been brought from
outside, az in the case of the manganiferons breceia just deseribed.
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PLATE X,

I, 1800,

VOIL,

ARKANSAS,

EOLOGICAL SURVEY ¥

THE OCCURRENCE OF MANGANESE ORE AS ILLUSTRATED AT THE
SOUTHERN MINE.F

| The columns on the accompanying plate show eight sec-
' | tions through the surface chert and extending into the ore-bear-
ing clay at the Southern mine, They are taken from eight
typical shafts on the property, and, in each case, represent the
depth to which the shaft was sunk. The vertical seale on
which the sections are drawn is 25 feet to the inch, and the
shafts vary from 35 to 85 feet in depth. The noticeable features

25feet.

= P CLAIR LIMESTONE
1inch

SAND AND SANDY CLAY, “SAND BARS™

ANGANESE ORE

IN SHAFTS OF THE SOUTHERM MINE

are:
(1) The shattered and faulted condition of the chert, its
changing and often steep dips, and its variable thickness. All
of these features are due to the decay of the St. Clair limestone
and the subsidence of the once horizontal chert, as explained on
pages 191-193.
! (2) The frequent though not invariable presence of the so-
called “ochre” between the base of the chert and the ore-bearing
clay. This represents the remains of a former earthy or shaly
stratum between the top of the 8t. Clair limestone and the base
of the chert. (See page 175).
‘ (8) The manner of distribution of the ore in the clay,
| sometimes in loose masses, sometimes in solid bodies.
| (4) The existence, in some of the shafts, of masses of
8t. Clair limestone, These represent parts of the original lime-
stone formation that *have as yet escaped decay, and are locally
l called “gray rock.” So far as is known, they exist simply as
isolated masses, und not as the bed rock of the clay deposit. The
clay often extends far below them. They vary from a few
inches to several feet in diameter.

(5) Immediately below the ore-bearing clay, there is fre-
quently a deposit of sand or sandy clay, known as “sand bars.””
Sometimes it isina loose, incoherent state, and at other times
it is compact and massive. It varies on this property from four
to twenty feet in thickness, and averages about eight feet. It
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* A detailed deseription of the Southern mine isgiven in chapter X. The present

LS

mention of it is made for the purpose of illustrating the principles involved In the derivation of
the manganese deposits of the Batesville region and described in the preceding pages.
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probably represents the partly disintegrated remains of one of
the subordinate sandstone beds of the St, Clair limestone, de-
seribed on pages 169-170. The decomposition of the limestone and
its conversion into elay, have left the sandstone stratum, in a
more or less disintegrated state, imbedded in the clay. The ore
on this property usually occurs immediately above this sandy
stratum, though sometimes the latter is struck in the shafts
without passing through any ore. This points to a greater con-
tinuity of the sandy stratum than of the ore, and such is also the
case elsewhere, in places where sandstone beds carrying mangan-
ese ore are found in the original limestone. In such places, the
ore occurs in disconnected masses throughout the sandstone.
Judging from the relative positions of the ore and the “sand
bars” at the Southern mine, it appears that the ore in the St.
Clair limestone, before it was set free by the decay of that rock,
was in a series of lenticular layers and pockets overlying one of the
sandstone beds in the limestone ; also, judging from the present
nearness of the ore to the base of the chert, it appears that both
the ore and the sandstone were originally near the top of the
8t. Clair limestone.

It is generally found that, in sinking through the “sand
bars,” a body of St. Clair limestone is struck, and therefore
the shafts usually stop when the sandy deposits are met. Be-
tween the limestone and the sand, there is often a layer of dark
brown or black clay, “black joint,” varying from a few inches to
several feet in thickness. It represents the decomposition pro-
duct of the surface of the mass of limestone, nnd similar layers
are found elsewhere in the lower part of the ore-bearing deposits.

From a consideration. of the above facts, the ideal columnar
section on page 201 has been compiled, as showing the prob-
able original condition of the ore deposit when it was inter-
bedded in the St. Clair limestone ; while the sections of the shafts
show what has taken place by the decomposition of this lime-
stone and its conversion into ore-bearing clay.

It will be observed in the ideal section : that the chert was
originally horizontal or nearly so; thatitsthickness was formerly
much greater than it is now, even the thickuness giveu in the

—
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column being probably not much, if any, over half the original
thickness of the formation ; that at the base of the chert was a
shaly deposit from one to over three feet in thickness, oceupying
the line of coatact of the chert and the limestone and represent-
ing the original condition of the present deposit known as “ochre’”
at the base of the chert and above the ore-bearing clay; that
below the shale was the 8t. Clair limestone, containing irregular
masses of ore in its upper part ; that immediately below the ore-
bearing part of the St. Clair limestone was a bed of sandstone
representing the original condition of the “sand bars” now found
at the base of the ore ; that the sandstone was directly underlain
by the remaining part of the St. Clair limestone. The portion
of the 8t. Clair limestone shown in the column represents only
a part, probably not much, if any, over half of the original thick-
ness of the formation, and almost the whole of this total thick-
ness has now been reduced to residual clay.

It may be stated here, that the base of the clay at the Bouth-
ern mine has not been reached in any of the shafts yetsunk, and
therefore the existence of ore at the bottom of the deposit has
not yet been proved. If future tests should show it to occur at
the base of the deposit, it must also have existed in a similar
position at the base of the original limestone, as well as in the
upper part of the limestone just described. Moreover, it is
not yet known whether the base of the 8t. Clair limestone at
this mine has decayed. As shown in the section of the shafts
Just described, masses of that rock are of frequent oceurrence, but
since most of the shafts, when they meet large bodies of it, are
not sunk any deeper, the question us to whether the latter repre-
sent isolated masses or peaks rising up from the bed rock below
is, in some cases, uncertain. Many of them have been proved to.
be simply isolated bodies imbedded in the clay. It has not yet
been practically demonstrated that any of them are connected
with a main body of St. Clair limestone (“gray rock”) below,
but it is not impossible that some of them found at considerable
depths may prove to be so conneected, and that isolated areas of
the original limestone may still exist in situ at the base of the
clay. This is rendered still more probable by the fact that con=
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siderable thicknesses of undecayed limestone oeccur to the north,
south, east, and west of the mine. That a larger part of the
rock, however, has decayed, is proved by the depth to which
some of the shafts have gone in the clay, by the absence of out-
crops of St. Clair limestone anywhere on the hill, and by the
disturbed condition of the chert, resulting from its subsidence in
consequence of the removal of the underlying limestone.*

GENERAL SUMMARY OF THE BATESVILLE REGION.

It has been the object of the last three chapters to explain
the historic and geologic features of the Batesville region, and
the nature, derivation and mode of oceurrence of the manganese
ores. The facts brought out and the conclusions arrived at
may be briefly summarized as follows:

Location.—The region is in the northeastern part of the state,
in the valley of the White River and above the confluence of the
latter with the Black River. The region includes parts of In-
dependence, Izard and Btone counties, comprising an area of
about 122 square miles, in-which manganese ores occur at
greater or less intervals,

History.—Manganese mining was begun in the Batesville
region between 1850 and 1852 by Col. Matt. Martin, but no
extensive work was done until 1881 when Mr. E, H. Woodward
commenced mining. In 1885 the Keystone Manganese and Iron
Company began operations at the Southern mine, and at once
became the largest producers of manganese in the region. At
present this company and John B. Skinuer and Company are
the principal active operators. Between 30,000 and 35,000 tons
of mangaunese ore were shipped from the Batesville region between
1850 and 1890, though almost all of this quantity was shipped
between 1881 and 1890 inclusive.

Topography.—The prominent topographic features ot the
Batesville region and the surrounding country are the Boston
Mbountains south of the White River, the ehert hills north of the
river, the rolling limestone and sandstone country still further

* For further discussion of this subject, see the description of the Southern mine in
chapter X,
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north, and the low, river bottom area which cuts off the mount-
ainous and hilly country on the east.

Structure.—The general structure of the Batesville mangan-
ese region is that of a broad monocline dipping to the south and
southwest at low angles, and finally disappearing under the much
more disturbed Carboniferons rocks of the central part of the
state. Sometimes the rocks are horizontal or dip at a fraction of
a degree, but at intervals they dip at angles of from 5° to 20°;
and the general monoclinal structare of the country may be said
to be made up of gently sloping or even horizontal areas
-connected by local areas with steeper dips. Faults with throws
of from 50 to over 200 feet sometimes occur, and in certain
places have an important bearing on the topography of the
country.

Age of the rocks.—The rocks of the region are of Silurian
and Carboniferous ages. The lowermost Silurian rocks belong
to the Calciferous group. Above them is the Izard limestone
overlain in turn by the St. Clair limestone. The latter for-
mation represents the uppermost member of the Silurian
in the region, and has been determined by Professor Henry
8. Williams as belonging to a horizon intermediate between
the Trenton and Niagara groups. The St. Clair limestone is
the source of the manganese ores.

The Carboniferous rocks include the Mississippian, or
Lower Carboniferous, and the Millstone grit. The Mississip-
pian of southern Missouri and northern Arkansas has been
divided by Professor Williams into three groups, which in
ascending order are: the Chouteau, Osage, and Genevieve
or Boston. The Choutean includes the “Lithographic,” “Ver-
micalar,” and “Chouteau” of the Missouri classification, and,
so far asknown, is absent in the regionin question. The Osage
group, which includes the “Burlington,” and “Keokuk”
groups, is represented in the Batesville region by the Boone
chert, the Fayettville shale, and Batesville sandstone. The
‘Genevieve or Boston group is represented by a series of lime-
stones, shales, and sandstones, reaching from the top of the
Batesville sandstone to the base of the Millstone grit. The

»
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presence or absence of anything representing the Devonian
age is in doubt. The contact of the Silurian and Carbonifer-
ous is generally represented by sandy or shaly strata, or both,
varying from a few inches to 30 or 40 feet in thickness. In
one place a material, which, under the microscope, partakes
of the nature of volcanic ash, is found at the parting of the
two horizons, in a bed from six to fifteen inches in thick-
ness.

The Paleozoic area is cut off abruptly on the east by the
Tertiary, Pleistocene, and Recent deposits of the Mississippi
Valley.

The manganese ores.—The manganese ores of the Batesville.
region represent oxides of the metal. They are usually
in the form of psilomelane or braunite. Pyrolusite is
found in small quantities, and wad occurs in some
places. The sample of Dbraunite described by William
Elderhorst, of the Owen Survey, in 1858, and that described
in the present report, show certain noticeable variations in the
contents of silica similar to the variations in the braunite of
Elgersburg, Germany, analyzed by Turner and by Rammels-
berg; the Arkansas specimen, analyzed by Elderhorst, and
the Elgersburg specimen analyzed by Rammelsberg, con-
tained 9.968 and 8,63 per cent of silica respectively, while the
Arkansas specimen analyzed by the present Survey, and the
Elgersburg specimen analyzed by Turner, showed 0.18 per
cent of silica and no silica respectively.

The commercial value of the better grades of the Bates-
ville ores, as shown by chemical analyses of car-load ship-
ments, is equal, for the manufacture of spiegeleisen and ferro-
manganese, to the best at present mined in the United States.
The strong points of the ores are their high per cent of man-
ganese and their low per cent of silica. Their weak pointis
their occasional high per cent of phosphorus. This ingred-
ient, however, is only occasionally in injurious quanti-
ties, and large amounts of ore are mined which con-
tain a very low per cent of it.

Derivation of the manganese deposits.—The man ganese ores.
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occur in masses and nodules of various sizes in a red clay,
and both they and the clay are the residual products of the
decomposition of the St. Clair limestone (“gray rock.”) The
latter formation is a crystalline rock, sometimes containing
interbedded lenticular strata of sandstone or of shaly ma-
terials. The ore occurs in various positions from the base to
the top of the limestone, either with or without the sandy
and shaly accompaniments. It existsin flat layers following
lines of bedding, in irregular masses, in small grains, orin a
finely disseminated state, giving the rock a chocolate-brown
color. The ore is only of local occurrence in the rock and is
often absent over considerable areas. Therefore the ore-
bearing clay is also of only local occurrence, In a similar
manner, the Batesville region, considered as a whole, repre-
sents an isolated abnormal accumulation of manganesein the
St. Clair limestone. This formation is characterized by
small quantities of manganese throughout a large area of ex-
posure in northern Arkansas, but, so far as known, it exists
in large quantities only in the Batesville region. The limestone
is found in all stages of decay, sometimes containing only
small pockets of the residual materials on its partially de-
composed surface, at other times completely decayed, leaving
only the residual clay with greater or less qﬁantities of ore.

The ore existed in the limestone, at least in the surface
exposures of that rock, in the oxide form, just as it new oc-
curs in the clay.® Possibly below the drainage level of the

- country, it may be in the form of carbonate, in which form,

probably, it was originally deposited; but this has not yet
been proved, and it is not impossible that it may exist in the
oxide form throughout the whole exteut of the limestone.
Chemical relation of the St, Clair limestone and the mangan-
ese-bearing clay.—The analyses of the St. Clair limestone and
the residual clay show them both to contain, usnally, different
proportions of the same materials, though sometimes the
carbonate of lime of the limestone has been completely
leached from the residual clay; while the less soluble si-

* Bee page 167 for details,
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liceous and argillaceous materials, and some metallic oxides
have been proportionally inereased in their percentages.
Almost all the ingredients, however, have suftered more or
less loss, and a table of the per cent saved and the per cent
lost of each constituent, calculated on the basis of the as-
sumed insolubility of the silica, is given on page 182,

Nature of the manganese deposits. — The ore-bearin g
clay is a plastic material generally of red, chocolate-brown
or yellow color, and sometimes of a deep purplish-red. It
contains the manganese ore in the same or nearly the same
forms as the original limestone contained it, that is, in flat
layers, irregular masses, grains, or as a finely disseminated
dark chocolate-brown coloring material. Very often the
larger masses of ore have been broken in their change of
position from the limestone to the clay, and now exist as
irregular, angular fragments. The masses of ore oceur in
pockets in the clay, in quantities varying from a few pounds
to over five hundred tons,

The ore-bearing clay contains numerous more or less
rounded masses of the 8t. Clair limestone, which represent
the parts of that formation that have so far escaped decay.
They have not been transported from without into their
present position, as is often supposed, but are the remains of
the decomposition of the limestone in situ.

The chert capping of the manganese deposits—The St. Clair
limestone, before it decayed, was overlain by a chert forma-
tion (the Boome chert) sometimes over two hundred feet
thick. The process of decay has gone on underneath this
covering, and the chert has been let down on the residual

clay and ore in a broken mass, which, though partially de-

cayed itself, often retains 30 to 60 feet of its original thick-

1ess, even after all the underlying limestone has been de-

composed. By this undermining, the chert has, in some
DPlaces, suftered a slow subsidence of fifty to over a hundred

feet and has been greatly shattered, broken, and curved, in a
Jianner, in some respects, not unlike folding by lateral pres-

sure. The unequal decay of the St. Clair limestone has
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caused an unequal subsidence in the chert, and the results
are small shattered anticlines and synclines, depending for
their form and extent on the contour of the underlying sur~
face of the limestone.

Sometimes manganese in solution has been carried up
into the cracks of the broken chert by capillary action and
deposited in the form of oxide in thin black layers, nests,
or films throughout the rock. In placesalso the base of the
broken chert has become mixed with a highly manganifer-
ous residual clay, which has filled the cracks and become
indurated, forming a chert breccia. Occasionally rounded
pebbles are enclosed in the breccia.

The example of the Southern mine.—The processes by which
the manganese ores have been derived from the 8t. Clair
limestone are well illustrated at the Southern mine. The
relation of the ore deposit as it now exists to its former
condition in the limestone, can be traced out, and the effects
of the transition on the ore bodies and on the accompanying
materials, as well as on the overlying chert, are apparent.
(See pages 199-203.)
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SECTIONS IN THE BATESVILLE REGION OF ARKANSAS,

CHAPTER IX.

THE BATESVILLE REGION OF ARK ANSAS— Continued.

EXPLANATION OF THE MAP.

“— Natural divisions of the region.—It will be seen on the map
o Batesville manganese region is well watered by numer-
g_'and gmall streamq, Tho largest of the streams rise

l’ﬁ-ﬂi’]y emptying their waters into the White River.
veritself passes through the western portion of the

es south of that area.

oion where the ores of manganese occur in quanti-

be divided into two principal drainage basins: the

ou® basin with its tributaries, to the east, and the

Creek basin with its tributaries, to the west. The towns

man and Barren Fork stand on the divide between these
eas, To the east of them the waters drain into Pulk

to the west into Lafferty Creek. '
Polk Bayou basin, as will be seen on the map, is the

term “bayou,’’ as used ts designate the stream known as Polk Bayou isa misnomer.
ly spaaking, is a sluggish water course passing through a low, flat, or marshy
commonly applied throughout the southern part of the United States to ¢ the
rone of theseveral outletsof ariver through ifs delta.” (Century Diction-
on the other hand, is a rapid mountain stream, partaking of none of the
ara tori ios of a trne bayou. Inwet wearher it is frequently a torient, sweeping
ing thal vhstructs its conrse in the narrow ravine through which it flows; while
nd and pebbles, as well a5 tha many uproited trees along its course, attest to
tion of the term “bayou ® A similar misusaof the term is noticeable in the
1y other streams in the mountainons region of northern Arkansas, and has fre-
unacquainted with the state to imagine that it is all low and swampy,

eal; Vol i., 1880,

el
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larger of the two and drains over half the manganese region. Tt
veceives the waters of many tributary basins, the principal ones
being Barren Fork, Prairie, Sullivan, Cave and Miller Creeks,
It empties into the White River at Batesville. The Lafferty
Creek basin includes the region of East, Middle, and West Laf-
ferty Creeks, Tarver Creek, Blowing Cave Creek, and other
small streams. Tt empties into the White River a mile below
Penter’s Bluff and fifteen miles northwest of Batesville. Most
of the workable manganese, as yet discovered in the region in
question, is included in these two drainage areas.

A view from the high hills about Cushman discloses the most
striking features of the country: to the east and north is the
rolling country of the Polk Bayou basin and its tributaries,
studded with chert-capped hills. Beyond, to the east, the chert
hills rise up in the divide of Cave Creek and Miller Creel, and
the head waters of Dota Creek, forming a natural boundary to
manganese region. To the west is the broken country in the
valley of the Lafferty Creeks, hemmed in beyond by Lee’s
Mountain and the rugged Wilson Hills. To the south are the
chert highlands overgrown with a forest of stunted oak and
hickory, and in the background are the Boston Mountains
following the course of the White River to the east and west.

Effect of erosion—As a result of the gentle southerly dip of
the region, lower strata are successively exposed on the surrace
in going north. Oa this fact depends the existence of the man-
ganese in its present form, since, as a result of the dip, the St.
Clair limestone has been exposed on the surface between the over-
lying chert on the south and the underlying Izard limestone on
the north. This has allowed the atmospheric agencies to attack
the rock, disintegrate it, and leave the residual clay and mangan-
ese ore as deseribed in chapter VIII. To thesouth of the region
of its exposure, the St. Clair limestone dips in an entirely unde-
composed state under the protecting cap of chert and the rocks
of the Boston Mountain region.

As another result of the general southerly dip, the country
in which the wvarious formativus are exposed would, were
it not for erosion, occupy regular and well defined belts, all
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punuing parallel to each other in a general east-west or south-
east-northwest direction; but, though an examination of the map
will show that the general strike of the belt of country in which
uny given rock is found is in these directions, yet the action of
the atmospheric agencies has greatly altered the regular trend of
the rocks over limited areas. Numerous creeks have cut through
the rocks that once covered the surface and have exposed the
underlying beds, which, bad it not been for this cutting,
would not have been seen until the general southerly dip brought
them to the surface probably several miles farther north,
Lafferty Creek, for example, has cut down through the chert and
the underlying rocks, exposing them successively in its bluffs,
Tts numerous tributaries have cut down in a similar manuer,
though the smaller streams had not the power to cut so deeply,
and therefore have exposed less of the underlying rocks. In the
same way, Polk Bayou and Bullivan, Cave, and Prairie Creeks,
as well as all the other streams seen on the map, have cut ‘down
into the rocks anderlying the chert and have exposed them in
belts along their courses.
As a result of this erosion, high divides, heavily capped
with chert and exposing the St. Clair limestone and other
lower formations on their slopes, exist between creeks. Such
a divide oceurs between the lower parts of Fast and West
_Lafferty Creeks. As will be seen on the map, the top and
‘central part of the divide, just above the confluence of these
~creeks, are covered by chert. Descending the divide on either
side, the St. Olair limestone is next met with, and still lower
the Izard limestone appears, while the bed of the creek, in
some places, is composed of the underlying sandstone, It
will be seen that several small creeks running into West
Lafterty rise on this divide, und they also have cut through

 thie chert and into the lower beds. Ou the bluffs bounding
- citherof the crecks on the opposite side from the divide, the
~ same series of rocks is seen, and when the chert on the summit

is reached, this rock continues to cover the surrounding high-
land until another creek is met.
The divide between the head waters of Cave and Miller
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Creeks is heavily covered with chert, and in the blufts of both
streams the St. Clair limestone is exposed. Neither of the
creeks, in this region of their head waters, has yet cut down
to the Izard limestone, thongh that rock nnderlies the lower
part of the Cave Creek basin.

On the southern part of the divide between Sullivan
Creek and Polk Bayou, the chert and 8t. Clair limestone have
been completely removed and hence the Izard limestone oc-
cupies the summit. On the slopes toward either creek, the
underlying sandstone appears.

The divides of streams are often cutacross by deep ravines,
in which creeks rise and run in both directions. Asa result,
there often occurisolated hills, or outliers,* capped with chert
and showing the underlying rocks on all sides. A typical
example of this is seen in Lee’s Mountain, in the northwest
part of township 15 N., range 8 W. This mountain once
formed a portion of the chert area to the south known as
the Wilson Hills which constitute a part of the divide be-
tween West Lafterty Creek on the east and Rocky Bayout
on the west. Two small creeks head in the Izard lime-
stone just south of Lee’s Mountain, one running south—
east into West Lafterty Creek and one running west into
Rocky Bayou. These creeks doubtless once had their head-
waters in the chert-capped region which formerly connected
Lee’s Mountain with the Wilson Hills; but they gradnally
cut farther and farther back on the divide, removing succes-
ively the chert and the underlying St. Clair limestone, until
finally the Izard limestone was exposed at their headwaters.
As a result, the chert and St. Clair limestone in Lee’s Mount-

= The term owtlier s used here to indicnte an area of a given rock separated, as a result
of erosion, by a greater or less distance from the main outerop of the same rock and surrounded
by an area of the underlying rock or rocks. Asthusdefined, an outlier of any given rock
may contain on its surface subordinate outliers of one or more of the overlying rocks, as ex-
plained in the following pages. This definition of an outlieris only intended to apply to a re-
gion like the one in question, where the rocks are horizontal or have only a slight dip. In re-
gions where therocks are more disturbed a more modified definition would be needed.

t This stream is not ghown on the map, but is about six miles west of Woest Lafferty
Creek,
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ain have been separated from the region to the south, and
represent an outlier of these rocks surrounded on all sides
by Izard limestone.

" This formation of outliers, as will be seen on the map,
is one of the most characteristic features of the manganese
region, and many of the ore deposits are situated on them.
In most of the outliers, however, the St. Clair limestone has
been entirely decomposed and the chert overlies the surface of
the Izard limestone, as explained on page 177. Consequently
outliers of chert are often surrounded by the Izard limestone;
and outliers of this limestone, capped by chert, are frequently
surrounded by the underlying sandstone. These are the
most common forms of outliers in the region, and frequently
single areas of Izard limestone have several isolated areas
of chert scattered over their surface. The maunganese and
its associated clay lie between the chert and the limestoue.

Hence it will be seen that surface agencies have greatly
altered the configuration of the country, but a study of the
mode of procedure and the results of this erosion, will give
a clear insight into the present structure of the region and
greatly facilitate the intelligent mining of its ores.

Buxtent of the Boone chert.—In the country north of the
White River, east and west of Batesville, the chert appears
from beneath the Batesville sandstone and the underlying
shale, and forms a prominent feature of the country. It
<ousists of a barren region of rugged hills, covered by loose,
angular fragments of chert and deeply cut by the nar-
row ravines of many streams, though occasionally its mo-
notony is broken by a more gently sloping creek bottom, in
which the farmer has found small areas of tillable land. This
belt of country varies from three to seven miles in width, and
marks the southern limit of the manganese ores. Ou the
-east it is abruptly cut off by the low country of the Black
River bottom. Thence it runs west through the lower parts
of Polk Bayou and Lafferty Creek basins, and crosses the
White River fifteen miles northwest of Batesville, At this
pointit rises up from the flat river bottom in blufis of from
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50 to over 100 feetin height, presenting a rough, eroded sur-
face of interbedded seams of limestone and chert, dipping off
gently to the south and sontheast and finally dissappearing
under the Batesville-sandstone. —Oun the west side of the
White River, in Stone county, the chert belt bears oft to the
northwest and forms the same character of country as that
already described.

North of this rugged area, the chert still continues, but
it no longer forms the only rock of the region. It now oc-
curs as the capping of the hills and ridges, in the sides of
which the 8t. Clair limestone and underlying beds are
exposed,

Eatent of the St. Clair limestone.—The St. Clair limestone
firstappears on the south in its full thickness and in an entirely
undecomposed state; but a short distunce to the north, the
protecting cover of chert becomes thinner, the limestone has
begun to succumb to atmospheric agencies, and its residual
clay and manganese ore have collected in hollows on its
decayed slopes. In many places the bed has been eutirely
decomposed into its residual products,and only scattered out-
crops of the original rock are seen along the line where it
doubtless once appeared continuonsly. These intermittent
outcrops are probably often connected by areas of the same
limestone, but the line joining them would run under the
capping of chert, and sometimes far back into the area of
that rock. Hence, as is seen on the map, though the south-
erly outcrops of the St. Clair limestone are often continuous
for considerable distances, the northerly outerops are broken,
and are represented by isolated areas between the chert and
Izard limestone. Between these areas of St. Clair limestone
the altitude of the hills is generally much lower than where
that bed appears, since the chert has subsided a vertical dis-
tance proportional to the amount of limestone that has been
dissolved. (See page 192-193.)

8till further north, the 8t. Clair limestone has been en-
tirely decomposed, with the exception of a few scattered
knobs, and the residual clay lies on the decayed surface of the
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underlying Izard limestone. Part of the chert .atili rfema,ins
even in this Tzard limestone area, and though its thickness
has generally been greatly diminished, it often forms prom-
inent rocky knobs on isolated hills and ridges.

Tatent of the Izard limestone.—The region of chert-capped
hills with Izard limestone and residual clay below, is
characteristic and comprises the larger part of the mangan-
ese area. Sometimes the loose, broken chert has rolled down
and covered the Izard limestone slopes, and has come
into direct contact with the still lower sandstone. This
oceurrence is shown on the map in several of the outliers in
township 15 N. Gradually, to the north, the chert-capped
hills of limestone become fewer and separated by larger and
larger areas of the underlying rocks, until, eventually, they
dissappear in the region of lower Silurian sandstones and
magnesian limestones that bound the manganese country

on the north.

METHOD OF DESCRIPTION OR THE BATESVILLE REGION.

It will be seen, from what has been said, that surface
erosion in the manganese region has divided the ore-bearing
localities into different parts, separated by barren areas und
dépending for their existence and their form on the ameunt
of denndation of each drainage system. Therefore, in the
following detailed description of the region, the different
localities are treated under the headings of these natural
divisions. The plan adopted is to divide the region into two
main areas, the Polk Bayou basin and the Lafterty Creek
basin. Under these headings are described not only the
localities in the immediate valleys of these streams, but also
the regions of all their tributaries. As thus defined, the two
basins include the whole of the mangaunese region with the
exception of a corner of Stone county, which will be treated
separately. These divisions are net made with anyintention
of distingunishing,in any way, between the character of ore de-
posits in different parts of the region, but simply for conven-
ience in description, it being considered better to describe
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the region according to its natural divisions than by artificial
areas, such as counties and townships. Under each property,
however, the locality according to the land surveys will be
given.

It has been shown in the previous chapter that a knowl-
edge of the origin of the ores is absolutely necessary for the
telligent prospecting and successful mining of mangan-
ese in the Batesville region. Without such a knowledge,
any success is largely a matter of luck and cannot be
ascribed to any rational judgment of the value of the locality.
Many failures heretofore have doubtless been due to a lack
of this knowledge, and though long experience gives the
miner ability to judge, to a certain extent, of the good or bad
prospects of a property, yet without an understanding of the
cause of the indicationson which he bases his opinion, he
is apt to make most serious blunders. In any region
such a knowledge is of value to the miner, but it is especially
80 in the case of the Batesville region, where the question of
the source of the ore is at the foundation of the whole
matter of successful mining. Consequently the following
detailed description is based on the process of the deri-
vation of the ures from the limestone, and, in order that
1t may be properly comprehended, it is necessary to under-
stand the facts explained and summarized in chapter VIIL.

POLK BAYOU BASIN— Gleneral features.

The name Polk Bayow basin is used here to include the
eastern part of the Batesville manganese region, as distinguished
from the western part, or Lafferty Creek basin.

Polk Bayou rises in the southeastern part of Izard county
and flows thence south through Independence county, emptying
into the White River at Batesville. It receives many tributaries
the most important of which are Barren Fork, Prairie, Sullivan,
Cave and Miller Creeks,

POLK BAYOU BASIN—Lower pait,
General features.—Ascending Polk Bayou from Batesville,
an area of Batesville sandstone is passed over for ulmost two
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miles north of the town, when, as the result of a fault crossing
the Bayou in a general east and west, or northeast and sout?west
direction, the chert suddenly rises up in steep.bluﬁs, reaching a
hundred feet and more above the creek. This area marks the
outhern limit of the chert barrens that bound the manganese
I;Egi()ﬂ on the south. The fault has a throw of over & hundred
feet and vepresentsthe more southerly of the two faults illustrated
in fizure 1, page 111.

1Leﬂs than a mile farther up the bayou, the first exposure of
the St. Clair limestone appears. This occurs in the extreme
northeast corner of section 5, township 13 N., range 6 W., and
on the east side of the bayou, just before the road going north
from Batesville crosses it for the first time. A second fault®
of over 65 feet, striking in a general east and west or northeast
and southwest direction, occurs at this point, and, as a result,
over a hundred feet of the St. Clair limestone are exposed in the
lower parts of the hills to the north of the road. The nature of
the fault and its effect are shown in figure 1, page 111. The
road in question’passes down the hollow occupying the line of
the more northerly of the two faults represented in the figure.

The limestone is of a light gray color, though darker parts
oceur in the small exposures to the south of the road. No
manganese is seen in it. It is still in its unaltered condition,
not having yet been affected by the dissolving action of surface
aters. The Boone chert overlies it in a ledge one hundred and
eight feet thick, in which not only the main chert bed is seen,
but also the interstratified layers of chert and limestone which lie
at the base of the latter. The chert has an abnormal dip of 1° to
2° N. 45° E,

The John B. Skinner tract.—The John B. Skinner tract is
in 14 N., 6 W., section 33, the north half. This property is
situated near the headwaters of a ravine, tributary to Polk Bayou.
By reference to the map, it will be seen that the creek has cut
through the chert and exposed the St. Clair limestone in the
bluffs, This has allowed the surface waters to attack the lime-
stone and the resulting accumulation of clay is shown in the ac-

* I'he nature and extension of this faulted aren ave more fully discussed on pages 110-112,
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companying figure 12. The rock has éhanged from the light
color seen a mile to the southwest, and is a dark chocolate-
brown or almost black color, due to the presence of a dark
manganiferous clay thronghout the rock. Separate masses and

layers of ove also occur in the rock, varying from one to three

inches or more in thickness. The heavy capping of chert has
protected the main part of the limestone which, back in the hill,
still remains undecomposed; but on the sides of the ravines, where

Figure 12. Section across the Skinner tract showing the formation of muanganese-bearing
clay on the decayed surface of the 8t. Clair limestone.

A. Boone chert.

B. Bt. Clair limestone.

C. Maoganese-bearing clay.

Horizontal scale: one inch = 400 feet. Vertical scale: one inch = 150 feet,

it is exposed, it has been attacked by surface waters, the car-
bonate of lime carried away in solution and the clay and ore,
which were. originally disseminated through the rock, have col-
lected as a residual product in the bottom of the ravine, and in
the hollows on the decaying slopes of the limestone, Numerous
openings made along the slopes of the ravine expose the residual
clay and its associated ore.

The clay is of a dark chocolate or red color and contains frag-
ments of ore of various sizes, from one pound to several hundred
pounds in weight, as well as masses of chert that have rolled
from above. Wrequently the separate masses of ore still
preserve the flat shape that they had in the St. Clair limestone.
In the various diggings, the knobs on the decayed surface of the
limestone can be seen projecting into the clay. Pockets of ore
in such a deposit as this, are not so numerous as if more of the
limestone had decayed, since the clay is directly dependent for its
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ore on that in the limestone, and, except where it is freed from
i ined at a profit.
that rock, it cannot be minec
The ,chert has a thickness of a hundred and ten feet and
comes in sharp contact with the underlying limestone, Only
the upper seventy-five feet of the latter are exposed, the rest (-‘_lf
it being ander the drainage level of the country. The rocks lie
e,
almost horizontally. | -
The following analyses represent the' composition of two
car-loads of manganese ore from this property. The ore was
analyzed by the North Chicago Rolling Mill Company :

Analyses of manganese ore from the Skinner tract.

Manganese......... 38,30 39,35
56 yn ] SPREC 8,45 5.50
BieRinnaang e s
Phosphorus,, ..... 0,380 0,217

The Cuson tract.—The Cason tractis in 14 N.) 6 W, section
34, the southwest quarter, and is situated about a mile southeast
of the Skinner tract. It belongs to the Keystone Manganes:e
and Iron Company, and is one of the rare cases where the ore is
found in large quantities in association with shfty or sandy
layers interbedded in the limestone. It is unusual inits gognrrence
and differs from any other locality in the Batesville region except
the O’Flinn place, to be mentioned hereafter. Sowetimes the
ore isin lenticular layers varying from an eighth of an inch to
three inches in thickness, and interstratified with an indurated
red clay of a slaty structure. Generally, however, the ore occurs
in the shape of flat, lenticular concretions, from a quarter of an
inch to one inch in diameter, locally known as “button ore”.
They have a concentric structure, are dull black on the
outside and bright on the inside, and are imbedded in a red
or brown, fine grained, and more or less calcareous sandstone.
Sometimes, also, they are in the same slaty rock meuntioned above,
and sometimes in a brown, coarsely crystalline limestone, the
latter probably representing a part of the fine grained sandstone
hed.

The thickness of this deposit cannot be seen, as only the
eroded surface is exposed, but it is probable that the slaty, sandy
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and calcareous layers mentioned above, represent a series of
successive strata. The deposit underlies an area of about forty
acres of the bottom of a hollow, in which a small tributary
of Miller Creek rises.— It is distinctly stratified in undulating
lines and dips at about 2° to the southeast. An old prospect
pit is said to have been sunk into the deposit for 20 feet
without - reaching the bottom. This is now almost entirely
filled up, so that very little can be seen of the nature of the
materials it passed through. Oa the northwest side of the de-
posit a high ridge rises up abruptly, reaching from a hun-
dred and thirty to a hundred and fifty feet above the manganese-
bearing bed. It is capped by thirty to fifty feet of chert, and be-
neath this is a thickness of from a hundred to a hundred and ten
feet of St. Clair limestone of a gray or light pink color. At the
foot of the hills, the ore-bearing stratum runs under the lime-
stone, and it probably occupies a position at or near the base of
that formation. ;

To the southeast 6f the manganese deposit, is a low, rolling
area, having the characteristic topography of the Batesville sand-
stone and underlain by that rock. In some places the outerop
of the Batesville sandstone comes within three huadred yards of
the foot of the limestone hills. The rocks are all either horizon-
tal or dip at angles of from 1° to 2° to the southeast* The
Batesville sandstone normally belongs in a position above the
limestone and chert, yet here it is found at from a hundred
and fifty to two hundred feet below it. This occurrence has
been brought about by a fault of over 200 feet and -probably
as much as 250 feet. It strikes in a northeast and southwest
direction, and is simply a local development of a line of weakness
that runs east and west through the regiont and already de-
seribed where it crosses Polk Bayou. (See page 217.)

The ore on this property occurs in considerable quan-
tities, but so far it has been found to be unmarketable on wse-
count of its high percentage of phosphorus, The amount of this
ingredient is variable, sometimes being under the maximum

#1In one place & local disturbance of 15" was observed in the chert,

+ This subject is further discussed on pages 110-112.
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allowed, but generally, so far as tested, going above if, and at
) )

times amounting to from 2 to almost 4 per cent. Ifa market
is ever opened for high-phosphorus manganese ores, or a method

i
devised to purify them, the Cason ‘property can be made of

valu?l.‘he deposit, however, has not been thoroughly explored,

and it has not yet been proved that all the ore in it is‘too h'igh
in phosphorus to allow it to be marketed., In fact, the mvcfst:fga}:
tions of the Survey have shown that, fhough part'of the ore is hig
in phosphorus, some of it, at least, is comparatively low. H]I]ow.;v
much of the ore is of the pure kind, holwever, and how much is
too high in phosphorus to be of value is a ?natter that must be
determined by a much more extended series of analyses than
the Survey has had time to make. Two analyses made by the
chemist of the Survey are given below. The first represents a
high-phosphorus ore, the second a low-phosphorus ore :

Analyses of manganese ore from the Cason tract.

Manganese 34.64 B0.41

Iron 4.88 7.6
Silica e 25.65 12.67
PhosphOTUS .cuanmssiisrsonersasssnsrasssnisassrasnn 0.58 0.06
Alumina it i 3.79 1.87
Lime 5.13 2,09

The first analysis shows a poor ore, it being low in man-
ganese and high in phosphorus and silica; but the second analy-
- sis shows an ore of excellent quality in every respect except a
slight excess of silica. This, however, is not in sufficient gusa.
tities to prevent the ore from finding a ready market, especially
in view of its high percentage of manganese and its low .phos-
phorus. This sample represents the “button ore” just meatlfmed,
while the first sample was the more earthy ore found in lenticular
layers. The sample of “button ore” analyzed was carefully sep-
arated from the sandy material adhering to it, and this fact may
partially account for the good analysis obtained. Analyses of
the ore and enclosing sandstone together have shown the pres-
ence, in certain cases, of 3 to 4 per cent of phosphorus, and some
analyses of the buttons alone have shown over 1 per cent. Hence,,
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sometimes at least, the enclosing rock contains more phosphorus
than the ore; while the ore alone is sometimes low enough in
phospliorus to allow it to be marketed and sometimes is too high.
A series of analyses of samples properly selected from different
parts of the property and at different depthsin the depusit,
should be made to determine whether any large part of the ore
could be used, and if so, it would be an easy matter to separate it
from the enclosing material. The buttons oceur in large quan-
tities through the sandstone and limestone layers, and, by a simple
processoferashing and washiag, or crushing withoat washing,
they could be caeaply freed from ths rock.

Comparisons—It will be seen that at the John B. Skinner
tract and at the Cason tract, the two principal modesof occurrence
of the mangunese ore in the Batesyille region are illustrated. The
Skinner tract represents the ordinary occurrence of ore in clay
derived from the decay of the St. Clair limestone ; the Cason
tract represents the much rarer oceurrence of'man‘ganese associated
with lenticalar bads of argillaceous and sandy materials inter-
stratified in the limestove. At the former place, the limestone
has already begun to give way to the action of weathering and
has given rise to manganess-bearing beds of residual clay, from
which the ore mined has been taken. At the Cason place the
more stable materials that carry the manganese have, so far,
resisted weathering, and this is one of the few places, if not the
only one, in the Batesville manganese region where the ore,
if its quality warranted it, could be mined at a profit in the
original rock.

Blufs of Polk Bayou.—Ascending Polk Bayou from the
Skinuer property, the St. Clair limestone is exposed on both
sides of the creek, in the lower parts of high blaffs rising
steeply or almost perpendicularly for from two hundred to four
hundred feet and more, and capped by the chert formation.,

Back from these cliffs, is the highland country already de-
scribed, underlain by chert and strewn with loose fragments of
the same material. The rocks are either horizontal or dip at
1% to 3° to the south, and the bluffs of the bayou represent what
would be seen in a vertical section through the chert-capped
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repion to the east or west. The S_l. Clair ]imf-est.tme, where it
= on the bluffs of this part of the bayou, IS' in many p]ufﬁes
kg less stained with manganese and oceasionally eontains
;:Ta:;er masses of ore. But the formation is exposed in its
undecomposed state, and decay has 'not- yet caused th_e accuniula-
tion of any residual clay. At a point abount four miles nortlh of
Batesville, and on the east side of the bayou, se?reafty I(Iee!. of the
upper part of the bed are exposed. Here {t is of a dark
gl'ay or brownish-gray color, contains many fossils ar_u'l 'weathers
in slaty slabs, breaking off at a high angle to the bedding, An
analysis of this rock shows the presence ofll.15 per cent of' man-
ganese finely disseminated through it, while telsewhene in the
.né.ighborhood nodules of ore have bfzen-fou.nd m. the same rock.
A drawing of the bluffs at this locality is given in chapter VIII,
The first outcrop of the Izard limestone appears half a
mile below the confluence of Cave Creek with 1.30]%{ Bayou., It
«crops out at the base of a cliff of the St. Clair llmea‘stone fmd
is sharply distinguished from the latter{ not mllly by its blul.:ah-
gray color, but by the smooth weathermglof its surface, which
Ii's in marked contrast with the crumbling, granular appearance
of the weathered surface of the overlying formation. To the
north, up the valley of Polk Bayou and its tributaries, the out-
ﬁro[ﬁ_é of the Izard limestone become much more numerons and
often comprise large areas of country.
 The Maafield tract.—The Maxfield tract is in 14 N., 6 W.,
section 30, the northwest quarter of the northeast quarter. A
few hundred yards above the mouth of Cave Creek, a hollow
makes down from the northwest and a small creek runs out
of it into Polk Bayou, The Izard limestone is exposed at
the mouth of the creek and the St. Clair limestone occurs
for over bhalt a mile up it. The ravine heads in the side
~ of a high chert-capped hill rising four hundred feet above
Polk Bayou. At the foot of the hill several small pits have been
sank for manganese. The ground is covered with loose chert to
a depth of from two to six feet, and below this is the ore-bearing
clay. The ore is of a black, massive, or crystalline variety often
containing small cavities filled with clay. The clay enclosing
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the ore is of a reddish-brown color and contains fragments of
chert and 8t. Clair limestone (“gray rock”). The decayed surface
of the limestone underlies the ore and clay. It is of a dark
chocolate-brown color and contains many seams and specks of
manganese. The “ore dirt,” in the principal opening, is four to
eight feet in thickness.

The following twenty-six analyses represent the composition
of car-Joad shipments of manganese ore from this property.
Analyses 3, 4, and 5 were made by the North Chicago Rolling
Mill Company, and the remainder by the Illinois Steel Company,
Chicago.

Analyses of manganese ore from the Mazfield tract.

|

No. Magl;gx.m—[ Iron. | Siliea. |F 113:;110- Moisture,
| = e Ty T

1| 4460 :| 9.18 3.2 0819 | ...
2| a0 1075 | ... 0.467

3 | 4312 | 12,50 1.54 e
4 | 4274 | 405 10.41 T i
& | s1s0 | 1120 20.50 0347 | ...
6 | 2431 2068 14.52 0252 | ...
7 | 2450 ‘ 95.72 5.22 0.226

8 | 2740 | 2340 7.08 0405 | ...,
9 | 2057 |93.40 5.10 0.452 | 19.00
10 | 3156 | 2147 6,75 0.385 | 16.40
11 | 2682 | 2440 7.3 0.273 | 16.20
12 | 2755 ‘ 24,00 7.48 0,266 | 15.50
18 | 3085 ‘ 21,70 6.48 0.328 | 15.00
14 | 331 | 18.80 6.05 0.194 | 15,10
15 | 8055 ‘ 21.70 6.48 0.328 | 15.00
16 | 8135 | 2070 449 0.581 | 14,50
17 | 87.59 ‘ 12.70 5.56 0.357 | 18.20
18 | 8438 | 1770 4.08 0476 | 21.50
19 | 86.05 | 15.50 4,87 0.279 | 18.80
20 | 87.27 | 1580 4,55 0481 | 2110
21 | 2869 | 23.00 542 0.788 |  20.00
22 | 3380 |16.85 5.70 0596 | 19.10
23 | sa0s ‘ 11,20 8,65 0732 | 16.30
24 | 618 |47 8.97 0.608 | 18.50
25 | 3540 |15.70 4.35 0.735 | 16.80
2 | 36.86 |15.20 3.68 0.585 | 12,00

gradual decompositi
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This property is 2 good example of the derivation of the
is pr £ g b= e
d its associated clay from the St. Clair limestone. The
: § NG R
S on of this rock at the head of the ravine has

t free the ore that it contained, as well as the brown clay that
set fr

was disceminated through it. These have collected in hollows

iss j . Wi
: as‘tg decaying surface, and fragments of chert from above have
on i

lled down and covered them. Though the “ore dirt” is shullow
b mited amount of decomposition which the

ccount of the li ; Hhe
e oue, yet the large amount of ore in therock
5 ye

i : lerg
limestone has unt g . e
has given rise to a considerable quantity in the clay. Severa

ear-loads of manganese ore were mined here i.n 1889 under lh‘e
direction of Messrs. Skinner and Abbot, but it was found tha;‘ it
contained too much phosphorus and work was abandoned. (See
24).
ana‘y;;ia’ ljgifmiis)tract.-——"l‘he Simmons tract isin 14 N., 6 W,
section 29, the northeast quarter of 'the northwest qu{”teri
This is just north of the mouth of t.he last mentla'm-f
raﬁne and in the bluﬂ" on the west side of Pol.k Bayou.
1t is the property of Mr. 8. Simmons,' of Batew:]h:. ‘The
manganese occurs in an elongated pocket in the. St. Clair hln'm-
stone, striking N. 18° W. across the almnst- horlzontjjl hed“mg
of the rock. The pocket dips almost verncnl]y,. with c: slight
inclination to the east, and is two to three feet in Wldtl:!. The ore
ig in the form of seams and pockets varying from one inch to Fwo
feet in thickness, and is associated with an indurated, Prowmsh.~
red clay containing many rounded fragments of a massive refThnr
gray calcareous rock, one quarter to one inch in dmmeter: Che
latter look like fragments of the limestone strata that often oceur
at fhe base of the chert. The ore varies much in character, from
crystalline to a massive, botryoidal, or stalactitic variety. 'Il‘lne‘
sides of the deposit are very irregular, with ‘“feeders” runniug:
off in various directions, but the contact with the country rock:
is sharp and well defined. The latter is-a coarsely Cl:ybttt“il]i-‘
limestone of a pink or purplish-brown color, and contains many
small masses and interbedded lenses of manganese ore. These
become more and more numerous as the sides of the wain ore
deposit are approached.
15, Geologieal; Vol i., 1890,
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The deposit runs diagonally up the slope of the bluf and
has been opened at various places for seventy-five yards along
its course. It seems probable that it oceupies a cavity made by
water along u crack or joiat and filled up with residual clay and
ore from the part of the limestone that had been dissolved, as
well as by limestone pebbles from above.

Local features.—Ascending the west side of Polk Bayou
from the month of Sullivan Creek, the St. Clair limestone
is much more decomposed than to the south, and its out-
crops are almost entirely covered by loose chert. It sometimes
crops out at the heads or on the sides of ravines, and these ex-
posures show it to have suffered greatly from the action of
weathering. The ore-bearing clay that has resulted from this
decay, exists below the chert that covers the tops and slopes of
the hills, as has been proved by prospect pits. The chert still pre-
serves a considerable thickness, but has become much shattered
by the removal of the underlying limestone, and has already be-
come thinner than to the south. The Izard limestone still pre-
serves its original, or almost its original thickness, The first
outerop of the underlying saccharoidal sandstone, seen going
north along the Bayou, appears about three miles above the
mouth of Sullivan Creek. From here on it forms the predom-
inating rock of the creek bluffs, sometimes rising up in perpen-
dicalar ledges, fifty to ninety feet in height and capped by the
overlying rocks.

The Criswell tract.—The Criswell tract is in 14 N., 7 Ww.,
section 24, the northeast quarter of the northeast quarter. This
property is on the west side of Polk Bayou and about one and a
half miles above the mouth of Sullivan Creek. The ore is associ-
ated with the characteristic purplish-red clay and overlies the
surface of the Izard limestone. The St. Clair limestone is not
seen here, but is exposed half a mile to the west in the head of a
ravine, and it is probable that it underlies some of the chert-
covered area in the western part of this property. No mining
has been doune, hut about a ton of ore has been collected on the
surface and piled up.

The Castile tract.—The Castile tract is in 14 N., 6 W., section
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18, the sonthwest quarter of the southwest quarter and.the north-
west quarter of the southwest quarter. The ore on t%us prop')erty
occurs in the same manner as at the last place. It is associated
“-r.-i.th a red clay and lies on the decayed surface of a hill of Tzard
limestone. The top of the hill is capped with loose fragments of
chert associated with ore and clay. The chert bed has been
almost entirely removed. The St. Clair limestone hascompletely
decayed and the only remains of it are the ore and the clay.
Several small pits bave been dug which show the presence of a
hard, steel-gray crystalline ore, often containing small cavities
filled with red clay.

The following analyses represent the composition of two
ear-loads of manganese ore from this property. It was mined
by Messrs. Skinner and Abbot, and was analyzed and bought by

® the Illinois Steel Company, Chicago.

Analyses of manganese ore from the Custile tract.

Manpganese ... 55,45 57.13
2.95 1.89
8,60 [iRsH

Phosphorus........ 0.117 0.078

MoiStUTre. e vessns 1.80 1,30

The ore as represented by these analyses is of first class
quality, being high in manganese and low in silica and phos-
j:homus.

The Button mine.—The Batton mive is in 14 N, 7 W, sec-
tion 24, the northwest quarter of the southeast quarter. Several
small pits have been made on this property. The accompanying
figure 13 is a section through one of them,and shows a part of
the decaying St. Clair limestone enveloped in the clay. The ore-
bearing clay, where seen, is eight to ten feet in thickoess and,
probably, in many places is considerably thicker. It contains
many angular chert fragments. Overlying the clay is a bed
varying from a few inches to several feet in thickness of a brown,
sandy, drift material containing" not only the angular chert, but
also rounded pebbles, as well as a few partly decomposed masses
of manganese ore which have been derived from the underlying
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deposit. This represents the altered surface of the ore deposit ag
explained on pagel198. Three hundred tons of ore are said to have
been shipped from this property.

p—— — M_-‘!' SN .""1
== E———
= = =0

3

Figure 13. Section at the Bution mine showing the manganese-bearing elay und the decayed =
8t. Clair limestone,

A. St Clair limestone.

B. Manganese-hearing clay.

C. Surface pebble deposit,

The black marking: are manganese ore.

Horizontal and vertical scale: 1 inch=6 feet,

POLK BAYOU BASIN— Cave Creek region.

General features.—Cave Creek rises in the northeast part
of township 14 north, 6 west, and flows southwest, emptying
into Polk Bayou in the central part of the same township. The
creek heads in the chert hills to the southwest of Hickory Val-
ley, but a short distance below its source it has cut down, as
shown on the map, to the underlying St. Clair limestone. In
less than two miles below its source it has reached the still lower
Izard limestone, which forms a larger part of the bed of the

_ stream thence to its mouth. Many small tribataries of Cave

Creek have cut through the successive formations in a similar
manner and, though they are rarely over a mile in length, they have
a similar structure to that of the lower Cave Creek valley ; except
that most of them, not huving cut deep enough to reach the Izard
limestone, flow in valleys of the overlying St. Clair limestone.
This erosion has exposed the St. Clair limestone to the action of
surface decomposition, and in many places, especially in the upper
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part of the Cave Creek valley, considerable quantities of man-
ganese-bearing clay have collected on its decayed surfice.
In the lower partof tue valley, however, a larger part of the lime-
stone still remains, especially back in the interior of the hills where
it has been protected by the overlying chert. Consequently
the ore-bearing clay is not in such large beds, as, other things
, it would have been, hud more of the limestone been

But the fact that the limestone is often rich in
largely counterbalances the limited decomposition

being equal
decom posed.

manganese
that has gone on, and the small deposits of residual clay have,

in many places, been found to contain considerable quantities
of manganese ore. The thick, protecting cap of chert which exists
on the tops of the hills has also saved the clay and ore from being
washed away, and has thus preserved practically all that was
originally set free from the limestone.

One of the most noticeable features of the Cave Creek valley
is the frequent oceurrence of caves; hence the nams of the creek.
The caves usually occur in the 8t. Clair limestone, but sometimes
in the [ziwrd limestone. The road up the creek skirts the hills
on the southeast side of the valley for some three miles from its
mouth. The hills rise 2 hundred feet or more above the creek,
and in their lower slopes the St, Clair limestone oftea forms a
steep ledge, in the face of which are the openings to many cav-
.erns, running back into the hills in numerous intricate passages
and =mall chambers. No +large chambers have been found,
but the hills are often eut up in a labyrinth of narrow channels.
Stalactites are often seen, but are not in large quantities. Many
of the caverns are the haunts of bats which have, in some places,
given rise to deposits of guano, The underground passages
seem to have a general direction at right angles to Cave Creek
and may possibly represent the remains of an ancient under-
ground drainage into Polk Bayou or the White River.

The Chinn tract.—The Chinn tract isin 14 N,, 6 W., section
28, the northwest quarter. Ascending Cuve Creek from Polk
Bayou, the first place where prospecting has been done is on this
property, in a small ravine which makes down from the hills and
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opens into Cave Creek bottom. The tops of the hills are capped by
chert, and the slopes of the ravine are covered by loose fragments
that have rolled from above. Several small prospect pits have
been dug on the sides of the ravine and have shown the presence
of manganese ore of a hard, iron-gray variety, containing small
cavities filled with earthy matter. The extent of the clay en-

closing the masses of ore has not yet been determined as the

prospect pits have not gone through it. It is undoubtedly
underlain by the decomposed surface of the St. Clair lime-
stone, as that rock is exposed at the same level in the bluffs of
Cave Creek, a few hundred yards to the north.

The Clinton Trent tract.—The Clinton Trent tract is in 14
N., 6 W, section 22, the northwest quarter, Several prospect
pits have been dug on this property at the base of the chert
bed that caps the hills on the northwest side of Cave Creek.
The pits show the presence of considerable quantities of man-
ganese ore imbedded in dark chocolate colored clay. Some
of the ore is finely crystalline and in the form of lumps and
nodules. In one pit, numerous small nodular masses of ore,
as large as variously sized shot (“shot ore”) occur. This
variety, if it can be found in sufficient quauntities, can be
profitably saved by washing it free fromelay. The thickness
of the deposit has not yet been determined and the underly-
ing rock is not exposed in the prospect pits, but, judging from
the character of the surrounding hills, the deposit doubtless
lies in the hollows of the St. Clair limestone (“gray rock”).
The chert, in one place, dipsat 75° N. 20° W,, an occurrence
which is brought about by the leaching away of the under-
lying limestone and the subsidence of the chert bed, as
explained on pages 191-196.

SBoutheast of this place, on the east side of the creek, and
still on the land of Mr. Trent, another prospect pit has been
made at the base of the chert and above the outcrop. of St.
Clair limestone. In the bottom of it, a mass of crystalline
ore three feet in diameter, containing small cavities filled
with dry, black clay, has been exposed. '

The O’ Flinn mine—The O’Flinn mine ig'in 14 N, 6 W ., sec~
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tion 22, the southwest quarter of the northeast quarter: _The«
ore on this preperty occurs insomewhat the same associations
as at the Cuson place, in a hard indurated clay of a more or less
sandy consistency and of a massive or slaty structure, The de-
posit is interstratitied with the 8t. Clair limestone and repre-
sents the manganese in place in that formation. The accom-

panying figure 14 represents a section of the hill in which

the deposit is exposed and shows its mode of oceurrence.

Figure 14, Section showing the ocenrvence of manganess ove ol the ) Flinn mine.

A, Boone chert. .
B. 8t Clair limestone.

€. Manganese-bearing deposil.

The black markings indicate manganese ore, but are exaggerated in Size.
Horizontal seale: | inch==500 feet. Vertieal scale: 1inch=100 feet.

The manganese is sometimes in large masses of hard, steel-
gray ore, oue to three feet in diameter, and sometimes in
smaller masses or in flat concretions (“button ore”) imbedded
in the earthy deposit. The enclosing material is nsually of a
red or brown color, but is frequently streaked with black
bands, due to a stain of manganese.
A shaft was once sunk in the St. Clair limestone here
- in search of gold and silver, but has been abaudoned. It is
now mostly filled with water, but is said to be 103 feet deep.
Many masses of a pink St. Clair limestone, containing inclu-
sions of red and green clay and cavities lined with crystalline
quartz and white calcite are on the dump. Veins of calcite
also traverse the limestone bed, but the rock from which the
gold and silver is said to have been tuken is a Lard, massive,
dun-colored quartz, of a somewhat grauular structure,
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frequentiy containing small cavities lined with red, trans-
parent quartz crystals. This rock is said to have lain almost
horizontally and to have been eighteen inches in its thickest
part.—It probably represents a lenticular-bed in the St Clair
limestone.

The Geo. D. Reves tract.—~The George D. Reves tract is in
14 N., 6 W., section 15, the southeast quarter of the south-
west quarter, and is sitnated less than a mile above the
O’Flinn place, in the Cave Creek valley. The S8t, Clair
limestone erops out in many places along the sides of
the hill, and its exposures are separated by areas of residunal
clay with masses of manganese ore and fragments of chert.
Several small pits dug along the line of contact of the chert
and St. Clair limestone for a distance of several hundred
yards, all show the presence of more or less hard, steel-blue,
massive ore.

The E. H. Woodward tract.—This property is in 14 N., 6

W, section 16, and is controlled by E. H. Woodward and

Company. It shows indications of manganese in its eastern
and northwestern parts, but very little work has been done
on it. Fifteen tons of ore are said to have been mined and
shipped.

The Trent mine.—The Trent mine is in 14 N,, 6 W., see-
tion 10, the southwest, northwest, and northeast quarters of
the southeast quarter, and is the property of the Ferro-
Mangavnese Company (E. H. Woodward and Company). It
will be seen on the map that a small creek heads in the chert
hills in the south'em part of sections 10 and 11 and runs
south through this property into Cave Creek. It has cut its
channel through the chert bed and almost through the St.
Clair limestone (“gray rock”). The bed of the stream is still
in the latter rock, and the underlying Izard limestone is not

seen until the confluence with Cave Creek is reached. On

the slopes of the hills along this tributary, the manganese-
bearing clay is exposed in many places.

The Trent mine was worked by E. H. Woodward and
Company betweeu 1881 and 1887 and two large pits were
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sunk to a4 ‘depth of twenty feet, while a shaft was sunk
considerably deeper. [n some places the unevenly decom-

sed surface of the St. Clair limestone has :be.en fou'nd,
underlying the ore-bearing clay. The property is not being
worlked at present.

The ore occurs in both small and large masses, from a
fraction of an inch to severalinches in diameter. These are
geattered irregnlarly through a clay bed which variP:s from
ten to probably thirty or forty feet 1n thickness, anfl in some
places runs to still greater depthsin hollowsin the hmestfme.
There are considerable quantities of small ore (“wash dirt”)
which could be easily saved with proper washing facilities.

The accompanying figure 15, though on a small scale,
.shows the relation of the ore-bearing clay to the chert and

Figure 15. Section through the hill at the Tvent mine showing the formation of manganese-
‘Bearing clay on the decayed surface of the St, Clair limestone.

A, Boone chert.

B. 8t, Clair limestone.

Q. Manganese-bearing clay.

Horizontal seale: 1 inch=>500 feet. Vertical seale: 1 ineh=200 feet.

8t. Clair limestone. It will be observed that the clay
.oceurs on the slopes of the hills and below the base of
the chert bed, and that it liesin hollows in the decayed surface of
‘the St. Clair limestone, from which it has been derived. It is
frequently covered with loose fragments of chert that have rolled
‘from above.

The St. Clair limestone is sometimes of the purplish-red
variety, but is generally of a light gray color. It frequently
-eontains seams and nodules of manganese ove from a third of an
inch to three inches in diameter. A part of the decayed surface
-of the St. Clair limestone, as exposed in one of the large pits, is
‘shown in figure 9, page 169, and is described there. It contaios
modules and seams of ore which lie in the planes of bedding of
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the rock and often show a more or less laminated structure.
Thin films of red clay sepurate the laminae and frequently coat

the nodules of harder ore. A thickness of tea to fifteen feet of
ore-bearing clay overlies this exposure and runs down to unex-
plored depths in hollows in the limestone.

It is only the ore in the clay that can be profitably mined,
however, and this is of the hard, crystalline or massive vari-
ety similar to some of that in the rock.

Three hundred yards southeast of the above mentioned pit,
is another opening, showing similar ore, clay, and limestone, ex-
cept that the limestone does not contain the seams and nodules
of manganese seen in the other pit. Joints with deeply striated
faces (slickensides) are numerous in the clay, and are due to the
gradual sinking of that bed as it was slowly formed by the de-
composition of the limestone. Striated films of clay sometimes
adbere to the granular surface of the peaks of limestone that pro-
trude into the ore-bearing bed, and these, doubtless, are the
records of the sinking of the clay around a resisting point.

Many other small openings have been made in the hollow
in which the Trent mine is situated. They all show similar ore
in similar associations aud do not require further mention. They
serve to prove the very general presence of manganese in this
locality.

The Privet tract.—The Privet tractis in 14 N,, 6 W., sec-
tion 11, in the upper part of the Cave Creek valley, a little over
a mile east by north from the Trent mine. It is the property
of Mr. S8imon Adler, of Batesville. Several small prospect pits
were dug in 1886 and thirty tons of ore are said to have been
shipped. The pits are now mostly filled up.

The ore deposit occupies the lower slopes of the west side of
a hill which is capped by a kuob of chert forty feet or more in
thickness. Fragments of ore have frequently been washed out of
the enclosing clay and have collected in small gullies on the hill-
side. Masses of gray St. Clair limestone occur in the clay, but
the main body of that formation is not seen in place. There is.
doubtless a considerable thickness of clay here, but the quantity
of ore in it remains to be determined,

Y P o

-are many more,

oar
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Other localities on Cave Oreel.—Between the various places
already described on Cave Creek, there are numerous other
s where manganese has been found, and doubtless there
covered by loose chert from the hills, that ha_ve
not. yet been discovered. Those mentioned, how:ever, comprise
most of the places where work has been done. The ofher loc.al-
ities that have been found show ore on the surface, mixed with
the red clay and loose chert, but have not yet been tested as to

localitie

extent. )
To the north and northeast of the Privel property there

is a high, rugged, chert area comprising the region of the head-

waters of Cave, Miller, North Dota, and Coon Creeks, the

last 4 branch of Sallivan Creek fork of Polk Bayou. To the

west of this chert region is the manganese area of Coon Creek

and other tributaries of Sullivan Creek, which will be deseribed

later in this chapter. To the east no manganese has been found,

though the St. Clair limestone is exposed in the b]uﬂ":ﬁ of the
apper part of Miller Creek for over two miles. The Ilmvfsr,one

in this locality is of a gray or light pink color and contains no
visible manganese ore, though an analysis of a sam ple of it from
St. Clair Spring, on the east side of the Batesville and Hickory
Valley road, shows the presence of less than 0.2 per cent finely
disseminated through it, probably in the form of carbonate of
manganese. Still farther to the east, beyond the Miller Creel
exposures, no manganese has been found, and the barren chert
hills of the upper part of Dota Creek form a natural boundary
to the mangavese region.

POLK BAYOU BASIN.—ZKast side of Sullivan Creek.

General features.—The summit of the divide between Cave
Creek and Sullivan Creek is an exclusively chert area with the
characteristic rough, barven topography of a region underlain by
that rock. On both sides of the divide the namerous tributaries
of the two streams have cut through the chert into the underly-
ing 8t. Clair limestone, and beds of ur’e-bearing clay, derived from
the decay of the latter, have resulted from this exposure. The de-
posits on the tributaries of Cave Creek have already been
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described. Those on the west or the SBullivan Creek side, resemble
the latter in most respects, except that in the northern part of
the Sullivan Creek drainage, more of the St. Clair limestone has
been decomposed and the capping of chert is much thinuer than
in ‘many parts of the Cave Creek basin, Most of the mangapese
openings on the west side of the divide are in the basin of Coon
Creek. South of that area, between Coon Creek and the month
of Sullivan Creek, manganese has been found, but very little
development work has been done.

The Sullivan Creek basin differs markedly from the Cave
‘Creek basin in that it has not only cut through the chert, the
8t. Clair limestone, and into the Izard limestone, as in the case of
the latter stream, but it has reached the still lower saccharoidal
sandstone, and this rock forms the bed of the creek throughout
the manganese region.’ Its tributaries, however, as far north as
Coon Creek, run mostly in basins of the overlying rocks.

The Perrin tract.—The Perrin tract is in 14 N.,, 6 W, sec-
tion 8, the southeast quarter. Manganese has been found in’
several places on it in association with a red or brown clay.
The ore occurs either as erystalline nodules of a dull, black color
on the outside and a bright steel-gray inside, or as a more massive
material in larger bodies, often containing small eavities, The
ore outerops on the slopes of the hills at the base of a heavy chert
capping. The St. Clair limestone is not seen, and on parts of
the property it has probably entirely decayed, while in other
parts it doubtless exists as knobs under some of the chert-covered
hills. As a result of this extensive destruction of the limestone,
considerable deposits of clay with a variable amount of ore are to
be expected. The depth of the deposits has not yet been tested,
but several small pits on the slopes of the hills prove the presence
of manganese ore and its accompanying clay. Forty tons of ore
are said to have been taken out of one of the prospect pits.

A similar ore occurs with the same associations in 14 N

‘6 W, section 8, the southeast quarter of the northeast quarter,

on the land of John Wilson, and also in the adjoining section 9,

‘on the east half of the southwest quarter. Very little work has
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been done in this area, however, and the ore is only seen in loose

masses on the slopes of the hills.

The Hunt tract.—The Hunt tract is in 14 N., 6 W., section

10, the southwest quarter of the northeast quarter. It is also

known as the Kelly tract or Ramssy tract and is in the hills

south of Coon Creek, about two miles east of the Perrin tract.

Here, as in the properties just mentioned, the hills are heavily

capped with chert, and loose fragments have rolled from above

and have completely covered the slopes. Several small prospect
pits, dug through this loose material, have showa the presence

of a hard, massive, iron-gray ore buried in a red clay. The St.

Clair limestone is not seen, but the character of the hills and the.
way the chert lies on the steep slopes suggests the probability
that it underlies a large part of the higher land. This property

adjoins the Trent mine on the north, and, though not enough

work has been done on it to actually prove the extent of the.
manganese-bearing clay, yet the same indications that prevail at
that mine are seen here,

The Edward Hunt tract.—The Edward Hunt tract is in 14

N., 6 W., section 11, the southeast quarter of the northwest
quarter and the southwest quarter of the northeast quarter. It is
heavily covered with chert, but the St. Clair limestone isexposed

in some of the ravines. Several small pits have shown the.
presence of m wnganese ore on the slopes of the hills at or below

the base of the chert bed and overlying the decayed surface of
the limestone. The ove is associated with clay of a dark purplish-
chocolate color, and is a coarsely crystalline, steel-gray variety.
The 8t. Clair limestone is of the same color as the clay, and
contains masses and seams from one inch to eight inches in thick-
ness, of the same kind of ore as is found in that bed.

= This property is an excellent example of the origin of the
‘manganese deposits from the decomposition of the limastone, and
25 a result of such a mode of origin, it may be expected in a case
like this, where the limestone contains considerable quantities of
‘manganese, that deposits of ore-bearing clay can be found, which
will depend for their extent on the amount of the decay of
the rock. TItalso follows that the places to look for such ores.
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are along the sides of the hills, in the hollows in the limestone
ledges, since these hollows are formed by the decomposition of
the limestone, and this means the formation of ore-bearing
clay., . '

The J. B. Gray tract.—The J. B. Gray tract isin 14 N., 6
W., and covers all of the west half of section 2, except the north-
east quarter of the northwest quarter and the northeast quarter
of the southwest quarter. This property is situated near the
headwaters of Coon Creek, and consists largely of an Tzard lime-
stone area covered, to a greater or less extent, with red clay carry-
ing a variable amount of ore and loose fragments of chert. The
thick covering of chert seen to the south has been mostly eroded,
though it frequently occurs as small isolated knobs capping the
clay covered hills. The 8t. Clair limestone is not seen and
probably has mostly, and in many places altogether, decayed,
The result of the decomposition of the limestone has given rise
to the ore-bearing clay that overlies the property, and the re-
moval of the chert has exposed this clay in many places, and has
given the country a less rugged appearance than the chert areas
to the south. In some parts of the property the ore deposit has
suffered from this exposure and has been partly carried away by
surface waters; but in many places, especially where some of
the chert remains, it has a considerable depth.

Several small pits have been dug on the property and sixty-
three tons of ore have been shipped by the owner, Mr. J. B,
Gray. The analyses of three car-loads given below show a high
grade ore. It was analyzed and bought by Carnegie Bros. and
Co., of Pittsburg.

Analyses of mangunese ore from the J. B. Gray tract.

Mang 50.81  46.86  49.36
TR0 s s aniriissnmsemmsnonsassnssmsnsnmns s 20 8.58 547
BELICA <aunsrensssvormen sosasemmisisassess 2,50 42 3.90
Phosphorus 0.126 0,128  0.156

Moisture... B 2.50 5.50
The MecGeee tract —Manganese ore occurs in varying quan-
tities on the McGee Tract, on Coon Creek, to the south and
southwest of the Gray tract, as well as elsewhere in the same
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region. One car-load of ore is said to have been shipped from
= the McGee tract by E. H. Woodward and Company.

4 The Milligan tract. —The Milligan tract isin 14 N., 5 W,
~ cection 6, the northeast quarter of the northwest quarter, on the
! northern escarpment of the hills that lie at the headwaters of
Cave, Coon, and North Dota Creeks. A few scattered fragments
of manganese ore lie on the slopes, associated with loose chert
and masses of St. Clair limestone. *Frequently loose masses of a
bright, glossy iron ore (limonite), of a brown or black color, oe-
eur with the manganese. The property represents the northeastern

=, limit of the manganese ores in this part of the region. Oceca-
- sionally a little oreis found for a short distance beyond, but it is in
£ I small quantities and rapidly disappears altogether.

= In the face of the hills in which the Milligan property is sit-

- uated, the St, Clair limestone sometimes crops out with the chert
bed above and the Izard limestone below. To the north of this
region, however, the St. Clair limestone, if it ever existed, has
been entirely removed, as well as any residual elay and mangan-
‘ese ore that may have been formed from its decomposition. The
country is largely an area of Calciferous sandstone, studded with
‘outliers of Izard limestone, the latter occasionally capped with
'&hert It may be said, therefore, that in the country east of

~ Sullivan Creek the line between townships 14 and 15 north
‘marks the northern limit of the manganese region.

.
a4

= " POLK BAYOU BASIN.— The Polk Bayou and Sullivan Creek divide.

General features—Between Polk Bayou and the lower part
. ﬂfﬁulllvan Creek, there is a hilly couutry eompoeed ]awely of

streams have cut down to the underlying sandstone, and
s of that rock follow along their courses as shown o the map.
t. Clair limestone, which once overlay the Izard limestone,
?has entxreiy decayed w1th the exeeptwn of a few small
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still exists in spots, thongh it has a greatly diminished thickness,

and forms a far less prominent feature of the country than on.

the divide between Sullivan and Cave Creeks. In many places,
the residual ore-bearing clay is exposed on the surface, giving.

rise to rounded hills with red clay soils. As the result of this
exposure, the manganese-bearing clay and its ore have often been.

almost entirely eroded away and remain only where hollows in
the Izard limestone have saved them. But, when a protecting
cap of chert exists, the ore and the clay, where they have been
formed, still preserve a considerable thickness.

For a distance of about a mile north of the confluence

of Sullivan Creek and Polk Bayou, the Izard limestone on the
divide has been completely denuded of both chert and ore-bear-
ing clay, and exists in low rocky ledges, becoming higher and
higher to the north, uatil the ore-bearing region is reached,

The John B. Skinner tract.—This part of Mr. Skinner’s
property is in 14 N., 6 W., section 18, the northwest quarter of
the northwest quarter, on the summit of the divide between Polk
Bayou and Sullivan Creek, which here rises almost two hundred
feet above those streams. Manganese ore oceurs in association,

-Figure 16. Section at the John B. Skinner tract showing the manganese-bearing clay in the
hollowos in the decayed surface of the Tzard limestone,

A. 8t Clair limestone.

B. Izard limestone.

C. Mapganese-bearing clay,

Horizontal and vertical scale: 1 inch=25 feet.

L]

with a red clay in the form of masses from one to six inches in diam-~
eter, and of small fragments and concretions (“shot ore”),
Numerous fragments of chert, Izard limestone, and St. Clair lime-~
stone also oceur in the clay. The deposit, as shown in the ac-
companying figure 16, lies<in the hollows in the surface of the
Izard limestone, which has been deeply scored with irregnlar
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holes and cavities by the dissolving action of surface w.raters. It
is to the existence of these hollows that the preservation of: the
¢ore dirt” is due, since the covering of chert has been eutu:eiy
_ge'mgv.e,d and the clay and ore have been exposed to erosion,
which has czrried away a larger part of them and Vfronld doubt-
less have carried off the rest, had it not been held in the holes.
in the limestone.

The dependence of the preservation of the ore on the hlnl.
lows in the Izard limestone is shown in figure 17, which

Figure 17,  Bast-west section ucross the Polk Bayou and Sullivan Creek divide in township:

14 N., 6 W., sections 1T and 15,

A, 8t, Clair limestone,

B. Izard limestone,

. Saccharoidal sindstone.

1. Manganese-bearing clay. y ‘
Horizontal seale: 1 ineh=14 mile, Vertical scale: 1 ineh=225 feet.

represents a section through this property across the divide
between Polk Bayou and Sullivan Creek. It will be observed
that but little manganese-bearing clay exists above the space
comprised in the hollows. The lzard limestone was once over-
lain by the St. Clair limestone and the Boone chert, but both of
these formations have been almost entirely removed. All that
remains of the chert are a few scattered fragments on the sarfice
of the hill, while the St. Clair limestone is represented by loose
masses and by one small exposure in situ, capping a knob of the
Tzard limestone, as shown in both figures 17 and 16.% The decay
of the St. Clair limestone has given rise to the ore-bearing clay,
which has sunk down into the hollows formed in the Izard
limestone after the overlying formation had been decomposed.
‘The following thirteen analyses represent as many car-load
shipments of ore from this property. The first four were an-

* Figure 16 represents a part of the summit of the divide shown In figure 17.

16 Geological, Vol. i., 1890,
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alyzed and consumed by the North Chicago Rolling Mill Com-
pany, the remainder by the Illinois Steel Company:

Analyses of manganese ore from the Skinner tract.

No, | MATEANS  ron, | siliea | PROSPRO- foisture.
1| w68 | 200 | ... B i
2 | omes | 280 | ... 0209 | rovven
5 | o186 | 780 | ... JT | p—
s |2 | 880 | (75 [—
5 | sea0 | 281 | 544 007 | 060
g 57.61 2.05 5.53 0.072 0.80
7 67.41 1.62 6.00 0.1060 L.00
s | mo |1 | en 0.078 | 0.80
9 | 5675 | 219 | 540 0.068 | 0.0

0 | 5739 | 165 | 5us 0074 | 010

1| 8849 | 880 | 1096 05 [ 700

12 | sees | 168 | 555 0.08 | 080

13 | 5881 |1 | sm 0060 | 0.0

Continuing north from the last property, the same character
of ore is seen at intervals along the Polk Bayou and Sullivan
Creek divide. It isgenerally exposed on the hilltops or covered
with a thin coating of fragments of chert. Frequently knobs of
Izard limestone protrude through the clay and prove the presence
of that rock at short distances beneath.

The Patterson tract.—The Pattersou trict is in 14 N., 6 W.,
section 7, the northwest quarter of the southeast quarter; and the
south half of the northeast quarter. It is on the summit of the
Polk Bayou and Sullivan Creek divide and half a mile northeast
of the Bkinner tract. The oreis scattered through a red clay soil
and is of the hard, massive, steel-gray variety, with small cavities
lined or filled with black clay.

Local features—Going north from the Patierson tract on
the Polk Bayou and Sullivan Creek divide, a region is reached
in which not only the whole of the 8t, Clair limestone, but also
a part of the Izard limestone has decayed. A part of the chert
bed still remains, but it is much shattered and broken on ac-
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~ gount of the removal of the underlying limestone, and now

oeeurs in isolated areas, capping hills or long narrow ridges of
" the Tzard limestone, while in the hollows the still lower sac-
haroidal sandstone appears.

Figure 2, of plate XL, represents a section in an east and
west direction across the divide, along the center line of the
most southerly tier of sections in township 15 N., and shows the
condition of the rocks. The geaeral dip of the rocks is a gently
undulating incline to the southwest. The summit of the divide
reaches about 350 feet above the level of Polk Bayou and is
.-éﬁéped with loose chert which, as will be seen in the figure, rests
on the decayed surface of the Izard limestone. Manganese is
' %nnd on the slopes of the hills, cropping out at the base of
~ the chert and on the surface of the Izard limestone. Tt is asso-
—— '(;igt_ed with red or brown clay and represents the residual product

~ of a stratom of St. Clair limestone, which once occupied a posi-
on between the base of the chert and the top of the Izard lime-
pne. The Clark and Bixter tracts, and the Baxter and Mont-
mery mines described below are just south of the hill repre-
~ sented in the center of the divide, the last two being on its im-
: liate southern slope.
fﬁe John Clark tract—The John Clark tractis in 14 N, 6
tion 5, the northwest quarter of the northwest quarter;

est quarter, This property is a mile and a half northeast
atterson tract and the mode of occurrence of the ore is
he same as at that place. The ore is scattered on the top
pes of a hill west of Squire Clark’s house, in loose masses
with red clay, angular chert fragments, and rounded peb-
‘The decayed surface of the Izard limestone protrudes
zh the clay. in many places on the slopes, but on the summit
ompletely covered by the ore-bearing -deposit. Several
Il pits have been dug, but the depth of the clay has never
termined. Oue pit is said to have been sunk toa depth of
y feet without reaching the bottom of the clay. Ninety
ore have been mined on this property and the adjoining
.@,‘i?ﬁnr% to the southwest.
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The R. F. Clark tract.—The R. F. Clark tract is in 14 N.,
6 W., section 6, the southeast quarter of the northeast quarter,
and adjoins the last mentioned tract on the southwest. Both tracts
form parts of the same hill, and what has already been said of
the John Clark property applies also to this.

The Baswter tract.—The Baxter tract is in 15 N.,, 6 W., sec-
tion 31, the southeast quarter of the southeast quarter; and
section 32, the southwest quarter of the southwest quarter. It
adjoins the John Clark tract on the west and forms part of
the same hill. The ore occurs in the same manner as at that
place. Tt is scattered in loose masses on the surface, in associa-
tion witha red clay, fragments of angular chert, and rounded
pebbles. What has already been said of the John Clark tract may
be applied to this. The depth of the elay on top of the hill has
not been tested, but the deposit will probably be found to run
down into holes in the underlying limestone.

The Baazter mine—The Bixter mine isin 15 N., 6 W,
section 32, the northwest quarter of the sonthwest quarter and
adjoins, on the north, the Bixter truct just mentioned. It is on
the south slope of a hill and consists of a large pit about twenty
feet deep, from which three hundred and fifty tons of ore are
said to have been taken. The hill is capped with chert and the
opening is made in the residual, ore-bearing clay at its base.
The Izard limestone is exposed at the foot of the hill. The clay
is of a red or dark chocolate-brown color,and contains masses of
ore from a quarter of an inch to twenty-four inches or more in
diameter. The cre is sometimes of a hard, crystalline variety,
sometimes in the form of small concretions and fragments, (“shot
ore”) and occasionally in a porous, earthy, brown mass.

The property is now being worked by John B. Skinner and
Company. The ore is carried on a tramway to Sullivan Creek,
a distance of about a mile, where it is crushed and washed in
a series of jigs. (See Methods of Mining in the Batesville Re-
gion, chapter XI). The accompanying drawing from a photo-
graph represents the Buxter mine. The sides of the pit are
composed of the ore-bearing clay, with loose masses of St. Clair
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and Izard limestounes, while fragments and slabs of chert lie on
the hillside.

The following analyses represent the composition of three
ear-loads of ore mined on this property by Messrs, Skinner and
Abbot. The ore was analyzed by the Illinois Steel Company.

Analyses of manganese ore from the Baxter mine.

Manganese.,....... 55.60 47.70 45.77
Iron..... 8.78 4.77 4.67
Silica 24,58 10.98 14.06
Phosphorus........ 0.149 0,284 0,342
Water.i e s 980 9.20 8.20

Ores of considerably better quality than these are reported
to be mined at present on the same property by John B. Skinner
and Company.

The Montgomery mine.—The Montgomery miune is in 15 N.,
6 W., section 32, the northeast quarter of the southwest quarter,
It adjoins the Baxter mine on the east and resembles it in most
respects. It is on the same slope of the same hill and the
two pits are directly alongside of each other. The clay lies on
the surface of the Izard limestone and the ore occurs in various
forms, either as masses of hard, steel-gray ore, as flat concretions,
(““ button ore”), or as small, round, concretions and fragments
of the larger masses (“shot ore”, “ wash dirt ”). The ore could
be easily freed from the adhering clay by proper washing
machinery.

There are considerable quantities of loose masses of St,
Clair and Izard limestone on this property, and often the two
rocks are represented in the same fragment, such pieces having
doubtless come from the point of contact of the two beds. The
fragments of St. Clair limestone are frequently stained green
with carbonate of copper and often contain nodules of the same
material, enclosing a kernel of oxide of copper. The green
<carbonate has been formed by the chemical alteration of the
latter material. The copper minerals are not io sufficient quanti-
ties to be of any commercial value.

The accompanying drawing from a photograph represents
the opening at the Montgomery mine. The sides of the pit are
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composed of the ore-bearing clay, while the rock in the fore~
ground, on the right-hand side, is 2 mass of Izard limestone
rounded off by decay. Some of the St. Clair limestone still ad-
heres-to it-and in places appears to have overlain it on an
uneven surface. So little of the St. Clair limestone is left,
however, that sufficient evidence is not at hand to draw conclu-
sions as to the cause of the inequality.

The J. P. Montgomery and J. W. MeDowell tract ; the J. P.
Montgomery tract.—The Montgomery and McDowell tract is in
15 N,, 6 W., section 31, the northeast quarter of the southeast
‘quarter ; the Montgomery tract is in section 31, the northwest
quarter of the southeast quarter; the northeast quarter of the
southwest quarter; and in section 32, the southeast quarter of the
northwest quarter. These properties adjoin on the west and
north the forty acres on which the Baxter mine is'situated, and
are heavily capped with chert. The Izard limestone forms the
lower slopes of the hills, and in the bottoms of the hollows the
underlying sandstone erops out. The St. Clair limestone is not
seen and it has probably entirely decayed. What clay and ore
it may have contained now lie between the chert and the Izard
limestone. Numerous small pits have been sunk, some of
which have struck ore.

There is frequently found here a soft, earthy, but compact
ore of a jet black color, containing many joints, the faces of
which are deeply striated with slickensides and have a brilliant,
black gloss. It represents a hardened clay* deeply stained with
manganese, and is often mistaken for plumbago. It is es-
pecially plentiful in 15 N., 6 W., section 31, on the bluffs of
Polk Bayou, where it frequently contains angular fragments of

#*An analysis of this material mude Ly the chiemist of the Survey gave the foll wing results

MERDEHIBERL . iiiaryysspncisccyssisivs mwiaiy 14387
) 6 e R S A e 10.84
11 i A e o iy R e 37,77
ATEWIIAW - vovne gravavnsasarese 9.87
WVREETLL. o comrmssnnisincos as spnimbiysnnss viader 12:82

The harder ore found on these properties is of much better quality than the material
represented in the above analysis. ¥
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echert, which have been blackened throughout their mass by the
impregnation of manganese. In section 31, a pit is said to have
been sunk into it for twenty-five feet withont reaching the bot-
tom. It frequently contains eavities lined with stalactites of harder
manganese ore and is capped by a deposit of laminated,
brown hematite. A dark steel-gray manganese ore has also been
found in this area.

A decomposed chert in the form of a fine powder occurs on
the land of Mr. Montgomery in section 31. This contains
particles of the less decayed rock, and if freed from these it
would make a valuable polishing powder. Masses of a light,
porous, partly decayed chert are also found in association with
this material and could be used for whetstones.

Besides the properties already mentioned, Messrs. McDowell
and Montgomery own several other tracts of land in sections 31
and 82.

The William R. Montgomery tract.—The William R. Mont-
gomery tract is in 15 N., 6 W, section 32, the south half of the
southeast quarter, and shows manganese under conditions similar
to those at other localities already described in the neighbor-
hood.

The Morris tract.—The Morris tractisin 15 N., 6 W,,
section 33, the west half of the southwest quarter, and is the prop-
erty of Messrs. J. W. McDowell and J. P. Montgomery. Three
pits have been opened on it and several hundred tons of ore are
said to have been shipped. The ore is;axposed in several places.

The Bruce tract—The Bruce tract is in 15 N., 6 W., section
28, the southwest quarter of thesouthwest quarter; section 29 the-
whole of the southeast quarter with the exception of the north-
east quarter of it ; section 32, the northeast quarter of the north-
east quarter; section 33, the northwest quarter of the northwest
quarter. This tract is largely covered with rounded pebbles and
angular chert, lying on low hills of the Tzard limestone or the
underlying sandstone. The Izard limestone becomes thin iu this
region and often occurs simply as small outliers on the
surface of the sandstone. Frequently, however, it appears to be
absent when it is only hidden under the gravelly material and
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loose chert. The St. Clair limestone is entirely wanting and
not even fragments of it remain. The chert bed has almost dis-
appeared, and occasional small areas of loose, angular frag-
ments are all that remain of it. The ore is found as masses
mixed with the chert and rounded pebbles, or as a cement of a
breccia, bioding together fragments of the loose material, both

avgular and rounded. The cracks in the chert are much stained

with manganese and often the whole substance of the rock is
impregnated with it, turning it a black color. No mining has
been done on this property and the depth of the ore-bearing
deposit has not been determined. Similar ores are found on the
Totty property to the south of the Bruce lands, and in the region
thence east to Polk Bayou.

This area represents the northern limit of the manganese
ores in the region between Polk Bayou and Sullivan Creek, and
the ore deposits have already become small and scattered. To
the north, the country is mostly underlain by the sandstones and
magnesian limestones that form the northern boundary of the
manganese area. Occasionally outliers of Izard limestone cap
small hills, but they rapidly grow fewer and soon disappear
altogether to the north.

POLK BAYOU BASIN.— Prairie Creek region.

Gleneral features.—The waters of Prairie Creek rise in the
chert hills to the east and northeast of the town of Cushman and
flow thence southeast, emptying into Polk Bayou less than two
miles above the mouth of Sullivan Creek. The region to the
south of this creek is a heavily chert-capped area and represents
the belt of chert barrens that borders the manganese region on the
south. Tt is the northwesterly continuation of the same belt that
has been described as crossing Polk Bayou north of Batesville.
In the latter region, the bayoun has cut down through the chert
and exposed the underlying limestone. In the same way the
limestones crop out on the northern escarpment of the highland
abutting on Prairie Creek, and numerous gullies, emptyiag into
that creek, have made inroads on the chert and have exposed the
same beds for short distances back from the main valley. It is
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I ! in the neighborhood of these exposures that manganese is found.
To the north of Prairie Creek, the country is much broken and
is largely composed of Izard limestone and the underlying sand-

= stone, with numerous ridges and isolated knobs of chert.

ﬁ As will be seen on the map, the St. Claiv limestone is some-
d in small areas both to the north and south of

times ex
tie Creek, and in many places where it does not appear, it
doubtless exists under the concealing cap of chert; but the bed,

as a whole, has been considerably decomposed, and on this fact
depends the existence of the deposits of manganese-bearing clay.
The Shaw tract.—The Shaw tract isin 14 N., 7 W., section

= 11, the northwest quarter of the northeast quarter. Manganese

oceurs on this property iu a red clay with angular and rouaded
chert fragments. The rounded fragments disappear at a depth of
eight to twelve feet. The ore is of the usual steel-gray, crystal-
line variety. Several pits have been sunk, but are now almost
entirely filled up. The surface is heavily covered with loose
chert and pebbles, rendering the ore-bearing clay invisible, ex-
cept where it hasbeen sunk into.

The Brooks mine.~The Brooks mine isin 14 N., 7 W.,
section 10, the southeast quarter of the southeast quarter; and in
section 15, the east half of the northeast quarter. It is almost
all heavily capped with chert, the only exposures of other rocks
being at the northwestern extremity, where the Izard lime-
'stone and a small outerop of St. Clair limestone appear. The
property consists of a rolling, hilly area and marks the northern
limit of the chert barrens to the south. Three shafts, thirty-five
feet, Lhirty-six feet, and forty-five feet deep, respectively, have
‘been sunk on the property, and it has been found that beneath the
«chert, on the slopes of the hills, the ore-bearing clay occurs to a
considerable depth. Several drifts have also been made in the
ore deposit.

Drift No. I runs into the side of a hill for a hundred and
fifty feet, showing u stiff, red clay with angular chert and a
little manganese ore. Immediately overlying the drift are ten
to fifteen feet of chert, capping the hill. Drift No. 2 runs north,
‘under the chert, into a deposit of dark chocolate-colored clay,
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containing both large masses of ore (“lump ore”) and innumerable
small particles (“shot ore”). The mixture of ‘“‘shot ore” with
its associated clay is said to contain thirty-four per cent of
‘metallic manganese. A shaft forty-five feet deep was sunk
into this deposit without reaching the bottom. Masses of gray
and chocolate-brown St. Clair limestone are found inalmost all
the shafts and drifts, and poing clearly to the origin of the ore
from the decomposition of the limestone bed.

. |
| | e i | | I T | i
Figure 19, Section through the Brooks property sk g the formation of the g
bearing elay by the decay of the 8i. Clair limestone, and the resulting subsidence of the chert.
A, Boone Chert.
B, 5t Clair limestene.
€. Izard limestone.

D. Manganese-bearing elay.
Horizontal seale; 1 inch—=300 feet. Vertical seale: 1 ineh=125 feet.

The accompanying figure shows the occurrence of the ore on
this property. The shafts and drifts have proved the dip and
thickness of the chert at several places on the slopes of either
hill, while in the intervening space the thickuess and dip as rep-
resented in the figure are imaginary.

It will be seen in the figure that the ore-bearing clay rests
directly on the irregularly decayed surface of the Izard limestone,
and that it is capped by the chert. It will aiso be observed that
the ore-bearing clay contains numerous loose masses of both the
St. Clair and Izard limestones. Originally the St. Clair lime-
stone extended continuously across the ravine represented in the
figure and held the intermediate position, between the Izard
limestone below and the chert above, that is now held by the
clay with the ore and loose rock. The only difference was
that it and the overlying and underlying rocks were horizontal
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or almost so, and instead of there being a ravine in the center of
the property, the two hills were connected on one continuous
level. By the action of percolating surface waters, the St. Clair
limestone has decayed, the carbonate of lime has been carried off,
and the manganese ore and clay, which were once scattered
through the rock, have remained in the form of the ore-bearing
clay as it exists at present.

It will be seen in the figure, that loose masses of St, Clair
limestone still exist in considerable quantities in the ore-bearing
clay, and it is more than probable that in the hills on either
side of the hollow, isolated areas of this rock, not represented in
the figure, may still exist in situ above the Izard limestone. The
base of the clay bed, as shown in the figure, is imaginary, as
none of the shafts have reached that depth, but estimating its
position from measnrements of the position of the Izard limestone
in the neighborhood, it is approximately correct. During the
decay of the St. Clair limestone, the overlying chert has sunk
down in the hollows formed by the partial removal of that rock,
and hence the ravine now seen between the hills on either side
of the figure. The chert exists in a loose, shattered condition,
often so much broken that it forms simply a mass of angalar
fragments ; but in some of the openings on the slopes of the
hills, it can be seen dipping in towards the hollow, in a manner
directly dependent on the subsidence it has undergone. (See
pages 193-196.) A part of the chert in the hollow has doubtless
rolled from the hillsides, but some, at least, of that on the slopes
represents the remains of the original bed approximately in
place, changed in position only by the amount of subsidence
it has undergone. The thickness of the remaining chert varies
from ten to over fifty feet. ;

“The dark brown clay found in this mine has been success-
fully used in St. Louis in the mauufacture of artificial brownstone.
and colored bricks, and several car-loads have been shipped
there for those purposes.

The Whitthorne tract.—The Whitthorne tract is in 14 N.,
T W., section 10, the southwest quacter of the northwest quarter;
and the northeast quarter of the southwest quarter, Itis on a
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chert-capped ridge that runs off from the chert region about
‘Cushmauv and forms the divide between two small forks ol Prairie
Creek. The chert becomes thin towards the eastern end of this
divide, and knobs of' St. Clair limestone or areas of manganese-
bearing clay frequently protrade through it. The Izard limestone
is seen below in the beds of both forks of the creek, There is
doubtless a considerable thickness of St. Clair limestone here,
and the existence on its surface of numerous basins of manganese-
bearing clay proves that, in some places at least, it is highly
‘impregnated with the materials required to form such deposits.

Figure 20, Section through a pit on the Whitthorne tract showing the formation of the
manganese-bearing clay by the decay of the 8. Clwir limesione, and the resulting subsidence of the
chert on the slope of the hill.

A. Boone chert,

B, St. Clair limestone.

C. Muanganese-bearing clay.

Horizontal and vertical scale : 1 inch=20 feet.

The accompanying figure is a section through a pit on
the Whitthorne property. It is on the northern slope of the
ridge and shows not only the leaching of the limestone and
formation of the clay as a residual product, but also the sloping
of the chert on the edge of the hill as the result of the removal
of the underlying limestone, as explained in chapter VIIL. The
jagged edge of the limestone, on the right, represents the partly
decayed surface of that rock. The clay is red and chocolate-
brown in color, and contains the usual hard, crystalline ore in
variable quantities. As will be seen in the figure, the ore-bearing
clay also overlies the limesione to the right, and in this spot
the chert bed has been entirely removed, and the clay is exposed
in a hollow on the decayed surface of the limestone.

Similar deposits are seen elsewhere on the property, but
only very little work has been done. The St. Clair limestone
in some places crops out as a dark chocolate-brown rock, highly

e
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impregnated with manganese, and elsewhere, perhaps only a few
yards off, it is of a light gray color and contains but little of
that material. This is a noticeable instance of the unequal
distribution of manganese in the limestone, and serves to explain
the frequent oceurrence of masses of the pure rock in beds of-
highly manganiferous clay. (See pages 187-188).

The Blair tract. —The Blair tract is in 14 N, 7 W., section
9, the southeast quarter. It comprises a hundred and sixty
acres at the head of one of the forks of Prairie Creek, and
three-quarters of a mile southeast of Cushman. The ore oceurs
in association with red clay, overlying the decayed slopes of the
ITzard limestone. A knob of chert caps the hill and fragments
of it have rolled down and mixed with the clay. Thirteen tons
of ore are said to have been shipped, but very little work has
been done.

Other localities on Prairie Creek.—Besides the properties
already mentioned, there are many others in the Prairie Creek
region which show manganese under conditions similar to those.
described ; but little or no work has yet been done on them.

POLK BAYOU BASIN— Northwest part.

General features.—Continuing up the west slope of the Polk
Bayou basin, north of Prairie Creek, the country becomes
broken into small chert-capped hills, with Izard limestone
below and the uaderlying sandstone in the creek beds. The
chert in this region becomes thin and, in places, is only repre-
sented by loose fragments on the tups of the hills, Ove-bearing
clay is frequently found on the hills and is generally mixed at
its surface with the remains of the chert bed, or capped by a
heavier bed of chert free from ore. Sometimes the clay has been
washed down over the slopes and has collected in the hollows in
the decayed surface of the limestone. The St. Clair limestone
has been entirely decomposed and even fragments of it are rarely
seen in the residual clay,

The Pritcheit tract.—The Pritchett tract is in 15 N, TW;

section 36, the northwest quarter of the southwest quarter; and

section 35, the southeast quarter of the southeast quarter. Man-
ganese ore, associated with red clay, has been found on this prop-
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erty overlying hills of Izard limestone. Frequently bodies
of chert form prominent knobs on the hills, and fragments of it
overlie the surface of the ore-bearing clay on the slopes. Under-
neath this loose material, at a depth of from two to ten feet, ore
has been found in masses from one to twelve inches or more in
diameter. It is of the usual hard, black variety and is generally
erystallive. Sometimes it oceurs as a cement binding together
fragments of chert. Several small prospect pits which have been
sunk show manganese in greater or less quantities.

The I. N. Reed tract.—The I. N. Reed tract is in 15 N.,
7 W., section 36, the southeast quarter of the southwest quarter,
and is a quarter of a mile southeast of the Pritchett tract. The
hill on which it is situated is heavily cupped with chert, but to
the north it slopes off gently to a hollow that separates it from
the last named place. The ore-bearing clay is exposed on this
slope and overlies the Izard limestone. From here the deposit
rans south under the chert that caps the hill. The ore is of a
massive, black variety, and isassociated with red and brown clay
and angular fragments of chert. Several openings have been
made, and two hundred tons of ore are said to have been mined.

Other localities in the northwest part of the Polk Bayou basin.—
Deposits similar to those described occur in several other places in
15 N., 7 W., section 36, the southeast and the southwest quarters,
but very little work has been done on them. Going north from
here, the manganese rapidly becomes less plentiful, until it dis-
appears altogether in the northern part of the township. The
8t. Clair limestone does not appear at all, and the Izard lime-
stone and the chert also become much less marked features of
the country, finully oceurring only as scattered outliers in the
sandstone region of the upper Polk Bayou basin.

CHAPTER X,

PHE BATES VILLE REGION OF ARK ANSAS— Continued.

LAFFERTY CREEK BASIN.—Gleneral features.

The Lafferty Creek basin comprises the drainage area of
ﬁi&fions- forks of Lafferty Creek. The name is used here to
de the western part of the Batesville manganese region, as
‘distinguished from the eastern part, or the Polk Bayou basin,
The main Lafferty Creek is formed of two forks known as
“West Lafferty and East Lafferty Creeks. West Lafferty rises
_in the southeast part of Izard county and flows south ; Bast Laf-
- ferty rises south of Barren Fork, in the same county, and flows
southwest. They run together in the northwest part of Inde-
- pendence county, about a mile above the mouth of the main
‘ereek, and flow thence into the White River at a point one mile
' the line between Izard and Independence counties. Three
above the confluence of the two creeks, East Lafferty re-
ceives the waters of what is known as Mid.lle Lafferty Creek,
ich rises about two miles northwest of Barren Fork. Num-
us other tributaries run into each of the forks of Lafterty
k_,_and among them are the Turner Creek and Blowing
e Creek forks of East Lafferty, and many small branches of
Vest Lafferty.
Ascending Laflerty Creek from its mouth, an almost exelus-
y chert area is passed through antil the confluence of the
d west forks is reached. The rocks rise up in steep and
‘perpendicular bluffs, sometimes reaching over a hundred
bove the creek and forming a rugged canyon, swept period-
by the freshets common (o this stream. The region
ents the chert barrens that bound the manganese area on
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the south, and is the northwesterly extension of the same belt
already described as crossing the lower part ot the Palk Bayou
 basio and lying south of Prairie Creek. From Lafferty Creek it
passes northwesterly, crossing the White River above and below
the mouth of that stream and bearing off into Stone couaty.
Near the confluence of East and West Lafferty, the St. Clair
limestone rises from beneath the chert and is exposed in high
ledges on both creeks. Fragmenis of ore sometimes occur on
the hillsides, but the protecting cap of chert on the tops of the
hills is thick, and the limestone has as yet been almost entirely
uninfluenced by the disintegrating action of surface waters,
so that there are no large accumulations of clay and ore. To the
north and northeast, however, the chert is thinner, more of the
limestone has been decomposed, and consequently there are larger
beds of the ore-bearing clay, Farther up the valleys of both
East and West Lafferty, the limestone has decayed still more and
the consequent accumulations of ore-bearing clay are thicker. The
chert also has been affected and has become thinuer, but it pre-
serves sufficient thickness to protect the underlying clay deposit
from being washed away. Finally, as the head waters of the
creek are approached, the 8Bt. Clair limestone has been entirely
decomposed, aund in its place there are large deposits of residual
clay and the associated manganese ore. Here, however, another
factor enters into the case: the ore occurs on isolated hills and
ridges, and the chert bed has beccme thin, being often rep-
resented only by loose fragments scattered over tne surface
of the red clay. This has exposed the ore bed to the action of
the weather, which has oftencarried off a large part of it. Hence
one of the reasons why, in many places where the chert has been
removed, there is but little ore-bearing clay, though the under-
lying limestone may have entirely decayed.* Sometimes, how-
ever, even where no chert is left, considerable quantities of clay
have been saved in the hollows of the Izard limestone. Still
farther up the basins of Hast and West Laflerty Creeks these
isolated manganese areas grow fewer and fewer, and finally dis-

2 Another reason is thatin many places the original limestone did not contain the ma-
terials to form an ore-bearing bed. See pages 188-18Y,
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appear altogether in the sandy region of southeastern Izard

county. :
The accompanying plate XIV. representsa general view

looking westward over the Lafferty Creek basin from the sum-
mit of the high hill immediately north by east from Cushman.
The view represents the characteristic topography of the region,
and shows the undulating ridges and hills on which the man-
ganese deposits oceur. The high area in the extreme back-
ground is comprised in the Boston Mountains, to the west of the
Lafferty Creek basin.

Figure 3, of plate XT., representsa profile section across the
lower part of the Lafferty Creek basin, extending from Cushman
in a westerly direction through the Tosh Hill and the George
Hill to Penter’s Bluff, and across the White River into Stone
county. It will be seen that in this part of the basin, the St.
Clair limestone preserves the larger part of its original thickness,
and therefore the beds of ore-bearing clay, which are the results
of the decomposition of the Iiinestone, are scattered. In some
places on the divide between . East and West Laflerty Creeks,
however, a considerable amount of decay has gone on, and the
broken chert covers the beds of ore-bearing clay that lie on the
partly decomposed surface of the limestone. This accounts for
the irregular contact line of the St. Clair limestone and the chert,
as shown in the section. The chert once overlay the limestone in
a regularly stratified position, but the decay and partial removal
of the latter rock, has undermined the chert and has allowed it
to sink down and fill the hollows thus formed; hence the in-
equalities now seen at the contact of the two formations.

It will also be observed that both the St. Clair and Izard
limestones, when not decayed, are thicker in the western part of
the section than in the eastern part,and both may be said to
reach in Penter’s Bluff the maximum development that has been
observed in the region. (See pages 125 and 172.)

LAFFERTY CREEK BASIN.—EHast Lafferty Cpeck region.
The A. G. Pitman tract.—The A. G. Pitman tract is in 14

N., 8 W., section 14, the north half of the northeast quarter,

17 Geological; Vol. i., 1890,
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Just above the confluence of Fast and West Lafferty Creeks,
The St. Clair limestone has suffered but little decomposition here,
and only a few seattered arveas of red clay and manganese ore
oceur on its decayed surface. The ore is often in the form of
small, flat, black concretions, known as “button ore.” No work
has been done and the ore is only seen on the surface.

Local features—Northeast of the last tract, u p theeast side
of East Lafferty Creek, the St. Clair.limestone is exposed
almost continuously to the mouth of Blowing Cave Creek
Bometimes it is cut by deep hollows, that head in the chert:
arca to the east and empty their waters into the main creek
below. The country is heavily capped with chert and but little
mining has been done. The limestone shows signs of consider-
able decomposition, however, and, by intelligent prospecting,
mapganese might be found in various places.

The Tosh Hill—The Tosh Hill is in 14 N., 8 W., section
12. It is near the confluence of East Laflerty and Blowing
Cave Creeks, and rises three hundred and sixty feet above those
streams. Small areas of manganese-bearing clay occur at this
locality, but the 8t. Clair limestone retains almost its whole
thicknesg, and consequently the deposits are limited in extent.
On the slopes of the hill, however, the rocks have undergone
some decomposition, and several small prospect openings have
shown the presence of ore under the loose chert that covers the

hillsides.
LAFFERTY CREEK BASIN.—Blowing Cave Creck region.

Geﬂeraffeatures.—glowing Cave Creek rises in Blowing
Cave, a mile west of Cushman, and flows west into East Lafferty
Creek. A little over a mile from its source, it receives the
waters of Phelps Spring Branch, which rises a mile northeast
of Blowing Cave. Both creeks head in the limestone on the
slopes of the rugged chert region that surrounds Cushman, while
below their head waters, on the southern side of their drainage
basin, the St. Clair and Izard limestones are exposed in steep
bluffs, underlain by the saccharoidal sandstone and capped by a
variable amount of chert. In some places the chert bed has

r
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oM ';"t-e'ly removed and the St. Clair limestone is exposed on
surface, while in other places, though much shattered and
t still retains a considerable thickness. The general
er of this region is shown iuthe section in figure 3, of plate
The part of the section from Cushman to the Tosh Hijll
asses along the summits or upper slopes of the hills immediately
ath of Blowing Cave Creek.
The H. Hightower tract.—The H. Hightower tract is in 14
., 7 W., section 18, the mnortheast quarter of the northwest
't over a mile south of east from the western slope of
‘osh. Hill, and on the summit of the same chert-covered
d of which the Tosh Hill formsa part. Here the chert has
l're;noved from a small area and the manganese-bearing
been exposed on the surface. The ore isof a goft, black
y and is associated with a red clay containing loose chert
ents in its upper part. Numerous large masses of St. Clair
are found in the clay, and, though that rock is not seen
it doubtless anderliesthe clay in considerable thickness;
e:.!;hé'_ ore deposit zepresents the residue from the decompo-
of its surface. A few small prospect pits have been dug
1ig tract, but the depth of the deposit has not been tested.
e Meeker tract.—The Meeker tract is in 14 N T W,
orn 8, ‘the west half of the southeast quarter; the east half of
southwest quarter ; and the southwest quarter of the south-

]e loose fragments of the same rock eover the slopes. Several
all pits have been sunk through this loose material at the base
- of the main chert bed, and prove the presence of manganese
- ore. It is associated with red clay and lies in holes and basins
on the slope of the 8t. Clair limestone. The clay bed, where
seen, varies from three to eight feet in depth, but it is probably
er in some places.
At this locality the S{. Clair limestone is in its initial stage
ecomposition. A larger part of the bed still remains, and
. therefore the deposits of ore-bearing clay will probably be found
_ t0 be somewhat scattered; but the surface of the rock has already
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been considerably affected, and the elay and ore may be expected,
in many places, to fill hollows of considerable depth in the rock.

LAFFERTY CREEK BASIN.— Turner Creek region.

General features—In the Turner Creek basin, which lies:
north of the Blowing Cave Creek drainage, the country has
undergone a great change: the St. Clair limestone no longer
exists in the high ledges seen in the latter area, but has been
mostly leached away, and large deposits of manganese-bearing
clay have collected under a heavy capping of chert.

Turner Creek rises in the chert-capped hills two miles north-
east of Cushman and flows west into Lafferty Creek. The St.
Clair limestone is occasionally exposed in small outerops near its
head waters, and much larger bodies are donbtless concealed under
the chert that covers the tops and slopes of the hills ; but the rock
has undergone a large amount of decay, and, on the lower part of
the creek it hasbeen entirely decomposed. The region represents
the northern limit, in the East Lafferty basin, of the St. Clair
limestone, though formerly this rock extended farther to the
north, as is showan by the pressnce in that direction of the ore-
bearving clay.

Many of the best known propertiesin the Batesville mangan-
ese region are situated in the Turner Creek drainage. Among
them are the Southern mine, the Turner mine, the Wren mine,
the Lapham mine, the Polk Southerd tract, and numerous other
properties,

The Southern mine; the ore deposit.—The Southern mine is in
14 N., 7 W., section 4, the northwest quarter of the southeast
quarter, and belongs to the Keystone Manganese and Iron
Company. It is three-quarters of a mile north of Cushman,
on the summit of the chert-covered divide between the Polk
Bayou and Lafferty Creek basins. The property consists of a
hill risine over five huadred feet above the White River at
Batesville, and comprises a part of the northern limit of the
chert region, which, as will be seen on the map, extends contin-
uously from two miles north of Batesville to the head waters of
Turner Creek. The chert still exists to the north of this belt,
but it is in isolated hills and ridges.
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The Southern mine was first worked by E. H. Woodward
and Company, between 1881 and 1885, during which time 2.500
to 3,000 tons of ore are said to have been mined. In October,
1885, the Keystone Manganese and Iron Company began work
on it, and from that time until December 31, 1890, they pro-
duced 14,489 tons of ore, making a total output, since the first
opening of the mine, of from 16,989 to 17,489 tons, This pro-
.duction probably represents over half the total output of the
-state.

The Southern Hill, on which the mine is sitnated, is capped
on its summit by a bed of chert warying from twenty to sixty
feet in thickness, and below this is the ore-bearing clay. The
St. Clair limestone, which once occupied the position of the clay,
has mostly decayed, and is now found in loose masses, known
as “gray rock,” in the clay. It is probable, however, that
areas of it still exist in situ at the base of the clay and
above the Izard limestone. The chert is greatly disturbed
and dips at various angles from almost horizontal to almost
wertical, and is much faulted, jointed, and shattered throughout,
The loose fragments of it are frequently much stained with
mangznese on the outside, and numerous thin, black, films
penetrate the cracks of the whole bed. The disturbance of the
chert has not been caused by an upheaval, as is generally
supposed, but by a directly opposite action, that is, by
the subsidence of the bed as a resunlt of the decay and partial
removal of the St. Clair limestone that once underlay it, as
explained in chapter VIII. The existence of manganese-bearing
clay is directly dependent on this decay of the St. Clair lime-
stone, and therefore the breaking up of the chert bed is a proof
of the presence of the ore and clay, supposing, of course, that
the original rock contained the materials for such a deposit.

These facts have been fully discussed in chapter VIIL., and do

not need further mention here.
The ore found on this property occurs in loose masses
varying greatly in size, from the small variety known as “wash

dirt” to large masses weighing several tons. It is of a black
color, has a bright lustre inside, and is generally of a crystal-
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line structure. It often contains transparent, rhombohedral
crystals of calcite, or encloses cavities coated or partly filled with
red or yellow clay. The cavities probably represent spaces
formerly occupied by the calcite, which has sinee decomposed
and left the clay as a residue.

The quality of the ore, as determined by car-load shipments,
varies within certain limits: the percentage of manganese ranges
from 45 per cent to over 56 per cent; the iron from 1 per cent to 8
per cent; the silica from 2 per cent to 6 per cent; the phosphorus
from 0.16 per cent to over 0.20 per cent; moisture from 2 per
cent 1o 7 per cent. Large quantities of ore are at present
being shipped which contain'less than 0,2 per cent of phosphorus,

The following analyses represent the composition of ore
from this property. The first five analyses were made under
the direction of the Keystone Manganese and Iron Company and
were accepted by the Illinois Steel Company, the purchasers of
the ore. The sixth analysis was made by Carnegie Brothers
and Company, Pennsylvania.

Analyses of manganese ore from the Southern mine.

No. Maet;%x?n— Irvon. Silica. Phl"_’::;h“_ Moisture.
1 83.12 2.30 2,95 0.165 4.40
2 51.82 3.40 2,50 0.193 210
3 50,75 4,27 8.52 (.184 5.40
4 48.73 2,15 3.10 0.166 7.28
& 51,77 2,38 3.18 : 0.‘128 1.68"
6 49.60 3,84 4.79 0,184 .88

Judging from the surface indications on the Bouthern
Hill, it would be expected that not only had the St. Clair
limestone been largely decomposed, but also that a considerable
thickness of clay existed under the chert, anil contained ore in
bodies of greater or less size. Such has been proved to be the
case by a large number of shafts, varying in depth from twenf$
to eighty-five feet, which have been sunk in different places on
the hill. Many of the shafts have met loose masses of St. Clair
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“limestone in the clay, and some have stopped on large bodies of
the same rock, In the lutter case the rock may either represent
loose masses or else peaks of the St. Clair limestone rising up
from an undecomposed area of that formation below; and it is
doubtful if any of the shafts have yet reached the maximum
depth of the clay. (See pages 202-203.)

The Izard limestone, which belongs in a position immedi-
ately below the St. Clair limestone, is seen at the foot of the hill ;
and from measurements made it is probable that in some places
this rock, and in others a remuvant of the 8t. Clair limestone, will
be found to form the floor on which the clay lies at a depth of
about a hundred feet from the highest part of the hill. The clay
may even be found to run down into holes and basins in the
limestone, and thus acquire a greater local thickness. The
chert comprises the upper twenty to over sixty feet of this
depth, leaving a probable thickness for the clay of from twenty to
eighty feet. The latter thickness is exceptional, and points to the
fact that the St. Clair limestone, from which the ore-bearing clay
was derived, was_heavily charged with materials to form such
a deposit.

The accompanying drawing from a photograph shows
a large open cut in the western side of the Southern Hill,
The photograph was taken from a hill to the west of the pit
and represents a view looking across a ravine. The banks
occupying the central part of the drawing, where the men
are standing, are composed of the clay taken out of the pit
in the background and dumped on the hillside. The upper
parts of the opening, ocenpying the extreme background of
the figure, are composed of chert, and show the broken
condition of that formation. Below the chert is the
ore-bearing clay, from which the dump in the center of the
drawing was taken. :

The clay that contains the ore at the Southern mine is
a stiff, red, brown, or almost black material, frequently con-
taining many joints. The joints are due to the gradual
sinking of the clay bed as it was formed from the limestone,
and their faces are deeply grooved by slickensides, caused
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by the movement of one part of the clay against the other.
The upper part of the clay contains fragments of
chert, and the main chert bed itself often protrudes into it in
angular “reefs.”” The clay bed is of a bright red color in
its upper part, but below, it contains darker layers known as
“black joint.” The ore, so far, has been mined only in the
upper clay, and, until lately, no work had been done in the
“black joint.” The color of this dark bed is due to mangan-
ese, and it is notimpossible that further exploration may prove
the existence in it of workable bodies of ore. The differ-
ence in the colors of the clay is entirely due to the difference
in character of the insoluble material in the original limestone;
and there is no reason why the ore should not be found
in the dark colored clay, though a practical test will
be needed to demoustrate its presence or absence in work-
able quantities,

The manganese occurs in the clay in the form of poek-
ets, varying greatly in the amount of ore they contain. In
some places only a few tons are found, while from others
five hundred tons or more have been taken. The pockets
usually lie in the clay almost immediately under the chert ;
and this fact would suggest that the ore on this property
originally occurred near the top of the St. Clair limestone.

The ore is often found, as it is expressed, “bearing off
from the steeply dipping chert.” This can be explained in the
following manner: the base of the chert penetrates the
upper part of the clay bed in a very irregular manner, now
running down into it for many feet, now receding, and often
piercing a pocket of ore. In the process of mining such a
pocket, the ore of course ends abruptly where the chert cuts
through it, but on the other side of the chert “reef”, the con-
tinuation of the pocket may be found, unless indeed the
chert penetrates the clay at the end of the pocket, leaving all
of the ore on one side,

In sinking shafts through the chert on this property,
there is frequently found, just before the ore-bearing clay is
reached, a yellow or brown siliceous material of a dry,
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earthy appearance and from six inches to three feet in
thickness, locally known as ““ochre.” This is considered a
good indication that the ore-bearing clay is near, for the
“ochre” occurs at the base of the chert, and clay containing
a greater or less quantity of ore occurs almost immediately
under the chert.

Immediately below the ore at the Southern mine, the
shafts frequently come on to a deposit of sand or sandy clay,
ranging in thickness from four to twenty feet,and averaging
probably eight feet. These deposits are called “sand bars,”

-and vary from a loose, soft bed to a more compact and mas-

sive material. They probably represent the partly disinte-
grated remains of one of the sandstone beds existing in the
8t. Clair limestone before it was decomposed and reduced to
residual clay (see pages 169 - 170), It is generally found
that, in sinking through the sandy stratum, a body of St.
Clair limestone is struck, and therefore the shafts usually
stop when the sandy deposits are met. Between the lime-
stone and the sand, thereis very often alayer of dark brown
or black clay, of the same character as the “black joint”
described above, and varying from a few inches to several
feet in thickness. Tt represents the decomposition product
of the surface of the mass of limestone, and has originated
in a manner similar to the rest of the clay in the ore-bearing

-deposit.

The mode of derivation of the ore deposit at the South-
ern mine and the dependence of the profitable development

-of the property on a knowledge of this mode of derivation,

are discussed in chapter VIIIL., pages 199-203. The principal
features may be summarized here:

The ore once occurredin the upper part of the formation
known as the St. Clair limestone (“gray rock”). This
formation was more than a hundred feet in thickness and
was overlain by probably a greater thickness of chert. It
was underlain by the bed of blue limestone (Izard limestone)

‘Which is now exposed at the base of the hill. Under the de-
composing action of surface waters sinking through the bed,
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the St. Clair limestone has suffered extensive decomposition.
The clay has come from this decay of the limestone and
represents the insoluble parts of that rock. The ore that
was originally in the limestone is now imbedded in the clay.
The chert that overlay the original limestone decayed less

easily than the latter, and, therefore, a considerable part of

it still remains. The chert has been much broken and
shattered, however, because it has been undermined and
gradually let down as the underlying limestone decayed.
This shattering allowed the free percolation of surface waters,
and consequently the more rapid decomposition of the lime-
stone that remained, than would otherwise have been the case;
yet the chert covering has retained sufficient thickness to
effectually prevent the ore-bearing clay from being carried
away by surface erosion.*

The Southern Hill represents an isolated area of almost com -
plete decay of the 8t, Clairlimestone, surrounded by areas of the
same rock which have undergone much less decay, and in someé
places preserve almost their full thickness. To the northeast,
east, and southeast of the mine, the rock is exposed in several
places on the divide between the waters of the Polk Bayou and

Lafferty Creek basius, especially around the head waters of

Prairie Creek. To the southwest and west it erops out in almost
its whole thickness at, and in the vicinity of Phelps Spring.
Figure 1, of plate XI.,is a profile section from the Grubb
Cut, immediately northeast of the Southern mine property, to
Phelps Spring, half a mile north of Cushman. The section

runs from northeast to southwest and represents a distance of .

about three-quarters of a mile. It will be seen that at Phelps
Spring the 8t. Clair limestone is in almost its full thickness,
having decayed only slightly in its upper part and on the exposed
slopes. Small deposits of ore-bearing eclay have eollected, as a
result of this initial decay, in hollows in the limestone; and, in
some places, the broken chert has been let down over the deposits,
while in other places, as in the face of the bill overlooking the

= Sections of shalts at the Sonthern mine are given in plate X., chapter VIII.

_‘,ﬁ . S
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spring, the clay is exposed without this protecting cover., Several
pits have been sunk in the face of the hill and back on the ridge,
but the deposits have been found to be of limited extent; yet,
less than a mile to the northeast, at the Southern mine, the lime-
stone has undergone a great amouut of decay, and the resulting
large deposits of ore-bearing clay are found. Still farther to the
northeast, the St. Clair limestone again appears in considerable
thickness, as shown in the right-hband end of the section ; while
beyond, in the same direction, there is an area of complete
decay, which includes the region of the Turner mine, the Polk

Southerd tract, and the Wren mine.*

Between the Phelps Spring and the Southern mine, there is
an area of hills heavily covered with chert. In some places these
run out in high ridges, in which the St. Clair limestone doubtless
exists in considerable thickness under the chert covering, while
elsewhere they sink to much lower ridges and knobs, such as are
represented in the section. As nothing can be seen but an
unbroken chert area in this intermediate distance, the interior of
the hills, where either the remnant of the St. Clair limestone or
its residual clay should be, is left vacant in the section. Judg-
ing from the elevation of the lower hills, however, the limestone
must not only have largely decayed, but the thickness of the
clay must be less than in the Southern Hill, otherwise the chert
would not have sunk as low as it has. Many of the ravines in
this area are doubtless hollows of erosion, partly filled with loose
chert from the hilltops.

The Southern mine; mining and preparation of the ore.—
The method of mining on the Southern Hill consists of a series
of shafts with lateral drifts at desirable points. No machi'nery
is used either in sinking or tunneling, Hoisting is done by
hand windlasses or by “whips” worked by horses. Blasting is
not always employed even in the chert, as that bed is so much
shattered that shafts can sometimes be sunk throngh it with
pick and shovel alone, but the use of dynamite is often necessary.

*The probable eauses of this unequal decay in the limestone have already been ex-
Plained in chapter VIIL., pages 178-179, to which the reader is referred for further details.



268 ANNUAL REPORT STATE GEOLOGIST.

The clay also ean be worked with pick and shovel, but the em-
ployment of dynamite often hastens the work in loosening the
bed and the masses of ore. Timbering is generally necessary, as
the looseness of the chert bed and the tendency of the clay to cave
in, render an unprotected shaft dangerous. The shaftsare small
and the timbering is cheaply done with roughly split logs.
Frequently in wet weather the shafts are flooded with surface
water, causing considerable expense and loss of time, but in fair
weather few such difficulties are experienced.

The principle of work is to sink a shaft as cheaply as
possible until a pocket of the ore is reached. After passing to the
base of the ore, drifts are run out in various directions and the
whole pocket removed. If, in drifting and sinking still farther,
no more ore is found in the clay, the shaft is abandoned and a
new one sunk elsewhere. The distribution of the pockets of ore
is very irregular: sometimes they are separated laterally by
several hundred feet of barren clay, and at other times they come
almost in contact with each other. Experience is said to show
that, as a result of this irregularity, the small shaft system is the
ccheapest, and that it pays better to sink a large number of small
shafts than to drift aimlessly around underground in quest of a
new pocket of ore. Many shafts have been sunk in search of
such pockets, and a large number of them have been successful.

The method of mining by a large open cut has been tried at
the Southern mine, but it proved a failure on account of the
expense of removing the heavy capping of chert. Elsewhere in
the region, however, where the chert is thinner, the open cut
method can be advantageously employed, as will be explained
in chapter XI,

After the ore has been mined, the larger masses are sepa-
rated from the clay by hand and shipped without further prepara-
tion, This is known as “lomp ore.” The smaller ore and its
associated clay, known as “wash dirt”, contain from ten to twenty-
five per cent of ore. The material is carted to a large receiving
bin and thence carried on an inclined tramway to the washer,
which is of the kind often used for iron ores. The manganese
is first dumped into a long trough filled with running water. A

i |
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central shaft, armed with flanges arranged in the shape of a
broken helix, revolves lengthwise in the trough, and gradually
forces the ore to the other end. At the same time the beating
and washing that the ore receives, frees it from most of the ad-
hering clay. At the end of the trough the ore passes over a.
screen, and the larger pieces are taken up on an apron-belt and
carried to the ore bin. A man stands by the apron to pick out
the masses of rock and hard clay that are mixed with the ore..
The ore that has passed through the screen is then sized by
other screens and passed into jigs, where it is separated from the
intermixed fragments of chert and from the clay that still ad-
heres to it.

The most troublesome question at the Southern mine has.
been that of the water supply. The elevated position of the
property renders it necessary to get water either by pumping
from one of the streams in the lower country orby boring a well.
A small spring rises on the slope of the hill, but its discharge
is small. In 1887 and 1888 a well* was bored to a depth of’
two thousand and forty feet; and, though a large supply was not
obtained, the water from it, with that saved from the spring by
means of a dam, is now utilized to wash all the “ore dirt” that
ismined. It is necessary, however, to be economical in the use of
the water.

The ore is hauled in wagons to Cushman, and shipped thence
to its destination by way of the St. Louis, Iron Mountain and
Southern Railway. It is consumed principally by the Illinois
Steel Company, of Chicago. ;

The Phelps tract.—The Phelps tract is in 14 N., 7 W., sec-
tion 4, the southwest quarter. It belongs to the Keystone Man-
ganese and Iron Company and is less than a mile southwest of
the Southern Hill. It lies immediately north and east of Phelps
Spring, and the character of the property, as well as its relation
to the Southern Hill, is shown in the section in figure 1,.plate XI.
At the latter place the amount of decomposition that has gone
on in the St. Clair limestone is large, and therefore the quantity
of ore-bearing clay is large; but this decay is very irregular in its

* A section of the rocks passed through in this well-boring i= given on page 118.
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extent, and the Southern Hill is simply a Jocal development of it-
It will be seen by the section that in the hill immediately north-
east of Phelps Spring, which is comprised in the Phelps tract,
the 8t, Clair limestone exists in almost its original thickness, so
that no large deposits of ore-bearing clay are to be expected.

On the sides of the ravines and hollows, local deposits of
limited extent have doubtless been formed, and from these var-
iable quantities of ore might be taken, but no such bed as that at
the Southern Hill will be found., Several small pits have been
sunk, in some of which ore has been discovered.

The Matt. Martin tract.—This part of the Martin property is
in 14 N., 7 W., section 8, the northeast quarter of the northeast
quarter, and adjoins the Phelps tract on the southwest. Itis
heavily ecapped with chert, and loose fragments of that rock cover
the slopes. No mining has been done on the property, but oc-
casionally large masses of ore are mixed with the loose chert on
the hillsides. These ore masses are generally flat, as would be
expected from their mode of derivation from lenticular layers in
the St. Clair limestone. The hill on which the property is sit-
uated is much lower than the Phelps tract, and it is probable that
the limestone beneath the chert has undergone a large amount of
decomposition,

The presence of fragments of ore on the slopes of the hill
proves that the original limestone contained manganese; the
nature of the hill leads to the belief that a large part of the lime-
stone has decayed; heuce, as the presence of the manganese de-
pends on these two conditions, there is a possibility of their be-
ing considerable quantities of ore on this tract.*

The Grubb Cut.—The Grubb Cut is in 14 N, 7 W, section
4, the southwest quarter of the northeast quarter. It adjoins the
Southern mine and is the property of the St. Lonis Manganese
Company. The accompanying figuref shows a section across

#The other manganese-bearing tracts belonging to Colovel Matt. Martin, the owner of
this property, are described in the order of their occurrence in the different localities.

+ This figure has already been given and deseribed in chapter VIIT,, page 195, in the dis-
cussion of the subsidence of the chertas a result of the decay of the underlying 8t. Clair lime-
stone. It isgiven here again to facilitate the deseription of the property. A drawing of the
opening at the Grubb Cut is also given in chapter VIIL.
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ain pit. At the base of the pit are two masses of St. Clair
e of a gray color, which lie horizontally and represent

:ﬁgﬁl‘ﬁ o1, Section through the Grubb Cul, one mile north of Cushman, showing the decay
Clair mestone, the formation of residual manganese-bearing clay, and the subsidence and

Boone chert.

Bt. Clair limestone,

. Manganese-bearing clay.

' Horizontal and vertical scale: 1 incli — 80 feet.

‘the formation that have survived decomposition. Sur-
and overlaying them is the manganese-bearing clay,
n turn by from one to twenty feet of chert.
tain Ed. Wilburn, Superintendent of the St. Louis
ese Company’s mines, states that two shafts, now. mostly
up, were sunk here. One was thirty feet deep and was
e-.aiiiy bed all the way; the other was forty feet deep and was
in the bottom of a tunne! which was itsell forty-five feet
low the surface. '
~ As will be seen in the figure, both the clay bed and the
dip away from the underlying bodies of limestone, cover-
them in the form of a roigh cone and pitching off from them
I directions. The position of the chert and clay is the nat-
‘result of their sinking over the unevenly decomposed surface
limestone, as explained in chapter VIII, The chert is
shattered and broken, and near the clay bed it is deeply
d with manganese. The clay contains manganese in both
masses (“lump ore”) and small masses (“wash dirt”).

he Turner mine.—The Turner mine is in 14 N,, 7 W,
on 3, the northeast quarter of the northwest quarter,
18 situated at the head waters of Turner Creek, half a
ortheast of the Southern mine. Something over 4,000




o T S

<
sty
opt

272 ANNUAL REPORT STATE GEOLOGIST.

tons of ore are said to have been taken from the property,
of which quantity from 500 to 1,000 tons were mined by E.
. Woodward and Company, and the rest by the Keystone
Manganese and Iron Company at different times between
1886 and 1890.

The ore is associated with red clay and directly overlies
the decomposed surface of the Izard limestoue. Itis capped
by the broken and distarbed remains of the chert bed, which
varies from only a few scattered fragments to twenty feet in
thickness. The 8t Clair limestone has entirely decayed,
and the clay and ore remain as the residual product. Even
the Izard limestone, which once formed the base on which
the St. Clair limestone rested, has been attacked by the
curface waters, and deep hollows, separated by protruding
knobs, have been formed in its surface. The ore-bearing
clay has collected in these hollows and also covers the pro-
truding kunobs. A large part of the northern end of the hill
has been excavated, and the rugged floor of Tzard limestone
has been exposed.

The accompanying drawing, plate X V7., represents a
view in one of the openings o0 this property. The masses of
rock in the center and on the extreme left-hand side are
partly disintegrated bodies of Tzard limestone, protruding in
the form of irregular knobs from the main mass of that
formation below. They are surrounded and covered by the

manganeae-beafing clay, which forms the rest of the hill
repreaented in the drawing. Numerous fragments of chert,
from the upper part of the clay bed, have rolled down and
are mixed with loose pieces of limestone and masses of

the slopes of the excavation.
| cage of the conditions

air limestone, when

manganese ore on

The drawing illustrates & typica
which exist in places where the St. Cl
highly charged with materials to form deposits of ore=
bearing clay, has completely decayed ; and where the under-
lying Tzard limestone has partly decayed, and holds the
residual products of the overlying formation in the hollows
on its surface. Practically the whole of the ore-bearing
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clay represented in the drawing has come from the St. Clair
limestone, since the Izard limestone contains no manganese
ore and only very little insoluble material to form a clay
“bed when decomposed. Occasionally the chert has partly
disintegrated into a fine powder, which may increase the bulk
~of the clay to a limited extent; but the addition is very
small.

;m_m; Section ot the Twrner mine showing the manganese-bearing clay overlain by
chert and occupying hollows in the decomposed surface of the Fard limestone,

- A. Boone chert.

‘B. lIzard limestone,

Q. Manganese-bearing clay. .

Horizontal and vertical scale: 1 inch—25 feet,

The accompanying figure 22 is a section near the view
nted in the last drawing. It illustrates the same
- subject, except that here the chert bed is shown above the
ore-bearing clay. It will be observed that the clay overlies
the irregularly decomposed Izard limestone; that the chert
has been let down on the clay in a broken mass of varying
thickness; and that the contour of the surface of the hill is
largely influenced by the position of the protruding knobs of
limestone below,

As would be expected in a deposit such as the one at
the Turner mine, the thickness of the clay is very changeable,
- varying from four to forty feet or more. The bed is not 80
thick as in places like the Southern mine where even less
‘decay of the St, Clair limestone has goneon. In the parts of
‘the Turner property where the chert has been almost entirely
removed, this difference in the thickness of the clay may be

due to erosion by surface waters, but it is probably due mostly:
18 Geological, Vol, ., 1800,
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to the fact that the original limestone did not contain the
material to form a thicker bed. The value of a dep osit,
however, does not depend alone upon the thickness of the
ore-bearing clay, but on the percentage of the ore in that
clay; and it often happens that a clay of great thickness does
not contain a paying quantity of ore, while a much thinner
bed may pay well. It is necessary, therefore, to make a
special study of each locality in order to determine its value.
The Turner mine is a case where a comparatively thin bed of
clay contains large quantities of ore.

The Polk Southerd tract.—The Polk Southerd tract isin 14
N,,7 W., section 3, in the northwest quarter of the northwest
quarter, and is the property of Col, Matt. Martin, of Batesville.
No extensive work has been done on it, although a few small open-
ings have been made, from which 114 tons of ore are said to have
been taken.

The property adjoins the Turner mine on the west and
forms a part of the same hill. What has been said of the occur-
rence of the ore at that mine applies equally to this tract. The
chert is thin and often occnrs only as loose fragments, In the
latter case it is deeply stained with manganese and mixed with
masses of ore. There are probably considerable quantities of ore
on this property.

The Wren mine—~The Wren mine is in 14 N,, 7 W, sec-
tion 4, and comprises a portion of the northeast quarter.
It is the property of the St. Louis Manganese Company.
A number of pits show the presence of manganese ore in
varying quantities, associated with red clay and overlain by from
two to eight feet or more of loose chert. The St. Clair limestone
is not seen in place, but fragments of it are ocecasionally found
in the clay, proving its former existence in this locality. The
ore-bearing clay overlies the uneven surface of the Izard lime-
stone, filling holes and basins, and covering knobs of that rock.
Some of the cavities doubtless extend to considerable depths and
contain a variable amount of ore. Here, as at the Polk South-
erd tract and the Tarner mine, the ore-bearing clay represents
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the residue from the complete decomposition of the St. Clair
limestone.

The Lapham mine.—The Lapham mineis in15N.,, 7 W., the
south half of section 33. It is the property of the St. Louis
Manganese Company, and considerable mining has been done on
it. Tt is mostly covered with chert, but the red “ore dirt” has
been found under this at a depth of from six to twenty feet.
A shaft has been sunk into the ‘“ore dirt” for thirty-nine feet
without reaching the underlying rock. At the bottom of the

 ghafta drift was run out to the northwest slope of the hill, a dis-
" tance of a hundred and eighteen feet. The clay bed is continu-
ous for the whole of this distance, and in many places contains
"i"giﬁnganese ore. Numerous masses of St. Clair and Izard lime-
‘stone, varying from one to ten feet in diameter, as well as the
usual amount of chert fragments occur in the clay. As a result
of the considerable amount of decay which has taken place on
roperty, and also of the fact that the ore deposit has been
oled by the chert covering, an extensive deposit of clay
h pockets of ore of different sizes may be expected.

The Thomas Cecil tract.—The Thomas Cecil tract isin 14 N,
?;t; .y section 5, the west half of the northwest quarter. Itisthree
; , northwest of Cushman, on the hills lying east of East
Creek and south of Turner Creek. With the ex-
ption of a few prospect openings, no work has been done on it.
on which the property is sitnated is capped by about
of chert, loose fragments of which, associated with
al fragments of St. Clair limestone and small masses of
se ore, cover the slopes. A large part of the St. Clair
me doubtless remains in the interior of the hill, and conse-
he deposit of ore-bearing clay, which is derived directly
e decomposition of this rock, is not so thick as if more
f thad decayed. Pockets of clay, however, containing more
o less ore, will doubtless be found at various places on the

. _ fl‘fw W. H. Cole tract.—The W. H. Cole tract is in 14 N,,
" W., section 6, the southwest quarter of the northeast quarter;
1 the northwest quarter of the southeast quarter. It lies on
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the south side of Turner Creek, two and a half miles northwest o f
Cushman. Several small pits which have been dug show the
presence of manganese ore in a red clay. The deposit is said to
have been sunk into for twenty-five feet without reaching the
bottom of the clay. The oreis of 2 hard, dark iron-gray vari-
ety and often contains numerous cavities filled with earthy
matter.

Fragments of St. Clair limestone, of a chocolate-brown
color, are frequently foundin the clay, and it is probable that the
main body of that rock still underlies the deposit, which is not so
thick as it would have been had more of the limestone decayed.
The clay bed, however, probably has a considerable lateral ex-
tent. '

~ Similar ore under similar conditions occurs on the lands of
John Cole and of Jake Cole, adjoining this property.

The following tracts in this neighborhood are also owned
and held as ore-bearing lands by members of the Cole family:

14 N., 7 W., section 6, the southwest quarter; and the east
half of the southeast quarter; section 7, the northwest quarter of
the northwest quarter; the northeast quarter of the northeast
quarter; and the northwest quarter of the southwest quarter.
These properties have not been examined by the Survey. Sev-
eral other similar tracts are also owned by the Cole family.

LAFFERTY CREEK BASIN.— Upper part of the Eust Lafferty Creek
regiton.

General features—North of the Turner Creek basin, up
the valley of East Lafferty and the east side of Middle Lafferty
Creeks, in 15 N,, 7 W., the St, Clair limestone entirely’
disappears, with the exception of a few small outcrops in the
southeast part of the township. The ore-bearing clay, resulting
from the decomposition of this rock, occupies the upper parts of’
isolated hills of Tzard limestone, and is sometimes capped by
rugged knobs of chert, at other times by only a few scattered
fragments of that material. The lower country is composed
partly of the sandstone that underlies the Izard limestone, and
the area covered by it becomes more and more extensive, until
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Barren Fork is reached, where the sandstone almost entirely re-

places the other rocks.

The manganese-bearing clay, in many places where the
"""""" capping has been removed, has suffered considerably from
the action of weathering and has often become thin; but, in
some places, it still preserves a considerable thickness and fills
deep holes in the Izard limestone.
Manganese under these conditions of oceurrence is found in
many places between Turner Creek and Barren Fork, among
others in 15 N., T W., sections 20, 21, 28, and 29, ou the land
of Messrs. Williamson, Luster, Dr. Dobson, and others. Little
_or no mining has been done in this region, however, and but few
practical tests of the deposits have been made.” On the land of
Ml' R. P. Williamson, in 15 N., 7 'W., section 21, the northeast
arter of the southwest quarter, manganese ore is found over-

ing the Izard limestone, and associated with red clay and loose
fr m ts of chert.
Manganese occurs in small quantities in the neighborhood of,
north of Barren Fork, on the lands of Messrs. Rudolph, Al-
ht, Holland, and others. At Barren Fork, however, the ore-
g deposit, if it ever existed in any considerable thickness,
Wgen almost entirely removed, and the ore occurs only in small
d patches of red clay, lying on the surface of the Izard
or the underlying sandstone.
‘he Peter Reeves tract.—The Peter Reeves tractisin 15 N,, 7
: ction 8, the south half of the southwest quarter, and is a mile
t of Barren Fork, near the head waters of Middle Laf-
reek. A crystalline, black ore, associated with the usual
ay, covers the top of a limestone hill on this property,
the only remains of a chert bed are a few scattered frag-
nts on the surface, The bhill is cultivated and numerous
ses of ore have been plowed up.

ore-bearing clay, being unprotected by a covering of
, has been exposed to erosion, and a portion of it has been
h_eﬁ way, but it is probable that a considerable quantity of it
| _femams in the hollows in the Izard limestoue.
This property may be considered as the extreme northern
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limit of the manganese in the valleys of East and Middle
Lafferty Creeks. Orehasbeen found insmall quantitiesin associ-
ation with red clay elsewhere to the north, but it occurs only as
oceasional, small, seattered masses of no commercial importance.

Mr. Reeves also owns 15 N,, 7 W., section 17, the northwest
quarter of the northwest quarter,

LAFFERTY CREEK BASIN.—The divide between West Lafferty
and the waters of Middle and East Lafferty Creeks.

General features.—The divide between the waters of West
Lafferty Creek and those of Middle and East Lafferty is a well
known topographic division of the manganese region, and for
this reason, as well as for convenience in description, it is
treated separately, It begius atthe confluence of the two main
forks of Lafferty Creek, a mile above the White River, and
extends north to the head waters of Middle Lafferty, two miles
northwest of Barren Fork. It is over eight miles in length and
from one to three milesin width, the broadest part being near its
northern extremity. The general features of the divide are
similar to those of the country just deseribed, and change in the
same way going north.

The southern part of this area is a high region heavily
covered with chert, and represents one of the most rugged
parts of the Lafferty Creek basin. The St. Clair limestone has
only partially decayed,and the deposits of residual clay which
have resulted from this decay, though they sometimes contain
ore, are not so deep as if more of the limestone had been decom-
posed. To the north, the decomposition of the limestone becomes
more and more marked, until all that remains are the deposits of
residual ore and clay. The chert, in this direction, has also suf-
fered from erosion, and in many places has been almost entirely
removed. Consequently the ore-bearing clay is exposed to the
action of the weather, and, still further north, it becomes thin
and finally disappears altogether.

The George tract.—The George tract is in 14 N., 8 W, sec~
tion 11, the southwest quarter of the northeast quarter; the west
half of the southeast quarter; and the northeast quarter of the
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southeast quarter. It belongs to the Keystone Manganese and

Tron Company, and is situated less than a mile above the conflu-

ence of the two main branches of Lafferty Creek, A few small

pits have been sunk on the top of a hill, and show the presence of
manganese ore associated with red clay. A hundred and ninety-
three tons of ore are said to have been taken from this prop-

erty. 2

The clay deposit is covered by from ten to forty feet or

even more of chert. Numerous masses of St. Clair limestone

are associated with the ore, and the main body of the limestone
is éxp‘osed on the hillsidesin the vicinity. The amount of decompo-
gition of that bed is thus shown to have been comparatively small,

~ and the deposits of ore-bearing clay, at least in the part of the .

- property where work has been done, will generally be found to
be limited in depth as well as in lateral extent.

L The Crosby tract.—The Crosby tract is in 14 N, 8
W., section 2, the north half of the southeast quarter. It is less
‘than a mile north of the George property, and manganese is found
‘on it under nearly the same eonditions as at that place. The sum-
it of the hill is capped by about thirty feet of chert. The St.
Clair limestone is exposed in ledges at various places on the

g and in small pits on the summit. It is of a dark chocolate

~ color and frequently contains manganese ore in nodules or small

seams, It has been partly decomposed, and, as a result, pockets of

Glayand ore have formed. Several small pits which have been sunk

in these beds show them to be somewhat limited in extents
but often rich in manganese. The clay is of the same dark
brown color as that of the limestone from which it was derived.

The Crosby property illustrates the partial decom-
position of a bed of St. Clair limestone highly charged with man-
~ganese and argillaceous matter; and, in spite of the limited de-

::e—qlx, there was sufficient of these materials in the bed in this

- loeality to form the present deposits of ore.

The Gregory tract.—The Gregory tract is in 14 N., 8 W.,

- section 2, the southwest quarter of the northeast quarter; and the

- southeast quarter of the northwest quarter. It belongs to the

- Keystone Manganese and Iron Company and adjoins the Crosby
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property. It is a part of the same range of hills as the
latter place, and what has been said of that applies equally well
to this. Several small pits which have been sunk show the pres-
ence of manganese ore, associated with red and brown clay,
overlying the decayed surface of the St. Clair limestone. Twenty-
five tons of ore are said to have been taken from the property.

The thickness of the 8t. Clair limestone on this tract is about
fifty feet. Its thickness in the surrounding region, where it
is unaffected by leaching, is over a hundred feet. Therefore at
least half of it has probably decayed, and the ore and clay, lying
in the hollows, have been derived by this decomposition. The
rock varies from pink to a dark brown color and often contains
nodules and thin seams of ore,

The William Martin tract.—The William Martin tract is in

14 N,, 8 W., section 2, the east half of the southwest quarter:

of the southwest quarter. Ithbelongsto the Missouri Furnace
Company, and several large openings have been made on
different parts of the property. The hill on which it is sit-
uated is capped with about forty feet of chert, beneath
which the 8t. Clair limestone is deeply scored with holes and
basins carrying the ore-bearing clay. These hollows are
seen on-the slopes and probably extend back into the hill
under the chert, The clay is of a red or dark chocolate-
brown color and contains masses of ore, of a hard, steel-gray,
crystalline variety, varying in size from small particles to
lumps weighing a hundred pounds or more. Frequently loose
masses of 8t. Clair limestone, from one to twenty feet in
diameter, are found in the clay, and represent parts of the
bed that have not yet been decomposed. These vary from
gray to dark brownin color, and contain seams and masses
of ore of the same kind as that found in the clay, and from
half an inch to six inches in thickness. The seams are len-
ticular and very irregular. They protrude from the weathered
surface of the limestone, and, in the words of the miners,
they are said to be “welded on to the rock”; whereas, it is
just the opposite action that has gone on : the limestone that
encloses the ore is being gradually dissolved, and the harder
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s of ore, resisting the dissolving action- more success-
11 _than the limestone, remain, and are being slfjwly set
l._ge from the rock. A drawing of one o.f these limestone
sses is given in chapter VIIL, and described on page 168.

This property furnishes an excellent e{:ample‘ of the
derivation of manganese deposits in this f'egl.cm. The ore
. -a,nd -gl-a,y once formed a part of the S8t. Clair llmestone'; t.he
-rﬁiﬁ-y was scattered through the rock and the darker varieties
__{if..it"hwe given the limestone its dark color; -the ore occurred
in masses and seams in the original rock, in the same way
1t is now seen in the loose masses of lirnestone in the
Surface waters attacked the bed, dissolved the carbon-
* lime, and left the clay and ore as they are now found.
he ore-bearing part of the S8t. Clair limestone was both
overlain and underlain by parts of the same formation
without ore. |
To the north of this region, the St. Clair limestone
mes thinner and finally disappears, the only remains of
ng the deposits of ore-bearing clay. These are exposed
olated hills and ridges composed largely of Izard lime-
ne, and underlain by the saccharoidal sandstone. Some-
mes a part of the ore-bearing clay is capped by a small

 of chert, but this rock has also become thin and is often
gpﬁe_‘aented by only a few scattered fragments on the surface
-  the clay.

R The Reuben Rogers tract.—Mr. Rogers owns several tracts
“of land in 15N., 8 W. One of them visited by the Survey, is
- situated on a hill rising about a hundred feet above the sur-
‘rounding drainage. The summit of the hill is capped by
‘about twenty feet of chert, and the red ore-bearing clay is
exposed on the slopes of the Izard limestone below. No
ﬁing has been done, but the ore is seen in loose masses on
~ the hillsides, and has frequently collected in the gullies that
‘have cut their way into the clay.

The Thomas Nail tract.—The Thomas Nail tract is in 15
N, 8 W., section 36, the west half of the northwest quarter
of the northwest quarter. Manganese is found here under

in
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the same conditions as at the last mentioned places. A few
loose fragments of ore are on the surface, but no mining has
been done.

the northeast quarter of the northwest quarter, but this
place has not been examined by the Survey.

Manganese ore, under conditions similar to those exist~
ing on the Nail tract, occurs on the land of John Rogers in
15 N., 8 W., section 34, the north half of the northeast
quarter ; on the land of Ephraim Sipes in 15 N, 8 W,,
section 25, the southwest quarter of the southwest quarter;
on the land of James Blue in 15 N., 8 W., section 13; and
at other places in the neighborhood. Little or no mining has
been done on these properties, and a few small prospecting
pits are all that exist to show the nature of the deposits.

The William 8. Nail tract.—The William 8. Nail tract is in
15 N., 8 W., section 25, the southeast quarter of the north-

west quarter. It differs from other places described in the

vicinity in that a part of the original St. Clair limestone is
still preserved. The chert bed has been almost entirely
removed, the only remains of it being a few scattered frag-
ments on the top and slopes of the hill. The St. Clair lime-
stone varies from five to twenty-five feet in thickness, and
caps the top of a narrow ridge. It contains interbedded
strata of a fine grained sandstone sometimes carrying small,
flut, concretions of ore. The Izard limestone crops out below
the 8t. Clair limestone with a thickness of about a hundred
and forty feet, and is underlain at the foot of the hill by the
saccharoidal sandstone. The small exposure of St. Clair
limestone seen here represents the remains of a bed once,
probably, a hundred feet or more in thickness.

The ridge slopes off almost perpendicularly on the
northeast side and the rocks are exposed in bare ledges ;
but on the southwest, the slope is much more gradual, and
here the ore-bearing clay has collected. In some places it
overlies the St. Clair limestone in small hollows, but most of
it has been washed down the slopes of the hill and overlies
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— ‘the Izard limestoue. No mining has been done on the
. -.pm-Pgl;;&z r localities on the divide between West Laﬁe-rty and the
— walers of Middle and East Lafferty Creeks.—For a distance czf
two miles north of the William 8. Nail tract, manganese 1s.
found at various places. On the land of Mr. McSpadden, 15
-N.., 8 W., section 13, the east half of the southwest quar-
fe'r., the red clay with manganese ore and fragments of.chert,
:oécﬁrs on the top and slopes of a hill. Similar deposits are
seen on the lands of Mr, Tingle and others between here and
'-Birreﬂ Fork, as well as on the property of Peter Reeves
,g'{ready described, though little or no mining has been done
. in this neighborhood. Fragments of ore also occur on the.
| ]gnd of Nick Moser, 15 N., 8 W, section 11, the northeast
.qﬁ_apter, but this locality is at the northern limit of the man-
me region, and the ore has already become much. scat-
d. Beyond, it entirely disappears, with the exception of'
 gmall pieces occasionally found on isolated outliers of Izard
limestone. ‘
nﬂEEBTY CREEK BASIN.— The west side of West Lafferty Creek.
General features—Manganese ore has been found in
_r_a.i:lplaces, on the waters draining into the Lafferty Creek
‘basin from the west and northwest, especially in the region north-
Qp,s of Penter’s Bluff. The general features of the country are
the same as those already described in the part of the Lafferty
C‘-'reek basin to the east, and do not require further mention.
Very little mining has been done, and a few small pits represent
the whole of the work in this area.
Penter’s Bluff*—Penter’s Bluff isin 14 N., 8 W., section 9.
It is an almost vertical cliff, skirting the northeast side of the
te River for a mile, and commencing, at its lower end,
ut a mile above the mouth of Lafferty Creek. It reaches
imum height of four hundred and eighty-five feet (baro-

5 he name Penter’s Bluff is variously misspelled. Amoog the most common eorrup-
are “Painter’s,” “Pinter’s,” “Pander’s,”” “Pendar’s” Bluff. The bluft is said to bave
ved its name from a family of early setilers named Penter, and therefore the spelling.
Blufl'is the ouly proper ons,
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metric measurement) and is one of the best known landmarks on
the river, rising up in bold contrast with the more gently sloping
hills in the background. At its upper and lower ends, it slopes
off rapidly to the level of the river. The bluff is on the outward
‘side of the bend of the river where the latter turns from an
easterly to a southerly course. A profile view of Penter’s
Bluff, where it abuts on the White River, is given in the front-
‘ispiece of this volume,

Penter’s Bluff is the property of Colonel Matt. Martin, of
Batesville, and adjacent to it is a steamboat landing from which
‘the first shipments of manganese from this region, about forty
years ago (1850-1852), were made. (See page 104.) The White
River can usually be navigated up as far as Penter’s Bluff by
good sized steamers for eight months out of the year, and small
steamers can reach the bluff at almost all times of the year.

In the face of the bluff are seen good exposures of the St.
‘Clair and Tzard limestones, capped by the Boone chert. The

“chert bed has been eroded to a considerable extent and’ is only
about fifty feet in thickness. This erosion, however, is local,
and to the northwest the bed regains most of its original thick-
ness. On the top of the bluff it is interstratified with seams of
erystalline limestone. The St. Clair limestone or marble* is
-exposed immediately below the chert in the more than average
thickness of a hundred and fifty-five feet, and, except superficially,
has not suffered from the decomposing influences that have acted
on it to the north. Consequently no collections of manganese-

bearing clay have been found immediately on the bluff, but oe-"

casionally a few fragments of ore have been weathered out of the
rock, and are seen in association with the loose masses of chert
that cover the slopes at the north and south ends of the bluff.
In one place, a mass of ore six inches thick, one foot wide, and
one foot long, was seen attached to a loose block of St. Clair lime-
stone. A short distance back of the bluff, however, the lime-
stone has been partly decomposed and more ore has been found

* Penter's Bluff is well adapted as a poiut for quarrying and shipping this marble. See
report of T. C, Hopkins on Marbles and Other Limestones, annaal raport of the Geologleal
Burvey, 15390,
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‘The underlying Izard limestone has a greater thickness at
nte;é; Bluff than at any other place observed in the mangan-
yewion. It forms the lower two hundred and eighty fee.t (?f
ﬁ, and as it is still seen at the base of the bluff, it is.
robably thicker. The greatest thickuess observed else_whfare
at Lee’s Mountain and the Southern mine, at both c:f which
aces it is two hundred and forty feet. The face of the limestone.
'in'.-r-the.bluﬁ shows an undulating dip of 3° to 5° to the east and
';-Qjathﬂﬂst’ and often contains hollows auc.l oaves. The upper part
g the bed shows the smooth, even-grained limestone le;h a
achoidal fracture that has been mined elsewhere for litho-
hic stone. (See page 122.) ’

The Anderson Mill tract.—The Anderson Mill tract is in
g W., section 34, the sontheast quarter of the sontheast

ortheast of Penter’s Bluff. The pcoperty forms a bluff
ijgtgly west of West Lafferty Creek, and is heavily capped

ert, below which the underlying beds are successively ex-.
_;é_jn the hillsides. Manganese in association with the
red and brown clay, overlies the decayed surface of the.
.]i'm'estone, and has often been washed down over the
estone slopes below. Mr. C. F. Drake is said to have
several car-loads of ore on this property in 1890.

" The Ruminer tract.—The Ruminer tract is in 15 N, 8 W.,.
34, the northeast quarter of the southeast quarter, and
 the last property on the north, forming part of the same
of hills. No mining has been done, but scattered frag

5 of manganese ore are found on the surface. The chert
een almost entirely removed, and the top of the hill is
ered by a remoant of the St, Clair limestone, fifty feet in thick-
- ness. Below this are successively exposed the Izard limestone
: ts underlying sandstone.

© hill rises a hundred and fifty feet above a small
its base and the St. Clair limestone can be traced
for a mile. It is of a gray or pink color, granular
e surface, and much disintegrated. The manganese
ud its associated clay, which have resulted from the
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decomposition of this rock, occur in small basins on its sur-
face, and where those materials have been washed from
above, they are found on the slopes of the underlying Izard
limestone.

The Ruminer property also includes 15 N., 8 W., sec-
tion 34, the northwest quarter of the southeast quarter; and
the southeast quarter of the northwest quarter,

THE WILSON HILLS.

General features—The area north of the White River
and immediately west of the waters of the Lafferty Creek
basin is known as the Wilson Hills. It is a high, rugged
region, rising four to five hundred feet above the White
River, and extending east and west around the head waters
of Wilson Creek. The higher elevations are heavily covered
with chert, through which deep ravines, exposing the under-
lying 8t. Clair and Izard limestones, have been cut by
numerous creeks running south into the White River.
Large springs are a marked feature of such ravines, and
frequently the rushing of underground waters can be heard
at their mouths.

This chert-covered region extendsfrom the White River
northward for six miles, and finally ends abruptly in Lee’s
Mountain. Beyond this, the country is underlain almost
entirely by the sandstones and limestones that bound the
manganese region on the north.

Absence of manganese in the Wilson Hills.—Very little
manganese has been found in the Wilson Hills. Occasion-
ally small pieces occur, but even these are rare and, so far
as i8 yet known, no deposit of commercial value has been
discovered. The St. Clair limestone is exposed on many of
the creeks runningsouth into the White River, and occasion-
ally on the northern slopes of some of the hills. It has had
abundant opportunity for decay, and often it has been
decomposed to a considerable extent. Consequently, if the bed
had contained the materials necessary to form deposits of ore-
bearing clay, as has been explained in chapter VIIL, the lat-
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~ ger would be seen in some places at least. Thus,on Lee’s
2 Mountain, in 15 N, 8 W., section 7, there remains a thickness
- of only fort.y-ﬁve feet of the original limestone which, where
oceurs in its full thickness in the neighborhood, varies
from a hundred to considerably over a hundred feet; yet no
trace of either residual clay or manganese ore is seen. In
many places the absence of these materials might be due to
the removal by erosion of both the ore and the eclay, but in
~ others, the conditions are just as favorable for their preser-
mtmn as in the manganese region to the east. The same
composition of the St. Clair limestone is seen in places on
ilson Creek, and yet the only traces of ore are a few
g}attered fragments.
Consequently it is evident that the absence of mangan-
ese ore and its associated red clay in the country west of the
ranese region, is due to the absence from the St. Clair
one in that area of the materials necessary to form
__I@OSits. This supposition ial still further strengthened
fact that in that region, manganese is not seen in
la ¢ in the original limestone as it often is to the east.
¢ rock is generally of a light gray color and, though -
mical test of it often shows a trace of manganese, this
-"'teri_-a,l does not ocecur in visible quantities, as is frequently
3 the case in the Lafferty Creek and Polk Bayou basins.
htha latter places, as already described, the limestone not
~ only often contains manganese in layers and masses, but is
~ sometimes impregnated with it throughout, in the form of
- ﬁne clay, which gives the rock a dark chocelate-brown color.
The purity of the limestone in the Wilson Hills region
only accounts for the absence of the ore, but also for
'-'a.'b'aence of the red or brown clay such as occurs elsewhere

' '-. (_See pages 188-189.)

STONE COUNTY.
General features—The White River, in the region both
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between Stone county on the south and west, and Independence
and Tzard counties on the north and east. In this part of Stone
county the same rocks are seen as those already described on the
opposite side of the river, though they do not occur in such
steep cliffs as at Penter’s Bluff.* The hills are heavily capped
with chert, and on their slopes the St, Clair and Izard limestoues
are successively exposed. Manganese has been found in small
quantities in several places in this region, but only a little pros-
pecting has been done and no ore has been shipped. The ore
oceurs in association with red clay, and lies in the hollows on the
slopes of the St. Clair limestone; but this rock has been
only locally decomposed, often retaining its whole thickness,
and therefore the deposits of ore-bearing clay are small
Outside of the part of Stone county marked on the map
as being in the manganese region, small quantities of ore have
been found in isolated localities, Among these is the Foster
tract. =

The A. T. Foster tract.—The A. T, Foster tract isin 15 N.,
9 W., the north part of section 34. It is two and a half miles
west of the western limit of the region represented in the map
accompanying this volume, and on Dry Creek, a tributary run-
ning north from the Boston Mountains into the White River.
Fragments of a hard, massive, black manganese ore have been
found in association with a red clay, lying in cavities on the sur-
face of the St.Clair limestone, as shown in the accompanying
figure. Two small pits have been dug, but no ore has been shipped.

Figare 28. Seetion on the A. T, Foster {ract, showing ihe formation of manganese-bearing
clay by the decay of the St. Clair limestone.

A, Bt. Clair limestone.

B, Manganese-bearing clay.

Horizontal and vertical seale: 1 inch =6 feet.

“3ee profile section, figure 3, of plate XL
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The figure illustrates the dissolving action of surface waters
on the limestone. They have gradually removed the carbonate
of lime in the limestone, while the clay and ore, which were once
distributed through that rock, have collected in the hollows thus
formed. Fragments of ore are also seen on the slopes of the hill
in several other places.

Sy onits of the manganese region on the west.—West of the
Jast mentioned locality, the St. Clair limestone aud the associated
é;fxert and Izard limestone are exposed in an almost econtinuous
sories of outcrops. These extend from the region shown in the
I'Iﬁap accompanying this volume, in a westerly direction to the

western part of Searcy county, a distance of about sixty miles from

the West Lafferty Creek basin, where the St. Clair limestone
“thins out. (See pages 125 and 172.) Manganese has been re-
ported in several places in this area, among others near Sylamore,
Iﬁmne county. Such localities, however, are isolated areas,
as a rule, manganese does not characterize the region as it
: he Lafferty Creek and Polk Bayou basins. The reason
for this is doubtless the same as that explained in the case
of the Wilson Hills. '
b " "It has already been shown that the ore-bearing part of the
g L\Iimestoné ends on the east, in the region of Hickory Valley, in
the same way that it does to the west of the Lafferty Creek basin.
= ‘The Batesville region, therefore, represents an isolated accu-
' _'_ﬁi}ﬁﬁﬁou in the St. Clair limestone of materials suited for the
-:"ffé;rthation of ore-bearing clay. It is cut off on the east and west
by a limestone, which is of the same general character, occupies.
the same geologic position, and represents the lateral extension
the ore-bearing limestone, but yet is destitute of the materials
ssary to form ore-bearing deposits. To the north of the
Ite&ville region, the St. Clair limestone disappears in the area
underlying Silurian limestones and sandstones; to the south,’
under the Lower Carboniferous Boone chert,

10 Geological: Vol. ., 180




CHAPTER XI.
THE BATESVILLE REGION OF ARKASAS—Concluded.

METHODS OF MINING IN THE BATESVILLE REGION.

Nature of the deposit to be mined.—The question to be dealt
with in the Batesville region is that of mining an ore irregularly
distributed, in nodules or pockets, through all parts of a clay bed
from 20 to over 100 feet in thickness. The clay deposit is some-
times capped by from 5 to 60 feet of broken chert, and at other
times it is exposed on the surface with only a few scattered chert
fragments in its upper part. The deposit generally occupies the
summits or higher slopes of abrupt hills, and overlies an uneven
floor of limestone, often running down into it in deep holes.
The manner of distribution of the manganese in the clay yaries
greatly : it is either in nodules scattered throughout the bed, or
in irregular pockets of nodules separated by uncertain distances
of barren clay, or in solid bodies thinning out on all sides and
appearing again in a similar position at a greater or less distance.

It is characteristic of manganese deposits, not only in Ar-
kansas but elsewhere, that hardly any two localities possess the
same features, and this pecnliarity has given them a reputation
for uncertainty and irregularity. With an intelligent preliminary
investigation, however, by boring or by sinking prospect shafts,
it is perfectly possible to determine whether or not a property
can be worked at a profit.

In order to mine profitably in the region in question, it is
necessary to have a thorough understanding of the nature of the
deposit in each special locality. The character of the ore and
its enclosing material, its mode of distribution in this matrix,
the depth of the ore-bearing deposit, the surface character of the
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" ‘--ﬁiio'pel*ty, the water supply, the ffwilitiea for_ tx:ansport:ation, and,
i f@t’ every feature of the Subj?cﬁ that will in any way have a
hearmg on the mining and shipping of the ore, should be caf-e-
:' ly studied before any operations are started ; and no machin-

expensive equipment should be brought on to the

'&?Y or other = i
-?tbpe-rty,_ until all the local peculiarities of the deposit to be -

worked are known. e .
Methods of operating that can be applied in one locality

_caunot always be applied in another, and a lack of appreciation

of the importance of this fact has undoubtedly been the cause of
'ﬁilure in many cases. In places where the capping of chert is

} y, underground work is often necessary, but where the chert
4 is "thi'n, or only in scattered masses, operations can be more

"_ '-:éhg_aply carried on in open cuts. In places where there is a large

antity of small ore (“wash dirt”), a washer is absolutely neces-
, where most of the ore occurs in larger masses, this expense
be avoided. There is always some “wash dirt” with almost
the ore in the Batesville region, but in many places it is not
'\;ﬁﬁlﬁicient quantities to pay for the expense of erecting and
;;unnmg a washer ; while in other places, the success or failure of
property depends on having this means of cleansing the large
es of small ore that occur.

It only too often happens that, in the first enthusiasm aroused
n the opening of a new mine, an unwarranted amount of extrava-
nce is practiced, and most of the working capital is expended

in erecting fine buildings, purchasing unnecessary machinery, and
‘in other surface equipment, totally regardless of the fact thata
- large part of that capital will be needed in the actual mining of
~ the ore. Many companies, therefore, in possession of valuable
‘mining properties, are often crippled at the very outset by hav-
the part of their capital which should be devoted to actual
mining, tied up in unnecessary surface expenditures, The
verage market value of any one of the base metals is generally
t little above the cost of mining and transporfation. Compe-

~ als as well as into every other industry, and many mines, giving
‘jarge returns under skillful management, work on a very small
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margin of profit. The success or failure of a property, therefore,

depends largely on the management, and on a clear distinetion
between the equipment thatis necessary for the proper wofking
of a mine, and the equipment that is superfluous.

Present methods of mining.—The only systematic mining
that has been done in the Batesville region is on the properties
of the Keystone Manganese and Iron Company, of the 8t. Louis
Manganese Company, and of John B. Skinner and Company,
besides that formerly done by B. H. Woodward and Company.
With the exception of these workings, all the rest of the mining
consists of small pits and prospect holes.

The method of mining on the Keystone Company’s property,
as described on pages 267-269, consists of a number of small
shafts, with short drifts at suitable points. Vertical shafts are
sunk until a pocket of ore is found, and then drifts from 5 to 10
feet in length are run to allow the removal of the whole body of
ore. When a pocket has been exhausted, and small extensions
of the shaft and drifts do not reveal the presence of more ore,.
the place is deserted and a shaft sunk elsewhere.

On the properties of the St. Louis Manganese Company,.
the system of shafts and drifts has also been employed, but drift-
ing and tunneling have been carried out on a more extensive
scale. At the Brooks mine a tunnel 150 feet long has been run
into the red clay, and at the Lapham property a similar tunnel
118 feet long has been made.

Open pits.—An open pit has been tried at the Southern mine
but without success. The reason given for its failure is that the
expense of moving the heavy covering of from 80 to 60 feet of chert,
which overlies the ore-bearing clay, consumed all the profits from
the ore mined. This is a strong argument and doubtless holds
good on this property, but in places where the superficial cover-
ing of chert is thin, or where, as,is often the case, especially in
the northern part of the manganese region, the chert is repre-
sented only by loose fragments scattered over the surface, mining-
in large open pits will undoubtedly prove to be the cheapest
method. ;

In deposits of the kind in question, where the ore is irreg-
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larly scattered through the clay, there is much risk of t.he
‘ti::]'ei of ore being missed by a system of shafts and drifts, while
iy oves the whole bed, is sure to reveal

_ a large open pit, which rem

-everything in it. An argument against the open pit practice
hag'heen that it requires the removal of a much greater nurgber
of cubic yards of waste material per fon of ore, than the shaft and
tunnel method. This is undoubtedly true, but the greater cheap-
mess with which the clay can be handled in open r,:u.ts, much m?re
than counterbalances the cost of moving the additional mater.lal.
In shafting and tunneling, it is generally necessary to tlIIl.-
ber, as the clay is apt to cave in. It is also nseossary, if
.extensive work is done, to have underground tramways, I‘Jg.hts,
and all the other expensive requirements of underground mining.
In large open pits none of these things are necessary.
In the small shafts and tunnels such as are often mafle.,
the miners are necessarily cramped and do not accomplish
such effective work as if they had plenty of room. The
usual method of hoisting from a shaft by a hand windlass
4s also much more expensive than hoisting with a derric}{
from an open pit; since, in the latter case, work in th? pit
-e_é;u be so arranged as to keep the derrick going all the turfe,
thereby greatly reducing the expense of hoisting; while in
the case of a small, cramped shaft, only a limited number of
men can work, the bucket moves up only at long intervals,
and the two men at the windlass are idle a large part of the
time, thereby adding greatly to the expense per cubic yard
of material hoisted. It might be said that steam hoists
or derricks could be used in the shafts, but the temporary
character of the latter would not admit of steam hoists,
and the slow rate at which the ground is moved in the

-~ small shafts would not pay for the expense of derricks.

An argument frequently brought against the use of large
open pits is that it injures the property for underground
work, if that method of mining should prove desirable later
on. Thisis true only in regions where work is being carried
on in a deposit extending to a great depth; but in the Bates-
ville region, the largest dimensions of the ore-bearing clay
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are lateral and not vertical, and therefore this inconvenience,
if it should ever arise, would be reduced to a minimum.

An open pit in clay would be dangerous and expensive
to manage, if it was sunk to a great depth, but in the Bates-
ville region, a pit could not go to great depths, for the ore-
bearing clay is limited in thickness. The thickest deposits
are probably not much over a hundred feet, though they
may sometimes extend to greater depths in holes in the
underlying Izard limestone; but most pits, especially where
the ore bed has no thick chert covering, would reach bed
rock at from thirty to eighty feet. Most of the manganese
ore occurs in a bed of clay situated on or near the summits
of limestone hills, the slopes of which are often very steep.
In such a position, a large open pit in the clay could be more
easily drained than a series of small shafts, and abundant
dumping facilities could readily be obtained.

From the above considerations, it seems desirable to
conduct mining operations in this region, in places where
the chert is thin or only in loose fragments, by means of
large open pits or cuts, and in this way eventually to move
the whole of the ore-bearing clay bed from the summit of
the hill. Twe methods might be employed to do this: (1)
An open cut might be started into the hill, on its slope at the
base of the clay and above the underlying limestone. The
ore and the clay could be carried out in carts or on u tramway
and dumped on the side of the hill. In this way the whole
hill could be stripped of its ore-bearing deposit, and all the

ore that is there could be obtained. (2) Large pits could
be sunk on the clay bed, and hoisting could be done with
a derrick, The derrick should have a long boom =0 as to
reach over as large an area as possible, and could be best
worked with a portable engine. When all the ore-bearing
clay within reach of the boom had been removed down to
the limestone floor, the derrick and boiler could be taken to
another position, and this process continued until the whole
hill was stripped. The ore and waste material could be
dumped on the slopes of the hill where this was feasible, and,
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s not, they could be carried o‘ﬁ on & tempor:;{;
: Both these methods have their advafltages, :
tmm.:zy;;ion of one or the other must be determined by the
ttcfl;iticfns surrounding ea_.ch property. : el s
. s where there is a heavy eapping of chert, :
. '333*:) found cheaper to employ the method of .shaj ts
i | ethan of open cuts, as the expense of stripping
e eventy feet of chert is uot warranted by th:e
T ;0 Sre beneath. But wherever the chert bed is
ﬂ-ﬂ}ou“t Ooreobegius almost from the surface, and in such
tz::,s?:e method of mining in open cuts is undoubtedly
¢

prefera-ble.

where it wa

MINING MACHINERY.

The use of expensive machinery in mining jo ch;Ba:::;
ville region, with the exception of washers, 18 ud .

cessary, but is unwarranted by the nature of the deposits.
1]?"::::3}013 boi;ers and hoists, and in some cases steam pumps, are

chinery necessary. .

= th';hl:amdeposili generally cover isolated hills, znd ariez;c-
essarily limited both in depth and lateral extent. e 0=1ls:q wiﬁ
if mining is to be done on a large sca.tlEE, numerous u(lzg Llesutu ,
be worked out, and no permanent mining plant sh.m;lt edp mf_
in any one place. All equipments should -he as hg}‘ :ud pthe‘I
able as possible, so that when one deposit is exhausted, ¥

can be cheaply moved to another.

WASHERS.

The only treatment that it is necessary to give tlhe c'n::a in ori(:er
to prepare it for market, is to free it from the adhering ch:t.
The methods employed for this purpose musi‘: v'ar;: somew
with the nature of each deposit. Where the:- ore isin large .u;assfes,
it can generally be shipped just as it is mined, as the ad -er:::ﬁ
clay forms an almost imperceptible part of the who}e maf::",s, i
in some places the manganese contains a greaft num.her 0 :‘
cavities filled with clay, and if this ore is shipped in lump ufrm,
the clay greatly lowers its percentage of manganese and often
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renders it unmarketable. Such ores should be orushed and
cleansed by sizing and jigging. In association with the larger
masses of ore, there almost always occur greater or less quanti-
ties of small ore, in pieces varying from a sixteenth of an-inch to
an inch in diameter, known as “wash dirt”. It does not pay to
collect these by hand and therefore washing is necessary. The
form of washer used at the Southern mine has already been de-
seribed®, and is worked on the principle of sizing and jigging.
The washer of John B. Skinuer and Company, on Sullivan
Creek, differs considerably in its mechanism from that at the
Southern mine, but it also is based on the system of sizing and
Jigging.

Tuo the Cartersville region, of Georgia, the manganese washer
commonly used, until the late introduction of a more elaborate
process by the Etowah Iron Company, was a simple revolving
cylinder, perforated with numerous holes and fed inside by a con-
stant stream of water. The ore is put into the cylinder through
a door in one end, revolved until the running water has freed it
from all its associated clay, and then removed through the same
opening. This is a crade method and looses a large part of the
small ore, but it cleanses what remains thoroughly, and has the
advantage of being cheap for work on a small scale. There is
less small orein the Georgia region than in the Batesville
country, and the loss is therefore less .than it would be in the
latter place. The amount of loss'might be reduced by making
the perforations in the cylinder smaller; but there is a limit to
this reduction, for if the holes are too small they will clog.

The system of sizing and jigging is undoubtedly the one best
suited for the Batesville region, and requires the only expensive
plant needed in either the mining or the preparation of the ore.
A position suitably situated as regards the source of the ore, the
water supply, and transportation should be selected for the
washer. The water supply is of prime importance and a washer
ought always to be placed where a bountiful flow can be had.
The best position is on one of the numerous creeks or large
springs of the manganese area. It is not advisable to place it

* Pages PR5-269.
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hill from which the ore is being taken, as it is generally
k. theit 1nd expensive to get water in such places, and when :’he
i a ; - . : - -, .
:E)lala(:‘uwarked out the washer is in an inconvenient position for
ill is

«oﬁ.e‘ m i al position in the lower country is

other hills. A central p :

-dr 'fraile and it should be so selected as to be accessible to the
esir :

test number of ore localities and to transportation.
grea

TRANSPORTATION,

The Batesville branch of the St. Louis, Iron Mountain a;ld
Bouthern Railway leaves the main line at Newport and rufm nor.l =
he north side of the White River, for twenty-nlpe miles
Wes; :ep:ille Thence it goes northwest for twelve miles and
‘::rmiauaies a.t. Cushman, almost in the center of the manganese
Iregmll;one of the workable deposits of manganese are m.ere' th:fu
twelve miles from Cushman, and mosit of them a-re wﬂt:)h;n six
miles of that town or of some other point on tfu.a railway between
there and Batesville. Many of the best lo.cahtles are notsm:;e
than two or three miles distant from the railway, and the South-
ine is less than one mile. .
. n':]l.“;: ziufig:y roads connecting with points on the rallwa)fr‘
.could be made good at a small expense, for t.he la.rge amount. oh
limestone and loose chert throughout the region, if covered Wltd
gravel and kept in proper repair, would make an excellent roa
bed.Teams can be hired at from $2.00 to $3.00 per day, but
hauling in this region can be done much more cheaply by corll_jra(.:t
than by day work. Railway freights from Cushman to St Louis
are $2:25 per ton; to Chicago from $3.75 to $3.'85, according to
ithe part of the city; and from Cushman to Pittsburg, Johns-
town, or Allegheny City, about $5.00 per ton. All these places
are accessible markets for Batesville manganese, though at pres-
«ent almost all the ore from that region is consumed by the Ill-
inois Steel Company, of Chicago.
mmsln i;r[(@jler t?me};: before thi railway was built from Newpo'rt
to Cushman, the ore was hauled to the White River, taken in
barges to Newport, and there transshipped to the cars. For
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some of the manganese localities in the Lafferty Creek basin,
the White River is still more accessible than the railway, and
in such cases river transportation to Batesville or N ewport might
be used, but the expense and loss in reshipping the ore at
these places are items to be considered. The ore could also
be shipped by barge down the White River to the Mississippi
and thence to any point desired, but railway rates are usually so

adapted as to compete successfully with such a method of trans-
portation,

FUEL.

The Batesville manganese region is a heavily timbered
country, and good hardwood can be had, in large quantities, at
from $1.60 to $2.50 per cord. Wood can be cut on private land
for $1.25 per cord. No workable coal is found nearer than that

of the central Arkansas region, and this could not compete with
good cord wood at the above prices.

TOWNS AND SETTLEMENTS.

The largest town in the manganese region is Batesville, and
the next most important places are the smaller settlements of
Cushman and Barren Fork.

Batesville—Batesville is sitnated on the north side of the
White River, twenty-nine miles above Newport, and is connected
with the latter town by the Batesville branch of the St. Louis,
Iron Mountain and Southern Railway. It is one of the oldest
towns in the State of Arkansas and was first settled in 1815. It
is the county seat of Independence county, hasabout 3,000 in-
habitants, and is one of the largest towns in the northern part of
the state. The White River is navigable as far as Batesville at
almost all times of the year, and at proper stages of the water
steamers can go up the river for over two hundred miles above
the town.

Batesville has always been identified with the manganese
industry; and, with the facilities of the town for both railway and
river transportation, it is an important source of supply, not only
for the country immediately to the north, but also for the numer-
ous smaller towns on the upper part of the White River.

o
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Cushman.—The town of Clushman is situated in 14 N., 7 W.,
wshman.—

the west half of section 9, and occupies a position on the divide
e we 2

between the Polk Bayou and the Lafferty Creek basins. Im-
etwes

mediately west of the town, the waters drain into Blowing Ca\.re
ﬂcﬂe lli azd thence into East Lafferty. Immediately east of it,
ree

the waters drain into Prairie Creek and thence into Polk
e

BayoCu;xshman is the terminus of the Batesville branch of the

8t. Louis, Iron Mountain and Southfarn Raih.vay.. It is.atv;lll'aagﬁ
of about a hundred inhabitants and is the? shipping poin ]o »
the manganese mined within accessible distances. It is also the.
oint from which freight teams start for Barren Fork, La Crossel;,
glelbourne, Lunenburg, and numerous other ﬁOWIilS to the nart-1
and west. The region in that direction has no railway, a;:d al-
most all supplies, with the exception of those that are taken up.
the White River, have to go throngh Cushman. .

Barren Fork.—Barren Fork, also known as Dry '.Fown',lls
a settlement of about 200 inhabitants in Izard f:o:?nty, six miles
north of Cushman. It lies néar the northern limit of the B];;I;-
ganese region and is on the mail-route from Cushman to Mel-
bourne. As yet it has no railway. '

Other towns in the neighborhood of the manganese region.—
Outside of the manganese region, there are numerous oth.er
towns. Along the line of the Batesville branch of the 8t. Louis,
Tron Mountain and Southern Railway ‘are ti:‘m towns of Moor;:-
field, Sulphur Rock, and Newark; While still fuf'ther. east;' the
town of Newport, sitnated on White River at the }unctm:? oIlf e
Batesville branch road with the main line of the S'at. I.;oufs, ron
Mountain and Southern Railway, is rapidly growing in import-
ance. Its facilities for water and railway transportation have
materially favored its growth. The old tm-fru (?f Jacksonpoxl;t,
on the Batesville and Brinkley Railway, is situated on the

ite River, about four miles above Newport.

Whlt;e?iti‘;s ’the places already mentioned, the villages of James-
town and Marcella are beautifully situated at th:e: fo.ot of the
Boston Mountaivs, and the old settlement of Elgm- is on the
Black River about twenty-five miles east of Batesville.
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F)utside of the towns, the country is fairly well cettled by a
farming population, and the numerous places marked on the map
‘but not mentioned above, are post-offices or country stores, :

CHAPTER XII.

THE MANGANESE DEPOSITS OF SOUTHW ESTERN:
ARKANSAS.

LOCATION OF THE DEPOSITS,
Geographic position.—Under the heading “southwestern Ar-
kansas” are included the manganese localities found at intervals.
from Pulaski county on the east, to Montgomery and Polk
counties on the west. The name is employed here not only
because it is the term by which the region is commonly known
throughout the state, but because it is thus distinguished from the
“ northern Arkansas” or ¢ Batesville manganese region.” The.
area in question lies entirely in the western half of the state, and

‘though it is nearer the central east-west line than to the southern

border, it is well within the southwestern quarter of the state.
The manganese area in this region includes a belt of country
running from near Little Rock in Pulaski county, in a south-
west direction to Hot Spring county, thence west to Montgomery
county, and from there a little north of west through Polk
county, almost to the boundary of the Choctaw Nation in Indian
Territory. This area varies in width from four or five to ten or
twelve miles,” and in length it is about a hundred and twenty-five.
miles. It is not to be inferred that manganese is found every-
where throughout this belt, as the various localities are often
separated by many miles of territory in which no ore occurs ; but
wherever the ore deposits are found, they are similar in character,.
mode of occurrence, and geologic relations, and are therefore
most consistently treated together, as different exposures of the

#This width refers simply to the part of the region in which manganese hge been
found, and not to the entire width of the nowvaculite area (see pages 806-307) which is from.
twenty to twenty-five miles in width.
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same, or closely related ore-bearing rocks. The belt ineludes
parts of Pulaski, Saline, Garland, Hot Spring, Pike, Mont-
gomery, and Polk counties.

Topographic position.—The region in which manganese oc-
curs in southwestern Arkansas is a rugged, mountainous area, with
its higher elevations reaching from 1,500 to probably over 2,000
feet above the sea,and from 500 to possibly over 1,000 feet above
the surrounding drainage. It is the first really mountainous
country met going north from the low, flat, pine region ofthe ex-
treme southern part of the state. On the north it is separated from
the valley of the Arkaunsas River by a parallel range of moun-
tains, rising sometimes several hundred feet higher than those in
question, and known in different places by different names,
among which are White Oak Mountain, Cedar Mountain, Blue
Mountain, Fcurche Mountain,* Irons’ Fork Mountain, Rich
Mountain, and others.

Between these two series of mountains, throughout the larger
part of the region, the Ouachita River occupies an east and west
valley, varying from two or three to twelve miles or more in
width., The river rises in Indian Territory, a short distance
west of the northwestern corner of Polk county, and keeps a
general easterly course for almost seventy-five miles; though to
follow the curves of the river, the distance would be much greater.
At the western end of Garland county, it turns southeast, cutting
directly across the mountains and forming numerous steep-sided
ravines. At the old town of Rockport, where it emerges from
the mountains, it changes its course to a general southerly
direction, and flows thence south and southeast until it empties
into the Black River,a tributary of the Red River, in the state
of Louisiana.

From the intimate association of the Ouachita River with the
novaculite mountains in which the manganese occurs, the latter
have been named the Ouachita Mountains by the State Geologist.
Previously, no name had been given to the range as a whole,

©This name does not refer here to Fourche Mountain on the outskirts of Little Rock,
it is the same nawme locally applied to a part of the mountains in Perry county and to a part
in Polk and Montgomery counties, both of which areas are immediately south of Fourche la
Fuave, a tributary of the Arkansas River.

county,
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though many local names were employed. Thus in the region
of Pulaski county, west of Little Rock, the mountains are
locally called the Fletcher Range ; near Hot Springs, in Garland
they are known as the Hot Springs Mountains; in the
northern part of Clark and Hot Spring counties they are known
as the Trap Mountains ; at the head waters of the Little Missouri
River, they are known as the Little Missouri Mountains ; and
around the head waters of the Cossatot River they are known as
the Cossatot Mountains. Besides these names of groups of
mountains, individual names are given in many places to those
elevations which form marked features of the region. This is
especially true of the country between the head waters of the
Little Missouri and the Cossatot Rivers: here Leader, Hannah,
Brushy, Raspberry, Tall Peak, Briar Creek, He, Prairie,
MecKinley, Porter, Sugar Tree, State House, Little Musgrove,
Shadow Rock, Buckeye, and numerous other mountains are well
known throughout the region by their individual names.
Speaking in a general way, the Ouachita Mountains consist
of a series of parallel ridges, running in a direction varying from
east-west to northeast-southwest, and to northwest-southeast; but
characterized, on the whole, by a general east-west trend. Some-
times eight or ten of these ridges are crossed in a distance of as
many miles, and at other times the whole range is represented by
less than half that number scattered over a breadth of twice the
distance. Whatever the local strike in a given area may be, all
the ridges of that area follow a general parallel direction, often
eurving around and joining each other at their extremities, and
thus forming a zigzag across the country in a manner directly
dependent on the disturbances to which the region has been
exposed. The ridges are separated by mountain streams, and
frequently rise abraptly to a sharp serraled crest only a few
feet wide. Viewed from a distance, they form long, narrow ele-
vations with undulating summits, rising in isolated peaks, or
sloping off into low places, through which mountain trails find
passages across the country. Sometimes the ridges run contin-
uously for many miles without any considerable break, but




H_

304 : ANNUAL REPORT STATE GEOLOGIST.

occasionally a stream has cut its way through and forms a steep,
rocky gorge, as it intersects successively each ridge in its course,

PREVIOUS GEOLOGIC INVESTIGATIONS OF THE MANGANESE
DEPOSITS.

Before the explorations of the present Survey, very little
geologic work had been done on the manganese deposits of

southwestern Arkansas., Dr. David Dale Owen in his report of

1859-60* gave a description of the region, but did not mention
the existence of the manganese ores.t

In 1888, Dr. T. B. Comstock] described a number of man-
ganese localities in the region in question, and gave numerous
analyses. His work on this subject, however, was subordinate
to his investigation of the gold and silver question, and therefore
was not carried out in detail. References to his descriptions of
different localities will be made later on, in the detailed discussion
of the region.

The annual reports of the Mineral Resources of the United
States, from 1886 to 1888, published by the United States
Geological Survey, contain short notices by Mr., Joseph D.
Weeks of the manganese ores of southwestern Arkansas, and
several analyses are given.

The issue of the Age of Steel, of 8t. Louis, Missouri, for
September 3, 1887, contains an article on the manganese de-
posits of Polk county, together with analyses and & general de-
seription of the region. :

With the exception of the above mentioned publications,
and of occasional newspaper articles and reports of mining com-
panies, no further information on the deposits in question has

as yet appeared.

* Second Report of n Geological Reconnoissance of the Middle and Southern Counties
of Arkangas, 1859 and 1860,

"4 Dr. Owen gave an analysis of manganese ore in this report, but the specimen was
from the Batesville region in the northern part of the state. He also gave analyses showing
the existence of manganese in the soils of various counties in Arkansas, His investigations
in the Batesville region, published in his report of 1858, have already been described on
pages 100-103, and 145-154 of the present report.

1 Geﬁlogical Survey of Arkansas, Vol, I., 1888, J, C. Branner, State Geologist.
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HISTORY OF MANGANESE MINING IN SOUTHWESTERN ARKANSAS,

Manganese mining in southwestern Arkansas has been
carried on to only a limited extent, probably not more than
thirty tons of ore having been shipped from the whole region.
A great many places have been prospected, but the only con-
siderable amount of work that has been done is on the land
of the Arkansas Development Company, in Polk county,
on the Brushy Creek branch of the Cossatot River. This
company worked during the year 1888 and continued uontil
April, 1889, when operations were suspended. A shaft was
sunk to a depth of a hundred and forty-two feet, and a tunnel
about five hundred feet long was run in the side of a mountain.
Many prospect openings were also made in the surrounding
country, from the head waters of the Cossatot to those of the
Saline River. About twenty tons of ore are said to have been
taken out of the shaft on Brushy Creek, and this represented
practically all the manganese that was mined by this company.

About the same time, the Capitol Land and Mining Com-
pany carried on operations in Pulaski county, twelve miles west
of Little Rock, in what is called the Fletcher Range. A tew
small prospect pits and tunnels were made, but no ore was
shipped, and work has been discontinued.

The only shipments of manganese ure known to have been
made from the whole region, were a few tons of the ore mined
by the Arkansas Development Company and four tons from a
small pit on the Burns Claim, on North Mountain, near the
head waters of the Little Missouri River. A sample of five
hundred pounds was also shipped by Mr. Webb Thornton, from
his claim on Leader Mountain, some five miles south of North
Mountain.

Besides the above mentioned localities, many small prospect
pits have been made throughout the mountains wherever man-
ganese crops out, but no ore has been shipped from them. Most
of them have been made by the Arkansas Development Company
and by Mr. Burns,

20 Geological, Vol. i., 1890,
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MINING POSSIBILITIES.

Cause of failures.— Manganese mining in southwestern
Arkansas has not yet been carried on successfully. The reason
for this lack of success is commonly supposed to be the distance
of the deposits from railway transportation. The manganese
area of Pulaski county is from seven to twelve miles from the
line of the St. Louis, Iron  Mountain and Southern Railway,
while that of Montgomery and Polk counties is from forty to
sixty miles from the railway. This lack of transportation facil-
ities may in some cases have prevented further attempts than
have been made to mine the ore, but, even if there were better
facilities, the peculiar mode of occurreuce of the ore would al-
ways prevent the development of the deposits on a commer.
cially important scale.

The aggregate amount of manganese in the region is un-
doubtedly large, but it is distributed over an extensive area, and
in almost all places it is hopelessly scattered through the rock
in small nests and seams, If these nests and seams were in suf-
ficient quantities the rock might be crushed and the ore concen-
trated by washing, but the pockets coniaining them are too
small to permit the expense of machinery. It isa popular idea
that the ore will increase in quantity at a depth, but there is
absolutely no reason to expect this, as such deposits are just as
likely, and sometimes even more likely, to become poorer at a
depth than they are to improve.

From the nature of the deposit it is to be expected that the
ore at a depth is, at the very best, no more plentiful than in the
surface outerops of the so-called “lodes” ; that is, that it exists
as a series of pockets separated by greater or less distances
of barren rock. With very few exceptions the pockets of ore
seen on the surface can not be worked at a profit, and in the rare
cases where a small profit might be made, the amount would not be
enough to pay for sinking through the barren rock that separates
the pockets from each other. The intervening thickness of bar-

ren rock is much greater thanthe depth of any one pocket; and,
moreover, it is possible that the ore in the deeper pockets has
undergone a lesser degree of segregation than the ore near the
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surface, and that it may, therefore, be in even a still less avail-
able form than the latter.

Areas operated.—Two areas in the region in question have
been the seats of considerable excitement over the manganese de-
posits: one is in the Fletcher Range, in western Pulaski county ;
the other is in the region of the head waters of the Little Mis-
souri and Cossatot Rivers, in Montgomery and Polk counties.
In Pulaski county the deposits are not sueh as to warrant the
expenditure of any capital whatever in exploring them. The
ore occurs both in place in the rock, and as a bog ore in the Me-
Henry Creek bottoms. The amount of ore in the rock is in-
significant, while the bog ore, though sometimes in considerable
quantities, is mostly of too poor grade to be of any value. It
generally contains considerable quantities of iron and in most
cases blends into a very impure bog iron ore, as shown by the
analyses on page 330. Small areas of fairly good ore can be
found in the poorer bog ore, and specimens can be collected
which contain over 50 per cent of manganese, but the quantity
of such ore available for commereial purposes is too small to b-e
mined.* It is clear, therefore, that no manganese mining can be
profitably carried on in Pulaski county.

~ In the region of Montgomery and Polk counties some of
the surface exposures of manganese ores are not so small as those
in Pulaski county, and in a few cases the deposits could be
worked at idle times by people living in the country, and fair
returns could be obtained. The pockets could not be followed
down to any considerable depth, however, as they would soon
be exhausted ; and the industry would not warrant the invest-
ment of capital. The value of the small quantities of ore that
might be mined in Montgomery and Polk counties, would be in
the. eons.iderable percentage of peroxide of manganese, or pyro-
lusite, that many of them contain. Such ores, when pure, are
valua.ble for use in the manufacture of chlorine and for other
ﬁhe;nxc'al purposes; while those ores which are also free from iron
are valuable in the manufacture of glass. For these uses many
of the southwestern Arkansas ores would bring from forty to

* For further details about this deposit see pp. 828,
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eighty dollars per ton, and the best grades would bring even
more. This value is much greater than that paid for ore for the
manufacture of spiegeleisen or ferro-manganese, which brings
from ten to twenty dollars per ton, according to the quality 3
moreover, the ores of Montgomery and Polk counties are gen-
erally, though not always, too high in phosphorus, so far
as the analyses at hand show, to be desirable as a source of
spiegeleisen and ferro-manganese.

In the country between the manganese area of Pulaski county
and that of Montgomery and Polk counties, that is, in Saline,
Garland, Hot Spring, and Pike counties, manganese is occasion-
ally found, but it is in insignificant quantities. The iron ore
which frequently occars in this area is often mistaken by pros-
pectors for manganese and many claims have been taken up un-
der this delusion.

Tt becomes evident, therefore, that in southwestern Arkansas,
that is, in the region from Pulaski county on the east to Mont-
gomery and Polk counties on the west, no extensive mangan-
ese mining can be carried on at a profit. There are no large
bodies of ore anywhere on the surface, and the nature of the
deposit is such as to make it utterly useless to attempt to search
for more extensive bodies at a depth.

THE GEOLOGIC RELATIONS OF THE MANGANESE DEPOSITS.*

The manganese deposits of southwestern Arkansas represent
an interbedded stratum in the upper part of the gray novaculite
of that region. The novaculite rock is overlain and underlain
by a series of shales, quartzites, and sandstones, which are desti-
tute, so far as known, of any commercially important deposits of
manganese ore. As regards the geologic age of the ore-bearing
rocks, all that can at present be said is that they are probably of
Lower Silurian age. The only fossils that have been found are

# The geology and structural features of the Ouachita Mountains, in which the man-
ganese deposits are situated, have been worked out by Mr. L. 8. Griswold, of the Survey, in
hiz investigation of the novaculite series, and will be deseribed by him in Vol. III of the re-
ports of the Geological Survey for 1890, The subject will therefore be mentioned here only in
a general way, zod to such an extent as is necessary for the proper comprehension of the oc-
currence of the manganese ores. For further details the reader is referred to the above men-~

tioned report.
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a few graptolites discovered by Mr. L. 8. Griswold, of the
Survey, in the shales associated with the novaculites. These
have been determined by Professor Henry S, Williams and by
Dr. R. R. Gurley as belonging mostly to the Trenton horizon of
the Lower Silurian; but certain specimens from one locality were
determined by Dr. Gurley as Calciferous forms. As the exact
stratigraphic relations of some of the graptolite shales to the no-
vaculite are as yet uncertain, no more definite correlation can at
present be made.”™

To the north of the Ouachita Mountains are a series of
sandstones, quartzites, and shales, comprising the mountains on
the divide between the waters of the Ouachita and the Arkansas
Rivers. These rocks are regarded by the State Geologist as
being of Lower Carboniferous age, and are bordered on the
north by the Coal Measures of the Arkansas valley.

In their eastern part the Ouachita Mountains come into
direct contact with the horizontal Tertiary beds of that section.
In their western part they are hounded on the south by a much
lgas rugged, but equally disturbed area of Paleozoic (probably
Lower "Carboniferous) sandstones and shales, which “extend
thence south for about twenty miles, until they come in contact
with, and disappear under the horizontal Cretaceous and Ter-
tiary strata. The relation of the sandstones and shales south of
the Ouachita Mountains to those to the north, has not yet been
thoroughly worked out, but it seems probable, as has been sug-
gested by the State Geologist, that they may represent the same
horizon and may form the two sides of a wide anticline, each
comprising numerous subordinate folds; and that the Ouachita
Mountains represent older rocks, and occupy a position in the
breach of this great anticline.

THE ROCES OF THE MANGANESE DEPOSITS.

Nature of the rocks.—The novaculite with which the man-
ganese ores are associated is a siliceous deposit reaching a maxi-
mum thickness of probably four hundred and fifty feet, and made

ST i
For the relation of the manganese dep sits of the Balesville region to those of south-
western Arkaosas, see pages 59-100,
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‘up of strata differing considerably in physical character. Tt is

composed of almost pure anhydrous silica and varies from a
translucent, hard rock of a white, gray, or buff color, having a
conchoidal fracture and porcelain-like appearance, to a soft,
porous or granular material, of a massive structure and of an irreg-
ular fracture. The top of the bed is occupied by the manganese-
and iron-bearing stratum, which contains the ores in various
forms, from a mere stain to a network of thin pockets and
seams. The part of the bed thus impregnated varies from four
or five feet to fifty feet in thickness, and in some rare cases
probably more.

Immediately underlying the ore-bearing stratum is the
“Qunachita stone” stratum, the source of the best of the cele-
brated Arkansas whetstones, This is fully described by Mr.
Griswold, and it is sufficient to say here that it is softer than the
rest of the novaculite bed and has a fine grained, porous struct-
ure. It often disappears altogether, and even where it is present
its outerop is usually obscured on account of its softness, It is
underlain by a much harder novaculite, passing below into a bed
of a shaly structure, from forty to a hundred feet in thickness.
From this point to the base of the formation the rock is massive
and hard, and frequently contains exceptionally hard strata
which, on account of their greater resistance to weathering, often
form the most prominent feature on the summits of the ridges.
This part of the series varies from less than a hundred to over
two hundred feet in thickness.

The ore-bearing stratum frequently partakes more or less of
the soft nature of the * Ouachita stone”, and is sometimes even
softer, being easily crumbled in the fingers, From this state
there are all stages of hardness, uantil, in many places, the
rock assumes a flinty, porcelain-like structure similar to that seen
in the lower part of the formation.

Quartz veins from the fraction of an inch to several incheg
in thickness are numerous in the novaculite, and sometimes a
network of thin quartz veins runs in all directions through the
rock. In places, the novaculite itself has been converted to a
semi-crystalline quartz rock, and contains small cavities lined

£ MANGANESE DEPOSITS OF SOUTHWESTERN ARKANsAs. 311

TH.

with crystals of the same material. The novaculite is much
joints running at right angles to the bedding as well

Sointed, the
: : her angles to it, though they are generally steeply

as at various of

inelined. "
Though the novaculite is, in some cases, probably over four

hundred feet in thickness, yet elsewhere it has less than half this
and in some cases it possibly thins out altogether, re-
appearing beyond. As already stated, the novacu!ite forms -the
most prominent feature of the ridges that characterize the region.
These sometimes thin out and gradually slope off to the level of
the surrounding country in a manner that could, probably, be
best explained by supposing a gradual thinning or local disap-
pearance of the novaculite.

Immediately overlying the novaculite, and exposed on the
slopes of the ridges, is a series of gray and black siliceous shales®
interbedded with more massive strata somewhat resembling in
nature the underlying novaculite, but always showing on closer
examination a more or less shaly structure, and breaking in large
@at slabs. The rock isfrequently pierced by a network of thin
quartz veins and also contains alternating lenticular strata of
brown hematite. Frequently the siliceous shales have under-
gone a partial decomposition and have been converted into a fine
This is, however, only local, and there

thickness,

siliceous powder.
frequently occur strata of partly disintegrated rock, carrying
fragments of the as yet undecomposed parts and interbedded
with unaltered strata. The disintegration is especially marked
near the contact of the shales with the ore-bearing part of the
novacalite, and also near the hematite deposits in the shales
themselves. Good measurements of the thickness of the siliceous
shales can rarely be made on account of the highly disturbed
condition of the rocks, but they probably aggregate, in their
maximum development, about three hundred feet, though they
are often much thinner.

Overlying the shales are a series of gray and brown sand-
stones ; and above these is a great thickuess of shales varying

“ These shales are included by Mr. Griswold in his novaculite series.
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from gray and black to yellow and brown. These rocks, though
sometime seen in the synclinal troughs of the novaculite, have
no connection with the occurrence of the ores of the region, and
the reader is referred to the report already mentioned for further
details,

Below the novaculite bed there is a series of yellow, brown,
or gray shales, underlain by a series of black and gray shales
with sandstone strata and sandy limestones. In the shales of
the latter series are found the Silurian graptolites already men-
tioned.

Disturbance of the rocks.—The Ouachita Mountains, con-
sidered as a whole, represent a portion of the southern part of an
area of great disturbance, which extends from the valley of the
Arkansas River on the north, in a southerly direction until it
disappears beneath the undisturbed Cretaceous and Tertiary
strata of the southern part of the state.

The detailed structure ot the mounntains themselves is com-
plicated, but in a general way they represent a series of parallel
folds, which have given rise to the general east and west ridges
already described. Subsequent erosion, however, has greatly
altered the character of the surface features originally given by
these disturbances, and the novaculite, being more resistant than
the associated strata, has controlled the topography. The rocks
were originally tilted at high angles, in many cases vertically,
and were sometimes overthrown, Krosion has since attacked
them, carried away the more easily disintegrated beds, and
exposed the npturned edges of the novaculite on the crests of all
the higher ridges, leaving that rock as the most conspicuous and
characteristic feature of the country. The result is a series of
novaculite ridges bordered on their lower slopes by the associated
shale and sandstone strata. Such ridges generally exist in the
forms of anticlines and monoclines. The summits of the anti-
clines are often removed for considerable distances; the folds
are also often overturned and show a dip in one direction
throughout. In the latter case the normal anticlinal dips are

-
|
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sometimes seen at the base of the ridges in the deeper river and

‘creek passes. ) _
"The outerop of the ore-bearing stratum appears in the

novaculite at or near its contact with the overlying. siliceous
shales, and is generally exposed on the slopes of the ridges as a
-consequence of the erosion of the latter r?ckg, Tt can be traced
in this position across the country, following the ooBree regulated
by the structure of each ridge. In some ?1a?es it is represented
by bodies of ore, in others by simply a stain in the rocks.

THE MANGANESE ORES.

Mineralogical forms.—The manganese ores of southwestern
Arkansas represent oxides of manganese in their différent min-
eralogical forms. The minerals psilomelane and pyrolusite have
been identified beyond a doubt, and they probably comprise the
larger part of the ores found in this region. They frequently
oceur in intimate association with each other, the pyrolusite often
‘coating masses of psilomelane or encrusting the interiors of cavi-
ties lined with that ore, Probably some of the samples of mangan-
ese ores collected in this region contain manganite and possibly
braunite, but these minerals have not yet been positively identi-
fied. A material representing a mixture of clay and rock frag-
ments, more or less impregnated with oxide of manganese, and
locally known as “ bog ore,” is found in the banks of McHenry
‘Creek, in Pulaski county.

Below are given descriptions and analyses of typical speci-
mens of psilomelane and pyrolusite found in this region.

Psilomelane.—Specimen from the head waters of the Little
Missouri River, in the southwestern part of Montgomery county.
This is a black or steel-blue mineral; opaque; lustre sub-
‘metallic; powder dark brown; fracture conchoidal, highly .de-
veloped, with a bright glossy surface; hardness 7. Its specific
-gravity as determined by the chemist of the Survey is 3.95. It
frequently occurs in reniform or botryoidal masses with smooth
black surfaces.

With fluxes it gives reactions for manganese; it dissolves
in hydrochloric acid with the evolution of chlorine and leaves
- slight residue.
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An analysis made by R. N, Brackett of this mineral dried
at 110°-115° Centigrade, gave the following results :

Analysis of psilomelane from southwestern Arkansas.

Manganese protoxide (MoO}.......coreserersens 73.17
Oxygen (0), 15.11
Ferric oxide (Fez03) . .iemmmenn: sicsssiasesnsnss 0.26
Alomina (AT208) 0w nsene 6.52
Cobalt oxide (CoO)...oumveire coviisseersnnese LFACE
b 55T B ) P p e e S 1.58
1 e A 0 e M 0.05
LRI LNy o dimsch i g e i s s s 2,12
Soda (Naz20) ceriseeerenivarans 235
Phosphoric acid (P20s)u.coimierimsssaans trace
Silica (Si0y) 0.15

101.81

The analysis and the physical features of the mineral corre-
spond in most respects to psilomelane. Rammelsberg* classifies
different varities of psilomelane under two headings: those high
in baryta and low in potash are grouped as baryta-psilomelane ;
those low in baryta and high in potash are grouped as potash-
psilomelane. The mineral in question cannot be classed as a
baryta-psilomelane, as its percentage of that ingredient (0.05)
is insignificant, while true baryta-psilomelane generally contains
several per cent of baryta and sometimes as much as 16 or 17
per cent. On the other hand potash-psilomelane, though it
sometimes contains over 5 per cent of potash, does not usually-
show the high percentage of soda (2.35) found in the above
analysis. Of all the analyses quoted by either Dana or Rammels-
berg, the one showing the highest per cent of soda was made by
Schmidf of a sample from Oehrenstock, Germany, which con-
tained 0.25 per cent of that ingredient. In the case of the
Arkansas sample, therefore, the soda is extraordinarily high, but
it seems probable that this ingredient simply replaces a part of
the potash; and, in the absence of any class of soda-psilomelane,
as well as in the consideration of the noticeable amount of potash

#Handbuch der Mineralchemie, second edition, 1875, . 190,
1 Pogg. Ann., Vol. CXXVL.,, p. 151,

besides t :
classed as a potash-psilomelane.

fibrous ¢ ¢
to an eighth of an ineh in length, and often arranged radially

around a spherical mass of the same mineral in a more minutely
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he soda in the mineral, the latter may be provisivnally

Pyrol-lasife~3pecimei1 from Cossatot Mountain, in the south-

eastern part of Polk county. This is a black, opaque mineral;
lustre submetallic; streal black; hardness 2. Itisin the form of a

rystalline aggregate, the fibres varying from a sixteenth

erystalline form.

An analysis made by R. N. Brackett of this mineral dried

at 110°-115° Centigrade, gave the following results:

Analysis of pyrolusite from southweslern Arkansas,

Mangauese protoxide (Mm0O) .....

Ox7gen (0)urreevsmmsnnsissmssmcisns

Ferric oxide (Fea08) . mnammmrmpianivinmi

Alumina (Alz08)c . ieeessssnssniinnsioasissnsnsis 0.79
Cobalt oxide (CoOY..coiiii e sssssmrmmsnsassanen StIONE trace
Linie (Ca0)...... 0.52
Baryla MBa0)u it susvassnnrsisinnesisanes ssens 2,83
Magnesia (Mg0)..... vovvimivmnsimusarnssmsa 0.14
Potash (Kz0)

Boda (NagD)...ermmmmmsasmsmmensnsmannes

Silica (8i0z) and insoluble matter......... 8.52

99.88

The molecular ratio of MnO : O in the above analysis is
1.08: 1.04, which closely approaches the theoretical ratio 1:1
of pyrolusite (MnQ,).

It is a noticeable feature of this specimen that the percent-
age of baryta (2.83) is much larger than is usual in pyrulufsi te,
which generally contains less than 1 per cent of that ingredient.

Iron ores.—The iron ores which occur either with or
without manganese in the gray novaculite, and those which
occur in the siliceous shales overlying the novaculite, are in the
forms of more or less hydrous sesquioxides. The more common
forms are :

(1) Brown limonitic ore, hard and often highly siliceous.
This variety generally occurs in the siliceous shale that overlies.
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the novaculite, though it is also found at the junction of the two
rocks. It forms irregularly interbedded lenticular strata and is
more plentiful than any of the other varieties.

(2). A dark brown, hydrous sesquioxide of iron ; porous,
honeycombed structure, glittering vitreous to resinous lustre
throughout; streak chrome yellow; hardness 4 to 5. It fre-
‘quently occurs in a mass composed of stalactitic and botryoidal
forms, and the cavities between these give it its porous structure.
Its cavities and cracks are frequently lined with a brilliant red
ochre. Its most characteristic feature is its lustre, which is
somelimes almost glassy or of a pitch-like character. This dis-
tinguishes it from all the other ores of the region. It is found
only in the gray novaculite.

The following avalysis made by W. A. Noyes of a specimen
of this mineral from the Bud Jones claim, 3 S., 24 W., section
29, the north half, shows its composition :

Ferric oxide (Fe203) ..ccmmsmmonsersarers TT20L

Manganese peroxide (Mn0,)..... we NODE

Manganese protoxide (Mn0)..... e 0.89
Aluming (A1205)0 ovenreias W Ot 1
WAL U L0Y st i eiossas o, 100
Phosphoric acid (P20g) ..o corseresrsrvsereer. 43l
1 ERHRT G €5 10 ) Ve Sl o A - 0.84
99.78
1T DR e e S e e 54.54
Metallic DANEARESE, 1iivrererres seersrrrsierseronanes 0.30
14 ) R SRS S 1.79

The hydration of this mineral is almost exactly intermediate
‘hetween that of true limonite (2Ke,0,, 3H,0) which contains
theoretically 14.4 per cent water, and xanthosiderite (Fe,0,,
2H,0) which contains 18.4 per cent of water. The water of the
mineral in question approaches a little nearer that of limonite
‘than of xanthosiderite, but the difference is insignificant ; while
the pitch-like lustre suggests a resemblance to some forms of the
latter.

(3) A black, glossy, hydrous sesquioxide freq uently in reni-
form and botryoidal masses; streak brown; hardness 8. The
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surfaces of the masses often have a brilliantly il:ideseent gl(;,ss,
showing 2 variety of shades of blue, greeu,. pink, and ot .e;
colors. This ore occurs in the gray novacu‘llte, generally Tnt.

the manganese, though sometimes free from it, The water in it
generally approaches that of limonite.

(4.) A mineral somewhat resembling th.e last in general
appearance, but with a submetallic lustre ; reddlsh-bnrown streak;.
hardness 4.5. A specimen of this mineral exammefl by R.
N. Brackett, contained only 5.4 per cent of that ingredient, a.nd
has been determined by him as turgite (2Fe,0;, H,0), which.
contains theoretically 5.3 per cent of water.

(5) A biack, massive mineral; compact structure; lustre
submetallic; streak reddish-brown ; hardness 5. It frequently
shows the same ividescent surface as the last variety.

The following analysis made by W. A. Noyes of a sample of
this mineral from the Bud Jones claim, 3 8., 23 W., section 22,
the southeast quarter of the northeast quarter, shows its compos-

ition: .
Ferric oxide (Fea0g) i 88.56
Manganese peroxide (MnOg)........i.. DoDe
Manganese protoxide (MnO).... .o 0,05
Alumina (Al;035) 1.40
Water (HaD) . vmnssmsssmptbssestsinps seassissssre 8.0

Phosphorie acid (P,04)
LI L0 R e g YL

Metallie iron.......
Metallic manganese....

PHOSPIOTUS. L ivinvissisrrvons sbinnisisrsriasinons

The hydration of the mineral is intermediate between that
of turgite (2Fe,0,, H,0) which contains theoretically 5.3 pot
cent of water, and that of goethite (Fe,0,, H,O) which contains
theoretically 10.1 per. cent, but it approaches nearer the latter.
Tts features, however, are such as to suggest the possibility of
its being a hematite partially altered by hydration on its surface-
exposure.
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COMMERCIAL VALUE OF THE MANGANESE ORES,

The treatment of the commercial value of the manganese
ores properly belongs here, but that value in this case is so de-
pendent on the mode of occurrence of the ores that the subject
has already been taken up under the discussion of the mining
possibilities. of the manganese deposits on pages 306-308.

The following analyses represent the composition of man-
ganese and manganiferous iron ores from the land of the Arkan-
sas Development Company, and have been kindly furnished the

Survey by Mr. W. E. Barns, Editor of the Age of Steel, St.
Liouis, Mo.

Analyses of manganese and manganiferous iron ores from south-
western Arkansas.

No.|Manganese.]| Iron. Silica. |Phosphorus Analyzed by.
1 60.28 0,413  |Regis Chauvenet & Brother,.................
2 0886  ferasssssmsnerens LA S PR 8t. Louis S8ampling and Testing Works.
3 55.80 0.50 8.72 0.038 4 Ll ] o L
4 LG4 |icmussusins waasnskiana 0.167 |Regis Chauvenet & Brother..........cuuines
5 48.65 2.08 11.86 0,308 [St. Louis Sampling and Testing Works,
] ABBL  |[Gisiisi fessitiessitii 0,440  [Regis Chauvenet & Brother.....,....coreenren
T 40,51 26,58 0.80 0.767 |8t. Louis S8ampliog and Testing Works.
8 27.68 86.39 1.88 0.230 IE L i3 L i
9 26.20 16,83 29.00 0.843 o, o o s Ik

10 v S — 0.42 0.047 ol " L i i

11 11,98 22.26 44.40 0.576 L2 £ e L 1

12 2.06 50.88 e A i 1.450 |Regis Chauvenet & Brother....... ...

The following table of the analyses made by the Survey
shows the composition of manganese ores from different parts
of southwestern Arkansas, including Pulaski, Hot Spring, Pike,
Montgomery, and Polk counties. All the samples analyzed
were collected by the Survey. Analyses 1, 9, and 13 were made
of picked specimens, and fepresent a better grade of ore than
the average of the deposits from which they were taken. The

THE MANGANESE DEPOSITS OF SOUTHWESTERN ARKANSAS.

Analyses of manganese ores from southwestern Arkansas.

peroxide.

14.13

60.58

42.09

71,73

82.10

71.41
77.60
62.76
90.52

Moist- | Manganese

ure.

1.42

0.001

0.116
0.270
0,008
0,015

0.560

0.320

0.310

trace
0,880

0 390

0,450
noneg

4.83
42,83

63,19

29,30
74.79

1.29

5.86
0.52
0.15

2.98

t.

24

10.46
0.52

3.09

2.88
11.82
17

2.
0.87

14,15

9.21

5.565

18
2.04

0.
4.00

2.72
0.74

Manganese.| Irom. \Siiica. Phosphorns

9.68

B

8.08
40.89

27.84
13.31

41,54
80,93

45.02

56.66

49.24

52.16

59,55

42.75

OWNER.

T LT T P PR e L

i
¢
o

B, W. Worthen

[T

Burns claim

Arkansas Development Company ...

LOCALITY.

oee|Capitol Land and Mining Company.

1|Pulaski county, 1 N., 14 W., section 24, NW....oooieen

1N.,18 W., section 33, NW.,, NWaoeunins

[ 11

3
=
&
w
=
=
=
3
B
=
7

0“
o
[0
L

il
i
i
t

...|Cenley Bullivan

6|Hot Spring county, 4 8., 20 W., section 26, NW.,8E.....

7|Pike county, Line Mountain, & By 28 Wiieeronsssasnssas

8|Montgomery co., Fancy Hill Mountain 4 8., 26 W,, sec, 28,

North Mountain, 4 8., 27 Wa.ccoieionen

0

« Tqll Peak Mountain, 48,20 W., section 24........

© Manganese Mountain, 4 8., 20 W.........
«  Cpssatot Mountain, 3 8.,29 W,

0N

MM =

10| Polk co:, MeKinley Mountain, 48., 28 W., section 12.......}ererinnn

11

:2 113
18! %
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rest of the samples were so selected as to represent as nearly as
possible the average of the deposit. Analyses 1 to 3 represent
the so-called bog ore of McHenry Creek. Additional .an.a]yses
of the bog iron ore from the same locality and a des.i.il‘lptlf!n of
the deposit are given later in this chapter, ifl 'the discussion ?f
the property of the Capitol Land and Mining Company in

Pulaski county.

MODE OF OCCURRENCE OF THE MANGANESE ORES.

The manganese ores oceur as nests, pockets, s.md short
discontinuous seams, from a small fraction of an inch to -a
foot or more in thickness. The latter thickness, howev.er, is.
rare, and three or four inches usually represents the maximum
thickness of any one mass. Such bodies of ore occur scattered
in varying quantities and in a great many d1.ﬂferent ways
through a hard or soft novaculite rock : they either ocenpy
planes of bedding and joint cracks; or oceur as segregatl?ns in
the rock ; or form the cement of a brecciated novacu"hte_, in
which the masses of rock vary from a fraction of an fnch to
several feet in diameter, and are surrounded ;:m all sides by
layers of manganese ore from a fraction of an ln.ch to several
inches in thickness. The part of the rock thus impregnated
varies from two or three feet to fifty feet and sometimes more
in width. The ore, however, forms only a small proporti'on .oi“
the mass, in some places not more than 1 per cent.3 Wh{le in
others, especially where the ore-bearing stratum is thin, it
forms a much larger percentage.

The iron ores in some places are intimately mixed with
the ﬁ:anganese in the form of ferruginous manganese ores or
manganiferous iron ores; in others the two. ores: oceur in
the same pocket but in separate masses; and in still oth'ers
they occur in difterent places along the. game ore-bearing
stratum. On He Mountain, described in 'the next chsfp-
ter, there are geodes of brown hematite lined on the in-
gside with black manganese ore; and a frequent QBRI AN S
elsewhere is a kernel of brown hematite coat.e-d with man-
ganese, either as a hard incrustation of massive ore, or as
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radiating fibrous crystals of pyrolusite. Stalactitic ore with
hematite inside and manganese outside sometimes oceurs.
The iron ore usually shows a tendency to follow lines of
bedding, but sometimes, in both the novaculite and the
shale, it occurs in joints or fanlt lines, forming deposits as.
much as two or three feet in thickness, These seem to have
been formed by the collection of the ore in such positions from
originally bedded deposits. Such a caseis described later
in this chapter on the Bud Jones claim, 3 S,, 23 W., section
29-, in Montgomery county.
. The rock carrying the manganese represents an inter-
bedded stratum in the upper part of the gray novaculite,
usually occurring at or near the contact of that bed with the
overlying gray and black siliceous shale. Similar ores
probably sometimes occur in small quantities in the lower
part of the novaculite, but they are of no importance. The
ore-bearing stratum generally dips steeply, often almost ver-
‘tically, and its outcrop is often traceable for many miles,
following along tiie upper slopes ov even the summits of the
ridges, at or near the contact of the two rocks. It is only
locally, however, that ore occars in it in any appreciable
quantities. Its course is almost always marked by a greater
or less stain of iron or of manganese or of both, and at
";i:f_wreg_ular intervals this stain increases in quantity until
it forms the deposits just described. Sometimes the latter
are within a few yards of each other, but usually they are
several hundred yards apart and often several miles, sepa-
rated by practically barren rock.*
~ As has already been stated, the whole region has been
thrown into a series of parallel folds, striking from east and
ﬁéé’t to various angles to that direction. The novaculite
:Eccrms the predominating rock in these ridges, and wherever

it is exposed, more or less signs of the ore-bearing stratum

. \-’.‘oTlf_m._ﬂ-'quslis of mixed manganese and iron ores, and even many that are all iron ore,
. ﬁégﬂi-ntly ipposed by prosy to be all manganese. This gives a very erroneous fm-
P i ion of ﬂz.a quantity-of manganese present, as the iron occurs in considerabl ¥ the larger
mﬂ'_ﬂt_.‘f— Manganese frequently does com prise the whole of the deposit, but just as often it .
18 mixed with iron, or blends altogether into that ore.

21 Geological; Vol, i., 1890,
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oceur; so that in a region where there is a seri_e;s :;;lf fua:-:ilal
ridges, there is a series of exposures of the Stt{ﬂ, un 3 ai
parallel to these ridges. Such exposures are o;:&d 3:‘,1 e
will be_explained on page 325!;.52?911“{9“315 tf;:l:n 'ﬁ'l: ;éid’
: ecially well seen in the region be - :

?ieanfo?fhe Lig;:le Missouri and the Cossatot Rwera,t;]n t:f
southwestern part of Montgomery county and Lhe._s(;:: :ie;
ern corner of Polk county. Here there are often eight o o
parallel ridges, all showing the ore-befmng itratun:;in -
latter, to be sure, may be represented simply ]y a 8 =
the whole length of the ridge, but perha}_)s on tkletnm; reg
the exposures of the same stratum contain pockets ot ore.

~
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Fi orth- h an oug ast i ow Rock Mounlains,
gure 24, North-sout section thy h E Hannah and Shad: r ins, Polk

county, showing the folding of the manganese-bearing strafum.
» 3
A. Gray novaculite.
B. Sandstone.
C. Siliceous shale.
1. Shale and sandstone.
tum,
on of the ore-bearing stra - -
EOEIE::::]&] scale: 1 inch==34 mile; Vertical scale: 1 inch=1,000 feet.
¥l 3

The accompanying figure represents a afsction ac;?rol:s
East Hannah and Shadow Rock Mountains, & mile east of the
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-_(:'}_osgatot River, and illustrates the cause of the repeated ex-
posures of the same ore-bearing stratum on the slopes of
.-ijmllel ridges. East Haunah and Shadow Rock are two of
the main ridges in Polk county,and run in a general east-
svest direction across the region of the head waters of the
‘Cossatot. The dotted lines on the summits of the mountains
indicate the direction of the continnation of the gray novac-
ulite before it was eroded to its present level. They are not
intended, however, to represent the absolute distance of this
continuation, as that may be either greater or less than rep-
~ resented in the figare. The dotted lines below the surface
re intended to represent the probable direction of the
_ }_.groun'd extension of the gray novaculite; but, just as
with the lines on the summits, they are not intended to rep-
sent the absolute depth of this extension. The outside one
ked E in the section) of the two lines represents the con-
>f the gray novaculite and the siliceous shale, and the
osition of the ore-beuring stratum is approximately on this
The extension of the line, therefore, below and above
urface represents the extension of the manganese
just as explained with the gray novaculite.
idges are in the form of anticlines overthrown in
r parts, and it will be seen that the manganese
s exposed on both slopes of each mountain. Tt is
ever, however, that each exposure of the stratum on
north and south section contains appreciable quanti-
‘ore, but its position is almost always marked by more
stain of iron or manganese or of both. Thus on the
e section represented in the figure, the stratum con-
ore on the south side of both East Hannah and Shadow
- while a stain is all that represents it on the north

re-bearing stratum and the rest of the rocks once
rizontally, and have been brought into their present
m by a profound disturbance in the earth’s crust.
in its original position, the ore stratum consisted of
at layers of ore-bearing rock separated laterally by



324 ANNUAL REPORT STATE GEOLOGIST.

barren areas of the same rock. When it was brought into
its present position, the appearance or non-appearance of ore
depended on whether the part of the stratum represented in
a given exposure on the ridge, was a part that had originally
contained one of the flat layers, or whether it was a part of
the barren rock that separated these layers. This accounts.
for the appearance of ore sometimes on both sides of a ridge,
sometimes only on one side, and its frequent absence al-
together. The original flat layers, however, were connected
by a stain of ore in the rock, and hence the existence of a
stain now in the exposures where ore is absent from the
stratum.

The figure represents only two of many parallel ridges
in sowtheastern Polk county, on all of which the series of
phenomena already described ocear, but it serves to illustrate
the subject in question. Where the ridge is an anticline
the ore-bearing stratum is seen on both slopes, at the contact
of the novaculite with the overlying siliceous shale, Where
it is in the form of a monocline the stratum is seen only on
one side.

On the slopes of the ridges there are often strata of
brown hematite imbedded in the siliceous shale, striking in
the same direction as the manganese-bearing stratum, but
always at a lower level. These form lenticular beds from a
few inches to four or five feet and more in thickness. Some-
times several of them run parallel to each otherat a distance
of from a few inches to several feet, separated by gimilar
strata of siliceous shale. The latter have frequently been
much decomposed and are in the form of a fine powder con-
taining harder magses of the as yet undecayed parts. This

decay, however, is only local, and frequently a de-
composed stratum several inches in thickness is bordered on
both sides by unaltered beds of the same rock. The iron ore
blends into the country rock along the same stratum, and
the continuance of any one lead of ore is very uncertain.
When it thins out, however, it generally appears again in
the same relative position at a greater or less distance
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beyond, and the intermediate barren rock is nsually stained
withiron in the direction of the strike of the deposit

CHEMICAL ACTION IY THE MANGANESE DEPOSITS

The deposition of the manganese ores in the novaeulite
is a subject intimately related to the origin of the novaculite
itself, and the transformation of the ores into their present
forms, subsequently to their deposition, doubtless has a close
connection with the agencies that converted the novaculite
into its present form. .

It seems probable that the novaculite was originally laid
down as a siliceous sediment, subsequently indurated into a
compact rock, and still later altered into its present form of
anhydrous silica. There is every reason to suppose that the
manganese and iron were deposited at the same time as the
upper part of the novaculite and just before the deposition
of the overlying shale* The ore frequently, or even gen-
erally, occurs as small seams cutting across the stratiﬁcagon
but these seams are discontinuous and represelut simpl ;

oblong pockets. They rapidly thin out and are pm’ba.bly
due to a chemical action in the ore-bearing stratum after thz
OFe, was deposited. The stratum considered as a whole
--.melu'fimg the seams of ore and the enclosing rock foilow;
-fc.ertfuu stratigraphic positions through all the ma,ny con-
tortions to which the rocks of the region have been subjected
If all the outcrops of the deposit on the many ri s
. : ny ridges were
add ogether, they would make a length of several
thaqsand miles, and yet not once in this dista s
ore-bearin ol
oo g stratum, as a whole, been observed to cut

the strike of the rocks. e

The i

B enzlr::i:’v;riozio?abiﬁ la,fld.down duz:ing the deposition
e ;111 : 01n:13 of oxides or carbonate;
e g the formation of the deposit or subse-
i ¥, any carbonate that may have existed was converted

*The term * lode? i
ode” as applied to the manganese and iron stratum is wrongly used:

.m!‘-diﬂ'g to F, Prime’s tr v L [ A on Ore Deposits, page 26, lodea
. . 5 translation of .

B on Cotta’s Treatise PO A

are 35_81'02'&9-‘30118 of mineral matter o mtaining ores in fissures
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to the oxide form. Still later, chemical action has altered both
the chemical character of the oxides and their position in the
ore-bearing stratum. Thin layers of ore in planes of bedding
are often cut by joints, and these joints are sometimes empty
and sometimes filled with ore. Where they are filled, the ore in
them cuts directly across the ore in the bedding planes, showing
that the joints were filled later. It is probable, also, that the
ore in the joints was derived by chemical solution and re-deposi-
tion from the bedded ore.

It often happens that no sign of the original stratified char-
acter of the deposits is seen, and the ore runs in all directions
through the rock. It seems possible that in such cases the ore
was originally finely disseminated through the rock, and that
subsequent chemical action cansed its solution, segregation, and
re-deposition in its present form. This process may have given
rise to the brecciated novaculite with an iron or manganese
cement, which forms one of the most characteristic features of
the ore-bearing stratum. The same process of segregation might
also help to explain the soft, porous character often observed in
the novaculite, in the immediate vicinity of the ore-bearing
deposit, since the same rock in the same stratum only a short dis-
tance from the ore resumes its hard flinty nature. It is as yet,
however, a matter of some doubt whether asegregation of the kind
deseribed is not, in many ore-deposits, simply superficial, due to
surface agencies without any deep-reaching influence ; and it
seems possible also that, though the same mineral matter may
exist below, it may be in a form which is not available for com-

mercial purposes.

CHAPTER XIII.

THE MANGANESE DEPOSITS OF SOUTHWESTERN
ARKANSAS,— Concluded.

PULASKI COUNTY.*

General features.—Manganese has been found in the western
part of Pulaski county, at various pomnts from ten to fifteen
miles west of the city of Little Rock. This region is known as
the Fletcher Range, and has been prospected for manganese and
iron by the Capitol Land and Mining Company, by Mr. R. W.
Worthen, Messrs. W hittemore and Bunch, and others. A large
part of the prospecting has been done in the drainage area of
Fourche Bayon, a tributary of the Arkansas River; and es-
pecially in the neighborhood of McHenry Creek, a small branch
of the Fourche.

~ The localities visited by the Survey are described below.

e None .o'f them contain manganese in such quantities or of such

quality as to allow profitable mining, and the nature of the

- - 3epo)slts makes it absolutely useless to attempt to search for
— workable bodies of manganese ore anywhere in this area.t

— . .I_’ﬂe Capitol Land and Mining Company.—The Capitol
I:nnd and Mining Company commenced operations in the
Fletcher Range in the spring of 1888. Several small pits and
- gfﬁ.n_i:el's" were made, and the site of the town of Martindale was
- laid out in 1N., 14 W, section 14, the northeast quarter. No

_f::m:f shipped and operations were suspended after a few

= ‘B"‘"g}he company controls the following tracts of land all of
w o e 1 3 -
lich are situated in 1 N,, 14 W.: section 12, the southwest
* & number of the manganese loculities of Pulaski county have been deseribed by T.

stoc yannual report o G i
et P f the :eologlul Survey V T 5-27
i for 1383, ol L pp. 15-2
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quarter of the southwest quarter ; section 11, the south half of
the southeast quarter, and the whole of the southwest quarter;
section 10, the southwest quarter; the whole of section 14, except
the east half of the northwest quarter, and the northeast quarter
of the southwest quarter; section 15, the northeast quarter, and
the northwest quarter with the exception of the southwest quarter
of it; section 23, the northeast quarter with the exception of the
southwest quarter of it; section 24, the north half.

This property is situated in the basin of McHenry Creek,
which runs diagonally from northwest to southeast through 1
N., 14 W. The stream is bordered on either side by the novac-
alite and siliceous shale already described, which form rocky
ledges rising from one to probably two hundred feet above the
creek. In some places the hills encroach on the stream and form
narrow gorges, in others they widen out for a few hundred yards
and give room for small areas of open land. The property of
the Capitol Land and Mining Company, in the part of 1 N, 14
W., in which it is situated, includes the larger part of both the
creek bottom and the hills on either side. Bog manganese and
iron ores exist in many places along the creek, while in the hills
small guantities of manganese ore and brown hematite oceur in
place in the rock.

(1) The bog ores.—The so-called “bog manganese” occurs
in association with a greater or less quantity of clay and angular
and rounded fragments of novaculite and shale, from a fraction
of an inch to several inches in diameter. The manganese is
generally black, earthy, and soft, though in some places it is
compact and massive, and in the form of hard kidney-shaped
and stalactitic bodies with glossy black surfaces. The latter
variety, however, is rare. Generally the manganese forms the
cement of a conglomerate with the rock fragments and pebbles
just mentioned ; and there are all gradations from an ore without
rock and pebbles to one in which these compose over half
the mass. The manganese has sometimes impregnated the rocks,
turning them black, and often the clay is impregnated in the
same way by manganese and converted into a hght, earthy, soft
mass, in which the black manganiferous parts pierce the lighter
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colored parts in irregular “stringers” and nests. Frequently
the manganese is impregnated with iron, and in some cases runs
into a bog iron ore, which has the same general character as the
bog manganese, except that it differs in its brown color. In
such cases numerons ferruginous or chalybeate springs rise to
the surface depositing a brown sediment of hydrous sesquioxide
of iron.

The thickness of this bog deposit varies from a few inches
to probably ten feet. Where pits have passed through it, it is
usually found to be underlain by a gray clay with fragments of
rock similar to those associated with the ore. The bog ore pro-
trudes into, and recedes from the underlying bed in a very ir-
regular manner, in some places running down into it for several
feet, in others thinning out and allowing it to appear on the
surface. The ore deposit represents simply a bed of clay and
gravel derived from the erosion of the surrounding hills, and
impregnated with manganese and iron from springs, and possibly
also from surface waters draining off the surrounding hills.

These deposits in” some places occur in the bed of the
creek, in others in the low banks and fields on either side,
and they also often crop out in the bottoms of the ravines that
open upon the creek from the hills. The deposits have been
traced at intervals from near the mouth of McHenry Creek for
six miles above, but most of them occur along the part of the
creek extending from the central part of section 24 in a north-
west direction to the western part of section 14, a distance of

-about a mile and a half. Above and below this area the clay of

the creek bed is occasionally discolored by manganese and iron,
bat does not contain any considerable quantities of those ma-
terials.

In some places where the ore is free from clay and rock, it
is of good quality, being high in manganese and low in both
silica and phosphorus, but such places are rare and limited in
extent. Generally the ore contains an injuriously large quantity
of silica, even when freed from the rock. This is to be expected
from the very mode of derivation of the ore by the impregnation
of a highly siliceous clay with manganese. The ore is not only
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highly siliceous, but it passes abruptly into an iron ore of the
same siliceous character; and the latter orve is in far larger
quantities than the manganese. The following analyses show
the composition of the bog oves.. All the samples analyzed are
from the property of the Capitol Land and Mining Company
with the exception of No. 4, which is from the Whittemore and
Bunch tract described on page 832,

Analyses of bog manganese and iron ores from MeHenry Oreek,
' Pulaski county.

g LOCALITY. OW NER. abnone:| Tedn. | iitas, | ot Mot
111 N,,14 W.,8'c 24,8E. N'W Capitol L. & M. Co....... 59.68 | 809 | 488 | 0.0 [[cuuee.en
B o e | o e 2784 | 288 | 42.88 | oate || 142
3 W | a 8.08 | 11.82 [ 6319 | 0270 || s.67
4 " gee, 14, NE., 8W. Whittemore & Bunch., 1.62 27.07 46.57 0.470 3.26
5 @ 24, NE......[Capitol L. & M. Co...... 039 | 8380 [ 4891 | o0 || 802

The samples for the above analyses were so selected as to.
show the transition from a bog manganese ore to a bog iron ore.
In each sample the larger fragments of rock were removed, and
the impurities that remained were such as would be retained in
the ore if it was crushed and washed.

SBample No. 1 is from a small stripping on the south bank of
McHenry Creek. It represents a picked sample of the very best
ore that could be found on the creek. Only very small quantities.
of such ore occur and the amount is of no commercial importance.

Sample No. 2 is from the same locality.

Sample No. 8 is an average sample from the clearance made
for the location of a smelter and from the surrounding openings.

Sample No. 4 is from the Whittemore and Bunch claim in
the field of John Mann, on the south side of McHenry Creek.

Sample No. 5 is from a small exposure on the north side of
McHenry Creek and not far from the location of samples Nos. 1
and 2.

The first analysis (sample No. 1), which, as just stated, rep-
resents a carefully picked specimen, shows an excellent ore ;
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the second analysis shows a very poor ore; and the rest show
materials which are absolutely worthless.

The bog ore deposits have been prospected and stripped of
their covering of soil in several places on the property of the
Capitol Land and Mining Company. Among these places are :

(@) 1N.,14W., section 24, the southeast quarter of the north-
west quarter. Here the ore has been stripped on the south bank of
the creek, at the foot of the hills, over an area of about fifty feet
square. It is of better quality than that seen on any other part
of the property. The composition of the best of it is represented
in the first two analyses given above. It rapidly blends into a
much poorer ore.

() 1N, 14 W,, section 24, the southeast quarter of the
northwest quarter. Several strippings have been made here on
the north side of McHenry Creek, showing the bog ore that is
represented in analysis No. 8 of the above table. One of the
strippings is at the place intended for a smelter. The ore is of a
rusty black color and probably underlies several acres along the
creek in this locality. It oceurs in patehes in the clay and
gravel. It is probably several feet deep, though its exact thick-
ness cannot be seen.

() 1N., 14 W., section 24, the southwest quarter of the
northeast quarter. The bog ore crops out here in the field of A.
J. Hutchinson, on the north side of McHenry Creek. It is soft,
impure, and contains a considerable quantity of iron and pebbles..
A pit, now filled with water, is said to have been sunk into it
for two feet, at which depth the underlying clay was reached.

(d) 1 N.,,14 W., section 24, the northeast quarter. A
small exposure of a bright red bog iron ore is seen here in a field
on the north side of McHenry Creek. Its composition is shown
in analysis No. 5 of the above table.

(¢) Martindale.—In the immediate vicinity of the site of
the proposed town of Martindale in 1 N., 14 W, section 14, the

~ northeast quarter, bog manganese and iron ores have been

stripped in several places. They are of the same general charac-
ter as the deposits already described and do not require
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further mention. Numerous other similar depnsits oceur along
McHenry Ceek, both above and helow Martindale.

(2) The ores in the hills—Tn the hills both to the north
and sonth of the creek, numerouns small openings have been
made, and some of them show manganese and iron in place in the
rock. On the summit of the ridge that runs along the south
side of the creek from 1 N., 14 W, section 24, the northwest
quarter, to section 15, the northwest quarter, several cross cuts
have been made in the gray novaculite. They sometimes show
very small qnantities of manganese and iron, but usually not
more than a stain. In section 24, the southwest quarter of the
northwest quarter, a shaft has been sunk on rock impregnated
in this manner. The shaft is now (Dec., 1890) nearly filled with
water, bat it is said to bs about 25 feet deep. In section 24,
the northwest quarter of the northwest quarter, a drift was run
for about 50 feet into the siliceous shale in the bluffs on the
south side of McHenry Creek. No ore was found.

A few cuts have also been made in the ridge on the north
side of the creek, extending from 1 N., 14 W., section 13, the
eastern part, tu section 11, the southwest quarter, and passing
north of the site of Martindale. The ore occurs in this ridge in
‘a manoer similar to that already deseribed. A short distance
north of Martindale a cut about fifty feet long and five feet wide
has been made in a siliceous shale, which has partly decayed into
a hard clay, The cut has exposed very small quantities of brown
hematite, in pockets and discountinuous layers, from one to five
feet in length and from one to five inches in thickness.

The Whittemore and Bunch tracts. (Iron.)—Messrs. Whitte-
more and Bunch own several tracts of lund and several mineral
claimsin the western part of Pualaski county. Amongthe open-
ings that have been made on them are those described below:

(1) Iron.—1 N., 14 W, section 14, the northeast quarter
of the southwest quarter, and the southeast quarter of the north-
west quarter. This property is on the banks of MecHenry
‘Creek. A small prospecting pit has been sunk on a depoasit of
impure bog iron ore, but no considerable work has been done.
The ore is of a rusty brown color and contains numerous frag-
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ments of rock and inclusions of clay. An analysis of the ore
given on page 330 shows it to be of no commercial valne. Fur-
ther details about this class of ore are given on pages 328-331.

(2 Tron.—1 N., 18 W,, section 19, the n-ortl? half.
Messrs. Whitlemore and Bunch have prospected a claim in ti-us
locality, and a small cut about twenty feet long and six feet wide.
has been made in the siliceous ghale., The rock has a rusty
stain and occasionally contains lenticular layers of iron ore, from
1 to 3 inches in thickness. The ore is in such small qnantities
as to be of absolutely no commercial importance.

The R. W. Worthen tracts. (Manganese and iron.)—Mur.
R. W. Worthen owns several tracts of land as well as several
claimsin 1 N., 14 W,,and 1 N, 18 W. Among the openings
that have been made are those described below:

(1) Manganese and iron.—1 N, 14 W, section 24, the
south half. Two small pits have been sunk in the northeast
quarter of the southwest quarter of this section. They are in
the novaculite on the summit of a hill immediately south of
McHenry Creek. They-show manganese ore and brown hematite
in small irregular seams and pockets, from one to three inches in
thicknees, scattered through the rock. Sometimes the two ores
are intimately mixed as a manganiferous iron ore, at other
times they occupy difterent places along the course of the same
seams, Neither ore is in workable quantities.

In the southeast quarter of the southeast quarter of the same
section, a shallow pit, about ten feet square, has been made in a
gray novaculite, near the top of a hill. The novaculite is im-
pregnated with seams and nests of brown hematite from one to
three inches in thickness, forming a network through the rock.
These are seen on all sides of the pit, and are traceable elsewhere
on the surface of the hill in greater or less quantities. The ore
often forms the lining of hollows in the novaculite, and in such
cases is frequently covered with a black incrustation. The ore
is hard, very siliceous, sometimes contains crystals of quartz,
and is too poor in quality and too small in quantity to be of
any commereial value,

(2) Iron.—1 N,,13 W,, section 19, the southwest quarter
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Here the same brown hematite oc-
curs asat the last place, except that the seams are more numer-
ous and frequently form circular layers around masses of novae-
ulite. The ore-bearing rock forms the crest of a ridge and is
bordered on either side by gray siliceous shale. The ore is not
in quantities sufficient to be of any commercial value.

(3) Manganese and iron.—1 N., 13 W., section 19, the
northwest quarter of the southwest quarter. Here a small pit
has been made on a hard gray novaculite impregnated with seams
of manganese ore and brown hematite, from a fourth to one inch
in thickness, and with nests of the same materials from one to
six inches in diameter. Both ores are in very small quantities.

(4) Manganese.—1 N., 13 W., section 33, the northwest
quarter of the northwest quarter. A shaft, now mostly filled
with water, is said to have been sunk here for twenty-seven feet.
Fragments of the material it passed through are seen on the
dumap, They consist of a soft gray novaculite stained with man-
ganese, giving rise to a black mass of the same granular consis-
tency as the rock and often mistaken for good ore. A less im-
pure ore, however, oceurs in thin seams from a fraction of an
inch to two inches in thickness, occupying eracks and joints in
the rock. Notmuch iron is found with the manganese, though
sometimes the latter is stained rusty and occasionally thin layers
of glossy limonite are seen. The shaft is said to have passed
through nine feet of this kind of rock, but the ore in it is too
siliceous to be of commercial value. The following analyses
show its composition. The first analysis is of the less impure
kind; the second is of the stained novaculite which is generally
mistaken for good ore:

of the southwest quarter.

(1)  (2)

Manganese 40.39 1831
Iron 217 0.87
Silica. 29.30 7479
Phosphorus..., s : 0,008 0.015

The silica in the ﬁrsb aample is too high to permit the ore to
be classed asanything but of very low grade; while in the sec-
ond, the 74.79 per cent of silica renders the material absolutely
worthless,

-
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_ Exposures similar to those deseribed are seen in numerous
* other places on Mr. Worthen’s lands in 1 N., 13 W., sections
ég"ahd 32, but do not require further mention. In section 29,

thenortheast quarter of the southeast quarter, the novaculite
ridge is often stained along its summit with iron and oceasionally
a little manganese, but no commercially important quantities of

 either ore are seen.
' GARLAKD COUNTY.

General features.— Lhe novaculite ridges run through the
~ southern part of Garland county, and manganese is found in
lem in several places. No mining has been done, however,
h a few places have been proapecto;d and a number of
claims have been taken up. The manganese is in small quanti-
ties of no commercial value.
_Hot Springs.—The waters of the Hot Springs* issue from
the gray novaculite and deposit a calcareous tufa on the upturned
‘edges of the rocks. This deposit is sometimes ten feet or more
in thickness and cements fragments of rock from the hillsides.
T1;';5_;{!2331_gmmexe is frequently found impregnating this material, either
asa black coloring matter or as thin earthy seams, running through
e mass and often cementing the rock fragments, Manganese
ccurs in thin seams and nests in the gray novaculite which
the mass of the hills in the neighborhood. The ore in
th rocks occurs in quantities too small to be of any value.
~ The Rector and Roulston, claim No. 1. ({ron.)—The Rector
- and Roulston claim No. 1is in the southeastern corner of Garland
,in 48,19 W., section 3, the south part of the southeast
It is on a ridge running in an east-west direction and
ed in its central part of a gray novaculite, bordered on
lope by black or gray siliceous shale. The rocks dip
ost vertically. Iron ore in the form of a porous brown hem-
is found on the southern slope of this ridge, in the gray
at or near its contact with the shale. The ore is not
ace in the rock, but masses of it from one to a hundred
in weight, as well as large slabs of rock carrying masses

’T_heneﬂtm are ftreated by the State Geologist in Vol. IL. of the annual report
ogical Survey for 1590.
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of ore, are plentiful along the line where the deposit would crop
out were it not covered by loose material. Judging from the
character and distribution of these masses, the ore in the bed
rock probably runs through the novaculite in seams and bunches
from one inch to several feet in thickness, and the rock thus im-
pregnated probably occupies a belt from twenty-five to thirty-
five feet in width, running in the direction of the ridge and
bordered on either side by barren rock.

It is not probable that this iron ore will be found in quan-
tities sufficient to work at a profit.

The accompanying analysis shows the ore to be of good qual-
ity in its high percentage of iron and low percentage of silica,
but it contains an injurious amount of phosphorus. The sample
analyzed contains no manganese, but it is not impossible that
small and unimportant quantities of manganese may be found in
the same deposit elsewhere on the property.

Analysis of iron ore from the Rector and Roulston claim,
Garland County. :

Metallic iron 57.54
Metailie ganese none,
Bilica 2,96
Phosphorus...... 0.67
Alumina, 0.22

Three hundred yards north of this ridge, is another parallel
though somewhat lower ridge. On both of its slopes, at the
lines ot contact of the gray novaculite which forms the upper
part, with the siliceous shale which forms the lower parts on
both sides, are exposures of iron ore similar to that just de-
scribed. Small masses of a hard manganese ore occur with the
iron ore, but both ores are in very limited quantities.

The Rector and Roulston claim No. 2. (Iron.)—The Rector
and Roulston claim No. 2 is in the southeast corner of Garland
county, less than halfa mile north of the line of Hot Spring county,
in4 8., 19 W., section 10, the south half. Iron oreisfound in the
same rock and in the same position as at the last localities
described. The ore itself, however, differs slightly from the ore
at those places. Itis of a bright vitreous nature, frequently
honeycombed with small cavities. It occurs in thin seams and
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ts, from a fraction of an inch to three inches in thickness,
regnating the gray novaculite for a width of about ten feet,
en giving the rock a brecciated appearance. This ore-
a part of the novaculite oceurs just above the contact of

_ mck with the siliceous shale, on the north slope ‘of the
The ore is not seen in workable quantities.

HOT SPRING COUNTY.

General features—The novaculite ridges run in a general
d west direction through the northern part of Hot Spring
and the extreme northern limits of Clark and Pike
ies. In Hot Spring and Clark the ridges are commonly
the Trap Mountains, though they are also known by
il rious individual names, The term Jack Mountain is applied
~ toanoted ridge in Hot Spring county, and sometimss the same
. name is used to indicate the whole of the eastern part of the
* Trap Range. Manganese has been found in many parts of this
; , but no ore has been shipped, and a few small prospect pits
resent all the work that has been done. No workable quin-
of manganese ure has been'discovered in the Trap Mountuins.
pages 306-308.) '
The Booker elaim* (Manganese.)—The Booker claim is in
20 W., section 30, the southeast quarter, on what is known
rbonate Mountain, Carbonate Mountain is one of the
southerly of the east-west novaculite ridges comprising the
_'G\u.ntains in the northern part of Hot Spring county.
three miles north by west from the village of Bismarck
ill Creek cuts through Carbonate Mounatain and forms ::
avine, on either side of which the mountain pursues its
west course.
the west side of the ravine, and about forty feet above
of the creek, a small pit eight feet in depth has been
he gray novaculite. The rock is brittle and hard
uently contains cavities lined with quartz crystals, .Iu,
8 of the pit are a number of thin seams and gests

hpffgﬁm‘ly is described by T. B. Comstock uader the name of Buena Vista
of the annual report of the Geological Burvey for 1888, p, 89.
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of manganese ore, from a sixteenth of an inch to one inch in
thickness, running through the rock in all directions. Masses
of manganese ore four or five inches in diameter are said to have
been found. In some places the ore is a crystalline pyrolusite,
associated with a harder manganese oce, and sometimes contains
move or less iron.

The pit shows a breadth of ten feet of novaculite impreg-
nated with ore; and elsewhere on the surface similar exposures
are seen for u breadth of twenty-five feet or more. The belt
ruvs up the slope of the hill and has been opened again in a
smull pit about fifty feet higher than the last. Thence it con-
tinues intermittently along the ridge. Bome of the ore isa good
quality of pyrolusite, but, so far as seen in the openings, it is in
small quantities. :

The F, Holstein claim No. 1. (Manganese.)—The ¥. Hol-
stein claim No. 1 is in 4 8., 19 W., section 22, the southwest
quarter, and is on the most southerly of the east-west novaculite
ridges in this part of Hot Spring county. A small branch of
Prairie Bayou cuts through the mountain on this property, and
the novaculite blaffs rise to a height of from a hundred and
twenty-five to a hundred and fifty feet above the creek. Half
way up the side of the bluff a pit, three feet in depth, has been
made in the gray novaculite. It has exposed thin seams of
pyrolusite, as well as a harder ore, from the thickness of a sheet
of paper to half an inch, forming a network in the rock and fre-
quently comprising the cement of a breccia of novaculite frag-
ments. Small quantities of iron pyrites also occur in the rock.

The F. Holstein claim No. 2. (Manganese.)—The F. Hol-

stein claim No. 2 is in 4 8., 19 W., section 21, the southwest
quarter, a mile west of the last locality, on the same mountain,
and in a similar position on the side of a ravine. The mangan-
ese occurs in nests and discontinuous seams, from one to three
inches in thickness. It is crystalline and is sometimes associ-
ated with harder massive ore, the two varieties blending into
each other. The manganese is in the gray novaculite near
its contact with the black siliceons shale. Similar ores are said
to be found between claims Nos. 1 and 2.
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The Conley Sullivan claim. (Manganese and iron.)—The
lev Sullivan claim is in4 8., 20 W, section 26, the north-
west quarter of the southeast quarter, on the north side of an

lar rocky hill of gray movaculite. Manganese and iron
oceur together in the rock, and the surface of the hillside is
n with fragments of both. The manganese is a compact,
c, massive ore, porous and often in stalactitic forms. The
oceurs as 2 brown hematite, often porous and of a brittle,
itreous character. Both ores occur either in separate masses,
in an intimate admixture. Sometimes small stalactitic
ches are found which are composed of manganese on the
de and iron ore on the inside. In one place there is seen a
s of the mixed ores, in which mangunese largely pre-
g, measuring 30 inches long by 18 inches in width and
s, and weighing several handred pounds. Many similar
gh smaller masses are strewn over the surface ; and though,
t of the debris, good exposures of the ore in place
bed rock cunnot be seen, it is possible that a pocket of
sts here of a larger size than elsewhere in the surround-
on. Its extént._ however, has not been proved. The
wing analysis shows the composition of this ore :

of manganese ore from the Conley Sullivan claim, Hot
Spring county.

Mang 41,54
Iron 14,15
Bilica vvoviens SRE I 1.29
Phosphoru 0.56
Manganese peroxide........c.coss 60,58

Henry Little claim. (Iron.)—-The Henry Little claim
e western part of the Trap Mountaing, in 4 ‘S., 5
f;he northwest quarter, and is less than half a mile
f Lightfoot Springs. A few blasts have been made
roperty in a novaculite ledge carrying the same porous
ietitic iron ore as that found at the Conley Sullivan .
cept that there is little or no manganese with the iron.
is often coated with a brilliant red ochre. The thick-
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ness of the deposit cannot be seen, as it is mostly covered by
debris, but some large masses of ore weighing several hundred
pounds have been blasted out. What has already been said as

regards the quantity of ore at the Conley Sullivan claim may

also be applied here.

The same lead of ore issaid to be traceable for four miles
east, and two miles west of Lightfoot Springs.

Other localities in Hot Spring county.—Manganese and iron
have been found in 4 8., 22 W, section 34. This locality is in
the western part of the Trap Mountains, on a novaculite ridge
running in a direction a little south of west through the northern
half of the section. A hard, steel-blue, massive manganese ore,

associated with the usual brown hematite, permeates the rock in

thin seams, a fraction of an inch in thickness, though sometimes
larger masses from three to five inches in diameter occur. The
outerop can be traced at intervals for more than a mile along
the strike of the novaculite, in some places following the south
slope of the hill, in others rising to the summit. In places
it is only a stain or disappears altogether, appearing again a
short distance beyond.

CLAREK COUNTY.

Small quantities of iron ore cccur in 5 8., 22 W,, four miles
west of Point Cedar, in the novaculite ridge that runsin a
general direction of a little south of west through the extreme
northwestern part of Clark county. The ore appears in a sag on
the summit ot the ridge, and is in quantities too small to be of
of any value. It is but little more than a stain.

PIKE COUNTY.

Rundle's Creek. (Manganese and iron.)—Rundle’s Creek
is a small branch of the South Fork of the Caddo River running
east through the northwest part of 5 8.,25 W., and bordered on
either side by novaculite ridges. In section 4, the southeast
quarter of the northeast quarter, on the slope of the ridge im-
mediately north of the creek, small quantities of brown hematite
with a little earthy manganese ore occur. The ore forms
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ement of a well developed breceia of novacalite fragments,
omposes only a small fraction of the mass. The breccia in
is from ten to filteen feet in width, but the ore is very lim-
e quantity. Similar outerops occur along the slope of the
untain, in the direction of the strike of the roeks, for a mile,
they are said to be traceable for a still greater distance.
~ Tn section 4, the southeast quarter, a short distance south of
'i'_ B‘md]e’s Creek and on a spur of the main mountain, there is
re associated with small quantities of manganese ore. It
in small irregular pockets in the gray novaculite. The
ore is frequently composed of nodules with a radiating
and from an eighth of an inch to one inch in diameter.

in place in the rock, measured between three and four
cs. The quantity of ore is small.
. W. H. Coffman claim. (Manganese.)—The W. H.
claim is in 5 8., 256 W,, section 9, on a small ereek
over the gfay novaculite. A soft, granular, pyrolusite
in thin seams, half an inch and less in thickness, in the
he creek, and similar outcrops are traceable along the
f the creek for about fifty feet,
similar to those already described at the last three
re seen in many parts of the surrounding country, and
~already been said will apply to all of them., They
‘the summits and slopes of the ridges, and are represented
y by a stain or by thin seams and pockets.
Mountain. (Manganese and iron.)—Line Mountain is
ulite ridge running east and west approximately on the
wry line of Pike and Montgomery counties, two miles
Fancy Hill Post-office. Manganese and brown lami-

in Pike county. The manganese ore is generally a soft,
mass sometimes, however, in harder, stalactitic forms, and
ly has a plumose crystallization. The main outerop
ved by loose material, but small fragments of both the
ud the manganese ores are scattered at intervals along the
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muuntain slope, and in one case a mass of the latter ore was seen
which measured fourinchesin thicknessand about twelve inches in
length and breadth. Similar fragments of ore are said to be
traceable along this slope at intervals for seven miles. The
quantity of both manganese and iron is exceedingly limited.

The following analysis shows the composition of the ore
from Line Mountain:

Analysis of manganese ore from Line Mountain, Pike county.

MANZATIONE .oviiss insssisinssanarrissnsinnsensssisi 30,98
IO s iionvsasavin 9.21
Bilica. ] 5.88
Phosphorus, 0.32
Manganess peroxide.......... 42,00

Other localities in Pike county. (Iron.)—In the northern
part of 5 8., 27 W., and on the south slope of the most southerly
of the novaculite ridges in the northern part of Pike county, is
a series of soft, earthy sandstones, with interbedded red and gray
shales. Numerous outerops of brown hematite occur in the
sandstone, in one place forming a bed three feet thick, in another
forming small pockets and discontinuous layers. No manganese
was seen. Ores similar to those described but in smaller quan-
tities are traceable westward on the slope of the same mountain
for three miles, to within a mile of the Little Missouri River.

MONTGOMERY COUNTY.

General features.—The novaculite ridges pass through the
southern part of Montgomery county, from Mazarn Creek on the
east, across the Caddo River, to the head of the Little Missouri
River on the west. In the eastern part of this area, the novacu-~
lite is represented by a series of ridges which curve around and
join each other at their extremities, thus forming one continunous
but very tortuous ridge. This structure is directly dependent on
the folding of the rocks, resulting from the disturbance to which
the region has been subjected, as explained in the last chapter,
A few minor disconnected ridges also occur. In the region from
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rn Creek to Caddo Gap, on the Caddo River, but litt.le
;ﬁggganeaa has been found. Several deposits of irfm ore oceur in
p’rjﬂiﬁion usually occupied by manganese, arfd. in such places
\ ms have often been taken up on the supposition that the ore
~ wasmanganese. Thishas given an erroneous idea of the quantity
 of the manganese, though even the iron ore islimited in amount.
At Caddo Gap the Caddo River cuts a deep gulch through
the main novaculite range. Thence west to the Little Missouri
'“«Bwér, the ridges become more and more numerous, until at the
I waters of that stream the most rugged part of the novaculite
is reached. The head waters of the Little Missouri River
partly in the southwest corner of Montgomery county and
artly in the southeast corner of Polk county, but the main stream
short distance across the line in the former. The region has
peatly disturbed and the river follows a circuitous southerly
o through the series of east and west ridges that bar its way.
es it flows parallel to the ridges for short distances and
turns sharply to the south, plunging through a series of
passes from which thé white novacalite rocks rise in steep
The river emerges from the mountains in the extreme
corner of Pike county, passing its last canyon between
the most characteristic bluffs of the region, and bears off
hrough the less rugged country to the south, finally dis-
ing its waters into the Ouachita River. No deposits of
anese ore which can be worked in any way but on a small
ave been found in Montgomery county, and only very
f them can be worked at all. (See pages 306-308.)
The Meyer Creek claims. (Mangunese and iron.). —Meyer
is a small stream rising southwest of Crystal SBprings and
g southeast into Mazarn Creek. In 3 8., 22 W., section
it cuts » deep gorge through the novaculite ridge which
8 in a zigzag course southwest through this part of Mont-
ry county. Oun the part of the ridge that runs west from
he creek, a few fragments of brown hematite, occasionally
- associated with small quantities of hard, black manganese ore
‘have been found, and several claims have been takenup. Similar
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muuntain slope, and in one case a mass of the latter ore was seen
which measured four inches in thicknessand about twelve inchesin
length and breadth. Similar fragments of ore are said to be
traceable along this slope at intervals for seven miles. The
quantity of both manganese and iron is exceedingly limited.

The following analysis shows the composition of the ore
from Line Mountain :

Analysis of manganese ore from Line Mountain, Pike county.

BIRDEUIEES ..iisrivi sresanssanisavinmssnannnivinpunniog 30,98
IPOMGi L i chqrasiapnervnnianainnivine ansabinbssdinreaisa 9.21
BT - i raniins sl sdaaoh oA o i e G o 5.86
Phosphorus....... AT 0.32
Manganese peroxide...ueemen 42,09

Other localities in Pike county. (Irom.)—In the northern
part of 5 8., 27 W., and on the south slope of the most southerly
of the novaculite ridges in the northern part of Pike county, is
a series of soft, earthy sandstones, with interbedded red and gray
shales. Numerous outcrops of brown hematite occur in the
sandstone, in one place forming a bed three feet thick, in another
forming small pockets and discontinuous layers. No manganese
was seen. Ores similar to those deseribed but in smaller quan-
tities are traceable westward on the slope of the same mountain
for three miles, to within a mile of the Little Missouri River.

MONTGOMERY COUNTY.

General fealures.—The novaculite ridges pass through the
southern part of Montgomery county, from Mazarn Creek on the
east, across the Caddo River, to the head of the Little Missouri
River on the west. In the eastern part of this area, the novacu-
lite is represented by a series of ridges which curve around and
join each other at their extremities, thus forming one continuous
but very tortuous ridge. This structure is directly dependent on
the folding of the rocks, resulting from the disturbance to which
the region has been subjected, as explained in the last chapter,
A few minor disconnected ridges also oceur. In the region from
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Mazarn Creek to Cuddo Gap, on the Caddo River, but little
manganese has been found. Several deposits of ir(.)n ore oceur in
the position usually occupied by manganese, and in such places
claims have often been taken up on the supposition that the ore
Was manganese. This has given an erroneous idea of the quantity
of the manganese, though even the iron ore is limited in amount.

At Caddo Gap the Caddo River cuts a deep guleh through
the main novaculite range. Thence west to the Little Missouri
River, the ridges become more and more numerous, until at the
head waters of that stream the most rugged part of the novacnlite
Belt is reached. The head waters of the Little Missouri River
rise partly in the southwest corner of Montgomery county and
partly in the southeast corner of Polk county, but the main stream
isa short distance across the line in the former. The region has
been greatly disturbed and the river follows a circuitous southerly
course through the series of east and west ridges that bar its way.

At times it flows parallel to the ridges for short distances and

then turns sharply to the south, plunging through a series of
rocky passes from which the white novaculite rocks rise in steep
bluffs. The river emerges from the mountains in the extreme
northwest corner of Pike county, passing its last canyon between
two of the most characteristic blufis of the region, and bears off
thence through the less rugged country to the south, finally dis-
charging its waters into the Ouachita River. No deposits of
manganese ore which caun be worked in any way but on a small
scale have been found in Montgomery county, and only very
few of them can be worked at all. (See pages 306-308.)

The Meyer Creek claims. (Mangunese and iron.). —Meyer
Creek is a small stream rising southwest of Crystal Springs and
flowing southeast into Mazarn Creek. In 3 8., 22 W., section
16, it cuts a deep gorge through the novaculite ridge which
passes in a zigzag course southwest through this part of Mont-
gomery county. On the part of the ridge that runs west from
the creek, a few fragments of brown hematite, occasionally
associated with small quantities of hard, black manganese ore
have been found, and several claims have been takenup. Similar
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materials are oceasionally seen in place in the novaculite, but the
quantity is exceedingly small and of no commercial importance,

The Bud Jones elaim No. 1. (Iron.)—The Bud Jones claim
No. 1-is-in 3-8 23 W, section 22; the southeast quarter of the
northeast quarter. This tract is about five miles west by south
from the claims already described on Meyer Creek, and on a
ridge rising over four hundred feet above Mazarn Creek, which
is less than a mile to the sonthwest. The gray novaculite forms
the crest and upper slopes of the ridge, and the siliceous shale
forms the lower slopes. On the south side of the mountain, in
the gray novaculite, and just above the contact of that rock with
the siliceous shale, is a deposit of iron ore.

The ore is massive, of a bright submetallic lustre, steel-
gray color, and a reddish-brown streak. It has the physical
properties of hematite, but chemically it differs from it in con-
taining 8.05 per cent of water, It has already been described on
page 317. The outerop is mostly obseured by loose material, but
where exposed, it hasa maximum thickness of two feet. If it
were stripped, it would probably be fousd wider in some places.
The outerop is traceable for about a hundred yards along the
slope of the hill, and strikes in an easterly direction towards the
summit. It could probably be traced farther were it not covered
by debris. The ore occasionally contains layers or masses of
gray novaculite, and sometimes forms the cement of the breccia of
novaculite fragments. It is undoubtedly an interbedded deposit
at the contact of the novaculite and siliceons shale, or in the
former near the contact. In the hollow at the foot of this
mountain are found numerous masses of this are that have rolled
from above, some of them weighing several hundred pounds.

The accompanying analysis shows the composition of the
ore on this property :

Analysis of iron ore from the Bud Jones claim, Montgomery county.

& P o T el 61.99
Manganese dikigs v hadirs dorass, A0
Siliea T T |
B L e e e TR 0.20

Water Y 8.03
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B The analysis shows the ore to be of good qu.ality in. it.s liigh
Qel:eent-age of iron and low silica, but it contains an injurious
 nantity of phosphorus.

qm?;};}?: 'gﬂiegous shale that borders the gray n‘ovaeulite on
either side, are found interstratified beds of ordma.ry bro?vn
,.hgﬁua-tite, from one to three feet in width, generally mixzed :mt.h
more or less shaly material. Sometimes the beds are entirely
~ peplaced by shale, while perhaps a f'ev.v hundred yards farther on
[ --'iﬂi‘ey appear again, the transition being often 'sharp. -The re-
i tion of the different rocks to the different kinds of iron ore
; fo-_ nd on this property is shown in the accompanying figure,
' sh represents a section in a north-sonth direction across th-e
: ge on which the claim is situated. The deposit marked D is
: “the ore described first, of which an analysis is given above. The
denosits marked C represent the brown hematite in the siliceous
h?la,." The continuation of the ore below the surface, as rep-
' ted in the figure is imaginary, as no mining has been
‘but it shows the general direction of the downward ex-
ion of the deposits. The thickness of the ore-beds as repre-
1in the figure is greatly exaggerated, this being necessary

Figure 25. Novth-south section through the Bud Jones claim, Montgomery county, showing
“Rhe gocurrence of ihe iron ores.

A. Gray novaculite,

B, Siliceous shale.

g Iron ores.

Horizontal seale : 1 inch=800 yards. Vertical scale: 1 inch==400 feet.

- The Bud Jones claim No 2. (Iron.)—The Bud Jones claim
No. 2isin3 8., 23 W., section 23, the southwest quarter. It isless .

~ than a mile south-by-east from the last locality. Fragments of
iron ore similar to the first kind described at the last place are
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scattered over the surface. The ore is not seen iu place, as the
main deposit is concealed by loose materidl. The surface frag-
ments are frequently made up of a mass of thin stalactitic branches,
from-a sixteenth to a quarter of an-inch in diameter,

The Bud Jones claim No. 3. (Iron.)—The Bud Jones claim No.
3isin 3 8., 23 W, section 29, the north half. This claim is on
the north side of a novaculite ridge and half way up its slope.
The gray novaculite forms the summit and the upper half of the
ridge, and the siliceous shale forms the lower slope. The rocks
all strike east-west and dip steeply to the north. A seam two
and a half feet in thickness of a porous brown iron ore occurs
in the gray novaculite, and is often coated with a brilliant red
ochre. Unlike most of such exposures, however, the larger part
of the ore does not lie in the bedding of the rock, but dips at
about 70° east, and strikes north and south directly across the
stratification. On the slope of the ridge, the gray novaculite
forms an almost vertical ledge for ten or fifteen feet above its
contact with the siliceous shale, and in the face of this ledge a
cross section of the ore deposit is well exposed. Twenty feet
above the shale, the deposit thins ont to a few inches in width.
Sections of similar though smaller deposits, from one to twelve
inches in thickness, are seen in the face of the ledge. Some-
times thin layers or small pockets of the same kind of ore follow
the contact of the two rocks in the normal interbedded manner.
The other. deposits probably represent crevices filled with iron
ore derived from originally interbedded ores in the novaculite.
The following analysis shows the composition of this ore:

Analysis of iron ore from the Bud Jones claim, Montgomery county.

Iron s e s tae s e 54,54
MAVIER B8, oot barisbibassdasintsama s shsiains 030
Silicn TSR — 0.84
Phosphorus 1.79

The Dunney claim. (Iron.)—The Duuney claim is in 3 8.,
23 W, section 30, the northeast quarter of the northeast quarter.
- It is about a half mile west of the last claim, on the summit
of the same gray novaculite ridge. The ore-deposit consists of
a breceia of soft, angular, novaculite fragments, from a fraction.
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of i oh to six inches in d.iameter, cemented in a 'bright. sub-
s AT Tﬂc l.oray iron ore.* The ore is generally in the form
A m}zl-rc,.ﬁte‘-" -E fr};ction of an inch in thickness, cementing the
QQL%I?ISE?:;S- though sometimes pure masses several inches.
“Foc. . e re ,aeen. Oceasionally it is in mammillary or stal-
m ‘.h.an;-a::.-.-a or in small, flat nodules stuck to the novacul'ite
?::;:e;a ,The breceia runs along the ridge, but rapidly thins
el irection.
g liflth;arnf;;:tion of the brececia shows that, though the frag-

“ments of the rock are separated hy.' thin layers of ore, the alngles: _
.gf-__-s.ny two pieces directly opposite each other wo.uld abmb{;s o

- .a-ﬁ‘ﬂis fit together if the ore were removed. It :s-pro able,
. that the brecciation is caused by the shattering of the

 therefore z : :
. and not by the cementing together of novaculite

yock in place, g
— indiseriminately mixed tog ;

_‘:ﬁﬁgm;;:sé:;‘:;‘; Glate clz-im. (Iron.)—The Golden Gate claim:
\ srii-'n-. 848, 23" W,, gection 31, the northwest quarter. ].Iere
’ thé same breccia is seen us at the last place, except thout the iron
ore has a brown, dull, earthy, porous appeat:ance instead of a
‘Bfgi’ght. submetallic lustre; a fact, however, which n.my be due to

I surface weathering. The thickness of the outcrop is not seen on
b unt of the covering of loose material, but fragments of ore
scattered for a distance of over two hundred yards along the
'nm‘th slope of the mountain. Occasionally masses of pure ore,
from one to two hundred pounds in weight, are found. .

Township 4 8., 24 W. (Manganese and iron.)— The main
novaculite ridge passes through this township from northeast to
Eﬁ;;l_thweat, in aseries of irregular folds that at times run parallel
to each other for'two or three miles, and then, curving around
ﬁgai'n, run off in the opposite direction. This is one ?f the best
examples seen in the novaculite region of the re!atmf] of the
topography to the geologic structure: from the summit of one
= q.:!_i".f.}i'.e higher ridges, the effect of the disturbance that brought the
rocks into their present position, can be clearly traced aiong each
ridge and around the semicircle formed where they curve in the

* This ore is the one referred to on page 317 as representing the mineral turgite.
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opposite direction.* The ridges rise from five hundred to six
bundred feet or more above the Caddo River. Small quantities

‘of iron ore are found in the novaculite at many places in these

~hill, and still smaller quantities of manganese ore also occur in
associations similar to those already described. Both oves are in
“quantities of no importance whatever and do not require further
mention,

Caddo Gap.—Caddo Gap is a deep gorge through which
the Caddo River, in the western part of 4 8., 24 W., crosses one
of the main novaculite ridges. Beyond, to the west, the ridge
rises again to a height of five hundred and fifty feet, and contin-
‘ues towards the head waters of the Little Missouri River. ,

In the bluff on the west side of the Caddo River, immediately
worth of the village of Caddo Gap, a stain of iron oceurs in the

novaculite at the contact of that rock with the shale, on both
sides of the ridge, and oceasionally small masses of solid ore are
seen. These exposures are traceable thence westward, but the
‘quantity of ore is insignificant and of no commereial importance.

“8 Crossing.” (Iron.)— Such occurrences as those just
mentioned are again seen on a trail crossing the ridge about two
miles west-by-north from the village of Caddo Gap.” The trail
passes through a circuitous gorge, from which the wame “8
“Crossing” has been derived. In places on the south slope of the
mountain, on this trail, the novaculite is stained a deep rusty
color, and contains thin seamsand pockets of the iron ore already
described. These vary from oue to eighteen inches in thickness

and oceur in a belt of novaculite about fifty feet wide. They
are vot seen in workable quantities.

North Mountain.t (Manganese and iron.)—North Mount-
ain is the name locally applied to the novacalite ridge running
north of westin 4 8., 26 W., about two miles north of Fancy
Hill Post-office, and is the continuation of the ridge at Caddo
Gap. On the slopes of the mountain the iron and man-
ganese stratum occurs in the gray novaculite near its contact

*See report of L. 8, Griswold, Vol. IIL. of the annual report of the Geological Survey
for 1890,

+This nameis also applied to several other ridges In the Ouachita Mountains, as
“will be seen in the descriptions given later in this chapter.
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b the shale, and follows the strike of the rocks a]ong. {.he
'j?;o'th the iron and manganese are in small a}uantlmes,
ter especially so, and the ore-bearing stratum is usually
3 only by a ferruginous stain or by small seams or bunches
‘m;’}::e.éums claim* (Iron.)—This one of the Burns claims
;::"i‘s'in 4 S., 26 W., section 18, the suuth.west quarter, and is on a
-fﬁw foot-hill of the main ridge lying to t.h'e north. The
gray novacalite forms the south slope and the sﬂlcem:‘ls shale the
ﬁﬁ_h slope, their contact coming at the crest of Lhe: hill. Along
* {his contact line numerous flat masses of a laminated brown
eﬁa-tif_,e, from three to twelve inches 'u.:: thickness, are found
mong the loose rock. Very little stripping has been'done and .
" the main body of ore is not exposed, so that the full thl-ek‘ness f:f
deposit cannot be seen, but the ore is probably limited in

nﬁ.arger quantities of a similar ove, however, are found in the
.3separai.illg this hill from the mountain to the north, and
ne place a bed ten feet thick was seen. In many other
s in the neighborhood, both to the east aund lo the west,
:Iar though somewhat smaller outerops occur. The ore in-
ntly blends into the shale and disappears.
wncy Hill Mountain. (Manganese and iron.)—Fancy Hill
in is in 4 B., 26 W., section 28, and is a novacalite ridge
o a geueral direction of a little north-of-west and south-of-
t. It begins just south of Fancy Hill Post-office and bears
ce towards the head waters of the Little Missouri River.
‘the northeast slope and about three-quarters of a mile west of
e post-office, a deposit of mixed manganese and iron ore
- follows the strike of the ridge. The manganese ore is a hard,
‘black variety, and the iron is in the form of a bright, vitreous,
brown ore, often having a honeycombed structure. The two
e intimately mixed together, the irom being much the more
entiful ; and sometimes nodules of manganese, from a frac-
on of an inch to one inch in diameter, are cemented in a matrix

* Mr. Burns has a large number of manganese and iron claims in Montgomery and
d MMUEﬁBﬂ, and they are described in the order of their occurrence in these counties,

-
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of iron ore. Sometimes the ores are comparatively free from
any admixture of rock, and at other times they form the cement
of a novaculite breccin. The total width of the deposit is about
twenty feet, and on each side scattered masses and pockets of
ore occasionally ocour in the novaculite. The ore is rarely seen
in place, but numerous large masses of it are scattered over the
surface, The ore-bearing stratum forms the crest of a small
spur and dips almost vertically. It rapidly grows thin both to
the east and to the west.

The deposit represents a pocket of ore much larger than is
usually seen in the gray novaculite, but, as shown by the accom-
panying analysis, it is of poor quality for use in the manufacture
of spiegeleisen and ferro-manganese on account of its high per-
centage of phosphorus; and its association with iron renders it
undesirable for many chemical parposes. Its high percentage of
peroxide of manganese, however, would for some purposes
" counterbalance the latter disadvantage.

Analysis of manganese ore from Fancy Hill Mountain, Mont-
gomery county.

Meanganese.. . 48.02

Iron 0,00

Eilica 0.52

Phosphorus..... . 0.31
Ma peroxide, 7178

Caddo Mountain, (Iron.)—Caddo Mountain bears east and
west through the extreme southwestern part of 3 8., 26 W., and
into 3 8., 27 W. It runs parallel to,and on the immediate south
side of the Caddo River, rising about 400 feet above it. The
crest and the upper part of the ridge are composed of gray no-
vaculite, and the black siliceous shale occurs on the slopes. On
the summit are numerous outcrops of a black or dark brown iron
. ore, with a bright metallic lustre, frequently in globular, stalac-
titic, or mammillary forms, It is in thin seams and pockets,
from a fraction of an inch to a foot in thickness, and generally
forms the cement of a breccia of novaculite fragments. It de-
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oses on the surface into a brown, earthy ore. The mixture
ore and rock is from ten to forty feet in width. It was
owed for two miles along the crest of the ridge and is donbt-
traceable for a still greater distance. The amount of ore,
however, in any one place is small, as the novaculite fragments
ﬁﬁlﬁpoge by far the larger part of the ore-bearing stratum. The
‘-'-ﬁm, though sometimes in small pockets free from rock, is gener-
‘ally in the form of thin layers or films in the novaculite.
" The Orooked Creek region.—Crooked Creek runs west
. ;iliﬁi-ﬁ‘ig'h the northern tier of sections of 4 8.,27 W., and then turns
“abraptly to the southeast, flowing thence into the Little Missouri
¢ in the same township. It forms one of the main forks of
e Little Missouri River in this region of the head waters of
it :siream, and its valley is bordered by novaculite ridges.
- Several small pits have been sunk on the ridges on the outcrop
the manganese- and iron-bearing stratum.
On the top of the more southerly of the two novaculite

. immediately south of the creek, probably in section
small pit has been sunk on the gray novaculite, showing
d, black manganese ore, in seams rarely over a quarter of
h in thickness and generally thinner, penetrating the rock
1 directions. The ore is frequently stained with iron, and
small masses of manganese ore enclose kernels of brown

atite.
~ About a mile east of this exposure, on the south slope of
same mountain, in the gray novaculite, and near its contact
 the shale, a small prospect pit has been sunk on iron ore.
ore is found in the rock in small seams and pockets from
- one to four inches in thickness, It is frequently fibrous, porous
~ or stalactitic, and very often has a brilliantly iridescent surface,
‘showing glossy green, blue, and pink colors. It decomposes on

‘a weathered surface into a brown, earthy ore. The ore on
= ced Creek has nowhere been seen in workable quantities.
North Mountain. (Manganese.)—North Mountain is the
me locally given to a broken novaculite ridge in the northwest
b of township 4 8., 27 W., near the head waters of the
 Missouri River. The ridge rises five hundred and ninety



352 ANNUAL REPORT STATE GEOLOGIST. .

feet above the level of the surrounding country; and on the
upper part of its southeast slope, a small pit has been sunk on a
body of manganese-bearing novaculite. The ore is a hard,
glossy, black variety, and usually forms the cement of a breccia
of anguler novaculite fragments from a fraction of an inch to
four or five feet in diameter. The ore forms from an eighth to
less than a quarter of the mass. Ia spots, however, there are
comparatively pure bodies of it, and a horizontal pocket of
such ore about two feet wide runs across the face of the pit. It
contains no rock, but a small lenticular layer of clay a few inches
thick is ineluded in it. Such masses of pure ore are rare, and
of limited extent. Figure 26 represents the face of the open-
ing and illustrates the occurrence of the ore.

The mass of novaculite in the center is surrounded by
smaller pieces cemented by manganese ore, and represents simply
an exceptionally large component fragment of the brectia. It is
noticeable that the angles of almost any two adjacent fragments.

Figure 28. Section in a pit on North Mountain, Montgomery county, showing a mangan~
iferous breceia in the gray novaculile.

A, Gray novaculite fragment.

B. Breccia of gray novaculite fragments-in acement of manganess ore.

C. Pocket of manganese ore.

Horizontal and vertical seale: 1inch=i feet.

of novaculite would fit into each other if the separating layer of
manganese was removed, showing that the breccia has been
formed by the breaking of the rock in place and not by an in~
discriminate mixing of rock fragments.
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The outerop of the ore-bearing breccia is largely obscured
by loose material, but at the point where the pit has been sunk
it is about thirty feet wide, and is bordered on either side by
sovaculite containing only a stain.or very thin layers of .man-
‘ganese. It strikes along the face of the mountain in both
directions from the opening, but rapidly thine out: fifty feet
to the northeast, it is represented only by a stain in the rock ;
fifty feet to the southwest the same breceia is seen, but it con-
tains very small quantities of manganese. Similar outerops are
said to be traceable along the slope of the mountain for over a
.'mii'é'- The place where the pit was sunk represents a local ac-
-'gmmulation of manganese in the ore-bearing stratum, yet even
‘here the deposit is limited. Some manganese could doubtless be
‘taken out at a profit, but the deposit would soon run into ore in
quantities too small to work. TFour tons of ore are said to have
~ been shipped from this property.
Fragments of laminated brown hematite occur on the slopes.
-'_ ‘of the hills, and have probably come from small interbedded
', strata of that material in the shales associated with the novacu-
 lite.
The Morrell claim. (Manganese.)—The Morrell claim is in
4 8,27 W., section 16, on the east side of the Little Mis-
uri River, at a point where that stream cuts through a novac-
ridge. A small pit sunk near the water level shows a hard,
s 've,'siteel-blue manganese ore, often in stalactitic form. The
ore is associated with black or brown glossy iron ore, andi
- together they form a pocket from one to three feet in width in
- the novaculite. The ore frequently contains pockets of red
clay.

Little Musgrove Mountain ; the Webb Thornton claim. (Man-
ganese.)—Little Musgrove Mountain runs east and west in the
' me southwestern part of 4 8., 27 W., and is intersected by

ain is composed mostly of gray novaculite dipping almost.

23 Gealogical, Vol. 1., 1590,
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vertically and forming prominent bluffs on both sides of the
river.

The Webb Thornton claim is in section 31, on a steep bluff
in the south face of Little Musgrove. A soft, black manganese
ore (pyrolusite) occurs here in an equally soft, white novaculite
easily crushed in the fingers. The largest exposure of ore is an
oblong pocket four inches in its thickest part.

Leader Mountain ; the Webb Thornton elaim.—This claim is
further described on page 358, in the description of Leader
Mountain given under the heading of Polk county. The claim
is in Montgomery county, but most of Leader Mountain is in
Polk, and, asthere are several ore-bearing localities on the same
mountain, they are more consistently deseribed together.

20LK COUNTY.

The manganese deposits of Polk county are the continua-
tion of the same belt that has already been deseribed in Mont-
gomery county and in the region thence east to Pulaski county.
They occur at intervals in a belt of country from five to ten miles
in width,and follow the north-of-west strike of the novaculite
ridges. The ridges run diagonally through the county from
southeast to northwest, crossing the Cossatot River above and
below Rhode Post-office, passing less than two miles south of the
town of Dallas, and bearing thence to the village of Potter in
the northwest part of the county. Still farther to the northwest,
the ridges die out in a less rugged country, and the manganese
disappears with them.

This mountaimous area forms the divide, in this part of the
state, between the waters of the Ouachita River on the north and
those of the Red River on the south. Board Camp Creek, Big
Creek, and numerous other streams, rise in it and flow north into
the Ounachita ; while the Saline River, the Harris Creek fork and
the Brushy Creek fork of the Cossatot River, as well as the
main Cossatot itself, rise in the same mountains and flow south
into the Red River.

A smaller novaculite area occurs in the neighborhood of
Hatton Post-office, in the southwest corner of the county, and
bears west towards Indian Territory ; but very little, if any,
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imanganese occurs in it, though specimens of iron ore have been
found.

The character of the ridges and the nature of the ores in
“the novaculite area of this county, have already been treated in
the general description of the southwestern Arkansas region in
chapter XIL., and do not require further mention. The paral-
lelism of the ridges is probably better developed here than any-
where else in the region, and in ruggedness and average height
‘they are second to no other part of the belt. In fact, the highest
.elevation above the surrounding drainage that has so far been
measured by the Survey among all the Ouachita mountains, is
‘the High Peak of Hannah in the southeastern part of the county,
which rises a thousand feet (barometric) above the Cossatot
River. Other ridges are almost as high and some possibly
higher; and it may safely be said that the country from the-
head waters of the Little Missouri in southwestern Montgomery
-county to the Cossatot River in Polk county, is the most rugged
part of the Ouachita Mountains.

No large deposits of manganese ore have been found in
Polk county. The best that have been discovered could only
‘be worked on a very small scale, and even this could be done in
‘but rare cases and for short times. (See pages 306-308.)

MeKinley Mountain. (Manganese.)—MeKinley Mountain
runs in a general west-by-north direction from the head waters
‘of the Little Missouri on the east to beyond the Cossatot on the
west, and rises in some places over seven hundred feet above the
surrounding level. The crest and upper slopes are composed
of gray novaculite, the lower slopes of the overlying siliceous
shale. Almost on the line of Polk and Montgomery counties it
is cut through by Straight Creek, a tributary of Long Creek, the
latter a branch of the Little Missonri River. Straight Creek
passes through the mountain, in a deep gulch, on either side of
which the novaculite forms steep bluffs.

A small pit has been sunk in the novaculite on the western
side of this pass, in 4 8, 28 W, a few hundred yards
west of the Montgomery county line. The pit shows manganese
ore scattered ircegularly and in limited quantities through a
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breadth of about six feet of the rock; and, in some places, the
ore-bearing part of the rock is possibly still wider. The ore is
a hard, compact, steel-blue variety frequently stained yellow or
red by iron. Tt oceurs throughont the rock in small seams and:
pockets, from a fraction of an inch to four inches in thickness.
In some places the oreblends into the novaculite, turning it a
deep black; in other places the line of separation is sharp and
well defined. The following analysis shows the composition of
this ore :

Analysis of manganese ore from MeKinley Mountain, Polk county.

MADEATIORE, rervessans anssinsmssssassnres sensensasrannse: H 04
Irom ceimine 2,04
Y Ol s o s i e i s 2.98
Phosphorus. T e 0.38
Manganese peroxide.........c.ee.. 71,41

West of this opening the ore-bearing stratum is traceable:
along the mountain at intervals to beyond the Cossatot River,
but the ore where seen is in even smaller quantities than in the
locality just mentioned.

He Mountain. (Manganese and iron.)—He Mountain is a
novaculite ridge in 4 8., 28 W., south ot, and parallel to McKin-
ley Mountain, and separated from it by a ravime which forms
the valley of Long Creek. Manganese is found on the summit
of the mountain, in Polk ceunty, a little over a mile west of the
Montgomery county line.

A small pit three feet deep has been sunk on the ore, which
is in small seams and pockets, rarely over two or three inches
in thickness. The exact width of this ore-bearing part of
the novaculite cannot be seen, but the pit exposes a breadth
of about six feet, and it is probably considerably wider. The
ore is scattered through the rock in limited quantities. It is a
hard, massive, steel-blue variety, frequently having a concretion-
ary structure and a mammillary surface, and is generally asso—
ciated with more or less massive brown iron ore. The latter
often encloses nodules of manganese, or forms the outside layer-
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of pockets of that ore. Ti.lere.are oft:ezl s-mall eavh?ies in 1':he
novaculite, from one to SIX inches in diameter, lined with
layers of iron and manganese ores. Ir:i sof'ne places both ore
;;-é-éharply separated from the novaculite, in others they blend
into it, staining it brown or black. .

To the west of this locality, similar outerops are seen inter-
mittently for a distauce of half a mile along the mountam', in
some places covering the surface with loose fragments of mixed
ore and rock ; in others disappearing altogether and giving place
.t(:; barren novaculite.

Coon Oreek. (Manganese and iron.)—Coon Creek is a trib-
atary of Long Creek and flows west along the south side of He
Mountain. In a novaculite hill bordering this creek on the
south, half a mile southwest of the He Mountain locality just
described, and in Polk county, 4 8., 28 W., another small pit
has been opened on a deposit of manganese and iron. Bouth ores
are in about equal quantities, and both are very much like those
described on He Mountain. They either form the cement of a
brecciated novaculite, or ocecur as thin layers, nests, or pockets
throughout the rock. The largest mass of ore seen came from
one of these pockets and was two feet in diameter., Such massess
however, are rare,

Briar Creek Mountain. (Manganese and iron.)—Briar Creek
Mountain is in 4 S., 27 and 28 W., and rupns a little north
of west between Coon Creek on the north and Briar Creek on
the south, To the east, it passes out of Polk county into Mont-
gomery, bearing off to and beyond the Little Missouri River.
A stain of iron and manganese and occasionally small masses
of the ores occur in the gray novaculite on the part of
the mountain lying in Pulk county, and probably these same
-ocenrrences extend into Montgomery county; but no important
quantity of either ore was seen’

Leader Mountain. (Manganese and iron.)—Leader Mountain
runs a little north-of-west in 4 8., 27 and 28 W., partly in Polk
county and partly in Montgomery. It issouth of and parallel to
Briar Creek Mountain, and is separated from it by Briar Creek,
a tributary of the Little Missouri River. The mountain com-
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mences at the Little Missouri River and passes thence to the

waters tributary to the Cossatot River. A number of claims

have been taken up on exposures of the iron and manganese
stratum along its course, several of which are deseribed below -

(1) The Webb Thornton claim. (Manganese.)—The Webh

Thornton claim is on the eastern part of this ridge in 4 8., 27

W., in Montgomery county. A pit three feet deep has been
sunk on a deposit of manganese in the gray novaculite, and five
hundred pounds of ore are said to have been shipped. The
manganese is a fine grained, soft, erystalline ore often appearing
in plumose forms. It occurs as the cement of a brecciated

novaculite and forms from a tenth to as much as two-thirds

of the whole mass. Occasionally the manganese is stained with
a little iron, but much of it is comparatively free from that im-
purity.

The pit shows a width of about five feet of this breecia, and
though the same ore is seen on either side, it is in very much.
smaller quantities. The deposit runs along the top of the moun-
tain, but thins out in a short distance in both directions, and is
represented either by simply a stain or by thin layers of ore in
the novaculite.

(2) The J. Guy Lewis claim. (Iron.)—The J. Guy Lewis.

claim is on Leader Mountain, about four miles west of the

Thornton claim, and two and a half miles west of the line.

between Polk and Montgomery counties. A small cut has been
made on a deposit of hard, brittle brown hematite, of a shaly-
structure. It occurs as pockets and lenticular beds in the novac-
ulite, the largest seen being a pocket two feet thick. Such
deposits are scattered irregularly through the rock on the sum-
mit of the mountain over a breadth of about twenty feet. The
ore is traceable in intermittent outerops for half a mile east and:
west from the cut, and also occadionally beyond these limits.

Sometimes a few small masses of hard, steel-blue manganese
ore occur in the iron ore, especially at its contact with the
country rock.

Pointed Rock tunnel. (Iron.)—Pointed Rock tunnel is in
4. 8., 28 'W,, section 19, and is the property of the Arkansas.
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it of hard, laminated brown
) mept Company. A deposit o : 1 b
ﬁi:lt?i oceurs here, interbedded in gray and black siliceous

hale. The rocks stand vertically or dip at angles of 70° to 80°
80216,

.t the north, and form part of a low hill. A tuunnel has been
0

. at the foot of the hill, just above the level of a small
. 1:“ ad follows the iron ore in the direction of the strike of
:;Zert;e?; for about a hundred feet. The ore occurs in a series of
parallel strata from one to twelve ineht?s in thickness, separated
by similar strata of shale, or of clay which has resulted fron'l th_e
decomposition of the shale. The northern part of the hlll}ls
composed of the gray novaculite, and the ore ncc-urs near the
contact of the shale with that rock. The rocks strike across t'he
bill, and the ore can be traced a distance of a q}xarter ?f a mile
over the summit and down to a creek on the other side. The
alternating strata of iron ore and shalle oceupy togjether a belt
varying from twenty to fifty feet in width. Sometimes the ore
in a given stratum runs out and is represented by rock for a few
feet, but it usually appears again beyond. In places, the com-
bined thickness of all the ore strata, if brought toge:ther, would
amount probably to over five or six feet; in others, it would not

narter of that thickness.
sl }al{ Peak Mountain. (Manganese.)—Tall Peak Mountain
forms part of a long novaculite ridge known as Raspberry
Mountain, which runs in a general direction a little north of west

A
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A
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8
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Figure 27. Section on the north slope of Tall Penk Mpuwntain, Polk county, showing the

oecurrence of manganese ore in the gray novaculite,
A, Gray novaculite,
B, Manganese-bearing part of the nuvaculite. The black parts represent ore.
C. Siliceous shale.
Vertical and horizontal seale: 1 inchw=33 feet.

across the head waters of the Saline River and the Harris Creek
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fork of the Cossatot River. On the lower part of the northern
slope of Tall Peak Mountain, on a claim conirolled by the Ar-
kansas Development Company, in 4 8., 29 W., section 24, the
gray novaculite is impregnated with manganese for a width of
-about twenty feet. The ore-bearing part of the novaculite is at
the contact of that rock with the shale, and protrudes in a low
ledge above the surrounding surface. Its relation to the differ-
-ent rocks is shown in the accompanying figure, which represents
4 north-south section across a part of the claim.

The ore is in pocketsand lenticular layers scattered through
the rock, the largest seen being two feet long by from three
to six inches in thickness, It occurs both in the form of a
hard, massive, steel-blue ore and as a finely crystalline variety,
the crystals frequently being grouped in a plumose form,
and having a brown streak. Occasionally the manganese con—
tains small quantities of iron, but it is generally comparatively
free from that impurity. ;

On the west the ore-bearing stratum disappears under the
gravel of a small creek ; on the east it rapidly thins out on the
slope of the mountain and is replaced by the pure, gray novac-
ulite,.

The usual strata of brown hematite, from one to twelve
inches in thickness, occur in the siliceous shale shown in the
figure to the south of the manganese. A tunnel was run into
this rock with the intention of reaching the manganese, but-was
not continued far enough to do so. At the mouth of the tunnel
the shale is almost horizontal, but to the north it rapidly curves
around, and when it reaches the novaculite it is dipping at the

same steep angle as that rock. The shale has, in many places,
been decomposed into a fine gray clay containing layers of the
unaltered rock. The following analysis shows the composition

of the manganese ore on this property:

Analysis of manganese ore from Tall Peak Mountain, Polk count 7.
Manganese 52.16

Iron szt
Silica 0.24

i

Phosphorus,

Manganese peroxide ... ceee 77,60
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Brushy, Prairie, and South ‘Mnu-ncaiﬂs- (M““W“Mf”'):
"These mountains run in the same direction as RﬂSPbe;ry. oufu-t-
ain, and lie in parallel ridges to the east aud- e..out :aut o :,-

w"fh\éy are all novaculite ridges, and small quantities of manga

either in the form of a stain in the rock or of thin seams,
-ese,

i i ylaces on them.
Za Si;?!l;r:nvg';ﬁi;;. (Iron.)—Gillam Springs is in 4 8., 30
W., section 22, the southwest quarter of the nm'thwe:st quarl:el:',
on ,the Dallas and Centre Point wagon road, twenty miles, byI:I e
road, south of the former town. Tht.a property belongs to ' r
Asa Williamson, and consists of a series of small sulphu.r springs.

About a mile east of the springs, the brown hematite, wh:c-h
usually accompanies the siliceous shale, is seen iK many places lnl
that rock in a series of strata, from a few inches to severa
feet in thickness, alternating with similar strata of rock. N u-
merous such exposurés occur on the western end of a ridge
northeast of Gillam Springs, and in one place a surface exposure
petween four and five feet in thickness was seen. "Lar.ger ?ut-
erops are said to have been found and prospected in this -nelgh-
borhood. Sometimes the same stratum is represented in one
place by iron ore and in another by rock, and such occurrences
-often repeat themselves for several hundred yards.

Hannah Mountain. (Manganese and iron.)— Hannah
Mountain is in 4 S., 29 and 30 W., and is one of the most promi-
ment ridges in the novaculite belt of the Cossatot Rivel:. I.t. runs
from north of Tall Peak Mountain on the east in a direction of
few degrees north of west, to the Brushy Creek for-k of th.e
Cossatot River, a distance of over ten miles. In this distance it
is broken in only one place, and that is where the main Cossatot
River has cut a deep pass through it, south of Rhode Post-oiﬁc_e.
Elsewhere, there are low places in its summit and t.nountam
trails frequently take advantage of these to wind their aodzds
across the country, but such sags represent simply indentatlops
in the ridge, and the only complete break is the Cossatot
pass. The summit of the mountain comes up to a long, sharp
‘crest, in some places only a few feet wide, and follows an undu-
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lating line, reaching its maximum height in the High Peak of

Hannah,
This peak is scme three miles east of the Cossatot River and

the mean of two-barometric measurements-gives it a height of"

about a thousand feet above that stream. The height above the
sea level is not known, but an approximation made from the
elevations given on the U. 8. Geological Survey maps of the

country immediately to the north, places the summit of the-

mountain about two thousand feet above tide water. It is the
highest peak measured hy the Survey in the mountains of the
Cossatot and Little Missouri Rivers, though others closely ap-
proach the same height, and it is not impossible that a few may
be found still higher. Hannah Meuntain east of the Cossatot
River is known as East Hannah, and west of that stream, as
West Hannah.

Taking the ridge as a whole, it represents an anticlinal axis,
in many places overthrown and dipping to the north. Its
central part consists mostly of gray novaculite and the slopes are
composed of the associated shale*

There are numerous exposures of manganese and iron ores,
similar to those already deseribed, along the course of the ridge.

The manganese is in the gray novaculite and generally at or-

near the contact of that rock with the siliceous shale. TIts out-
crops follow along the mountain and vary in position with the
contact of the rocks, at times rising to the summit, but more
generally dropping down a short distance on the slope, usually
on the south side. This ore-bearing stratum goes under the
name of the Hannah “ lode ” in the eastern part of the mountain,

and the Fawn “lode” in the western part. The iron ore-

sometimes occupies a position similar to the manganese, but it
also oceurs in the shale lower down the mountain side.
Several openings have been made on both East and West Han-
nah, and the principal ones are here described :

(1) East Hannah Mountain ; the High Peak. (Lron.)—

# A gection throungh East Hanpah Mountain and the next ridge to the north, known as..

Shadow Rock Mountain, is given in figure 24, on page 322,
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The High Peak of Hannah is a part of the Hannah ridge about
three miles east of the Cossatot River. On the south slope of
the mountain, and probably about three hundred feet from the

— summit, is a deposit of brown iron ore in the gray novaculite.

The deposit is three feet in the widest part and abount two-thirds.
of it is composed of ore. It follows along the slope of the

mountain for about ten feet, and beyond these limits becomes.
thin and is often represented only by a stain.

Two miles east of the High Peak of Hanuah, on the same

mountain, small seams and nests of manganese and _iron ores

occur in the gray novaculite.

(2) Kast Hannah Mountain: the William Allen claim.

(Manganese.)—The William Allen claim is on the north side of

East Hannah Mountain, near its base, about a mile and a half east

of the Cossatot River. It is on what is known as the Condor

«Jode,” which contains manganese ore in seams and pockets

from a fraction of an inch to eight or ten inches in thickness,
scattered through the novaculite. The latter size, however, is

exceptional, and the largest mass seen measured three by six by

ten inches. The ore is of both the crystalline and massive
varieties, the former often showing a plumose structure. The

massive variety is hard, and often in stalactitic and mammillary

forms. The manganese is associated with a glossy, black iron

ore.

(3) East Hannah Mountain ; the west end. (Manganese.
and iron.)—On the western end of East Hannah Mountain, in

the neighborhood of the Cossatot River, both manganese and
iron are scattered in small quantities through a belt of novac-
ulite varying from five to twenty feet in width. In some places
the ore is iron and in others manganese ; in still others both ores
are mixed together in varying proportions. They occur in thin
seams along lines of bedding or joint cracks, or as the cement of
a breceiated novaculite; in places also they are in small nodules,
- and often form only a stain in the rock. The rocks dip uni-
- formly to the north at angles of from 60° to 80°.

- (49) West Hannah Mountain; the William Allen claim.
. (Manganese.)—This one of the William Allen claims on West.
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Hannah Mountain is a quarter of a mile west of the Cossatot
River, on the north slope of the mountain, and on what is known
as the Fawn “Jlode.” The manganese is in the gray novaec-
ulite, near its contact with the shale. The ore impregnates the
rock for a width of ten feet in small seams and pockets from a
quarter of an inch to three inches in thickness, and is both
massive and crystalline, The manganese is associated with
small quantities of brown iron ore.

Outerops similar to this one are seen at intervals along the
same slope of the mountain, associated with the same rocks,
for a distance of some four miles, to the Brushy Fork of the
‘Cossatot River,

(6) West Hannah Mouantain ; the Bowen claim. (Man-
ganese.)—The Bowen claim is on the sammit of West Hannah
Mountain, at its extreme west end, four miles west of the Cos-
satot River, and overlooks the valley of Brushy Fork. Man-
ganese is found here in the crystalline form with smaller
‘quantities of a hard massive ore. It occurs in thin discontinuous
seams oceupying cracks and joints in the novaculite and some-
times forming the cement of a breceia. The largest mass of
solid ore visible is three inches in thickness and three feet in
length, thinning out at both ends.

Similar deposits oceur along the summit of the mountain
for half a mile east of the Bowen claim,and are separated by
areas of barren rock. Occasionally brown iron ore instead of
mangavese, is seen in small quantities along the ore-bearing
stratum, and sometimes both ores occur together.

Buckeye and Shadow Rock Mountains. (Manganese and
4ron.)—Buckeye and Shadow Rock are names given to different
parts of a novaculite ridge which runs parallel to, and immedi-
ately north of Hast Hannah Mountain in 4 8., 28 and 29 W.
In its eastern part it is known as Buckeye Mountain until
within about four or five miles of the Cossatot River, and from
that on to the river it is known as Shadow Rock Mountain.
The ridge rises from five to eight hundred feet above the Cossa-
tot, its average height being much lower than that of East
Hannah to the south. It is separated from the latter ridge by
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a deep ravine which marks the course of Short Creek, a tributary
of the Cossatot.
A large number of claims have been taken on ?xposures of
~manganese and iron on both ends of the mountain, and the
principal ones are here described : o
(1) Manganese Mountain.—Manganese Mountain is a
small spur of Buckeye Mountain, running ount from the slouth
side of the ridge about five miles east of the .Oossatot River.
Manganese is found here in the gray novaculite in T;he form of.a.
hard, massive, steel-blue  ore, blending at times into a Se.ll‘ll-
— crystalline ore. It is generally in the form of flat, bt{trymdal
or concretionary masses, nften baving hollow interiors. It
tends to follow lines of bedding, but it also runs off in joint
S cracks. The bedded layers are the larger, and one of them
measured from three to six inches in thickness and four feet in
o length. The seams in the joint cracks rarely measure over a
|| quarter of an inch in thickness, though they are often so
| numerous as to honeycomb the rock in all directions.

Figure 28. Section in a pit on Manganess Mounlain, Polk county, showing the oceur-
_ vence of manganess ore in the gray novaculile.
A, Gray novaculite.
B. Manganese ore.
+  Horizontal and vertical scale: 1 inch=3 feet,

The accompanying figure shows the character of the bedded
deposits in the side of a small opening on the summit of the
spur. Tt will be observed in the figure that the lenticular layers
of ore lie intermittently along different planes of stratification,
- and that they are separated along the same planes by barren
~ areas, which, however, are generally stained with iron or man-
ganese. Sometimes the layers of ore are simply flat coneretions.
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The following analysis shows the composition of the ore
from this locality :

Analysis of manganese ore jrom Manganese Mountain, Poll:

county.
Manganese. 42,75
Iron st 22
Silica 1046
Phosph reenes 045
Manganese peroxide ... 62,75

(2) The Walston claim. (Iron.)—The Walston claim is
-on the same hill as the last named locality and a quarter of a
mile northwest of it. Layers from two to six inches in
thickness of glossy black or dark brown iron ore are
interbedded in the gray novacunlite. The ore also runs across
the stratification in fracturesin the rock. The deposit.occurs
at the crest of a small, local anticline, and the layers of ore
dip off in both sides of the pit. No manganese was seen at
this opening.

Another one of the Walston claims is near the last and
at the point where Manganese Mountain joins the main
Buckeye Mountain. Iron ore similar to that just mentioned
has been found here in a small pit now mostly filled up. It
is said to have been in larger quantities than at the last
place.

(3) Other localities on Buckeye and Shadow Rock
Mountains.—A short distance west of the last locality, on the
main Buckeye Mountain, and four miles east of the Cossatot
River, are several other claims, A stain and occasionally a
few small seams of iron and manganese ores occur in the
rock, but no large deposit has been found.

Two miles east of the Cossatot River and on the south
slope of the ridge, small masses of manganese and iron ores
are scattered through the loose rock. The mountain hereis
known as SBhadow Rock.

Two hundred yards farther down the slope of the
mountain strata of brown hematite occur in the siliceous
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There are fifteen feet of interbedded layers of hema-
_ and rock, with an undulating dip of 60°to 80° north and
. gtnke in an east and west direction, parallel to the ridge.
otimes the iron ore composes the larger part of the de-
posit, but usnally the latter is rock stained with iron, thus
ving the impression that the ore is more plentiful than it

really is.
About a mile east of the Cossatot River, and still on the

north slope of the mountain, geveral outerops of manganese
-.and iron ore occur in the gray novaculite, at or near its con-
" tact with the siliceous shale. This ore-bearing stratum is -
“known locally as the Prince Edward “ lode,” a name which
35 somewhat indefinitely applied to almost all the claims on

:gﬁm ridge, from Manganese Mountain on the east to the
Cossatot River on the west. . The ore is composed of vary-
: llrg proportions of massive and crystalline varieties, the one
running into the other. Theiron ore is sometimes associated
- with manganese, sometimes free from it. Both ores run ir-
wagula,rly through a stratum of novaculite varying from
ree to five feet in width, and form from a tenth to a half
mass.

C. C. Avant claims. (Manganese and iron.)—Mr. Avant
s several claims in the vicinity of the npper waters of the
ssatot River, and two of them are here described :

(I) Manganese.—This claim is in 4 8., 29 W,, section
n a novaculite ridge running parallel to,and north of West
- Hannah Mountain. The ore-bearing stratum is known here
- as the Eldridge “lode,”” and the Avant claim is near its
_ - eastern end, a few hundred yards west of where the ridge
‘slopes off to the valley of the Cossatot River. Manganese ore
- is found in the gray novaculite on and near the summit of
the mountain, and is of a hard, steel-blue variety, often in
ctitic and mammillary forms. The ore-bearing part of
ck varies from one to five feet in thickness and con-
lns the ore in thin seams, from a fraction of an inch to eight
ches in thickness, following the stratification or occupying
ints and cracks. The ore-bearing deposit dips to the north
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with the enclosing rock at angles from 70° to 90° and is
traceable for several hundred yards along the mountain,
when it thins out, widening again to the west.

(2) Iron.—This claim is in 4 8, 30 W., section 1,
about a mile west of the last locality (claim 1), on the south
slope of the same mountain, and about a quarter of the way
from the summit. Here the ore-bearing stratum is repre-
sented mostly by iron ore, though small quantities of a black,
massive manganese ore sometimes occur. The iron ore isin
the form of a brown hematite, and forms the cement of a
brecciated novaculite, in which the rock masses vary from a
fraction of an inch to six inches in diameter, and are some-
times stained throughout by iron. This mixture of rock and
ore has a width of about thirty feet on the slope of the
mountain, but only a small part of it is composed of ore.

The Arkansas Development Company’s mine. (Mangan-
ese.)—The Arkansas Development Company’s mine is in 3 8.,
30 W., section 27, and is locally known as the Ward man-
ganese mine, * from the name of the former superintendent.
It is near the head waters of the Brushy Fork branch ef the
Cossatot River, on a novaculite ridge which rises over 400
feet above the creek. It is the property of the Arkansas
Development Company, and was worked during the year
1888 and until April, 1889, when operations were stopped.
During this time a shaft 142 feet deep was sunk on the
north slope of the ridge, and a tunnel about500 feet
long was run into the northern side, near the level
of Brushy Fork. About twenty tons of ore are said to have
been taken from the shaft; none was found in the tunnel.

The summit and upper slopes of the ridge are composed
of gray novaculite, while on the north side, where the tunnel
has been run, the lower slopes are composed of black sili-
ceous shale. The manganese occurs in the novaculite in the
form of crystalline pyrolusite, associated with a hard iron-
gray massive ore, the former often coating the latter as an

* This property has been described by T. B, Comstock, Vol. L. of the annual report
of the Geological Survey for 1888, pp, 155-157.
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incrustation, and both occurring in kidney-shaped or stalac-
titic forms. Sometimes small quantities of a black iron ore
(limonite) showing a glossy, brilliantly iridescent surface,
are associated with the manganese, but a large part of the
latter is free from such impurity.

The manganse-bearing deposit varies from one to
two feet in thickness and dips almost vertically. The ore,
= however, composes only a small part of this and usually oe-
curs as thin seams and pockets from a fraction of an inch to
“over two inches in thickness, scattered irregularly through
- ~ the rock. Occasionally, however, the ore widens out locally
into pockets of somewhat larger size. Sometimes the ore
disappears altogether or is represented only by a staiq in the
rock, but widens out again at irregular intervals.

Other openings made by the Arkansas Development Company
on Brushy Fork*—Several other smaller openings have been
‘madeby the Arkansas Development Company, on both man-
ganese and iron, in the same neighborhood as the Ward
mine. The most important are given below:

(1) The Jumbo pit. (Manganese.)—The Jumbo pit is
five hundred yards east of the Ward mine, on the north slope
of the same ridge. Manganese ore impregnates the novac-
"~ qlite in the same way as at that place. A pit fifteen feet
~ deep and eight feet square has been sunk, and on all sides of
‘it are seen thin, irregular, and discontinuous “ stringers ” of
‘ore, from one to five inches in thickness, either in lines of
bedding, or in joint cracks. The novaculite is generally
stained a buff or a brown color, and is soft, often disinte-
grating into a powder.

(2) Tunnel No. 2. (Iron.)—Tunnel No. 2 is little over
half a mile east-northeast of the Ward mine. Itis twenty
feet long and was run into a gray siliceous shale, on a de-
posit of brown iron ore. The ore is a brown hematite,
~ interbedded in the rock in irregular pockets, from a few

#Beveral properties owoed by this company elsewhere in Polk county have already
been described. See pages 855-360.

24 Geological, Vol. i., 1800,
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inches to a foot or more in thickness. The ore is laminated
and has much the same structure as the enclosing shale, into
which it blends both laterally and.vertically. The quantity
of ore is very limited. _

Two hundred yards northeast of this tunnel, is a small
pit on a similar ore in a similar rock. The ore frequently
forms the cement of a breccia of fragments of the enclosing
rock, and is irregularly scattered through a stratum three
feet thick. The shale in contact with the ore is often much
decomposed and exists in the form of a fine, siliceous powder,

(3) Shaft No. 3. (Manganese.)—Shaft No. 3 is over a
half mile northeast from the Ward mine, and is a pit eight
feet square and twenty feet deep, sunk for manganese in the
gray novaculite. The ore occurs in small nests and thin
discontinuous seams, from one to six inches in thickness,
Sometimes they follow joints, but the largest seams are in
the bedding planes of the rock, which pitches to the south-
west with an undulating dip of about 80°. The deposits in
the joint cracks frequently cross those in the lines of bedding,
showing that the ore in the bedding planes was deposited
previously to that in the joints.

(4) Shaft No. 4. (Manganese.)—Shaft No. 4 is near
shaft No, 3, is about the same size, and has been sunk in the
novaculite for manganese. The ore iz a hard, massive
variety in a mammillary form, and occurs as in shaft No. 3,
in lines of bedding and in joint cracks. The largest seam
measured was four inches thick and four feet long, repre-
senting a lenticular layer.

Cossatot Mountain. (Manganese.)—Cossatot Mountain lies
directly north of McKinley Mountain, already described, and
is separated from it by Mine Creek. It is a novaculite ridge
like McKinley Mountain and the many others already de-
seribed. The portion of it referred to here runs through the
southeastern part of township 3 8., 29 W, in a general west-
northwest direction. To the east of this area, it bears oft
towards the Little Missouri River; to the west, it coalesces
with the mountains south of Dallas.
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Two and a half miles east of the Cossatot River, several
small pits have been sunk for manganese on the summit of
the mountain, and a tunnel forty feet long has been run into
the north side about twenty-feet below the summit. The
gray novaculite forms the crest of the ridge and the siliceous
shale comprises the slopes. The tunnel has reached the
novaculite through the shale. The manganese is in the form
of a crystalline pyrolusite, mixed with a hard, massive ore,
‘and occurs in irregular nests, from a quarter of an inch to
+three inches in diameter, and in thin seams, from a sixteenth
to a quarter inch in thickness. Such bodies of ore are scat-
 tered irregularly through a breadth of about forty feet of
"~ novaculite. The manganese forms but a small portion of
' the ore-bearing stratum, and, exceptin the richest places, the
~ aggregate amount of the scattered bodies of ore would form
- a very small percentage of the mass.
é Little Manganese Mountain. (Manganese and iron.) —
" Little Manganese Mountain is the name given to the western
nd of the novaculite ritdge running parallel to, and a mile
th of East Hannah Mountain. Iron and manganese are
nd on it a mile east of the Cossatot River, where the
ain begins to slope down to the valley of that stream.
The claim is owned by Mr. William Allen, and is known as
he Cave “lode.” The ridge here is composed mostly of gray
aculite, dipping at angles of from 45° to 60° north and
ain on the northern slope by the siliceous shale. Inthe
ovaculite near the contact with the shale, are discontinuous
ata of brown hematite, associated with smaller quantities
manganese, and varying from a fraction of an inch to four
hes in thickness. They run sometimes continuously in
. direction of the ridge for fifty or sixty feet, and then
n out, appearing again beyond. The manganese is in
ch: smaller quantities than the iron ore, and occurs in
ules and thin seams. As a rule, the iron ore seems to be
Aargely confined to the contact of the novaculite and shale,
- while the manganese is found not only there, but also in
the novaculite, farther from the contact line.



CHAPTER XIV.

THE MANGANESE DEPOSITS OF THE APPALACH-
IAN REGION.

LOCATION OF THE DEPOSITS,
Geographic position.—Manganese ores are of frequent

occurrence throughout the region of the Appalachian

Mountains from Maine to Alabama, but it is only locally that
they have been found in workable quantities. Virginia,
Georgia, and to a lesser degree Vermont, represent the only
states * in that region in which any considerable quantities.
of the ore have been mined. |

The most important manganese area in the Appalach-
ian region lies between the Potomac River on the north,
and the head waters of the Alabama River on the south.
These limits include the well known manganese districts
of the Valley of Virginia and of northern Georgia, besides
many other less known localities, not only in those states,
but also in Maryland, West Virginia, Tennessee, North and
South Carolina, and Alabama.

Topographic position.—The general surface features of the
manganese-producing states in the Appalachian region areso well
known that a detailed description of them here is unnecessary.
A few words, however, are required to explain their relation to
the subject in question. The mountains run in a general north-

*In addition to the deposits of these states, mention should be made of the
manganiferous zine ores of Sterling Hill and Franklin, New Jersey. These are used as a source-
of spiegeleisen alter the zinc has been abstracted. The manganese, however, is a by-product,
and the ores are mined primarily for their zine. They have been described on pages 91-93,

1+ The manganese deposits of New Brunswick and Nova Scotia properly belong te-

those of the Appalachian region, but as they differ considerably from most of the Appalachian
deposits they are treated in a separate chapter.
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" _east and southwest divection, parallel to the Atlautic coast, in
Js@me places reaching the immediate shore line as in New
in others receding from a hundred to two hundred
{les from it, as along the coast of the southern states. The
ﬁvening space in the latter region is occupied by a com-
aratively low area, which slopes off gradually and becomes
more and more nearly level until the flat tide ?vat.er region is
.j_;'éﬁ;;hed.
The mountainous area varies from less than a hundred to
» two hundred miles in width, and is bounded on the west by
T ”'p:lateau area comprising the eastern part of the Mississippi
. The mountains consist of a series of parallel ranges
rated by intervening valleys, and follow the general
northeast and southwest structure of the region. The most
easterly of these ranges forms the Blue Ridge of Virginia with
southwesterly prolongation thence into Georgiaand Alabama.
~west, are the Allegheny Mountains with their south-
tly extension in the Camberland Range. = Both the Blue
d Allegheny Mountains with their southerly prolonga-
include many minor and parallel ranges, such as the
Great Smoky, Unaka, Cheat, Clinch, and numerous other
ts Between the two main chains is the Valley of
requently divided longitudinally by subordinate moun-

ey of Pennsylvania and the Lake Champlain basin of
O‘nt, and extending south into Tennessee and Georgia.
alley and its Blue Ridge barrier on the east have been
t of nearly all the manganese mining in the Appalachian
1ough, as will be shown in the next chapter, work has
sen done elsewhere both to the east and the west.
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The first manganese mining in the United States, so far as.

it is possible to find out, was done near Whitfield, in Hickman
county, Tennessee, where small quantities of ore were taken out in

1837, Similar amounts have been mined since then at the same:
In 1859, Mr. Sibert made

place for use in coloring pottery. *
several small openings in the manganese deposits of the Valley
of Virginia, at the Lyndhurst mine, the Kennedy mine, and
elsewhere, and is said to have shipped some ore.

is said to have been mined at the Van Buren and

Paddy Mills mines in Virginia at nearly the same time or-

shortly afterwards, but in small quantities, About the same
time also manganese mining was carried on in Vermont. The
exact year that work was begun in this state is uncertain, but

it is stated 1 that, in 1861, considerable quantities of manganese-

ore had already been shipped to England from Brandon and
Chittenden.

In 1867 Mr. James E. Mills commenced a thorough ex-
amination of all the manganese deposits of the A ppalachian
region so far as then known, and shortly afterwards he
opened the Cabell mine in the Valley of the James River. His
work represented the first serious attempt to mine manganese
systematically and on a large scale in this region.

In 1867, the Crimora mine in the Shenandoah Valley, in
the same state, was bought by a stock company which suspended

operations in 1869, TFrom that time until 1882 the mine was.

worked intermittently, but only small quantities of ore were
shipped. In 1867, the Dobbins mine near Cartersville, Georgia,
was opened and was the first manganese property worked in that
state.

During the next ten years (1867-1877) the manganese in-.
dustry grew steadily but slowly in both Virginia aud Georgia,
but in the other states represented in the region, very little was
done, though in North Carolina small quantities of ore were
mined. Up to this time most of the ore mined had been sent to.

% Joseph D). Weeks, Mineral Resources of the United States, 1885, p. 345,

t Geology of Vermont, E, Hiteheock, E. Hitcheoek, jr., A, D, Hager, and C. H.
Hitehcock, 1861.

Manganese-
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incipally used for chemical purposes ; but.the
rapidly growing manufacture of Bessemer steel in the Umte.d
.ét-&ws great.ly inereased the demand. for mangfxnese, so- thatblln
-t.}-m:_néxt decade several companies, producing considerable
.'.-':':".'ant-it.ies of ore, came into existence ; and from 1880 to 1890
E ir number and output steadily increased. In 1882 the
Tén?i;nora mine was leased by James B, White and Company, and is
now operated by the American Man ganese C'eml.pany. It has been
the largest producer of manganese in the United States, and up
‘to December 31, 1888, its total output was about 103,785
',Ifo'ns of ore.* Smaller quantities have been pr?duced at.many
~ properties both in Virginia and Georgia}, as is -sh?wn in the
-&;ﬁowing chapter, though with the exception of limited opera-
tions in western North Carolina, but little work ha.s beer:l done
"+ the intervening states. Statistics of production in the
‘fpalachian region are given in chapter IV., pages 65-68, and
. .-n the descriptions of individnal localities in chapter XV,
In conclusion it may be said that, though manganese hfil.s
1 mined in many different places in the last twenty years in
part of the Appalachian Mountains lying between the
mac and the Alabama Rivers, only a few of the mines hf:a.ve
sroved to be profitable. In fact the areas of important mining
, been almost entirely confined to Virginia and to the
ersyille region of Georgia; while even in these regions they
till farther narrowed down to the Crimora mine and a few
yers in Virginia, and to a few localities in Georgia. At other
ces manganese has been mined at a profit for short iuteerztls,
%nt most such localities have not stood the test of time. Three
I eimses ‘have combined to bring about this result:

| (1) Many of the deposits worked were far from railways,
~and the expenses of trassportation consumed the profits.

(2) Ignorance on the part of the operators of the nature
“and mode of occurence of the ore has hastened the downfall of
any properties. This was especially true in former times when
character of manganese deposits was not so well understood

Eﬂrope and was pr

% Mineral Resounrces of the United States, 1888, p. 183,
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as it is now, and many errors were committed that would not
be made by the more experienced manganese miner of to-day,
(8) The irregular mode of occurrence of the ore has caused
the failure of many mines: the aggregate amount of manganese
in the region is large, but it is only occasionally that enough of it
oceurs in one place to permit it to be profitably worked. Man-
ganiferous iron ores have been found in corsiderable quantities
in many places, but manganese ore proper is much less abundant
and more uncertain. : '
In spite of this irregularity in the mode of occurrence
of the ore, however, the Appalachian region ranks today as one
of the leading manganese-producing areas of the world. More-
over, the large production of the Crimora mine, and the smaller
yet considerable production of other mines in Virginia and
Georgia, prove that extensive deposits of manganese ore can be
found in the Appalachian region, and leads to the belief that
other large deposits may be discovered in the same geologic
relations ; while the gradually increasing railway facilities may
be expected to add largely to the number of paying mines, not

only in Virginia and Georgia, but also in other states in the
region.

THE GEOLOGIC RELATIONS OF THE MANGANESE DEPOSITS,

The manganese ores of the Appalachian region occur in
rocks of several geologic horizons from Archean to Tertiary.
In fact manganese in greater or less quantities characterizes
many of the iron ore belts throughout this area, but the only
deposits that have been worked to any considerable extent as a
source of mauganese are in the Cambrian and Silurian rocks.
Even in these rocks the more important localities are, in some
places at least, still farther narrowed down to the areas of Cam-
brian quartzite and the immediately overlying limestones or
shales.

Speaking geographically, the main manganese-bearing strat-
um, which in different places may be represented by either mangan-
ese or iron or both, skirts the western and northwestern slopes of
the pre-Paleozoic erystalline rocks, and passes through the Ap-
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lachian Valley from northern Vermont t.? Alal')ama. It runs
i’“ . the eastern side of the Lake Champlain basin, through the
‘Iﬂ_lmgbt leand Valley of Pennsylvania, the Valley of Virginia and
?f..lgasi.l.’rpenneggee, the western parts of }.Torth and South Cam--
lina, the northern part of Georgia, and into Alabfama, where 1;
finally disappears under the Cretaceous and Tertiary atra_ta 0
the Lower Mississippi Valley. .

In this belt of country, the most promm(.ent mangan.ese
deposits occur in 2 residual clay in or o'verlymg quartmt;.
Whether these deposits occupy the same horizon throughout the
Appalachian Valley, or whether they represent two. or m(;e
different horizons is a matter as yet of some unc.ertamty. . 0
‘the west of the area of the deposits associated with qua-rtm.te,
manganese is found in several horizons in the. Upper Silurian
rocks, but the belt of deposits here referred to mcludfes those of
Brandon and South Wallingford in Vermant-; Crimora and
Lyondhurst (Augusta county), the Cabell mine (Cam{;be%l
county), and other places in Virginia; Holston M?untam in
"East Tennessee; and the Cartersville region in Georgl.a. These
Jocalities are in areas that have heretofore been designated as
‘Cambrian sandstone, mostly Potsdam. .

The late investigations of the United States G—eolog1f3a[
‘Survey, however, though they have corroborated the Cambrian
“age of many of these sandstones or quartzites, have shown that
in the case of others, there is evidence that they belong to a
later horizon, and in some cases to the Upper Silurian. The
evidence at present seems to point to the existence of three great
~quartzite formations in the Appalachian belt*: the first and

lowermost is of Lower Cambrian age and represents the Granu-
lar quartzite of the western slope of the Green Mountains; the
second is of Upper Cambrian age and represents the Potsdam
_sandstone; the third represents the Medina horizon of the
Upper Silurian. The first and third of these formations ha.ve
been found abutting against the western slope of the crystalline
rocks in the Appalachian region, and represent deposits occupy-

#*The Survey is indebted to the kindness of Mr, Charles D, Walcott, Paleontologist of
“the United States Geological Survey, for the facts in this classification of the quartzites.
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ing successively higher positions on the edge of these rocks,
which once formed the more or less steeply sloping border of
the Paleozoic sen. The quartzites often resemble each other in
mapy respects, having derived the sediments of which they are
composed largely from the same type of erystalline rocks. As
the quartzites are all, at times, found in contact with the crys-
talline rocks, this position cannot always be taken as an indica-
tion of their age. Consequently it is frequently impossible to.
decide, without the aid of paleontology, to which of the three
horizons the quartzite in any one place may belong.

As shown in the deseription of SBouth Wallingford, Ver-
mont, in the next chapter, the manganese ores of that locality
occur between quartzite and limestone, which are probably
of Lower Cambrian age. This probability has been shown
by the late investigations of Dr. J. E. Wolff, of the United
States Greological Survey, who has proved the Cambrian age of
what appears to be the same limestone a few miles north of
South Wallingford. (See South Wallingford.)

In Virginia, Mr. Bailey Willis, of the United States Geo-
logical Survey, and his assistants, have determined certain
quartzites near Harper’s Ferry as of post-Trenton age; while the
quartzites of the Cartersville region, Georgia, according to in-
formation kindly furnished the Survey by Dr. C. W. Hayes, of
the United States Geological Survey, are of as yet uncertain age,
and may belong in the Cambrian or in the Upper Silurian. On
the other hand, elsewhere in Virginia, Tennessee, and other
states throughout the Appalachian belt, undoubted Cambrian
quartzites occur in numerous localities.

There is as yet, therefore, some doubt about the relative
ages of those manganese deposits in the Appalachians which are
associated with quartzites, Some have been proved to be of
Cambrian age, others are undetermined, but have not yet been
proved to be other than Cambrian.

The mode of occurrence of the ores, especially from Ver-
mont to Tennessee, is remarkably alike: They occur at or near
the contact of quartzite and overlying limestones and shales,
sometimes directly on the line of parting, at other times in the
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upper purt of the qua.\rtz.ite, .or the lower p.art of the limes:o;.es
or shales. Manganese, like iron, however, i {ff very general dis-
tribution in various geologic horizons, and it is as yet premature
1o attempt to state the exact relation of .all the manganese d«?—-
posits in the quartzite area of thfz Appalachisn V?.ll ey T'I}e e?firajc.l-
graphic and lithologic similarity of the dep'oslts ln this district
requires the further support of paleontologic ev1delfce, before
the relations of the different localities ean be determmf:d. The
evidence at present available, however, in the region from
northern Vermont at least as far south as Tennessee, seems to
suggest the possible Cambrian age for many, if not most of t.hf)se
manganese deposits in or immediately above the quar'tmte.
Besides the deposits in the Cambrian or Silurian quartzite or
the associated strata, manganese ore also occurs in both older
and yonnger formations. The other deposits, however, have
produced only limited quantities of ore, and but few of them are
being worked at present.
The ores in the Archean and other pre-Paleozoic rocks.
forming the eastern and southeastern parts of the Appalachian
Mountains, are mostly in the forms of rhodonite and other
silicates, in which conditions, on account of their high percent-
ages of silica, they are not available, according to present
éﬁndarda,'aa sources of manganese. Rhodochrosite, or carbonaiie-
of manganese, is sometimes associated with the silicates, but it is
in too small quantities to be of economic value. Ithas probably
in some cases resulted from the alteration of the silicate. Gen-
erally the outcrops of the deposits of manganese silicates.
have been partially decomposed and various oxides of manganese
have been formed, but this alteration is usually only superficial.
(See page 85.) Wad is also of frequent occurrence in the axeR
_ of crystalline rocks and has resulted mostly from the decomposi-
tion of the silicates of manganese, and to a lesser degree from
that of other manganese minerals,
The ores in the crystalline rocks, together with their altera-
tion products as just described, cm;:prise almost all the man-
ganese of Maine, New Hampshire, and Massachusetts, as well.
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as of eertain other localities in the Appalachaius, and are further
described under the different states.

Manganese ores belonging in Upper Silurian limestone are
said to be found in the mountains west of the Valley of Virginia.
In Georgia the principal manganese region is in the quartzite
area north and northeast of Cartersville (see next chapter);
but there is another area in Floyd and Polk counties south of
‘Cave Spring, about thirty miles west of the Cartersville region,
where the manganese occurs in chert or cherty limestones
which represent Lower Silurian rocks. These rocks according
to C. W. Hayes correspond to the Knox dolomite of Safford.*
The same conclusion has also been reached by Dr. J. W.
Spencer, State Geologist of Georgia, Similar ores oceur north
of Cave Spring in the neighborhood of Tunnel Hill in Whitfield
county, and elsewhere in the same part of the state, Carbonate
of manganese often forms a small proportion of the carbonate,
or spathic iron ores in Silurian and Devonian shales and slates,
in various parts of the Appalachian region.

Manganese in small quantities in the form of carbonate is
‘characteristic of the spathic iron ores in the Carboniferous rocks
of Pennsylvania and elsewhere. It forms, however, only an
unimportant part of the ore,from a fraction of a per cent to 4.5
per cent of carbonate of manganese (equal to 2.12 per cent of
metallic manganese), '

Manganese ores are said to have been found in the Tertiary
sediments in the coastal area of Virginia, and to have been mined
near City Point on the James River.

THE MANGANESE ORES.

Mineralogical forms of the ores.—The workable manganese
ores in the states in question are mostly massive psilomelane

‘and crystalline pyrolusite, § though manganite || probably also

#See description of the manganese deposits of Georgia in chapter XV. of this report,

T H. D. Rogers, Geology of Penn., 1858, Vol. II., P. 739. Andrew 5. MeCreath,Chemical
Analyses, Second Geol. Survey of Penn., 1879, Vol, M. M., pp. 159-1584,

1A detailed analysis of pyrolusite from the Crimora mine, Virginia, is given on page 97.

I A mineral that is probably manganite is described under the discussion of the man-
‘ganese deposit of South Wallingford, Vermont, in the next chapter.

PHE MANGANESE DEPOSITS OF THE APPALACHIAN REGION. 38L

occurs, and it is possible that a careful sear(.:h might reveal the
presence of braunite * and perhaps hausmanmt.e.

Wad sometimes occurs, as well as rhodonite and other man_
ganese-bearing silicates, but such minerals: are not at present._
available as manganese ores. { Rhodochros.lte, or carbonate of
manganese, occurs in many places, though .11: has not ye.t been
found in commercially important deposits anywhere in the
United States. All the above mentioned minerals have been de-
seribed in chapter V., and do not require further mention here.
Asstated in that chapter the different varieties of oxides of
manganese are intimately associated with each other, .and blend
together without any sharp line of separation. 1t is the ex-
ception that pure masses of any one oxide are fOIJI.Id. 'ljhe-
most striking physical differences in the ores are their massive.
or crystalline characteristics ; but a sample of crystalline ore
may include two or more crystalline oxides, and a sample of
massive ore may include two or more varieties of massive oxides.
The exact nature of the ore, therefore, in many cases must be
determined by chemical analysis. Time has not permitted a
detailed examination of the chemical nature of all the manganese
oxides collected in the Appalachian region, and therefore in the
ﬂescriptions of localities given in the next chapter, whenever
there is any doubt about the mineralogical nature of the ores,
they are simply referred to as massive or crystalline, as the case
may be. The manganese ores are frequently associated with
iron ore in the form of more or less manganiferous brown
hematites, as explained below and also on pages 87-89,

Commercial value of the ores—So far as the analyses at hand

*The name braunite is most indiseriminately applied to manganeseores in the Appala-
chian region and even elsewhere, under the delusion that it necessarily refers to an oreofa
brown color. The name was not given on account of the color of the mineral, but was applied
i}y Wm.[Haidinger (Edinburgh Jour. Sci,, 1826, Vol, IV,, p. 48) in honor of Mr. Braun of Gotha,
As a matter of fact the mineral braunite, though sometimes of 2 brown color, is very often, if
not generally of a black color, and the relation of the name to the color of some specimens is
purely accidental. As a result of this wrong idea of the name, a mistake scommonly made is to
inclnde as braunite those manganese ores which contain more or less iron and are thereby
subject to a brown or rusty discoloration. The only region in the United States where
braunite has been proved to oeeur in quantities is in the Batesville region of Arkansas (see
Pages 148-154),

1 Bee chapter V.
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show, the ores in large shipments average* from 40 to over 50
per cent of manganese, from less than 1 per cent to over 15 per
cent of silica, and from less than 0.10 per cent to over 0.5 per
cent of phosphorus. The amount of silica and phosphoras isso
variable that a statement of an average is of but little value, and
frequently the limits given above are exceeded. The amount of
peroxide of manganese that could be used for chemical purposes
is also very variable. As pyrolusite contains a larger amount
of this material than any other ore of manganese, being when
pure composed entirely of it, the amount of peroxide depends
largely on the quantity of pyrolusite present in the ore. This
subject has been more fully explained in chapter IIL., pages
40-42.

In the amount of iron present, the range of variation is
even greater than in other ingredients; and may be said to run
all the way from less than one per cent upwards until the man-
‘ganese ore merges into a manganiferous iron ore, in which the
iron replaces the larger part of the manganese. There are still
further stages where the iron completely replaces the manganese.
Between the two extremes of pure manganese ore and pure iron
ore, there is every imaginable gradation in the amount of admix-
ture of the two materials. The iron ore associated with the
manganese is usually a brown hematite and the admixture
occurs in a great number of ways: sometimes it is an intimate
and apparently homogeneous combination, which has the ap-
pearance of a manganese ore when iron is in small quantities,
and of an ordinary brown hematite when manganese is in smal]
quantities. At other times, the manganese is covered with a
rusty stain of iron, or occurs as crystals lining cavities in the
hematite. Frequently masses of hematite are coated by a crust
of manganese ore, and often the two ores occur in alternating
layers with well defined lines of separation between them. In
such cases, the iron ore always largely predominates, the man-
ganese being only a subordinate feature of the bed. The latter

* These statements of average percentages refer only to tﬁe oxide ores of manganess, and
not to the silicates, which are much lower in manganese and higher in silica than the ox-
ides. The silicates are not used as a source of manganese in this country. (See page §3,)
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ore is also much more uncertain in its distribution t.han the iron,
and the interbedded layers of it in hematite de-posnts are always
lenticular, alternately running out z:tud reappearing.® , T.he man-
wanese ore is not always, however, in such close a?ssoc.laf:mn with
the iron ore: in some places the two ore? occur in distinet beds
each containing comparatively little admixture of the- other, and
yet existing in the same neighborhood and enclosed in the same

k or clay. E :
roc By far the larger part of the manganese ore mined in the

Appalachian region is at present used i.n the m?.nuf'acture of
spiegeleisen and ferro-manganese for admixture with steel. In
former times it was mostly sent to Hurope and cor.lsumed
iil chemical manufactures, especially in making chla-n-ne for
ﬁlé'aching powders. At present also certain quantities 'are
used in this eountry as a reagent in the manufacture of broml.ne,
and of glass, and for other chemical purposes, but they are in-
;ii;.king Bessemer steel. (See chapter 1L.)

The following analyses with the exception of No. 24, which
was made of a cargo of 186 tons sent to England, all represent
‘the composition of car-load shipments of manganese ores from

~ different states in the Appalachian region.

a Analyses 1-10, 20-28, and 25-32 were kindly furnished the
%ﬁ.uwey by Mr. H. M. Curry, of the firm of Carnegie Brothers

" {1 Compauy, Pittsburg, Pa.
Analyses 11-19 were kindly furnished the Survey by Mr,
- John Fulton, General Manager of the Cambria Iron Company,

- Johnstown, Pa.

Analysis 24 is quoted from Mr. James E. Mills, American
Chemist, August, 1871, page 51.

*For further details concerning manganiferous iron ores see pages 87-89.
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Analyses of car-load shipments of manganese ores from the Ap-
palachian region.

S| vocavrry, M| pron. | sitiea. | Bhot || Yol Quutty, | Analysed by

1 20,87 | 81.65 | 1277 | 0.125 || 5.00 |lecar or more|Carnegie Bros & Co.
9] - 54 ek 18.71 29.27 | 14.00 | 0.145 8.00| * i " “ “

3| Virginig.. cooeeseeene| 43.38 9.63 9.75 0.068 4.00 | ¢ “ “ “ “w

&l i e 43.61 6.65 | 1048 | 0.221 || 1.50 | ¢ " LI

5 ¢ L] 42.95 14.85 3.60 | 0,184 6.00 | ] " L “

gl " i 87.69 12,87 | 10.60 | 0.158 9.00 | © A% o LA
now " " 2831 27.83 4.46 | 0,067 4,00 | bid L L L]

gl @ " LU 35,36 20,95 6.25 | 0,780 5.00 | AL L 5 L

G “ “ 36.03 8.70 | 16.88 | 0.113 .00 " it i % “
10| ¢ i “ 83.60 16,59 | 14.75 0.095 || 3.00 | * s i w L
n|l =« “ il 42.47 10.48 7.65 0.131 6.80 Ll car| Cambria Iron Co.
| & owow T T — “ u“ wow ow
il &« o« w | 3633 450 | « w W
S0 (RTIN T (R (et ™5 = ) st et | IR % (1) R " e
77 N SR S 46.24 - 18 SR, PR a0 | & £ i A
g ¢ oW« | 4005 | 687 1951 | 0,100 | 440 | i “ouow
17| & e« | 4120 | 628 | 1851 | 0.096 || 460 [ “ “ uow
@ o« e o« | 4227 | 14| 750 | 022 | 580 “ woouow
] & o« w | 4150 1056 | 07| 0008 ||| 5 cars) ¢ @«
20| Va. (Crimora)... ..| 49.16 1.75 8,80 |.vereeienee|| 6,00 [1 car or more|Carnegie Bros & Co.
2 i " i 48,58 1,99 | 10.20 0.10% 8.00: ] - = L i n G
Lo S ok 50.54 196 | 10,12 [ || 300 | & LR AR
ggl & w 48.18 4.57 | 1080 | 0.095 || 3.00 | ¢ o Lo DL

eargo of
24{Va,(Cabell mine)*| 44.78 4.84 | 1420 | 0.180 186 tons § | John Pattinson.

South Oarolina....| 45.02 275 | 8.0 | 0085 || 9.00 |1caror more|Carnegie Bros & Oo

25

26| Georgit mniien| 4125 | 010 | 1440 [ 0209 |[ 200 ( « @ EE
g7l w o« o« | 4163 | 1.99 | 10.82 | 0.050 || 400 | * “ W
g8l « o« e« | 428 | 1049 | 730 | 0139 || 600 * “ owow
gg @« o« | sa8r | 460 | 1095 0.156 | 6.00( - * S
go|] o« e« | 83416 | 1859 | 1290 | 067 |[ 800 | ¢ @
g o« o« | 3618 | 7.08| 1640 | 0.058 || L.ov | " se i

sol v o« w | soso | 1021 1272 | 006 || 600 |

% Only a part of the analysis is given here, and it is expressed in terms Gifferent from
the original in order to suit the system of this table, The analysis is quoted in full under the
description of the Oabell mine. Theore contains 635.20 per cent of peroxide of manganese.
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MODE OF OCCURRENCE OF THE MANGANESE ORES.

Derivation of the ore deposits.—The manganese ores of the
main quartzite belt of the Appalachian Mountains, described on
- es 376-379, usually occur as irregular bodies imbedded in
!?]_#Y- Both the ore and the clay once formed a part of shaly,
caleareous, or sandy rocks, either immediately over the quartzite
or imbedded in it. Sometimes also the ore occurred alone in
the quartzite, without the other strata,

The clay in which the ores are now found represents the
residual product of the surface decay, in situ, of the original rock,
and occupies the same or approximately the same position as
that rock formerly held. Tt is bordered on either side by rocks
which have undergone much less decay, and conforms to all the
folding exhibited in these harder strata.* The clay deposits,
on account of their softness, have suffered considerably more
fmm erosion than the associated rocks, and now usually occupy
‘hollows or basins in the mountains, such as are seen at Crimora,
‘Lyndhurst, and elsewhere in the Valley of Virginia; and at the
‘Chumler Hill and other mines in Georgia. Where the decayed
rock covers congiderable areas, however, erosion has often left
- one part higher than another, aud in such cases the ore is some-
~ times found on low hills. Such an oeccurrence is seen at the
- Dobbins mine in Georgia.

Though the ore-bearing bed is usually in the form of
sidual clay, it has in some places retained its rock form even
.. the surface, and in such cases there is an opportunity to
~compare the position held by the ore in the original denosit
- with that in the decomposed bed. This examination leads to
~ the belief that the ore as now found in the clay, is in a position
~ very similar to that which it held in the solid rock, though it
has sometimes been broken up in the disintegration of the bed,
- s in some cases been influenced by minor chemical action.
The ore deposit is frequently derived from beds of more or

'!_“Pﬂnciﬁlas-of derivation similar to those given here for manganese have been already
bed in the case of certain iron ores in the Appalachian Mountainsby R, M, 8, Jackson,
d: by I.ea?:_ay, B. 8, Lyman, T. Sterry Hunt, and Persifor Frazer, and are further discussed in
chapter of this report. .

25 Geological, Vol. 1., 1890,
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less calcareous shale or schist, and often still preserves some-
thing of a shaly structure. In some places it has resulted from
the decay of a fine grained, earthy, and often shaly sandstone, while
away from the ore- bearing part of the bed the sandstone becomes
coarser. When the ore-bearing stratum decays the earthy part
forms clay and the coarse sandstone is the only rock seen on the
surface. Inother places the ore bed has been derived by the disin-
tegration of a coarser sandstone, and in such cases the deposit is
more or. less sandy, varying in character and manner of
admixture just as the original rock varied. Sometimes the
manganese ore and the enclosing clay have come from the
decomposition of thin, interbedded strata of limestone, shale, and
sandstone which overlie the main sandstone or quartzite bed,
and the character of the clay depends directly on the relative
proportions of the different strata from which it was derived.
The color of the clay enclosing the ore depends directly
on the chemical character of the original rock, though the action
of oxidation during decay has often caused the clay to assume
a color very different from that of the rock. The color of the
clay varies considerably, being red, yellow, brown, purple, or
black, and sometimes, though rarely, pure white. The black
is especially noticeable near the ore bodies, and is probably due
to the presence of finely disseminated oxide of manganese.
Frequently the different colors oceur together, giving the clay
a brilliantly variegated appearance. All the colors are largely
due to a stain of iron and manganese in different degrees of
oxidation and hydration, hence producing a variety of colors.
Distribution of ore in the clay.—The manganese usually
oceurs in the form of nodules, pockets, or lenticular layers, often
widening out into larger bodies and contracting again until an-
other large pocket is met. In whatever form the ore is found,
it seems to conform in a general way to the bedding of the
enclosing material, though the disconnected character of the
deposits sometimes renders this tendency obscure. At times,
side pockets and “stringers” of ore extend from the main deposit
and cut directly across the beddiag, but these are probably due
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%o a secondary process of solution and re-deposition which took
place after the formation of the bedded deposits,
The ore-bearing pockets vary greatly in size, from mere
nests to bodies five or six feet in thickness and often twenty or
- thirty feet in length. They vary as much in number as they do
in size, in some places being comparatively close together, in
others fifty or a hundred feet apart. Their longer axes almost
“invariably run in the direction of the enclosing strata, and as
‘these usually stand at high angles, the pockets generally have a
 steep dip. The pockets are composed either of comparatively
~solid ore, or of numerous nodules more or less closely assembled
in the enclosing clay. The more solid deposits generally con-
“tain masses of clay or long lenses of the same material, dividing
the bed longitudinally. Frequently the ore occurs in numerous
“thin seams honeycombing the bed in all directions and giving it
4 -a brecciated appearance ; but even in such cases, the breccia asa
‘;gho]e follows certain fixed lines in the direction of the stratifica-
“tion of the rock.
The iron ore ocecurs in the clay in a manner somewhat
S milar to the manganese, but it is in deposits of much greater
_'-;ﬁzg,,_z.gnd is less discontinuous and uncertain in its extent.
Masses of the ore-bearing rock in the elay.—Associated with
manganese ore in the clay, are fragments of the original
0 or sandstone varying from a few inches to five or six feet
;j_:_ﬁa:ﬂ_et_er, and often containing masses of ore. They are in
| stages of decomposition, from a solid massive rock to a soft
e g?ﬁtegrating material, the latter often coating the f‘ormer’.
: - —:t]:lhﬂez r;-;i[}::lsqel:l:dm;;e!icfsi::t;ln:,hm' :lse better protected parts of

" __The Origina,l Lk 2& us far escaped (.iecon‘::positiou.

i en a shaly material with lenticular
masses of quartz and other hard rock; and when the bed
\'re.;d, the harder masses remained, while the enclosin
mterla,l was completely converted to residual clay. Hence ii
: a.ny places the only rocks seen in the clay are these more resist-
x*mmes;‘ and they are apt to give the false impression that

y once formed the bulk of the bed, whereas they often com-
~prised only a small portion of it. The loose masses of rock are
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often in the shape of small angular fragments of quartz veins or
of a breccia cemented by ore. The number of rocky fragments
varies in different places, and probably depends largely on the
nature of the rock of the original bed, the more resistant varie-
ties leaving more fragments than the less resistant.

Eutent of the ore-bearing clay.—The dimensions of the.
ore-bearing clay beds are uncertain, for the deposits are usually

covered by soil and their extent is known only where they have.

been worked. They are probably, however, in some places
several hundred feet thick, though the ore is not found every-

where in them, but is scattered through them in pockets, as

already described. The rocks generally dip at steep angles, and
the downward continuation of the ore-bearing stratum may
therefore be looked for to an indefinite depth, with ore existing
in it irregularly. At certain depths, the clay may be expected
to merge into solid ore-bearing rock, but such depths are often
considerable, and some of the deepest mines in the region are

still working in clay. At the Crimora mine, a drill-boring-

showed clay still at 276 feet from the surface, but the deposit
was not tested farther. At a depth, however, the clay at this

mine becomes more compact and approaches its original shaly

or massive structure.
The depth of the rock decay varies greatly and is directly
dependent, other things being equal, on the character of the rock
" and the condition of disturbance of the strata. A more resistant
rock will, of course, be decomposed to a less depth than one that
succumbs more easily to decomposing agencies. A rock tilted
at a high angle seems also often to decompose more rapidly, and
to a greater depth in a given time than one imclined at a low
angle, as, in the former case, the surface waters find easy access

into the bed along the lines of stratification, while in the latter

case the more gently inclined rocks tend to shed the water.

Instances of this are seen in many places, especially in Tennessee-

and Georgia.

CHAPTER XYV.

THE MANGANESE DEPOSITS OF THE APPALACH-
. IAN REGION.— Concluded.

. THE MANGANESE DEPOSITS OF MAINE, NEW HAMPSHIRE,
' MASSACHUSETTS, CONNECTICUT, AND RHODE ISLAND.

General features—Manganese has been found in many
s in the above mentioned states, bul it is either in quantities
small or of quality too poor to be of value. It often occurs
rhodonite or rhodochrosite in interbedded layers in the crys-
line rock. Another common form is wad, which has often
en formed by the alteration of rhodonite and rhodochrosite.
unsually too low in manganese and too high in silica and
ier injurious impurities to be of value as an ore, though it has
- mined for making paint. In some places the manganese
as an oxide of good quality, but so far as this has been
is in small quantities of no commereial importance.
Maine.—In Maine rhodonite and bog manganese, or wad,
Blue Hill on the Atlantic coast, and in other places in
At Blue Hill rhodonite is said to have been mined
- atonetime for fluxing purposes at the Katahdin Iron Works,
ese has been mined in Knox and Oxford counties.
sert Island a deposit of a brilliant red, manganiferous
s on the road between Bar Harbor and Seal Harbor.
llowing analyses show the composition of the Blue
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Analyses of manganese ore from Blue Hill, Maine.*

(1) (2) (3)
Manganese protoxide.., 85,18 ~ 20.72 15.00

Ferrous 0Xideuamninas 14,01 24,91 12,00
ANMING. . issiirieisss 1245 3.04

TR <o e dmrbaestaiann 3.49 5.02 ansannn
FPhosphoric acidu..vuen PRA  Creemi oMb
BIISER onmgeinan tsmmi b sinss 85.84 35,70 39.00

Manganese.  27.20 23.02 11.62
IroBie s, 10,90 19.37 038
Phesphorus 0.45 viisest weeeas

No. 1 was analyzed by R. H. Rickard; No. 2 by the
Scranton Steel Company ; No. 3 by the Cambria Iron Company.

New Hampshire.—In New Hampshire, animpure rhodonite,
with greater or less quantities of oxides, has been found at.
Winchester and Hinsdale.t Pyrolusite has also been found at
Shelburne and other localities.

Massachusetts.—In the Berkshire Hills of Massachusetts,
rhodonite associated with oxides of manganese has been found
in many places. At Cummington the rhodonite isof a beautiful
pink color and has been mined for ornamental purposes and for-
cutting into gems. Manganese also occurs at Plainfield, { Shef-
field, § Berkshire, Deerfield, Leverett, and on the east slope of
Hoosac Mountain.|| East of the Hudson River, in Massa-
chusetts, manganese often exists in lenticular, interstratified
masses, associated with carbonate of iron; elsewhere in western.
Massachusetts manganese in small quantities is a common accom-
panyment of iron ores.

Connecticut.—In Connecticut small quantities of manganese
occur in several places in the western part of the state, at Red—
ding, Salisbury, and elsewhere. Tt is frequently associated in
small quantities with iron ores.

#Mineral Resources of the United States, 1585, p. 842,

+ C. H. Hitcheock, Geol. of New Hampshire, Vol. I, 1877.

1 Jacob Porter, Amer. Jour, Sci., 1st series, Vol. VIL,, 1824, p. 54

§ Calvin Prescott, Amer, Jour, Sci,, 1st series, Val. IV., 1822, p. 189.
| E. Hitcheock, Amer, Jour. Sei., 1st series, Vol. XXII., 1832, p, 61.
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Rhode Island.—In Rhode Island, mangavese occurs near
Qneech Pond.* It is also found in the form of oxide on the

east side of Blackstone River, two and a half miles north of

Pawtucket. T

The following analysis by Professor C. T. Jackson shows

‘the composition of the Sneech Pond ore:

Analysis of munganese ore from near Sneech Pond, Rhode Island.]

Manganese protoxXide. ... cisesmmasiinnes 3248
Ferrous oxide 5.9
BIORE s vasst visdsssimmt piapissssimsng i sy soniaie  Died
Carbonic acid 5.2
100.8

MANEANOIO....cernrurasrsrnssssansirsrss S0

Iron 3 27.9

THE MANGANESE DEPOSITS OF VERMONT— Location and
general features.

Manganese has been found in many places in the western
half of the state of Vermount, and has been worked at several of

~ them, especially near South Wallingford and Brandon in the
Otter Creek valley, and at Chittenden aud other places. The
ore at the first two places occurs either at the contact of the

Cambrian sandstone and the overlying limestone, as at South
Wallingford ; or, as at Brandon, in Tertiary beds which have
probably been formed by the rearrangement of the materials
from the same, or nearly the same horizon.

Otter Creek, which drains the walley of that name, rises in
the southern part of Vermont, and flows north along the western
slope of the Green Mountains, emptying into Lake Champlain
about twenty miles south of Burlington. A large part of the

valley, especially from Ratland northward, is cut through the

limestone already mentioned, which represents the Holian lime-

~stone of the Geology of Vermont.§ - The exact geologic

“C, T. Jackson, Amer, Jour, Sci,, 15t series, Vol. XL,, 1841, p, 185,

1 Bamuel Robinson, Amer, Jour. Sci., 1st series, Vol. VIIL, 1824, p. 231,

1. T. Jackson, Amer. Jour, Sei., 1st series, Vol. XL., 1841, p, 185,

% Gieology of Vermont, E. Hitcheock, E, Hitcheock, jr,, A, D, Hager, and C, H, Hitch~

 coek, 1861,
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horizon of this formation has been a matter of considerable
dispute and it has been variously referred to horizons from
Lower Cambrian to Chazy. The survey has been kindly
informed, however, by Dr. J. E, Wolff, of Haryard University,
that, in his work in that region for the United States Geological
Survey, during the summer of 1890, he was enabled to determine
with certainty a locality of this limestone, near Rutland and
some ten miles north of the town of South Wallingford, as
Lower Cambrian. It seems probable that the limestone at
South Wallingford may represent the same horizon.

East of Otter Creek, and running parallel to it in a north and
south direction, is a series of quartzite ridges, rising several
hundred feet above the valley, and representing the western
slopes of the Green Mountains. These rocks form a rugged
barrier to the valley and their superior hardness over that of the
limestone has doubtless largely influenced the course of Otter
Creek, They belong below the limestone referred to and are,
therefore, probably of Lower Cambrian age. To the east of the
quartzite ridges is the main range of the Green Mountains,
composed largely of metamorphic rocks. To the west of the
Otter Creek valley, and forming the western border of
Vermont, are the unaltered fossiliferous rocks representing
Lower and Upper Silurian horizons.

Iron ore was mined in Vermont in the early part of this
century, but the first work on manganese wus considerably later.
The two ores are often found together, but the manganese
was, in early times, considered to be injurious to iron ore, and
was avoided. The early shipments of manganese were mosily
made to England, but the exact date is uncertain. They proba-
bly began, however, between 1850 and 1860, and, mostly likely,
nearer the latter date.® No manganese is mined in the state at
present (December, 1890), though work was done on the deposits
of Brandon and South Wallingford in 1889, and was continued
until the summer of 1880.

THE MANGANESE DEPOSITS OF VERMONT— Otter Creek valley.
The South Wallingford mine.—The village of South Wall-

* Further facts concerning the history of this region are given on pages 59 and 374

THE MANGANESE DEPOSITS OF THE APPALACHIAN REGION. 393

ingford is on the Bennington and Rutlafud Railway, thirteen miles
abuth of Rutland. Manganese and u-.0n are found together
about a quarter of a mile east of the rallvfray, on the west s-lc)pe
_d',-‘.a quartzite ridge. The deposit was dlscO\*.ered about sixty
years ago by Mr. Johnson, of South Wallingford. It was
worked at that time and also in later years for iron ore; but the
manganese is said not to have been mined until about the year
1882. The property is owned by Mr. G. W. Bradley. Iif was
worked by Carnegie Brothersand Company in 1890, but mining
was discontinued before the end of that year.

The iron ore is an ordinary brown hematite, The mangan-
-ese is in both the crystalline and massive forms, fibrous .cryatals
of pyrolusite sometimes lining cavities in the massive o.re.
There are also found nests of short prismatic crystals with
strongly striated surfaces, an iron-gray color, and a hardness
greater than that of pyrolusite. Dr. 8. L. Penfield, of Yale Col-
lege, has very kindly measured some of the angles of these crys'ta]s
and has found them to closely resemble those of true manganite.

The massive manganese ore often occurs in the form of
geodes, or ““ pot ore,” which are sometimes filled with water and
locally known by the miners as “ water-holes.” Occasionally
well formed stalactites of massive black ore are found in
the interiors of such cavities.

The iron and manganese ores occur in pockets and nests in
2 yellow and sometimes red, lead-gray, or white clay. The two
ores are in some places together in the same pocket; at others in
geparate ones. When mixed, they are associated in all pro-
portions. The yellow and red clay, locally known as ochre,
have been used as a pigment, and several houses in South Wall-
ingford are painted with the yellow material.

The ore-bearing deposit occurs at the contact of the Cam-
brian quartzite and the overlying limestone. The quartzite
forms the mass of a rugged ridge, running in a general north-
south direction ; and the limestone crops out on the lower part
of its western slope, extending thence into Otter Creek valley.
The quartzite is a hard translucent rock, sometimes showing no
drace of its original sandy structure. The limestone is usually
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of a gray or buff color, massive or semi-crystalline, and is much
contorted. The general dip is almost vertical and the general
strike is a little east of north.

In immediate contact with the sandstone, and between that

and the ore-bearing deposit, there is often a stratum, several feet
thick, of pure snow-white clay, which has been worked as a
source of pottery clay. It sometimes containg masses of man-
ganese ore,

The surface outerop of the ore deposit is obscured by glacial
boulders and other drift materials for a depth of from ten to
sixty feet, so that its extent can be seen only in the underground
workings. The total breadth of the clay deposit, as measured
by old drifts, is said to have been found to vary from a hundred
aund fifty to three hundred feet, with ore scattered through it at
intervals. Some of these drifts, however, on account of the.
disturbed and curved condition of the rocks, went diagonally
across the deposit, so that the supposed width is probably much
greater than the actual width. ‘

A tunnpel, which is said to be 1,700 feet long, has been run
into the hill along this deposit, and numerous small drifts and
shafts have been made at various points along its course. The
tunnel was started at the foot of the ridge and was run in an
easterly direction through the limestone until the ore bed was.

W

i

]“.*“ LB Ml 'ii
R

Figare 29, Section near South Wallingford, Vermont, showing the mode of oocurrence of -
the manganese-bearing clay, .

A, Limestone,

B. Manganese-bearing clay.

C. Quartzite,

Horizontal seale : 1inch—300 feet. Vertical scale: 1 inch==100 feet.

reached. Heve it was turned north and continued along the de-
posit. Considerable difficulty was experienced from the water,
which runs into the tunnel and tends to cave in the clay, neces-

=
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sitating heavy timbering. The aceompauyir.lg general section
shows the relation of the ore bed to the enclosing rock.s:

This deposit doubtless represents the det}omp031t10n' of a
bed which was once in the form of rock carrying th.e o::e in the
same, or nearly the same way as the clay now carrleef it. The
rock has been decomposed in place, and the clay,-whwh repre~
sents its residual product, occupies the sam.g. interstratified
position as the rock formerly held. The original r.ock was
probably a siliceous material with more or less adm.lxture of
shale or schist. As evidence that the ore was once 1mbedd.ed~
in the solid rock, it may be stated that fragments of quartzite
often containing masses of ore are found in the clay, a1.1d are-
especially noticeable near the quartzite on the east su?e of
the deposit. These probably represent the roxe resistant
siliceous parts of the original ore-bearing rock, which hav.e. 50
far escaped decay. The following analyses show the composition
of the manganese ore from this mine:

Analyses of manganese ore from South Wallingford, Vermont.*

UNWASHED ORE, WASHED URE.
CONSTITUENTS.
1 2. 8. 4, 5. 6. 7.
Mang oo 20241 | 26,182 | 20.602 | 34,898 | 44.107 | 35.000 | 48.778
Iron e | 38,883 | 26,104 | 32,128 | 14,650 | 7.180 | 25.000 | 4.970
Silica | 9.520 | 10.000 | 7.480 | 12,500 9.230 | 8100 | 7,900
PHOSPIOTUS 1ocesverciecieesasiensressssnerees| 0:088 | 0,084 | 0,073 | 111812} cccvuinne| 0061 | 0,113

The Brandon mine.—The town of Brandon is on the Central
Vermont Railroad, in Otter Creek valley, Rutland county,
Vermont. Manganese and iron have been found two and a
half miles northeast of the town in a small tributary to the main
valley. According to Dr. D. W. Prime, of Brandon, iron was
mined here about seventy-five years ago, and has been worked to
a greater or less extent at intervals since that time. Part of the
ore was used in making pig-iron at Brandon and at other furnaces.
in the surrounding country, and part was sent to New York,

* Mineral Resources of the United States, 1888, p, 132,
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Boston, and other places as a source of paint. In later years,
however, the iron ores of Pennsylvania have replaced it in the
paint market. The manganese ores were not worked until
shortly before 1860, and have been mined only at intervals since
then. In 1889 and 1890, the deposit was worked by Carnegie
Brothers and Company, but no work is being done at this
locality at present (December, 1890), and the old pits have mostly
caved in, making it difficult to see much of the nature of the
deposit. ’

The iron ore is a brown hematite and is found in far larger
‘quantities than the manganese. The latter occurs in the form of
nodules and irregular masses from a fraction of an inch to
twelve inches or more in diameter. The characteristic form,
however, is that of small kidney-shaped masses, an inch or more
in diameter, of a maussive structure and a steel-blue or black
color. The larger masses oceasionally contain cavities lined with
crystalline ore, mostly pyrolusite. Sometimes the ore shows a
‘concretionary structure; at other times it is soft, and earthy,
containing numerous grains of transparent, angular and rounded
sand.

The iron and manganese ores occur in a brown or white
clay, in the form of pockets or scattered masses more or less
‘closely compacted. At times both ores are in one pocket, at
others they are separate. The deposit occupies the bottom of
the valley in which it is situated. Oan the east side the Cambrian
quartzite, occasionally containing micaceous strata, forms a
rugged north and south ridge, and strikes in the same general
direction, dipping almost vertically. On the west are the over-
lying white dolomitic limestones and marbles of Otter Creek
valley, striking in a general direction parallel to the quartzite.

In sinking on the ore-bedring deposit, the dolomite is said
to have been reached on the west side, while, to the depth that
was reached on the east side, no rock was found in place, but

‘quartzite would probably have been reached at a greater or less
distance in that direction. The clay deposit is covered over by
from three to twenty feet of gravel and boulders, so that its
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exact extent cannot be seen, but it probably underlies the valley
for a breadth of several hundred yards. oy

Lignite has been found in the same locality in a clay similar

to that containing the iron and manganese ores, and has been
mined and shipped to New York. Well preserved fossil plants
and fruits occur in the lignite and were early determined 8.
Tertiary, probably Pliocene, by Professor E. Hitchcock.* Speci-
mens afterwards examined by Professor Leo Lesquereux were.
determined by him also as belonging probably to the Upper
Tertiary.t .

The rocks on either sides of the valley are very much like
the rocks on either side of the ore-bearing deposit of South
Wallingford, which is undoubtedly in Paleozoic rock deco mpose-d.
in place, and not a later deposit in Tertiary strata. Hen?e it
seems most probable that the deposit of Brandon has been derived
from a deposit similar to that at South Wallingford, which pos-
sibly underlies the Tertiary beds; that the materials have been
more or less changed in position, mixed with foreign matter,
especially the vegetable matter forming the lignite beds, and
laid down again ; that this altecation process was not confined to
Tertiary times, but that it may also have gone on before, during,
and after that period.

Iron and lignite deposits have been found in positions some-
what similar to that of Brandon in several places in Pennsyl-
vania, and have been described by Professor J. P. Lesley] at
Pond Bank near Chambersburg ; by Frederick Prime, jr.,§ at
Brown’s iron mine, Ironton, Lehigh county; and by H. C. Lewis ||
at and near Marble Hall in Montgomery county. It was formerly
a matter of very considerable discussion whether these deposits
represent simply local Tertiary areas or whether the whole iron
bearing belt, running through the Appalachian Valley from

* Geology of Vermont, 1861, p. 717; Amer. Jour. Bei,, 2nd series, Yol. XV., 1853, p. 104,
t Amer, Jour. Sc'., 2nd series, Vol, XXXIIL., 1861, p, 362-363.

t Proc. Amer. Philos. Soc., Vol. IX., p. 463.

% Second Geol. Survey of Penna., Report DD., p. 76,

| Proc. Acad. Nat. Sei, Phila., October 27, 1879,
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Vermont to Alabama, represents the same horizon. Hitcheock,*
in 1861, was the first to propose the theory that the whole belt
represented a Tertiary deposit, and this theory is advocated by
Lewis. Professor Lesley and others believe that there are
isolated areas of Tertiary deposits, but that elsewhere the iron
ore represents simply the weathered outcrop of a Paleozoic deposit,
possibly more or less altered in structure on the surface. Later
investigations have still further strengthened this supposition,
and the experience of the writer in the manganese deposits in
the same belt of country is entirely in accord with it.

The first analysis below, made by Prof. Olmsted, represents
the composition of a specimen of ore from the Brandon mine;
but it must have been a selected sample, as car-load shipments of
ore from this mine would not contain so large a percentage of
manganese,

Analysis of manganese ore from Brandon, Vermont.t

Red oxide of mang 81.38
Mang; 2.8
Oxygen 2.74
Silica 3.60
WAL iuocvsdunines sasnsrisamasedsmas ssssasssssisoness 9ol

99,69

M ese, 53.62

The following two analyses represent car-load shipments of
mangsaniferous iron ore from Vermont, from either Brandon or
Bouth Wallingford:

Analyses of manganiferous iron ore from Vermont.|

(1y  (2)

Mang 20869 19,700
Tron 81643  29.268
1 Py e e 12770 14,000
Phosphorus 01%  0.145
MOIStUTE, wuvvmssmrserrrsesssesmnsss 5000 8,000

* Geology of Vermont.

+ Prof. Olmsted, Geology of Vermont, 1861, p. 811.

{ These analyses were kindly furnished the Survey by Mr. H. M, Curry, of the firm of
“Carnegie Bros. and Ce.
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Other localities in Vermont.—Besides the places already de-
seribed, mangafnese has been found in greater or less quantities
in many other parts of  Vermont, not only in the Otter Creek
“valley but elsewhere, and at some of them it has been worked.
At most of them, however, it is in small quantities. Among the
Jocalities mentioned in the Geology of Vermont are: Benning-
ton and Stamford in Bennington county ; Pittsford and Chit-
tenden in Rutland county; Plymouth in Windsor county;
Topsham in Orange county; Bristol and Monkton in Addison
county ; Colchester in Chittenden county; Irasburg and Cov-
‘entry in Orleans county.

At Bennington the ore is said to have been used to give a
gray color or a clouded shade to pottery.*

THE MANGANESE DEPOSITS OF NEW YORK.

Manganese has been found in many places in the state of
New York, but, so far as known, it is in small quantities, and it
has not been mined to any important extent. Ores inthe formst
of wad or of other oxides in a more or less pure condition, have
been found in Cattaraugus, Allegany, Lewis, Essex, Columbia_
Orange, and other counties. Near Sing Sing, in Westchester
‘county, a compact, black oxide of manganese containing small
quantities of copper, occurs in dolomite. Oxide of manganese
‘oceurs in nests and geodes in the hematites of Unionvale, Dutchess
county ; and silicate of manganese isfound with the magnetic
iron ores of the primitive rocks in Essex and Warren counties.}
Babingtonite, a silicate of iron, . manganese, and lime, with a
small quantity of titanium, is found at Gouverneur, in 8t. Law-
rence county. It resembles some forms of pyroxene.

THE MANGANESE DEPOSITS OF PENNSYLVANIA,

~ In Pennsylvania manganese is found in small quantities in
__pnckem in many of the iron ore beds, and a limited amount has
‘been mined in working the latter ore, but the production of

- manganese has played no jmportant part in the induastries of the

* Geology of Vermont, 1861, p, 811.

" 1 Lewis 8. Beck, Nat, Hist, of Naw York, Pt. III., Mineralogy, 1842, pp. 58-54.
1 1bid, pp. 406-407.
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state. The ore has been worked at only a few places; among
others at Ironton, in Lehigh county. Manganese also occurs in
small quantities with some of the iron ores of Northampton,
Berks, Blair, Centre, and Huntingdon counties, and especially
at several places on Broad Mountain. Manganiferous iron ore
is found near Myer’s Millin York county.*

The spathic iron ores found in the Carboniferous rocks often
contain small quantities of manganese, varying from less than 0.50
per cent to 4.5 per cent of carbonate of manganese, equal to
from 0.23 to 2.15 per cent of metallic manganese. ¥

Earthy ferruginous oxides of manganese and carbonate of
manganese, as well as manganiferous garnets have been found
three miles south of West Chester; and black oxide of man-
ganese occurs in very small quantities in gneissic rocks on
Pennypack Creek, at the mouth of S8andy Run, three miles from
Bustleton. |

The following analysis by Andrew 8, McCreath shows the
composition of manganese ore from the land of the Ironton
Railroad Company, Ironton, Penn.:

Analysis of manganese ore from Lehigh county, Penn.§

Manganese peroxide . 77.960
Manganese protoxide 4,520
Ferric oxide 3.660
Alumina FTETPRE PR D e &
Cobalt oxide 2 0,390
Nickel oxide......counusmmecnnrissesnsessan w trace
Copper oxide trace
AR e TT0
PR viciivis i snte - 0.152
MABTOHIR i st biniasssmimiaeimseaay. D288
Potash....cc.cns 3.042
Boda.... 0.368
Water....... 3.980
Sulphurie acid trace
Phosphorio acids cum v s 0148
Silica 4.845
100.583

Mang s 52.631

TFOm Gissesisiiavramannai i piipasiaasds v

Phosphorus 0.063

= Mineral Resources of the United States, 1885, pp. 342-845,

{H. D. Rogers, Geology of Penn., 1858, Vol. Il,, p. 739. Andrew S, McCreath,
Chemical Analyses, Second Geol. Survey of Penn., 1878, Vol. M. M., pp. 159-184,

1 Geo. W. Carpenter, Amer. Jour. Sci., 1st series, Vol. XIV., 1828, pp. 4, 12.

# Andrew 8. McCreath, Second Geol. Survey Fenn., 1879, Vol. M, M., p, 213,
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The following analyses show the composition of manganese
ores from Lehigh and York counties. No. 1 was made by
Henry Pemberton, jr., No. 3 by Andrew S. McCreath :

Analyses of mang(iﬂese ores from Lehigh and York counties,
Pennsylvania. *

(n (2) (3)
Lehigh Ironton, |Myer's Mill
CONSTITURNT S, Lehigh’ | York
county. county. county.
MANZABES. asrrsnsssnssras surensrras 56.580 17.648 15,934
Iron P 26.400 B2.400
Tnsoluble residue, silica, ete..| wuummeiinsnan CA 01—
Phosph Trace 0.095 0,651
Sulphur, 0.010 0.027

THE MANGANESE DEPOSITS OF MARYLAND.
Manganese has been mined in small quantities in several
places in Maryland, but at present no work is being done.
mong the localities that have been operated are Brookeville in

i M ntgomery county ; and on the north side of the Potomac

River, opposite Harper’s Ferry.f Manganese has also been found
ar  Mechanicsville, ] Montgomery county, and on Bear
ek, Yohogany Valley, § but the quantity has so far proved

'small.

THE MANGANESE DEPOSITS OF VIRGINIA.—Location and
general features.
The principal manganese deposits of Virginia are in the
Valley of Virginia. The quartzite || with which the deposits

Aare associated skirts the northwestern flanks of the Blue Ridge
in a series of irregular mountains and hills ; and forms the eastern
Iharrler of the Valley of Virginia in many places through the state.
It reaches to the base of the mountains and at times underlies

“ Mineral Resources of the United Blates, 1885, p. 343,

= + Mineral Resources of the United States, 1885, p. 344.

1J. T. Ducatel and John H. Alexander, Amer. Jour. Sei., 1st series, Vol. XXVII., 1835,

# Ibid., p, 23,
| See pages 376 to 350.

26 Geological, Vol i,, 1890,
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some of the lower country. Here it comes into contact with the
“yalley limestone” of Rogers, and it is at and near the contact
of the two formations that the manganese ores have been found,

often associated with far greater quantities of brown hematite.

Manganese ores are also found to the west of the Valley of
Virginia, in the New River and Cripple Creek region and else-
where; also in the James River valley, and in the coastal area
of the state.

THE MANGANESE DEPOSITS OF VIRGINIA.— Valley of Virginia.

The Crimora mine.— The Crimora mine is situated in
Augusta county, Virginia, in the valley of the Shenandoah
River, seven miles northeast of the town of Waynesborough. It
is two miles east of the river and at the foot of the northwestern
slope of the Blue Ridge. It is connected with the Shenandoah
Valley Railroad at Crimora station by a branch line.

The Crimora mine was originally owned by Mr. Flannigan,
of Charlottesville, and was bought in 1867 by a stock company.
This company operated for two years, and then abandoned work.
From 1869 until 1882 the property was worked at intervals by
Mr. S. W. Douald in the interest of the former company, but
in the latter year it was leased by James B. White and Com-
pany, of Pittsburg, who commenced extensive operations.®* It is
now operated by the American Manganese ‘Company. The
property has produced more manganese ore than any other mine
in the United States, and its output has comprised by far the
larger part of the whole product of the state of Virginia. In
1885 it gave three-quarters of the product of the United States,
and in 1886 it yielded 94 per cent of the manganese ore mined
in Virginia, and 64 per cent of that mined in the United States.
Tn 1887 it yielded 96 per cent of the production of Virginia and
55 of that of the United States; in 1888 it yielded 91 per cent of
the production of Virginia and 55 per cent of that of the United
States. Formerly the ore was known as the “Waynesborough
ore” from its point of shipment at that town. It is now know as
“Crimora ore.”

 Mineral Resources of the United States, 1883-4, p, 551.
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The following table shows the production of manganese
rom this mine since it was first opened up to 1888: * .

Production of the Crimora mine, Virginia.

Long tons,

Prior to 1889 5,684
May, 1869, to February, 1876...ccumviuennens 280
February, 1876, to December, 1878........ 2,326
December, 1878, to December, 1879 ......... 1,602
1880, cansasenns D00
T 2,495
1882 oeemni | 1,608
1833 5,185
T R A 8,804
1885, 18,212
1836 T e S 19,382
1587 19,100
1888 16,100

Total production up to 1885...c0000e0e 103,785

The manganese ore of the Crimora mine occurs mostly
. as psilomelane and pyrolusite, the former being by far the

- more plentiful. Other oxides are possibly present in smaller
ies, but they have not yet been identified. The psilome-
e is in the form of botryoidal, mammillary, or stalactitic
~of a black or steel-blue color ; the pyrolusite is of a
y developed crystalline structure, aud forms a mass of
it black, radiating crystals.  Both the massive and
ine ores are often intimately mixed. The masses of ore
om small nodoles a fraction of an inch in diameter to
q‘dies of many tons in weight. In one case, a solid mass
y feet long and five feet thick, is said to have been found.
The ore is imbedded in a stiff clay, generally of a brown or
W color, but sometimes white or purplish-red.  This clay
Ngrlain by a bed about twenty feet thick of pebbly drift, in
h fragments of ore are sometimes found. The mangm:ese
however, has been derived from the underlying deposit
it is the latter bed that containe the main masses of ore.’
e ore-bearing clay varies .in thickness from ten or fifteen

“#Mineral Resources of the United States, 1888, p. 133,
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feet to over two hundred und seventy-six feet. Several borings:
have been made and the deepest is said to have reached the
latter depth without finding the bottom of the clay. In the
deeper horings the bed was found to assume a shaly structure,
which was probably the original condition of the whole deposit
as explained on pages 385-386.

The manganese exists in very variable quantities, being in
some places almost entirely absent, and in others composing a
large part of the mass of the bed. Fragments of sandstone and
quartz are occasionally found in the clay. The latter sometimes
have a cherty appearance, are angular, partly decayed on the
outside, and are often cemented together by manganese ore.
These siliceons rocks probably represent the undecomposed
remains of the original solid bed. (See page 387.)

The Crimora property is situated at the base of a recess in
the mountains which to the north, south, and east, rise up ab-~
ruptly, reaching a height on the east of some fifteen hundred feet
above the Shenandoah River. To the west a low country ex-
tends from the mine to the river. The mountains are composed
of sandstone or quartzite which varies from a comparatively soft
to very hard translucent rock.

Across the mouth of the recess in which the property
is situated, the clay is thin, and the sandstone is
often reached within a depth of a few feet. In towards the
mountains, that is to the east, it becomes gradually thicker
until it reaches its maximum depth of over two hundred and
seventy-six feet; and then becomes thin again, finally running
out altogether when the mountains are reached.

The manganese ore at the Crimora mine has been worked
at different times in shafts and in open pits. In the process of
mining, the ore is separated from the clay that adheres to it by
first passing it through a trough in which a shaft, armed with
flanges arranged as a broken helix, revolves longitudinally. A
stream of water runs through the trough, and the flanges force
1he ore against it, finally discharging it on to a revolving screen
fed by a stream of water. The first screen discharges into a
second, and the ore is passed thence on to an apron-belt, where
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the loose lumps of rock and clay are picked out and the clean ore
carried to the bing. The small sized ore which goes through
the screens is further washed in jigs.

The following analyses represent the composition of car-load
shipments of manganese ore from this property.

Analyses of manganese orve from the Crimora mine, Virginia.*

Manganese........ 49.16 48,58  50.54  48.16
B, PR 1.76 1.99 1.96 4.57
BHIB ouciiist seres 6.80 10.20 10,12 10.30
Phosphorus ... . 108 esvas 0,095
Moisture.....uuen 6.00 8.00 8.00 3.00

The Lyndhurst mine.—Lyndhurst is a station on the Shen-
andoah Valley Railroad, in Augusta county, about twelve miles
southwest of Crimora. Manganese has been found and mined
on a small seale two and a half miles southeast of the town.
This property was originally opened in 1859 by Mr. Sibert, who
mined over two hundred and fifty tons of ore.t In 1885, the
property was again opened, this time by the Virginia Manganese
Mining Company. They have since suspended work, and the
property is now (December, 1890) idle.

The manganese here is of much the same nature and occurs
in much the same associations as at Crimora, though it is, so far
as the deposit has been explored, in much smaller quantities.
The same range of sandstone mountains that has been described
passes immediately east of the ore-bearing bed, which underlies
the low country at their base. The deposit extends thence west
to beyond a small creek which passes the mountains half a mile
from their base, and isa tributary of the South River fork of the
Shenandoah River. Manganese is not found continuously
throughout this area, but only at intervals, occasionally cropping
out in the soil and elsewhere covered by barren clay. The ore
generally consists of porous bodies composed of a honeycombed

i These analyses were kindly furnished the Survey by Mr, H, M. Curry, of the firm o
“Carnegie Brothers and Company,

T Mineral Resources of the United States, 1885, p. 317.
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mass of stalactitic branches from a sixteenth to an eighth of an inch
in thickness. Itisa black, iron-gray, or dark steel-blue, mussive
ore, though smaller quantities of crystalline pyrolusite also occur.

Fragments of sandstone studded with small, flat nodules of"

ore, as well as masses of brecciated sandstone cemented with
manganese, are of frequent oceurrence in the ore-bearing clay.

These rocks vary from a few inches to a few feet in diameter,

and are doubtless the remains of a once continuous ore-bearing
stratum, carrying ore just as the clay now carries it. On the
slope of the mountain, to the east of the ore-bearing deposit,
fragments of sandstone are found with cracks filled with man-
ganese ore. They are, however, of only local occurrence and do
not represent any extensive deposit,

The Buena Vista mines.—Buena Vista is in Rockbridge
county, on the Shenandoah Valley Railroad, at the junction with
the Lexington branch of the Chesapeake and Ohio Railway. It
is on the northwestern slope of the main range of the Blue
Ridge and to the east of the North River, a branch of the
James River. It is a new town, iaid out by the Buena Vista

Company near the old site of Loch Laird, with the object of

developing the iron ores of that neighborhood.

The manganese generally exists as irregular bodies in asso-
ciation with brown hematite, though sometimes it is found alone.
The iron ore varies from a loose, porous variety to a compact,
massive, brown ore. The manganese occurs in both the massive
and crystalline conditions, the former being in the preponderance.
Both the iron and manganese are found as interbedded deposits.
in clay, in association with shale, limestone, and quartzite.

The rocks are much disturbed and frequently stand on end,
or are arched into small anticlinal ridges. Theclay beds form in-
terstratified deposits with these rocks, and dip and strike conform-
ably with them. They dcubtless represent the residual product
of the decay, in situ, of the rock which once carried the ores.

The hematite occurs just east of the town, in pockets and
beds varying from six feet to many times that in thickness.
It frequently contains minor pockets or lenticular layers of the
same brown or yellow clay which encloses it on either side. The
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manganese is found in variable qual.:ttibies: in some places
it exists as pockets in the brown hematite or the ass.ociated clay,
in others as interbedded layers, very irregular in form al‘fd
extent, aml yarying from a few inches totwo or three fe?t. in
thickness. It does not appear to be confined to any one position
in the iron ore beds, and it often differs considerably from that
ore in its greater tendency to a nodular or concretionary form.

Besides the manganese found in the hematite beds, the same
ore ocecurs separately on the land of Peter Matthews, near
Buena Vista. It is found in clay overlying a small sandstone
hill, and is in kidney-shaped masses, from an inch fo a foot or
more in diameter, of an iron-gray to a black color, with a
marked concentric structure, It is mostly massive, though some
crystalline ore is also found. :

The Houston mines.—The Houston mines are situated in
Botetourt county, Virginia, on the Shenandoah Valley Railroad,
fifteen miles northeast of Roanoke. Like the other properties
already mentioned, they lie on the western slope of the Blue
Ridge, but higher up on the mountains than either Crimora or
Lyndhurst. This property was worked for many years as a
source of manganiferous iron ore, though limited quantities of
manganese were also mined. Lately the property has been
acquired by J. B. White and Company, and attention is being
paid to the purely manganese ores.

“In 1888, 985 tons were mined, of which amount 100 tons
were high grade and were used for chemical purposes, and the re-
maining 885 tons were shipped to Carnegie Brothers and Comp-
any for steel purposes. *

The manganese ore is of both the massive and crystalline

-varieties, the latter often being pyrolusite, and isassociated with

brown hematite in different ways: it is often disseminated
through the iron ore, or encrusts it as a massive or erystalline
coating ; while elsewhere comparatively pure bodies of one ore
are in proximity to similar bodies of the other. Both the
manganese aud iron oceur in a more or less sandy clay which is
often brilliantly mottled, white, yellow, or dun, to brown, red and

“ Mineral Resources of United States, 1888, p. 133,
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purple.  The ore is unequally distributed throughout it in
nodules and pockets. The clay bed has been worked to a depth
of over a hundred feet without reaching the bottom.
Frequently masses of sandstone and quartzite are found in it,
eontﬁining layers and nodules of iron and manganese ores. These
fragments are often several feet in diameter, and doubtless
represent a former solid bed of ore-bearing rock, which by its
decay has given rise to the present ore-bearing clay. The ore-
bearing deposit lies on the slope of a sandstone mountain, and
nodules of manganese are frequently seen in the solid rock near
the contact with the ore bed.

Other localities in the Valley of Virginia and in the coun-
try immediately to the west.—Besides the deposits already de-
scribed, numerous others oceur elsewhere in the Valley of
Virginia and the country immediately to the west. Most of
these have been worked to only a limited extent and the quantity
of manganese shipped from them has been small. Some of them
oceur in association with quartzites or sandstones like those in
the localities already described, while others occar in shales and
limestones belonging probably higher up, geologically, in the
Silurian system. The following list includes the larger number of
such localities, and the statistics of production given in it are
taken mostly from the papers of Mr. Jos. D. Weeks in the
annual reports of the Mineral Resources of the United States
from 1885 to 1888 : :

The Paddy Mills mine.—The Paddy Mills mine is in
Frederick county, Virginia, and was worked before 1861.

The Van Buren farnace.—The Van Buren farnace is in
Shenandoah county, nine miles from Woodstock, the nearest
railway station. Manganese is said to have been shipped before
1861, but none has been mined since 1873, Operations are said
to have been suspended on account of lack of transportion facil-
ities,

The Powell’s Fort mine.—The Powell’s Fort mine is situ-
ated at Powell’s Fort, Shenandoah county. It has been worked

-on a small scale intermittently for many years, and a thousand
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tons of ore are said to have been ghipped up to 12?85. It is
.owned by the Manganese and Iron Company of Baltimore.

< Milnes station.—Milnes station is on the Shenandoah Val-
Jey Railroad, in Page county. Ma_nganese associated with
brown hematite has been mined in the nelgh‘borhood.on the land
-of the Shenandoah Iron Company. The shipments in 18851 and
1885 are said to have been 208 tons and 2,1-55 tons reSpect‘wely.

The Patrick tract.—The Patrick tract is near the Crimora
mine in Augusta county, and has been worked by the Old Do-
hini nganese Company.
mmi?ll‘lhfaKegnanedy tractf)—The Kennedy tract is in Augusta
.county, on the Shenandoah Valley Railr?ad. Tl.ae ore oceurs
here as pure manganese ore and manganiferous iron ore. In
1859 Mr. Sibert is said to have mined 100 tons of manganese
-ore on this property.

Blue bank, Newton bank, Kelly bank, ete.—These proper-
ties and several others are situated in the Valley of Virginia at
or near the line of Augusta and Rockbridge counties. Man-
ganese is found on them in connection with brown hematite and
manganiferous iron ore. They have all been worked to a greater
or less extent, generally in search for iron ore, though small
-quantities of manganese ore have also been mined.

Midvale.—At Midvale in Rockbridge county, the Midvale
Manganese Company mined 250 tons of manganese ore in 1887,

Wythe county.—Manganese ores have been found near

‘ Wytheville in Wythe county, and about 300 tons are said to

have been mined in 1887.

Besides the above mentioned localities manganese has been
found in many other places, but very little mining has been
‘done on them. Among them are: near Harper’s Ferry in Jef-
ferson county ; the Paddy Mill’s mine in Page county ; Overall
in Warren county; Marksville in Page county; Elkton and
‘the Guy’s Run estate in Rockbridge county; Gap Mount~
4in in Craig county; the Buckeye and Spruce River Mountains,
Flat Top Mountain, and elsewhere in Giles county; Pulaski,
Bland, Tazewell, Smythe, and other counties.
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THE MANGANESE DEPOSITS OF VIRGINIA.—New River and Cripple

Creek region.

Besides the deposits already mentioned, numerons others.

have been found along the line of the Cripple Creek extension
of the Norfolk and Western Railroad. They have been de-
scribed and analyses have been given by Messrs, McCreath and
d’Invilliers.* The ores have been mined to a small extent, buk
generally, as in many other parts of Virginia, in connection with,
“and subordinate to work on the iron ore deposits with which
they are nsually associated.

THE MANGANESE DEPOSITS OF VIRGINTA.—James River valley..
General features.—The James River rises in the mountainous
region of West Virginia, and cuts directly across the northeast

and southwest ranges of mountains, iufersecting the Valley of

Virginia south of Lexington, and passing through the Blue Ridge
at Baleony Falls. Thence it pursues a southeasterly course
to Lynchburg, where it turns sharply to the northeast, and fol-
lows the direction of the mountains to the southern part of Al-
bemarle county, and here it again reverts to its former course.
and continues to the sea.

The manganese-bearing sandstone or quartzite has been re-
ported in several places in the region of the northeast bend of the
river below Lynchburg, especially in Campbell, Nelson, and Al-
bemarle counties. Mr. James E. Mills, who was the first to.
oOperate manganese in the James River region, after speaking of
the sandstone in the Valley of Virginia, says:t “Another out-
crop, or series of outcrops which I have not seen reported hereto-
fore, lies nearly parallel to the former and from 20 to 25 miles.
distant in a southeasterly direction. It follows near the James.
River where ihe latter flows in the general northeast course of the
geological structure of the country, from near its great bend in
Campbell Co. a few miles below Lynchburg, to where it turns.
eastward near the dividing line of Nelson and Albemarle
counties. Ihave traced it for several miles to the southwest of

* Andrew 8. McCreath and E. V, @* Invilliers, The New River-Cripple Creek Mineral
Region of Virginia, issued by the Norfolk and Western Railroad, 1887.
1 American Chemist, August, 1871 s Dp. 49-50,
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ver in Campbell Co. and it is reported as
11 further in that direction.” Several mau.ganese
ve been made in this region, among tl-:ne most 1mp0}11°~ |
h, as regards the amount of ore shipped, are the
hos mines.
e Baglzysl:?;f_liﬁ: Cabell mine is in Nelson county, two
i 2?6 C(:hz James River at Warminster. It was opened by
e 1'0;]1 Mills abeut 1867 or 1868, and represented the first
. k in manganese mining in Virginia. :Up to 18.71,
4500 tons of ore were shipped. - The pr{.)per‘ty is n;t betuizf
v;orked at present. The ore occurs in the.sol:c? ro:lf an nr;l){.
the residual clay as in most localities. Mr. Mllls:‘ in sl;]ez mgf
of the occurrence of the manganese here, e Th&h e ; (;e
manganese form irregular patche-s of strata, lying on the w :he
nearly in the planes of stratification, h}ltloften.cuttmg across
strata for short distances ; sometimes dividing into two or Inore
parts, one turning tn the rightand one to the le.ﬂ:, and sometlm.es
sending off shoots into the sandstone. The thlekDeF:IS too van:s
exceedingly ; I haveseen beds bulge in t.“.ro o.r three mstances' 0
ten feet thick.” This deposit is of es;pemil interest as showing
h anese in place in the original rock.
fhe “':E:‘:f following analysis by Mr, John Pattinson, of New-
castle, England, represents the composition of a cargo o.f 186
tons of ore shipped there from this property by Mr. Mills: §

Analysis of manganese ore from the Cabell mine, Virginia.

_gxistiﬂg sti
openings ha
tant of whic

_;3y5tematic wor

Manganese peroxide, 65.20
Manganese protoxide.. e . 475
Ferric oxide 6.20
Alomina... 3.93
Lime 1.43
Magnesia 0.41
Water (combined)..coimmmnrssrrmssnrnssiisssnacss 8.02
Phosphoric acid 0,42
Sulphuric acid. ... serssseisissnimimmnine 0.30
Bilica 14,20
99,86

Manganese 44,87

Iron i 4.34

Phosphorus,..uemessanssmmeennee 018

# American Chemist, August, 1871, p. 50
F Ibid,, p. 51
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The Bagley mine.—~The Bagley mine is half a mile southwest
of the Cabell mine, and the ore, according to Mr. Mills, oceurs
in the same associations. About two thousand tons of ore* are
said to have been shipped from the property.

The Mount Athos mine.—Tne Mount Athos mine, also known
as the Leets mine, is in Campbell county, near Mount Athos
station on the Norfolk and Western Railroad. The mangauese
ore is said to occur in association with iron ore in pockets and
as “ buttons, ”

The following table gives the production of the Mount
Athos mine from 1880 to 1888 inclusive i

Production of the Mount Athos mine, Virginia.

Tons.
1880 P AR L1 ¢
1831 FCRRRRR 111
B e L 130
B s S v SR 76
d8B e i s e e s 300
1886 191
1887., ¥
1888, g 225

Other localities in the James River valley—Manganese has
been found in several other places in the Piedmont and Midland
regions of this valley, but only limited quantities have been
mined. Among these localities are: The Bishop mine, near
the Mount Athos mine just described; the Simpsen tract at
Midway Mills, Nelson county; the Davis mine, Nelson county ;

Pittsylvania, Spottsylvania, Louisa, Appomattox, and other
counties,

THE MANGANESE DEPOSITS OF VIRGINIA.— The coastal region.

City Point.—City Point is in the coastal area of Virginia,
in Prince George county, on the lower waters of the James
River. Manganese is said to have been found near here in

association with brown hematite in Tertiary beds. Several

hundred tons of ore were mined. {

“ Mineral Resources of the United States, 1583, p. 812,
 Ibid., 1885, 1886, 1885.
1 Ibid., 1885, p. 809.
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THE MANGANESE DEPOSITS OF NORTH CAROLINA.

Manganese has been found in several places in the western
tiof Ngorth Carolina, but most of the deposits are small, and
par

only limited quantities of ore have been shipped from any of
—

them. The ore is in some places in the form o.foxides asfsoeiated
w;th quartzite, as in the Vﬂalley of Virginia; in ot}‘ters it iccurs
as silicates in the crystalline rocks. : As el.sew.here in the Appa-
lachian Mountains it is frequently mixed thh iron ores. Amo'ng
the localities where it is reported to exist are: .the Perk.lns.
‘mine, ten miles west of Lenoir, and also a?t a locality five miles
west of Lenoir, Caldwell county; ten mlles.north of D?bson,-
Surry county ; half a mile west of Blue R:(?ge Gap, Mitchell
county ; at Warm Springs, Madison county ; in Cherokee, Ca-
fﬁﬁba, Nash, Cabarrus, Jackson, Stokes, Chatham, Gaston, and
other counties. : .
L large part of the ores in the counties mentxoned' abe it
the form of silicate of manganese, which contains too much sﬂ:c.a.
1:6 be available as a source of manganese. In some of the l.ocah-
ties, however, the oxides of manganese occur, and are available
for commercial purposes if they can be found in sufficiently large
quantities. North Carolina produced only fourteen fons of
manganese ore in 1887 * and fifty tons in 1888 1.

THE MANGANESE DEPOSITS OF SOUTH CAROLINA,

What has been said of the manganese ores of North Caro-

. "ii"tl_a, is also true of these of South Carolina, except that in the

latter state smaller quantities have been found, and very little
ore has been mined. A small amount is said to have been
;éhipp'ed from near Greenville, Greenville county; and from
the Dorn Lands, near McCormick { ; but South Carolina cannot
at present be classed as a manganese-producing region.

The following analysis shows the composition of a sample
of South Carelina manganese ore:

* Mineral Resources of the United States, 1887, p. 145,
1 Thid., 1888, p. 124.
1 Tbid., 1886, p. 198
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Analysis of manganese ore from South Carolina.*

Manganese. 45.018
|+ REEe T S, TR
Silica £.100
Phosphors: 5 0 e 0.085
Moisture, 9.000

THE MANGANESE DEPOSITS OF EAST TENNESSEE,

General features.—The eastern part of Tennessee is com-
prised in the main range of the Appalachian Mountains, and
consists of a series of northeast and southwest ranges. On the
the east of the Valley of Tennessee, which represents the south-
westerly continuation of the Valley of Virginia, the predomi-
nating ranges are numerous local developments of the Blue
Ridge, of which the Unaka and Great Smoky Mountains, with
the subordinate Holston, Iron, Meadow Creek, Chilhowee, and
other mountains, are among the important features, On the
west of the valley are Clinech Mountain and the Cumberland
Range.

Very little manganese ore has been shipped from this
region, and a few hundred tons would probably include the
whole production, Its existence in maay places has been known
for a long time, and it is said to have been mined near Whit-
field, in Hickman county, as early as 1837, but distance from
railway transportation has doubtless been the cause of the lack
of attempts to mine the ore in other places. Most of the discov-
eries have been made on the northwestern flanks of the Blue
Ridge, where the ore is usually associated with brown hematite
in quartzites or in the immediately overlying shales and lime-
stones, as already explained on pages 385-388.

The rocks are all much disturbed and are thrown into a
series of anticlinal and synclinal folds. +

Shady Valley.—Shady Valley is situated in Johnson county,

# This analysis has been kindly furnished the Survey by Mr. H. M. Curry, of the firm
«0f Carnegie Brothers and Company.

} For further details concerning the geology of the region see:

A Geological Reconnoissance of the State of Tennessee, by James M. Safford, State
‘Geologist, 18586,

The Geology of Tennessee, by James M. Safford, State Geologist, 1869,

The Resources of Tennessee, by J. B, Killebrew assisted by James M. Safford, 1874,
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in the extreme northeast corner of Tenn.essee, sixteen- miles
southeast of the Shenandoah Valley Bailroad at Abingdon,
Virginia. The valley runs in a general northeast and sout!}-
weﬁgpdirection, and represents the northeastern part of the main
wjlét- between Holston Mountain on the northwest, and II:OD
Mou;ltain on the southeast. It varies from two or three miles
to less than half a mile in width, in places being little mane than
a rocky gorge. It is drained by a small stream, which forms
one of the head waters of the Holston River.

Brown hematite and manganese ore are found at intervals
throughout a large part of this valley, and the town of Damascus
has been laid out at its northeast end, in Virginia, just across
the state line, by the Damascus Enterprise Company, with the
sntention of utilizing the ores. The manganese has been little
more than prospected, but the iron ore has been worked and
smelted in small open forges for more than a hundred years.

. Holston Mountain, which forms the northwest barrier of
Shady Valley, is composed largely of sandstone or quartzite,
but on its lower slopes the associdted limestones and shales
appear. The latter beds, as well as the upper part of the quartz-
ite, are much decomposed and often exist as clay, sometimes
more or less sandy and containing rocky fragments which
represent the undecayed parts of the original beds. The iron
and manganese ores are found in these clay deposits.

The iron ore varies from a massive brown hematite to a
porous, black variety. Sometimes where it comes in contact
with sandstone, it is highly siliceous, but at others it is com-
paratively free from that impurity. The manganese generally
oceurs as a steel-gray or black, porous mass of thin stalactitic
branches, and more rarely in mammillary bodies. Sometimes
erystals of pyrolusite line the cavities of the massive ore.

The iron and manganese ores oceur as interbedded lenticular
deposits or pockets, the iron ore being in far the larger quanti-
ties. In some places the two ores occur together in the same
bed, often coming into sharp contact; in others they are in
separate beds, comparatively free from any admixture with each
other. The iron ore deposits vary from a few inches to over
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ten feet in thickness; the manganese deposits vary from a few

inches to three feet. The latter thickness for the manganese.

deposits, however, is rare.

In one place near the bottom of Shady Valley, a series of
shales, quartzites, and siliceous blue limestones occurs in a bluff
about fifty feet high. These beds probably represent the
original condition of the ore-bearing strata’ which overlie the
quartzite. Pebbles of manganese ore in a black maganiferous
clay are frequently found in the hollows in the surface of the
limestone, and have doubtless been derived from the associated
rocks by decay.

Small quantities, often only a stain, of manganese are found
in situ in the quartzite in various parts of Hoelston Mountain,
but most of the ore is in the residual clay derived from the
overlying beds.

Other localities in Tennessee.—Among the other localities
where manganese has been found in Tennessee may be
mentioned :

Greene county.—Manganese ore is found in Greene county,*
in association with a manganiferous iron ore which has been
mined to some extent in the Unaka or Smoky Mountains, eleven
miles from the town of Greenville.

Newport.—Manganese has been found near Newport, Cocke
county. ¥

Chilhowee Mountain.—-It is reported that manganese exists
on Chilhowee Mountain, but the quantity is not yet known. |

Morristown.—Manganese ore occursin a red residual clay at
several points about two miles southeast of Morristown in
Hamblin county.

Whitfield.—Small quantities of manganese, as already stated,
were mined near Whitfield, Hickman county, as early as 1837,
and it has also been occasionally mined on a small scale since
that time for use in coloring crockery.§

# Resources of Tennessee, J. B, Killebrew assisted by J, M. Safford, 1874, pages 268
and 499,

+ Mineral Resources of the United States, 1888, p. 131.

1 Ibid., 1886, p. 194,

4 Thid., 1885, pages 344-345,

- and described by C. W. Hayes* as the “Cartersville thrust
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E DEPOSITS OF GEORGIA,— Location and
general features.

The mapganese region of Georgia is situnated in the north-

¢ of the state, and has its largest development in

with smaller areas in Polk, Floyd, Whitfield,

This region is comprised in the south-

THE MANGANES

western corne
Bartow county,
and other counties. . .
westerly extension of the mountains already described in
Virginia and Tennessee. . |
Manganese ores occur in two or possibly more geologic

horizons in the Paleozoic rocks of northwest Georgia : one in
association with shales and sandstone; the other with cherts
or cherty limestones. The age of the sandstone borizon is
as yet in some doubt. Dr. C. W. Hayes, of the United States
Geological Survey, who has pursued detailed investigations in
this state for several years, has kindly furnished the Survey the
information that the sandstone has not yet been sufficiently

. studied to correlate it, and that it may be Cambrian or may be

Upper Silurian. (See pages 376-379.) The same authority
;plaées the chert referred to ~above in the Knox dolomite (Saf-
ford), the lowest division of the Silurian in the state. Imme-
diately below the chert, in some places, is a gray limestone
;ifépr_.esenting the upper member of the Cambriap. _
 The sandstone ore belt is well developed in Bartow county.
Tt lies north and northeast of the town of Cartersville and is
known as the “Cartersville region ;” or as the “Etowah region,”
from the neighboring Etowah River. It has produced almost all
the manganese ore mined in the state, The chert or cherty lime-
stone belt is developed to the west of the Cartersville region in
the northern part of Polk county and southern part ot Floyd, and
thence north in Bartow and Whitfield counties. In its southern
part this arvea is known as the “ Cave Spring region.”
The two areas are separated from each other by a profound
fault passing almost north and south through Cartersville, and

fault.” The deposits of the Cartersville region occur with shales

%The Overthrust Faults of the Southern Appalachians, Geol. Soe, America, Vol, 1L,
1891, pages 144-154,

27 Gealogical, Vol. ., 1890,
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and sandstones to the east of the fault; the deposits of the Cave
Spring region occur with cherts and cherty limestones to the west.
The latter area is comprised within a broad syncline, described by
Dr. Hayes as extending from the Tennessee-Georgia line south
and southwest through the northwest corner of the latter state.
The syncline is bordered on the east by the Cartersville fault,
and on the west by another fault, passing through the town of
Rome, and described by Hayes as the “Rome thrust fault.”
Within this syncline are most of those manganese deposits that
occurin the Knox dolomite, though some in Catoosa county
oceur {o the west of it,

Both the Cartersville and the Cave Spring regions, as well
the areas related to the latter, resemble each other in the associa-
tion of manganese with brown hematite, and in the general
character of the ores themselves. The manganese ores of the
Cave Bpring region, however, are more scattered, and, so far as
has yet been discovered, are in smaller quantities than in the
Cartersville region.

THE MANGANESE DEPOSITS OF GREORGIA.— Cartersville region.

Production.—The accompanying table gives the production

of manganese ores in the Cartersville region from the time they
were first mined in 1866 up to 1888 :*

Production of manganese ores in the Cartersville region, 1866-1888

Long toos.

1866 550
1867

* Mineral Resources of the United States, 1888, p. 127.
+ Though small quautities of ore were shipped in 1866 the first active miniog is said to
have been in 1867,
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The Dobbins mine.-—The Dobbins mine is in Bartow coul‘ny,
Georgia, five miles north-by-east from the town of Caf'ter?v:lle.
It was opened in 1867, and is the oldest manganese mine in the
tate of Georgia. Tt was later acquired by the Bartow Ma:ngau-
ese Mining and Manufacturing Company, and in 1885 it was
Jeased by E. H. Woodward. From 1867 to 1885 i.ncluslve.
5,500 tons of ore are said to have been mined* E, H. Wood-
ward shipped 726 tons in 1886.1

"The ores are mostly massive with smaller quantities of crys-
talline ore, and are found in the form of nodules, pockets, and
lenticular beds, in a stiff red, brown, or chrome-colored clay.
The property comprises part of a hill rising about a bundred and
fifty feet above the currounding level, and running in a general
east and west direction. A large part of the hill is composed of
the clay that has resulted from the decay, in situ, of the rock
which formerly existed in the same position. In some places the
clay still shows the original stratification of the rock, and dips
vertically or almost so, striking in a direction varying from east
and west to northeast and southwest. The ore follows these di-
rections in a general way, though sometimes off-shoots run across
the stratification and ramify in various directions. These,
however, are probably due to secondary chemical agencies which
have dissolved and redeposited the mineral during the trans-
formation of the original bed into its present form. The ac-
companying figures taken from the side of a pit represent the
mode of occurrence of the ore. The bodies of ore vary from a
fow inches to over five feet in width and alternately thin out and
come in again, Frequently the ore occurs in nests of nodules
more or less closely assembled in the clay, as shown in the right-
hand side of the lower figure, ’

The bodies of ore often contain pockets of clay or
masses of undecomposed rock, the latter blending into the
clay or sandy clay, and yet retaining the structure of the
original rock. As shown in the figures large masses of sand-
stone, quartzite, or shaly sandstone, sometimes five feet or

® Mineral Resources of the United States, 1885, p. 830.
1 Ibid., 1886, p. 187.
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more in diameter, also occur in the clay. They often con-
tain seams and nodules of manganese ore, and represent un-
decomposed fragments of the original bed that once com-
prised the whole hill. A common form of these fragments.
is a fine grained, compact rock of a brown color, glittering

Figure 80, Seetions in a pit af the Doblins mine, Georgia, showing the cecurrence of man~
ganese ore in the residual clay.

A, Undecayed masses of rock.

B. Manganese ore.

C, Residual clay.

Horizontal and vertical scale: 1 inch=10 feet.

with quartz crystals, or of a massive, cherty nature. A low
¢ reef” of comparatively coarse sandstone, about fifteen feet
wide, runs along the crest of the bill in the direction of the
strike of the clay. Its outcrop is marked by broken, rocky
fragments strongly contrasting with the surrounding clay
covered slopes. It probably represents a more resistant
stratum which has withstood decomposition.

The Laughorn mine—~The Laughorn mine is in Bartow

THE MANGANESE DEPOSITS OF TIHE APPALACHIAN REGION., 421

county, Georgia, two miles north-by-east from Cartersville.
It is operated by Mr. B. H. Woodward and several small
pits have been opened.

The manganese is a massive, black, honeycombed, and stalac-
4itic ore with some crystalline pyrolusite, and occurs in much
the same manner as at the Dobbins mine. The principal differ-
ence is that the ore-bearing clay dips at an angle of about 45°
northwest, instead of almost vertically, and lies on the slope of a
solid sandstone hill. Fragmeots of hard quartzite containing
concretionary masses of manganese ore are sometimes found
in the clay.

The Layton mine.—The Layton mine ie in Bartow county,
Georgia, two miles north-by-east from Cartersville, and almost
adjoins the Laughorn mine. It was formerly worked on a small
geale for iron ore, and has lately been opened for manganese.

The manganese occnrs as a porous, honeycombed, stal-
actitic, massive ore, in the form of nodules and lenticular
layers, from six inches to three feetin thickness,imbeddedin
<lay. The clay in the neighborhoed of "the ore bodies often
has a black color, due to a stain of manganese, and contains
masses of rock in all stages of decomposition. This de-
posit overlies a bed of brown hematite three feet thick,
which in turn lies directly on the solid sandstone.

Figure 31 shows the mode of oceurrence of the deposits.
The black lines running off from the ore bed on the right
hand side of the figure are *stringers” and thin seams of
ore penetrating into the sandstone, Between the iron ore
bed and the clay is a layer of manganese ore varying from a
few inches to three feet in thickness, and forming an almost
<ontinuous stratum from the surface down to a depth of
fifteen feet, which is as far as it has been followed. The
manganese ore alternately encroaches on, and recedes from
the irou ore, and is very uncertain in thickness.

A short distance to the west of the pit the iron ore bed
becomes much larger, and, though it has not been stripped, it is
probably 20 feet or more in thickness. The manganese does not
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appear to follow it continuously in this direction and probably
represents only a local deposit in it at the place deseribed.
N

C

Figure 31, Section through the Layton mine, Gaorgin, showing the mide of ocewrrence of the
iron and manganese deposit,

A. Manganese-bearing clay containing ore in nodules and layers,

B. Iron and manganese ore stratum.

C, Sandstone,

Horlzontal and vertical scale: 1 inch=a0 feet,

The Bishop mine.—The Bishop mine is in Bartow county,
six miles northeast of Cartersville, and belongs to the Dade.
Coal Company. Several pits have been sunk, but the property
was not being worked when visited in O :tober, 1889, and the
old openings were mostly caved in, making it difficu't to see
the exact nature of the deposit.

NE

Figure 82, Section through the Bishop mine, Georgia, showing the mode of occurrence of ihe
manganese-bearing clay.

A, Manganese-bearing clay.

B. Bandstone.

Horizontal seale: 1 inch=300feet. Vertical scale: 1 inch==80 feet.

The manganese isin the form of concretionary nodules very
much like those described on the Matthews tract at Buena Vista,
Virginia. (See page 407). It occurs in clay at the foot of a

sandstone hill which rises from seventy-five to a hundred feet
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above the surlace of the ore-bearing bed. The clay is generally
of a chocolate, red, or yellow color, though itis sometimes of a
pure snow white with grains of coarse, transpavent sand. The
accompanying figure shows the mode of occurrence of the ore-
bearing deposit.

The Poorhouse mine—The Poorhouse mine is in Bartow
county, twelve miles northeast of Cartersville, and has been
worked to u small extent, but is at present not being operated.

Manganese is found here in masses in a black mangan-
iferous elay which is interbedded in layers, from six inches to
four feet iu thickuess, with a yellowish brown or red clay. The
whole deposit is interbedded in the sandstone and crops out at the
foot of a kill of that rock, which rises about 400 feet above
the surrounding drainage. The rocks dip steeply to the south-
east and the clay follows them in all their disturbances. This
property is one of the clearest examples seen in the region of
the derivation of the ore-bearing clay from the decomposition of
a rock stratum which once contained the ore in the sume form as
it now exists in the clay.

The Chumler Hill mine —The Chumler Hill mine is situated
in Bartow county, eight miles northeast of Cartersville. It has
been worked for many years, but most of the ore is at presen®
obtained trom oue shaft something over eighty feet deep. The
ore was lormerly mined in large open pits.

SE

i

Figure 88, Northwesi-southeast scction through the Chumler Hill mine, Georgia, showing

the mode of deenrrence of the manganese-bearing clay,
AL Sandstone.
B. Manganese-bearing clay.
Horizontal scale, 1inch=Y mile. Vertical seale: 1 inch=400 feet.

The manganese occurs as concretionary nodules of massive
and crystalline ore, imbedded in a red clay, which often
contains partly decomposed masses of sandstone. The clay bed
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occupies the hollow between two sandstone hills and contains
wre in irregularly scattered pockets. The accompanying figure
shows the mode of occurrence of the ore-bearing clay.

The Shatterfield mine.—The Shatterfield mine is in Bartow
county, three miles north of Cartersville. Several small pits
and tunnels have been made, but no considerable work has been
done.

The ore is of the usual compact, massive or erystalline
variety, and is generally in the form of nodules, The property
is situated on the northeast slope of a sandstone ridge, running
in a general northwest and southeast direction. The ridge rises
about two hundred feet above the surrounding drainage and
slopes off on the northeast into a valley about half a mile wide,
on the other side of which another parallel ridge of sandstone
rises to about the same height. No ore has been found on the
ridge to the northeast, but on the slope of the southwest ridge
it occurs in the form of nodules irregularly scattered through a
yellowand buff colored clay, occasionally associated with a black
manganiferous clay.

The clay bed dips with the slope of the hill, and appears to
lie on it conformably with the bedding. Fragments and nodules
of barite from half an inch to six inches in diaweter, occur in
the clay immediately ahove the ore, and are sometimes mixed
with the latter. Masses of partly decomposed sandstone and
quartzite are also found in the clay.

Cherokee county.—Ores similar to those already described
in Bartow county are said to occur also in Cherokee, which
borders Bartow on the east; but, so far as has yet been found,
Lbey are in smaller quantities.

Fannin county.—Similar ores are also said to have been
found in Fannin county, at the northern border of the states
but that region is at present too far from railwny transportation
to permit any attempt at mining them.

Mt. Airy.—According to information kindly furnished by
Dr. J. W. Spencer, State Geologist of Georgia, manganese hus
been found in the metamorphic rocks near Mt. Airy in north-
eastern Greorgia.
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'THE MANGANESE DEPOSITS OF GEORGIA.—Cave Spring region.

General features—The Cave Spring region lies between
Cedartown and Cave Spring, in the northern part of Polk
county and the southern part of Floyd. ~ Deposits of a char-
acter similar to those found in thisarea also occur in the north-
western part of Bartow and in Catoosa and Whitfield counties.

The manganese consists largely of a massive ore with some
pyrolusite, and, as in the Cartersville region, occurs with brown
hematite in the various forms already described, either in the
same or separate deposits. The ores differ from the Cartersville
ores, however, in that they are found in association with chert.
They are usually imbedded in a red clay resulting from the
surface decomposition of the chert, though sometimes they are in
place in that rock. Between the two extremes of ore in the
clay and ore in the rock there are all gradations, and a common
oceurrence is a hill composed of massive chert or cherty lime-
stone at the base and becoming more and more decomposed
above, until at the summit it has been completely converted into
a residual clay containing fragments of the original chert bed.
The chert fragments vary greatly in size, from a few inches to
several feet in diameter, and are in all stages of decomposition,
from the original bard, flinty rock to a porous, earthy mass.

The manganese ore exists in much the same form in
both the chert and the clay, occurring as nodules, pockets,
or lenticular layérs, following the general direction of the
bedding of the strata. The hematite occursin the same way
except that it isin much larger quantities, and has a stronger
tendency to a bedded form, and a lesser tendency to a nodu-
lar form. Both ores frequently exist in innumerable thin
seams, piercing the rock in all directions, and giving it a
brecciated appearance. In such cases the ore is often com-
posed of both iron and manganese, the one blending into
the other. Both of the ores are very irregularly distributed,
in some places being wanting altogether and in others oc-
curring at short intervals over considerable areas.

The chert is usually a white or gray rock, sometimes
brown and rarely black, though it is frequently incrusted
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with a black film of oxide of manganese. It is underlain by-

a large bed of massive, blue-gray limestone, sometimes semi-

crystalline and frequently having an colitic structure, a

gimilar structure being often observable in the chert. At

Cave Spring the limestone, according to information kindly
furnished the Survey by C. W. Hayes, of the United States
Geological Survey, represents the upper member of the
Cambrian rocks of this region, while the chert, as stated on

page 380, corresponds to the Knox dolomite (Saftord) .The.

stratigraphic relation of the chert and: limestone is excel-
lently illustrated in the hills to the southeast of the town:

the rocks dip to the southeast, the limestone forming the

lower parts of the hillsand the chert the upper parts. The
name of the town is taken from a large spring that issues
from the limestone at the foot of the hills.

The Barnsley tract.—The Barnsley tract is in Bartow
county, seventeen miles northwest of Cartersville. Several
small pits have been sunk and forty-five or fifty tons of ore
are said to have been mined.

The manganese is a porous, honeycombed, or stalactitic

variety, sometimes containing cavities lined with crystalline-

ore. It contains inclusions of red clay, and frequently
occurs as a cemeunt binding together angular fragments of
partly decomposed chert. The ore is found in loose masses
irregularly distributed through a red or black clay, which

contains numerous fragments of chert in various stages.

of decomposition. A small pit has been sunk thirty feet
into the bed.

On the northeast slope of the hill a dark grayish-blue

limestone, underlain by shale, dips westward and passes
under the chert. The true contact of the limestone with the
ore-bearing chert cannot be seen, as the whole of the upper
part of the hill is covered by loose chert fragments which

have rolled down and hidden everything until the limestone-
onterop is reached. It seems probable, however, that the

chert and ore-bearing clay were once parts of a cherty lime-

stone, sometimes consisting largely of chert, at other
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times of interbedded chert and limestone; that subse-
quently the carbonate of lime was leached out and the chert
decomposed, leaving a residual clay containing the mangan-
ese ore and the chert fragments that have survived decay.
The accompanying figure shows the relation of the rocks on-
this property. The shaft on the summit of the hill on the

left side of the figure is the oue referred to above.
8 W.

Figure 34, Section through the Barnsley tract, Georgia, showing the manganese-bearing-

chert bed,
A. Chert and cherty limestone.

B, Limesione.
0. Shale.
Horizontal scale: 1 inch=500 feet. Vertical scale: 1 inch=200 feet.

The William Doherty tract.—The William Doherty tract
is in Polk county, two miles south of Cave Spring. Several
small pits have been made, and some ore has been shipped.
The manganese is generally in the form of nodules, from one-
inch to two feet in diameter, often containing thin. veins of
quartz, and associated with brown hematite, either in the
same deposit or separately. Occasionally nodules are found
with massive brown hematite on the outside and manganese
ore on the inside. Both oresare imbedded in a red clay con-
taining many fragments of chert in various stages of de-
composition. The masses of ore are either irregularly dis-
tributed through this deposit, or are in lenticular beds from
one to two feet in thickness and of limited lateral extent.
The ore is sometimes in place in the chert; and the deposit,
as it now exists, is the remains of a once continuous ore-
bearing chert.

The hills containing the ore are low, rounded, and
covered by angular chert fragments, so that no continuous.
ledge of rock is seen. Halt a mile to the north, however,.
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the chert crops out in place on the slope of a ridge run-
ning in a general northeast and southwest direction,and dips
at about 25° to 85° to the southeast. The chert shows an

irregularly decomposed surface with deep channels running

in along the lines of bedding. It composesthe whole of the
ridge, and the edges of the strata are well exposed on the
slope. They are frequently impregnated with iron, and
in several places manganese is seen in small quantities
cutting the chert in a network of small layers and nests,
from a sixteenth to a halfinch in thickness. Larger quanti-
ties of ore are found on the summit, and here the chert has
‘been decomposed for a depth, in some places, of thirty or
forty feet, or more. Figure 35 shows the relation of the de-
cayed and undecayed chert on this ridge. Several pits have

“been opened on the ridge, amung which are those described

below.

Figure 35. Section near the William Doherty tract, Georgia, showing the surface decay af
the manganese-bearing chert bed.,

A. Decayed chert.

B. Undecayed chert.

Horizontal scale: 1 inch==300 feet., Vertical seale: 1 inch=250 feet.

The Nancy Banks tract.—The Nancy Banks tractis on the

‘line of Polk and Floyd counties, and on the summit of the

ridge just described. A pit about twenty feet deep has been
sunk and three hundred tons of manganese ore are said to
have been mined. The ore occurs in a red clay with numer-
ous fragments of the original chert bed, which have so far
withstood decomposition.

The Lewis Ware tract,—The Lewis Ware tract is in Floyd
county, about half a mile northeast of the Nancy Banks tract
and on the same ridge. Several small pits have been sunk and

small quantities of ore have been taken out. Theore is of the

THE MANGANESE DEPOSITS OF THE APPALACHIAN REGION. 429

same variety, and occurs in nodules and masses in the clay in the
same manner as at the Banks place. The accompanying figure
fepresents the side of a pit thirty-four feet deep, and shows the

association of ore-bearing clay and the chert fragments. The

so-called “reef ” of chert seen running across the figure in large -
disconnected masses, represents the decomposing remains of a
stratum, which, probably being more resistant than the strata
immediately above and below it, has survived decay.

Figure 36, Section in apil on the Lewiz Ware tract, Georgia, showing the vesidual man-
gunese-bearing cley which has vesulted from the decay of the chert bed.
A. Manganese-bearing clay. ‘I'be masses of roék represent parts of the chert bed that

‘have so far escaped decay.
Horizontal and vertical scale. | inch=I8 feet,

The Hancock tract.—The Hancock tract is in Floyd county,
one mile east of Cave Spring, A number of small prospecting
pits have been opened on the property and ore has been found
in several of them.

The manganese generally oceurs in place in the chert,
though the latter is much broken by surface weathering and the
cracks are filled with red clay. In one place a pit has exposed
a pocket of ore from one foot to one and a half feet in thick-
ness, overlain by the broken chert bed. The latter is cut up-
by a network of thin seams of manganese ore and brown hematite,
giving the rock a brecciated appearance. The chert frequently
has a granular structure like that of oolitic limestone.

From this property west to Cave Spring, nodules of man-
ganese ore are seen at numerous places in the gullies and along:
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the creeks. They are all in associations, or have come from
associations similar to those just described.

The Tunnel Hill mine.—The Tunnel Hill mine is near the
dividing line of Catoosa and Whitfield counties, the property
being partly in one and partly in the other. The mine is about
a mile from Tunnel Hill station on the Western and Atlantic
Railroad. It isowned by the Catoosa Mining and Manufacturing
‘Company, which began work on it in 1%89,

The ore occurs generally as botryoidal and kidney-shaped
nodules, from one inch to eighteen inches in diameter, often
composed of a crystalline interior enclosed by a massive, hard,
black orust. Tt is associated with a red clay containing large
masses of chert similar to that at the localities already deseribed
in the neighborhood of Cave Spring. The chert, however, is
more decomposed than in most ot those localities, and there is,
therefore, a larger quantity of residual clay and asmaller quantity
-of cherty fragments. The property is situated on a ridge run-
ning in a general direction of north-northeast and rising from a
hundred to a hundred and fifty feet above the surrounding drain-
age. Thechert composing the ridge has decayed toa considerable
depth, and a shaft was sunk a hundred and fifty feetin it without
reaching solid rock.

Both the manganese and brown hematite occur in numerous
places on this hill, though the iron, as is usual, is the more
abundant, and occurs in pockets and lenticular layers from ten
to twenty feet in thickness. The nodules of manganese ore are
either scattered throughout the clay or are more or less closely
assembled in pockets. In one of the shafts, a number of nodules
are seen studding the clay for a depth of twenty feet, and
a breadth of three feet, In some places the iron and manganese
ores are intimately associated as manganiferousiron ore, in others
they occur as distinct masses in the same deposit, often coming
in contact or coating each other; and still again they occur in
separate deposits, comparatively free from any admixture with
each other.

In a pit at the base of the hill, manganese ore occurs in
place in the rock, which is often of a characteristic brownish-

 of mu
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<hrome color, is hard, and has a conchoidal fracture. The ore
4s found in it in layers or nests, and frequently the rock is
tidded with numerous small black, coneretions of ore the size
stard seed. In some places the nodules have weathered
_out of the rock and lie in the clay on its partly decomposed sur~

studd

“face.
THE MANGANESE DEPOSITS OF ALABAMA.

Manganese has been found in several places in Alabama,
‘but it has not been worked to any considerable extent, and
ounly very small quantities have been shipped. It has been
found at Stocks’ Mills in Cherokee county,* and small quan-
tities have been mined. It alsooccursin Chilton, Talladega,
Randolph, Calhoun, Cleburne, Etowah, Shelby, and other
counties, but in most places it is said to be in small quanti-

 ties. At Woodstock, in Bibb county, and elsewhere in the

state, manganese has been found in the form of manganif-
erous iron ore. The following analyses cited by E. J. Schmitz
show the composition of some of the ores.

Analyses of manganese ores from Alabama.}

Peroxide
Metallic | Specific
3 Variety. Formation | County, Analyst. Mnn:;):nm. Manganess,| & ravity
Mata-
Pyrolusite.. ...........| morphic. Chilton, |Endemann.| 71.220 45,004 |iicsssasuaninns
Prilomelane..........| Silurian. | Talladega. Mallet. | 62,430 80,449 8.712
e Meta-
Psilomelane .........| morphic. | Randolph,| Mallet. 63,250 39,968 3.958

# Mineral Resources of the United States, 1886, p. 183, -

1 In the table of apalyses the column for metallic manganese has been inserted by the
It was caleulated from the percentage of peroxide given by Mr. fchmitz, and asit is
ble that certain quantities of other oxides of manganese may have been present in
: _th= percentages of metallic manganese may possibly be too low.

1 E, J. Schmitz, Trans. Amer. Inst. Mng. Eng., Vol. XIL., 1883-84, p. 172.




CHAPTER XVI.
THE MANGANESE DEPOSITS OF TEXAS.

LOCATION OF THE DEPOSITS.

The manganese ores of Texas occur in the central part
of the state, mostly in Mason, Llano, and San Saba counties,
The different deposits are from forty to sixty miles from
railway transportation and no ore has yet been shipped from
any of them. Several places, however, have been prospected,
especially the Spiller mine and the Kothmann tract in Mason
county, and, to a lesser degree, Horse Mountain in Llano
county.

THE GEOLOGIC RELATIONS OF THE MANGANESE DEPOSITS.

The ores are associated with quartzites and gneisses,
though micaceous and garnetiferous schists are frequently
found in the neighborhood. The rocks are much disturbed
and dip at various angles, sometimes standing vertically.
They are supposed to be of pre-Cambrian age.*

The Paleozoic and Cretaceous rocks border this region
on all sides, and areas of them frequently protrude far into,
or cap hills of the crystalline rocks.

THE MAXGANESE ORES.

Mineralogical forms of the ores.—The manganese minerals

“For further details see C. D. Walcott, Notes on Paleozoic Rocks of Central Texas
Amer. Jour, Sei., Vol. XXVIILL, 1884, pp. 431-433,

C, D. Walcott, Second Contributions to the Studies on the Cambrian Faunas of North
Ameiica, Bull. 8¢, U. 8. Geol. furvey, 1886, pp. 57-64.

Theu. B, Cumstock, Preliminary Report an the Geology of the Central Mineral Region
of Texas, First Annual Report, Geological Survey of Texas, E. T. Dumble, State Geologist,
1289, pp. 241-391,
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tral Texas region occur in the forms of oxides and
o The latter, so far as yet determined, generally
anganiferous varieties of garnet, thm;.lgh the pro- .
f manganese known as tephroite has also

o‘fth
gilicates.
.;-e'p'r.es.ent m
wx.i_de gilicate O

been found. -
i The oxides of manganese.—The oxides of manganese occur

s either a massive form or as a granular crystalline aggre-
=, mtt}i: two being more or less intimately associated. The

g.ate’ive variety has a black color, a smooth conchoidal
t E:::ure, and a hardness of 6. to 7.‘ The el:y.stal%ine variety.
- s black and often very soft, in which coud:tllon it re.presents-
T pyrolusite. The oxides are generally associated with more
- or less silica, which gometimes amour!ts to from 15 to 25 per
- cent, and makes the true mineralogical nature ?f the ores
e doubtful. Dr. T. B, Comstock* notes the exmtence- of
' psilomelane, pyrolusite, and wad in the central Texas region.

Silicates of manganese.—Four varieties of manganese-bear-
ing silicates from central Texas have been analyzed and are de-
scribed below. These include three forms of manganese garnet,
and a specimen of tephroite. ' -

(1) Manganese-alumina-garnet, spessartlte.--—Speefmen. fr:om
Horse Mountain, Llano county, Texas. This-mme.ral is massive
to crystalline ; color pale lemon-yellow ; :atreak light yellow ;
lustre resinous (dull in weathered specimens) ; t?anslucen-t :
- 'ﬁiéﬁure conchoidal to uneven; hardness 7. Its specific g.ra.vlt,y
a5 determined by R. N. Brackett is 3.79. It cont-a.ins dissem-~
inated particles of magnetite, and pockets and veins of trans.-
parent or smoky quartz. The mineral fuses to a black glass j is
insoluble in bydrochloric acid in the fresh state, bu? after fumo.n
rapidly decomposes with the separation of silica; with fluxes it

gives manganese reactions.

"~ The Survey is indebted to the kindness of Professor F. W.
Clarke, Chief Chemist of the U. 8. Geological Survey, .for Ehe

~ following analysis by Dr. W. H. Melville, whose examination
‘has shown the mineral to be spessartite:

Preliminary Report on the Geology of the Central Mineral Region of Texas, Firsh
Anuual Réport, Geological Survey of Texas, E. T, Dumble, State Geologist, 1889, p. 346,

28 Geological, Vol, i., 1890,
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Analysis of spessartite from Llano county, Texas.

Per cent. Ratio,

Bilica (81 02)uiernine "Bt snern 8593  .600 3.00
Ferric oxide (Fez 03) e, 460 029
206 1,08
Aluming (Alz O3).eeennannrens 1808 177
Manganese protoxide (Mn0) 38177 4497
Lime (Ca0)inamniiees 848 162
618 3.00
Baryta (Ba0)....veveisiiiseriians trace
Magnesia (MgO0). .ccovvienins 0.89 A7
Potash (K,0)
} 047
Soda (Naz0)
Phosphoric acid (Pz Os)....... none
Titantic acid (Ti0g) .....c... trace
Lomn:ab 3080 aniisinsgnnsms 008
Losson ignition. ... 0.36
100.11

In the sample taken for analysis the quartz was separated
from the spessartite and the small amount of magnetite was
removed by a magnet. ‘A black oxide of manganese remained
in the material analyzed, so that the quantity of ferrouns oxide
could not be determined. The iron was weighed as ferric oxide.”

Supposing all the iron to have been |in the ferric state, the
ratio of RO, R,0;, and SiO, as calculated above is very close to
the normal garnet ratio 3:1:3, and shows an almost theoreti-
cally pure material. If the iron was in the ferrous form, as it
usually is in spessartite, the ratio would be slightly different, but
not materially changed from its resemblance to that of garnet.

The ore exists as interbedded layers or lenticular pockets,
becoming alternately thick and thin. It is often much jointed
and can be picked out of the weathered surface in angular blocks.
It is sometimes found finely disseminated in grains through
the country gneiss; and in one place, near the foot of Horse
Mountain, what appears to be the same mineral occurs as inclu-
sions in a magnetic iron ore.

(2) Calcium-iron-garnet, andradite.—Two specimens of
this variety of garnet from the Kothmann tract, fifteen miles
northeast of the town of Mason, Mason counly, have been
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analyzed. Both specimens are impure, as is shown by their
ighysical features and by their variation from the true garnet
yatio, but they probably approach the latter closely enough to be
classified as garnets. It has been suggested by Dr. 8. L-. Pen-
field, who has kindly examined these analyses, t?rat .the mmf_\rala
represent manganese varieties of andradite, which is a caleinm-
irb_n-garnet having the formula Ca,Fe,8i,0,, and that they bear
a resemblance to the variety from Franklin, New Jersey, (‘.:alie.d
polyadelphite by Thomson. The analysis of polyadelphite is
given below after the analyses of the Texas specimens. In the
latter it will be observed that manganese replaces a larger part
of the lime of the ordinary andradite.

The following analyses of the Texas specimens, made by
R. N. Brackett, were not intended to be complete, but they
show the important constituents of the minerals. They were
“made of material dried at 110°-115° Centigrade.

(¢) This is a massive or semi-crystalline mineral; color

~ gchocolate-brown ; streak light brown ; lustre resinous; translu-

cent ; fracture uneven ;- hardness 7-7.5; specific gravity 3.57.
‘The mineral fuses readily into a black glass; is only slightly
attacked by hydrochloric acid in the fresh state, but is readily de-
composed with the separation of silica after fusion; with fluxes
it gives manganese reactions.

Analysis of andradite from Mason county, Texas.

Per cent. Ratio.

Silica (FH02) eiressiiipnmmnrienses STo24 621 3.15
Ferric oxide (Fez Oa).evessenns 8LLT 195 98
Alumina (Alz 03).uvisirennn trace
Manganese protoxide (MnO) 20,11 283
Lime (Ca0)...... cserssmmsssasersas 10,16 .181} 497 249
Difference (magnesia?)i..c.... 1,82 088

100,00

. It will be observed that though the RO is low, the
= ratio of RO, R,0,, and SiO, approaches the garnet ratio 3:1: 3.

— (6) This is a crystalline mineral; color deep yellow;
lustre resinous to vitreous ; translucent ; fracture uneven; hard-
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ness 6; specific gravity 3.72. The mineral fuses readily into a
black glass ; is only slightly attacked by hydrochlorie acid in the
fresh state, but after fusion readily decomposes with the separa-~
tion-of silica ; with fluxes it gives -manganese reactions.

Analysis of andradite from Mason county, Texas.

Per cent. Ratio,

Stlien, (8100 i s 36.24 0,605 3.02
Ferrie oxide (Fea0g)..cuiiii 15.91 0.100
Aluming (Alz05)emmmiemeens 1128 0.110 E e
Manganese protoxide (MaO}).. 80.72 0.434
Lime {080).. ... ccavmirsmsricssnssi 2,04 0.087 lﬁ?? 2,63
Magnesia (Mg0) wieumesaininns 2,22 0,056
Diflerence (alkalies ?).......... 1.64

100,00

The ratio of RO, R,0,, and 8i0, in the above analysis
approaches the usual garnet ratioof 3 : 1 : 3. The RO is
low, but not so far from the theoretical ratio asin the last
analysis. ‘

(¢) The resemblance of the two Texas specimens of

andradite, of which analyses have been given, to the variety
known as polyadelphite, is seen in the following analysis of
of the latter mineral by Thomson. It will be observed that
both the Texas specimens contain more manganese protox-
ide and proportionally less lime than polyadelphite.

Analysis of polyadelphite from Franklin, New Jersey*

Silica (810} 83.72
Ferric oxide (Fea0s)iiiminieimsnmisisivansnss 17,84
Alursing (AL O scimsimiini i 197
Manganese protoxide (MnO}. ......covnenes 16,70
Lime (Ca0) 25.88
Loss on ignition...... 0.08

101.99

(8) Tephroite.—Specimen from the Kothmann tract,
Mason county, Texas. This mineral is massive ; color gray
or greenish-gray; streak white; lustre resinous; translucent;

* Ann, Lyc, N. Y., IIL, p. 9, 1820,
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"hardu-éﬁﬂ 6; very tough; specific gravity 3.94, It is fusible,

gelatinizes in Liydrochloric acid, and with fluxes gives man-
ganese reactions. It eftervesces in hydrochloric acid,

probably from the presence of a carbonate, as shown in the

analysis.
Like the last two minerals, it is much jointed and breaks

into angular blocks. It is decomposed on the surface and
along the joint cracks, giving rise to a black incrustation of
oxide of manganese, enclosing an interior of the unaltered
mineral. The following analysis, made by W. A. Noyes,
shows its composition :

Analysis of tephroite from Mason county, Tezas.

silica (S102) 928.57
Ferric 0Xide (Fea0s).wmmmmseriminnn .52
Aluming (Al203) v, 246
Manganese protoxide (Mn0)............coonniens 58.86
Lime (CaO} wamsirsin LR
Magnesia (Mg0).....ovrerens sessssreronss 0.80
Alkalies (a8 NazO)oovimveerininieins 0.27
Carbonic acid (C02) wuwmmssismmmssssisssisrins 402

It is evident from the analysis that the specimen is an

‘impure material, but the composition approaches that of

tephroite, which is a protoxide silicate of manganese having
the formula 2MnO, SiO,, and containing theoretically man-
ganese protoxide 70.2 and silica 29.8 per cent. The ses-
quioxide of iron and the alumina do not normally belong
in a protoxide silicate and are probably admixtures, due
to the specimen being a massive material. The carbonic
acid possibly exists as carbonate of manganese, which may

. have been formed by the alteration of the silicate.

Relation of the oxides and silicates of manganese.—The
‘manganese oxides and silicates occur together in the same

- 'ﬂiﬁpaﬂits. The oxides are never found alone, but are in-

variably associated with a greater or less quantity of
the silicates, generally the garnets. An examination of the

- Vvarious deposits shows that these two classes of minerals,
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oxides and silicates of manganese, are not only associated,
but that, in many places at least, the oxide is the result of
the oxidation of the silicate, and is absolntely dependent for
its -existence on-the presence of that mineral. * A study
of the analyses given beyond still further confirms this
supposition. The silicates are sometimes seen on the sur-
face in an entirely unaltered condition, but they usually
show the presence of a greater or less quantity of oxide,
either as an incrustation or as black specks studding the
partly disintegrated outcrop.

The extent to which the alteration of the silicate has
gone on in different places varies considerably, and is rega-
lated by two sets of conditions: (1) the mineralogical
nature of the silicate, on which depends its power to resist
chemical decomposition; (2) the physical nature of the
silicate and the surrounding rocks, such as joint cracks,
porosity, etc., on which depends the power of the altering
agents, in the forms of air and surface waters containing
carbonic or other acids, to reach the interior of the deposit.
These conditions, especially the latter, vary greatly in differ-
ent localities and even in different parts of the same bed.
Hence the black oxide often composes almost the whole of
the outerop of the bed in one place, while on eitherside and
on the same outcrop the fresh unaltered silicate is found.
The maximum downward extent of this alteration has not
been proved by practical test, but generally it is only super-
ficial, though in a few places a partial alteration extends
to considerable depths.

In the initial stage of decomposition, the silicate becomes
coated with a thin, black film of oxide, or black specks are
formed throughout the mass, which grow larger and more nu-
merous as decomposition proceeds. Theappearance of a black
film is, however, the most common form of initial alteration,
and this gradually extends into the deposit along the faces of

# A possible, though not certain exception to this is the Spiller mine, where most of
the ore deposit even ata depth is oxide. The oxide here may possibly represent the original
condition of the ore and may not have been derived from the silicate, though the latter is
associated with it. (See Spiller mine.)
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the joint cracks, giving a section of the deposit.the appear-
ance of a brown or yellow mass streaked by straight parallel
and intersecting lines. The film, as decay goes on, becomes
thicker and thicker until it almost entirely replaces the
silicate, and a section of the bed has the appearance of a
black body studded with irregularly shaped masses of brown
or yellow silicate. These grow fewer and: smaller in the fur-
ther stages of decomposition, until they disappear altoget]iler,
and the whole bed is converted into a highly siliceous oxide.
To the final stage of decomposition the ore is often spotted
with small earthy inclusions, probably representing a part of
the siliceous remains of the original silicate. When the sili-
cate contains crystals or segregations of quartz or interbedded
lenticular strata of the same, similar associations occur in
the oxide.

Float ore—It has been noted by the miners in this region
that loose fragments of ore, known as “ float ore,” of good
quality and composed almost entirely of oxide of manganese
are frequently found on the “surface ; yet when they work
into the deposit from which these appear to have come, they
find it is composed almost entirely of the silicates of man-
ganese. This leads them to believe that they have not found
the right deposit, and has been the cause of many a fruitless
search for the supposed hidden lead, which, it is unnecessary
to say, is rarely found. The float specimens have doubtless
come from the deposit of silicate, but they represent frag-
ments of the crust of oxide formed on the surface of that
mineral, or else fragments of the original silicate which have
broken loose from the main body, have been treely exposed
on the hillsides to the altering action of atmospheric in-

fluences, and have been completely converted to oxide; while
the main deposit, being better protected from these influ-
ences, is still mostly in an unaltered state.

Commercial value of the manganese ores—The oxides are
the only ores of manganese in the central Texas region that
can at present be used as a source of manganese, as the sili-
eates contain too large a percentage of silica (28 to 37 per
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cent) to be applicable, according to present standards, for
such purposes. Theconsiderable percentage of lime in some
of the silicates, however, might permit their use as admix-
tures with better ores. "

The table of analyses given below represents the com-

mercially important features of the manganese ores of the
central Texas region.

Analysis No. 1 was kindly furnished the Survey by Mr.
D. M. Barringer of Philadelphia.

Analyses Nos. 2-5 inclusive were made for the owners
of the mine, the Wakefield Coal, Iron and Land Improvement
Company.

Analyses Nos, 7-10 have already been given in the dis-
cuassion of the mineralogical nature of the ores, but they are
presented here in a different form in order to bring out their
commercially important features.

Analyses Nos. 1, 2, 4, and 6 represent the best grades of
ore found on the Spiller property. Analysis No. 3 repre-
sents the more siliceous ore from the same property.

Analyses of manganese ores from central Texas.

LOCALITY. [MANEA0™| yron | giiica. | FMOS. | Lime. | ANALYZED BY
(1) Spiller mine...,... 57.87 1.28 5,28 0.012 Booth, Garrett and
{2) Ly i 64,60 2,22 10.22 BOL2: | i Bll%i:%&uporl. Fisher.
{3) PR S 48,54 8.80 21,12 0.024 vasuhid Davenport Fisher.
4 $. 8 56.57 1.10 5.85 0,042 vereres (Carnegie Bros. & Co.
{5) 15 £ LAY | i - T v 0.025 W. J. Rattle.
(6) L L T 42.75 nrasiinn B0, || s E. N. Brackett.
{7) Kothmann tract | 15.57 21.82 3724 10.16 LR R
{8) o A 28,79 11,14 BE2 | s 2.04 P s s
(9) “ “ 45.58 3.86 5 (R — 0,80 W. A. Noyes.
(10) Horse Mountain | 24.60 8.22 35,98 none §.48 W. H. Melville.
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The following table quoted from Dr. Comstock’s report
gives additional analyses of the manganese ores from the Spiller

ine:
E Analyses of manganese ores from the Spiller mine, Tezas. *
Manganese PeroXide . iummsmrssans oarresesees 1,48 | trace | 8.06
Manganese sesquioxide. i | 56.68 | BB.I2 [iiives seene 66.64
Manganese ProtoXide i s 29.04 |ernmenians
i uxide} donnasiinananssiiien 9,00 7.50 | 18.35 7.63
" Alumina
Lime .. 3.05 8.90 8.74 073
Magnesia 1.81 | trace | trace | trace
Water FISPE N PPN RO 3.00
Phosphoric acid trace | trace | trace |...
Sulphuric acid trace
Silica wweree] 1147 | 46,15 | 4810 | 1918
Total 100.28 100.1!: 100,28 | 100,19
Metallic MANZANEEL. cssvsrnseassns 51.83 | 26.07 | 22.48 | 4832
Phosphorus - trace | trace | (race |

MODE OF OCOURRENCE OF THE MANGANESE ORES.

Both the oxides and the silicates of manganese occur, so far
s observed, as lenticular layers in the quartzites and gneisses.
They have not been seen anywhere to cut across the enclosing
beds, but, on the contrary, appear to follow the strike of the
country rocks throughout their folds. They are not confined to
one kind of rock, but have been observed in at least two differ-
‘ent associations: at the Spiller mine they are in the quartzite,
while at the Kothmann property and on Horse Mountain they
are in gneisses. Though the manganese deposits are probably
lenticular, alternately thinning out and appearing again beyond,
they are often traceable for considerable distances, in some places
for half a mile or more. They vary from a few inches to sev-
eral feet in thickness and crop out along the summits and slopes
~of the mountains, They frequently contain lenticular strata ofa
similar nature to the enclosing rocks.

% T, B. Comstock, Preliminary Report on the Geology of the Central Mineral Reglon of
"Pexas, First Annual Report, Geological Survey of Texas, 1890, E, T. Dumble, State Geologist,

N 346, The analyses were made by Mr. L. Magnenat of the same Survey.
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DESCRIPTIONS OF LOCALITIES.

The Spiller mine.—The Spiller mine is in Mason county,
fifteen miles northeast of the town of Mason, and is the property
of the Wakefield Coal, Iron and-Land Improvement Company,
It has been prospected by diamond drill borings and small
shafts, but no quantity of ore has been shipped and no work is
being done at present. The nearest railway point is Burnet in
Burnet county, on the Austin and Northwestern Railroad, about-
sixty miles east-by-south from the property.

The rock enclosing the ore is composed mostly of a hard,
bedded quartzite of a white, gray, or light red color. It often
contains small quantities of mica and is in places interbedded
with micaceous schist and feldspathic rocks. The weathered
part of the quartzite assumes a sandy structure and often has the.
appearance of a fine grained, friable sandstone. Specimens.
brought up in the diamond drill borings, however, are of a
massive, vitreous nature, and no grains of sand are visible.
The rocks are much distarbed and strike from north and
south to northwest and southeast ; they dip from almost horizon-
tally to 45° or more west to southwest.

These rocks form the mass of a hill running in a general
north and south direction and rising several hundred feet above.
the surrounding level, The eastern slope is steep and rugged
and the edges of the rocks are exposed in ledges dipping into the
hill at sharp angles. The western slope, however, is much more.
gentle and here the rocks are sometimes almost horizontal. It
is on this slope that the manganese has been found, occurring as
interbedded lenticular layers in the quartzite. The ore isahard,
steel-gray oxide, blending into a softer, fine grained, erystalline
pyrolusite. It is associated with a yellow manganese-bearing-
silicate which looks like the spessartite (manganese-alumina-
garnet) described on page 434, and frequently the silicate is

studded with black spots of oxide of manganese. Tn such cases.
the silicate has become porous and soft, and shows signs of
decay. Most of the bed, however, where exposed, is in the form
of oxide, and a number of diamond drill borings prove that
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ore to compose almost the whole of the bed even at consider-
g ;‘1E:3§1:)81'-(e bed is exposed at several places and runs paralle}
to the direction of the hill. The thickest ou!;c.ra-p seen. on th?
face was three feet of solid ore. DBeneath this is a- mixture o
Zl;li;e and the yellow silicate interbedded in thin lenticular sheets
mth;;::r;it:;ops of the ore deposit on the surface are not con-
tinuous, but are seen at intervals along the slope, separated by
areas of quartzite. These isolated .e§p031}res, howeveri appea;
to occupy the same stratigraphic position in the quartm-tle;, tzlm
it is probable that further development of the proper.ty wi ad?w
that the ore deposit is made up of a series of l?ntle.ular'bo ies
following this position in the quartzite and varying in thickness
al extent.
- l’;‘t:rz small shafts have been sunk on the property. One
was worked several years ago to obtain manganese ore .a.s a
source of silver, which is said to be present in small quantities ;
and the secoud shaft was sunk by the present owners of %he
property in prospecting for manganese. Abou_t twenty-nine
diamond drill borings have been made in prospecting the prop-
erty and in many of them ore has been found. Analyses of the
ore from this property are given on pages 440-441. ,
The Kothmann tract.—The Kothmann tract is three miles
southeast of the Spiller mine and has been prospected by.' a few
small pits, but no extensive work has been dor'le. It is on'a
ridge rising 260 feet above the surrounding drainage, running
in a general north and south direction, and co.mposed most%y of
gneisses, with micaceous and garnetiferous schists. Tlfe gneishes,
however, form the mass of the hill. The rocks strike in the
general direction of the hill, and dip vertically or a lmost-
so, sometimes inclining a little to the east or w.est.. The man-
ganese occurs in the form of silicates, which exist apparently in
lenticular beds ia the country rock. The silicates are more or
less oxidized and stained black on the surface. Three of these-
deposits have been found on the hill and one of them is trace-
able for about half a mile along the slope. They follow, so far-
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as seen, the same dip and strike as the enclosing rocks and
conform to all their disturbances, running in parallel belts at
different levels along the west slope of the hill.

‘The lowermost bed on the hillside is composed of the man-
ganiferous garnet (andradite) deseribed under (@), page 435, and
frequently contains subordinate veins and pockets of transparent
‘quartz. It varies from two to ten feet in width and is traceable
for almost half a mile along the slope of the ridge. It is
much jointed and readily breaks into blocks. The surface of
the blocks and the faces of all the joint cracks are stained black
by the oxidation of the silicate. This decomposition product is
in some places simply a film covering the unaltered interior, but
in others it extends an inch or more into the silicate and forms a
black crust of oxide, either of a light, porous consistency or of a
heavier and more massive nature. Frequently the bed is divided
longitudinally by subordinate layers of gneiss or schist;and
crystals of black mica (biotite) from a half to one inch in diam-
eter are sometimes imbedded in the silicate. The deposit ‘dips
vertically, trending locally a little to the east or west, and varying
with the condition of disturbance of the enclosing rock.

The manganiferous garnet described under (b), page 435,
occupies a belt running parallel to this bed, but at an elevation
of about fifteen feet higher on the hillside, and about a hundred
feet distant on the slope, It isin an impure state and is associ-
ated with feldspar, hornblende, and biotite. The garnet is much
jointed and the surfaces of the joint cracks are coated with the
black oxide in the same way as in the last deposit.

This material is not so continuous as the last and it often
ruus out altogether, appearing again farther on. Where it dis-
appears its place is taken by quartz, feldspar, ete., occupying the
same position as the silicate of manganese occupies elsewhere.

Ta some places, however, the bed seems to thin out altogether
aud the enclosing gneisses come together, separating again
beyond. The silicate of manganese, where found, varies from

~one to three feet in thickness.

At the southern end of this deposit the tephroite or pro-

“toxide silicate of manganese, described on pages 436-437, occurs.

THE MANGANESE DEPOSITS OF TEXAS, 445

Tt is three feet in-thickness and is much jointe(?, hrealfing into
blocks which are often blackened and canve‘rted into oxide .for.a
distance of two or three inches in from t!le.ll’ sm:fsilces; whlle- in
some cases only a small kernel of the.orlglnal silicate remains.
The silicate has decayed more extensxovely here than anywhere
else on the hill, but the decomposition is only local and no great
ide occurs.

amou(l;; (t)‘.lfaeosxummit of the hill is another outerop of a silicate of -
mangapese apparently similar to that described under (2) on
page 435. y N

Black fragments of oxide of manganese containing a com-
paratively small quantity of silica are frequently found. on the
slopes of the hill. They are derived in a manner explained on
page 439, from the surface oxidation of loose masses of the
silicates already described, and do not point to any large body
of ore in the oxide form.

The following analyses represent the composition of the
different varieties of manganese minerals from this pro.perty.
They have already been given in the description of the mme.rn]—
ogical nature of the ores (pages 434-437), but are pres‘:anted in a
different form here to bring out their commercially important

features.

Analyses of manganese ore from the Kothmann tract, Texas®

1. 2, 3
23,79 45.58 |

1114 ER-1
86,24 28,57
2.04 0,30

Horse Mountain.—Horse Mountain is in Llano county, five
‘miles north of the town of Llano. Manganese has been found
on its eastern slope, on the property of Mr. Griffey. The rocks
of the mountain consist of fine grained gneisses, occasionally
associated with coarser varieties of the same rock, and cut by veins

* The numbers 1, 2, and 3 of the analyses correspond respectively to Nos, (a) and (B)
on page 435, and No. 3 on page 436,
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of transparent or milky quartz. The fine grained gneiss often
assumes a shaly structure on the weathered surface. The rocks
dip in a general westerly direction at angles varying from 20° to

40° and strike in a general north and south direction. The

manganese-bearing deposit is interbedded with the gneisses and
reaches a maximum thickness, where seen, of two feet. It is
composed mostly of the yellow manganese-alumina-garnet
(spessartite) described on page 433, and is associated with veins
and crystals of transparent or smoky quartz, or interbedded with
lenticular layers of the same material and of the country gneiss.
It also contains disseminated particles of magnetite. The garnet
has in some places been mostly altered into an oxide, and in a
small stripping made on part of the bed, a thickness of one foot
of oxide, associated with thin layers of quartz is exposed. Even
where the garnet has not been completely altered, it almost
always shows the action of surface oxidation in the small black
specks of oxide of manganese on its surfice.

The garnet is of irregular distribution, in some places thin-
ning out altogether, and in others reaching a thickness of from
one to two feet, or impregnating the gneiss in grains or as a
yellow coloring matter. It is traceable at intervals for 400
yards along the eastern slope of the mountain and strikes in the
same direction as the enclosing rocks.

On the same slope of the mountain, but lower down and a
few hundred feet north of the openings mentioned above, is a
small outerop of a dark brown manganese-bearing silicate
apparently similar to the garnet described first at the Kothmann
property.

A mineral which resembles the yellow garnet, spessartite,
described above, occurs in small quantities in association with
magnetic iron ore about half a mile from this locality and near
the foot of the mountain,

The following analysis represents the composition of the
ore ou this property, The analysis is part of that made by Dr.
W. H. Melville and already given on page 434 in the discussion
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of the mineralogical nature of the ore, but it is presented here
4n a different form in order to bring out its commereially

important features :
— Analysis of manganese ore from Horse Mountain, Tevas.

DERRBORBIBLLL, e viess snpinieimaaseis geierisp s DA
TRDNL (i vrvnnnriaassvin tiasmnseboor sansanopibn AL E A N FaPREN | TR
Silica wenen 83,93
Phosphorus ...... none
B citiiiiiiiibiniiviriitids sl arsssekeiipriie. S AF



CHAPTER XVII.

THE MANGANESE DEPOSITS OF THE ROCKY
MOUNTAINS.

LOCATION AND GENERAI, FEATURES OF THE DEPOSITS.

Manganiferous silver ores are of frequent occurrence in the
Rocky Mountain region from the Canadian border on the north
to and beyond the Mexican border on the south, but ores suitable
for use as a source of manganese are rare in that region, and, so
far, have been found only in Colorado. Manganiferous silver
ores are much more valuable for their contents of silver than of
manganese, and as they cannot be used as a source of both
metals, the more valuable use of course prevails. Such ores,
even if they were not consumed for their silver contents, are
rarely of such a quality or in sufficient quantities to make them
a desirable source of manganese.

Colorado is an exception ‘to this rule and in that state,
especially at Leadville, some of the silver-bearing deposits con-
tain a considerable quantity of manganese and mangaviferous
iron ores, which are used as a source of spiegeleisen and ferro-
manganese.  Elsewhere in the Rocky Mountains, however,
though the ores are not used for these purposes, the manganese
in them, when in the form of oxide, is valuable as a fluxing
material in extracting the silver, and is paid for at the same rate
as iron (10 cents per unit) at the various smelting works where
silver ores are treated. For this reason, manganiferous silver
ores are often mixed with other more refractory silver ores to
assist in the process of smelting.

Up to the present time (Deeember, 1890,) the only man-
ganese ores in the Rocky Mountains that have been mined to
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any considerable extent asa source of manganese for the manu-
facture of spiegeleisen or ferro-manganese, or in fact for any pur-
pose other than for use in smelting silver ores, are those of

_Colorado, especially of the Leadville district. These ores are

used by the Colorado Coal and Iron Company of Pueblo, and
lately considerable quantities of the same ore are said to have.
been shipped to Chicago and mostly consumed by the Illinois

Steel Company.
In addition to the manganese oves in the silver deposits,

considerable quantities of manganese and manganiferous iron
orves have been tound in several places in Colorado, especially
in Gunnison county, and with improved transportation facili-
ties and an increase in the already rapidly growing iron indus-
try of that state, they will probably before many years enter the
list as producers of manganese ore.

Besides the purely manganese ores large quantities of man-
ganiferous silver ores have for a number of years been mined in
the Rocky Mountains; and in some places manganiferous iron
ores are mined for use in fluxing at the various smelters. The
most noted localities at which manganiferous silver ores occur
are Butte City, Montana ; Leadville, Colorado ; and Tombstone,
Arizona. At Legal Tender Hill, Silver City, New Mexico, a
manganiferous iron ore containing about 13 per cent of man-
ganese is said to be mined exclusively for fluxing purposes.

A table of the production and value of manganiferous silver
ores mined in the Rocky Mountains from 1885 to 1888 is given
on page 68 of this report.

NATURE, MODE OF OCCURRENCE, AND GEOLOGIC RELATIONS
OF THE MANGANIFEROUS SILVER ORES,

Manganiferous silver ores are not confined to a contents
of manganese and silver alone, but frequently carry various
other metals, among which are gold, lead, zine, antimony,
copper, etc. The manganese occurs mostly in the forms
of the different oxides or as carbonate (rhodochrosite) and
silicate (rhodonite). In some localities, notably at Butte
City, Montana, the oxides are met above the water level

of the councry,and the carbonate and silicate below that.
29 Geologieal, Vel, 1., 1890,
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level, the first having originated from the oxidation of
the last two, Besides these forms,.other rarer manganese
minerals sometimes occur in manganiferous silver ores: the
snlphide of manganese (alabandite) occurs at Kingston in
New Mexico, and at Potosi in old Mexico. The tungstate of
maunganese (huebnerite) is found in the Gagnon vein at Butte
City, Montana, and in the Mammoth district, Nevada* In
addition to these minerals many others occur, but all except
the oxides, the carbonate, and the silicate, are in very small
quantities and are mentioned here simply to show the variety
of fuorms under which the metal is found in manganiferous
gilver ores.

The manganese minerals are associated with the precious
and base metals in a gangue of variable character: in some
places the gangue is calcareous, in others highly siliceous,
and in still others highly ferruginous. In the last case the
manganese is often mixed with the iron in the form of a
manganiferous iron ore. The manganese minerals form a
very different proportion of the vein matter in different
places, sometimes amounting to less than one per cent, and
sometimes to a-large part of the whole mass; in fact, an
oxide, carbonate, or silicate of manganese occasionally forms
the larger part of the gangue of the other metals,

Manganiferous silver ores usually occur in vein deposits
or in the various forms of contact, chamber, and chimney
deposits, though, as shown on page 91, stratified manganese
deposits frequently contain small quantities of silver.

Manganiferous silver deposits are not confined to any
one series of rocks: at Butte City, Montana, they occur in
granite; at Leadville, Colorado, they occur mostly at the
contact of Lower Ca,rbomferous limestone and eruptive
porphyry ; at Tombstoue, Arizona, they occur with a series
of limestones and guartzites, which are said to be of Lower
Carboniferous age. In each district they are marked by

* Near Goleonda, Nevada, tungsten isfound in a bedded deposit of manganese oxide,
which does not contsin enough silver ore to be ¢l d as a niferous silver ore, See
description of the Golconda deposit in the next chapter.
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<ertain dlatmgmshmg features, not only in mode of ocecur-
vence, but in the character of the ore, so that further general-
izations cannot be given here, and the reader is referred for
“details to the deseriptions of the difterent localities given in

this chapter.
NATURE AND MODE OF OCCURRENCE OF THE MANGANESE ORES.

The manganese ores of the Rocky Mountains containing
no siiver and valuable only for their contents of manganese,
or of that and any iron that may be present,are, so far as
known, confined mostly to Colorade, with smaller quantities
in New Mexico and elsewhere. The ores exist as oxides
and are often associated with more or less iron in the
form of manganiferous iron ore. In Colorado they occur
mostly as-bedded deposits, or as pockets and nests in strati-
fied rocks, generally limestones. In some places they are
in considerable quantities, but with few exceptions, they are
too far from railway transportation to be used at present.
They are treated more in detail under the head of Cebolla
Valley and the other places in Gununison county, Colorado.

Besides these bedded deposits, manganese has been found
in the form of oxides in lava rocks in several parts of Gun-
nison county. It oceurs as pockets, nests, or as the cement
of a breccia, usually as & hard, massive, impure, black ma-
terial, high in silica, variable in phosphorus,and containing
small quantities of iron. The ore is probably too small in

- quantity, and contains too much injurious impurity to be of

value. It seems likely that this ore has originated by the
oxidation of manganiferous silicates in the lava, and by the
subsequent segregation of the manganese in the form of ox-
ide. Itispossible forsuch deposits to occur with any igneous

- rocks that contain manganiferoussilicates. Two localities of

aueh ores are described in this chapter, one in Steuben
Valley, the other near Sapinero, both in Guunison county,
Colorado.

THE MANGANIFEROUS SILVER DEPOSITS OF MONTANA.— Bulte City

‘General features.~~Manganiferous silver ores are found
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in greater or less quantities in all the silver-bearing veins of
Butte City, Montana. They are not used as a source of
manganese for reasons already explained, but the presence
of that metal, by reason of its fluxing qualities, gives them
a value in addition to that of the silver they contain. Not
only are these ores of value in fluxing, but when in the form
of oxide, according to Richard Pearce,* they act as oxidizers
for the zine blende which occurs with almost all of the Butte
City silver ores.

The country rock at the Butte City mines isa gray grauite,
which is divided by Dr. 8. F. Emmens] into two varieties, the
« Butte granite” and “ Bluebird granite.” The former is de-
scribed as a ¢ rather dark-colored rock, of moderately coarse but
very even grain, consisting of quartz, orthoclase and plagioclase
feldspars, and as basic constituents, of which it has an unusually
large proportion, of miea, hornblende, and augite.” The “Blue~
bird granite” is described as “a light-colored rock composed
almost exclusively of quartz and orthoclase with a very little
biotite. * * * Incertain transition-specimens a white opaque
feldspar can be distinguished from the pinkish orthoclase, which
is probably triclinic, and, with the increase in this constituent,
the miea increases correspondingly.”

Two classes of ore deposits, differing markedly in the char-
acter of their metalliferous contents, have been distinguished in
this region :

(1) Silver-bearing deposits, always containing manganese
associated with quartz, and carrying pyrite, galena, sphalerite,
and the other sulphides. Copper is either in small quantities
or entirely absent.

(2) Copper-bearing deposits, containing a variable quan-
tity of silver and little or no manganese or sphalerite, The
common minerals are chalcocite, chalcopyrite, bornite, enargite,
and variable quantities of iron pyrites.

% Trans. Amer. Inst. Mng. Eng., Vol. XI., 1882-3, p. 59,
+E. D, Peters, Jr., Mineral Resources of the United States, 1883-84, p. 375.
§. F. Emmons, Amer, Inst. Mng. Eng., 1887-88, Vol, XVL,, pp. 51-52.
W. P. Blake, Ibid,, 1887-88, Vol. XVL,, p. 67.
1 Ibid., pp. 51-52.
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Tt will be seen that while the silver deposits are character-
jzed by the presence of manganese, the copper deposits are charac-
terized by an entire or almost entire absence of it. Both classes
of deposits occar in the same neighborhood, but are grouped
together separately, the silver veins lying to the west and north,
and the copper veins lying to the east and south.

In the silver deposits, the manganese near the surface, and
generally down to the water level of the country, is in the form
of the various oxides. E. D. Peters, Jr.,* states that it occurs
as pyrolusite, psilomelane, braunite, and wad, named in the order
of their abundance, the wad being comparatively rare. The
percentage of silver varies greatly and is usually largest when
the manganese is in small quantities, and least when that material
forms the bulk of the ore (Peters.) When manganese is in
small quantities its place is commonly filled by quartz. In the
oxidized parts of the deposits, above the water level, the gangue
is blackened by the oxides of manganese which obscure the
other constituents; but below that level, surface influences have
not affected the gangue, and the different minerals occur in their
original unoxidized condition. The blackened quartz gangue is
veplaced by pure white or transparent quartz, associated with pink
silicate of manganese (rhodonite) and carbonate of manganese
(rhodochrosite). In this gangue are found erystals, nests, and
ramifying veins of the sulphides: sphalerite, pyrite, chalcopyrite,
and galena, the last two occurring in limited quantities, and all of
them forming from less than 3 per cent to rarely over 5 per cent
of the gangue rock.f Quartz usually form s the larger part of the
gangue, though the mixwure of silicate and carbonate of mangan-
ese, called by the miners “pink manganese,” forms an appreciable
percentage, and, in some places, though rarely, comprises most of

_ the gungue. Such ores occur in the Lexington, Moulton, Alice,

Magna Charta and many other mines on the Rainbow and other
Jodes.
The following analyses quoted from Mer. Peters, repre-

“Mineral Resources of the United States, 1583-84, p. 370,
1 E. D, Peters, Jr., Tbid., p. 380
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sant the composition of three samples of manganiferons
gilver ores from the Butte City region.

Analyses of manganiferous silver ores from Bulte City, Montana.®
- Mangauese oxides... 85,40 47.60 21000

Iron oxides...ewa 8.20 12,40 7.700

Bllteasisaisau 6.60 34.20 6.400
R e A 8.70 2,400
BEIVEr... .. smnnsnsnnns. 0508 0.11 0.275

(9 ounces) (82 ounces) (80 ounces)
BulPhuT esemirnisniins osies trace

Moisture and loss... 1.77 1.99 2.225

100.00 100.00 .1‘0..7.0_0

These analyses show, as explained by Mr. Peters, the
increase of the quantity of silver with the decrease of
manganese.

The Rainbow lode.—In the Rainbow lode, according to
Professor William P. Blake,f the oxidation has extended
downward for a depth of from 150 to 200 feet, and the vein rock
is rusty from iron or black from manganese. Below that level,
however the undecomposed sulphides of iron, zine, lead, and
silver are found associated in a gangue of quartz and carbonate of
manganese. Metallic silver, in the form of wire-silver or thin
films, is found not only in the vein rock but also in the granite
““horses” in the vein. Gold also forms oue of the constituents
of the vein.

The carbonate of manganese is the most characteristic
mineral in the lode, and it occurs in both the massive and crys-
talline forms. When freshly mined it has u clear rose color,
which it loses on exposure. Quartz is usually associated with it
in greater or less quantities, in some places as a network of thin
veins containing variable quantities of metalliferous sulphides,
in others as finely disseminated material; giving the rhodochrosite
an abnormal hardness. Rhodochrosite is found not only in the
main lode, but in the many small feeders that run into it and
ramify through the granite in the neighborhood of the main de-

*E. D, Peters, Jr,, Mineral Resources of the United States, 1883-4, pp. 879-880,
+ Awmer, Inst, Mpg, Eng., XV, 1887-88, pp. 74-75.
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posit. In such cases, of frequent oceurrence are thin veins lined
on both sides with quartz and filled on the inside with rhodo-
chrosite. Sometimes the quartz is wanting, and the rhodochro-
site comes in direct contact with the country granite; while at
other times rhodochrosite is wanting, and quartz fills the whole
cavity. The main lode, however, may be said, according to
Professor Biake, to consist of quartz with a central filling of
carbonate of manganese and ore.

The following sections by Professor Blake,* made across
the vein at different levels in the Alice mine, which is on this
lode, will give an idea not only of the mode of occurrence of the
manganese, but also of the relation of the oxidized and the un- .
altered parts of the vein.

Cross sections of the Rainbow lode at the Alice mine.
On level L., 100 feet from the surface: it
#i,  Granite of southwest wall
Wi Olay Wall....osremssstn s

“iii, Quartz-vein stulf shattered and broken............ 27
v 8 i “ firse class milling ore A R
iy, e - ¢ black with oxide manganese (POOT).......ccususresmiasisseciasissassinsssss 12
i 1 L AR L i (- - s R PR 9
tyii.' Granite, northwest wall, country rock iy R e
On level 11., 209 feet from the surface : ]

¥,  Clay wall mixed with QUaTTZi...iivesomacimsnsssorarnssannsnssonssssvserissmsans issans 2
©ii, Black pyritous ore of high grade. . ....cccmuemimiiasm s see ot 1
s TR O DOBALL crsensbanipesarronmnnisonns sodbaranbssisas bk akm s\ Fod gon s p s
‘v, Broken and shattered quartz, low grade ore with seams and nodular masses of

ma 3 11 P P R T S PR T R R PR PPN S
L ) (TR | R e S S0 Sy 1 PN SR
“yi. Coarse broken guartz, second and rh.ird class ore s R TR E RS 12

L0, AR ¢ 1 S RO ey o M e R T P P G R e i N P e et

Yiyiii, Hard quarm ore with veins of manganese spar, first and second class ore, good in
stopes above 28

“ix, Granite of northweat wall, coumry rock...

On level ITL. :
“f,  Granite of southeast wall at shaft, with heavy clay wall mixed with quartz...... ...

“ji, Flinty qartz... A R A R o s A TP S s 11
“iii, Crushed vein- stone, rounded aud m‘egular fr'tgments 29

Clay seam Erey
“iv. Second class ore with granite 'brmm 8
“v.  Black clay wall, well defined... e A e R e AP At iy 1 Ay e
Yvi. Milling ore (drifr), taken out in parts ..........

Sl B ard) QUATEE, cocesensevismaiiis
. ‘viii. Hard quartz ore with veins of manganese spar. .
**ix. Hard country granite with veinlets of quartz and Of MANZANESE BPAT corerarerasesssnrs sinen

* William P. Blake, Awer. Inst. Mog. Eng,, Vol XVI,, 1887-88, pp. 70-72,



= ——————

456 ANNUAL REPORT STATE GEOLOGIST,

At the 700 foot level the section across the vein shows a
width of forty feet.

The Gagnon vein.—As has already been stated, the two
classes of veins in the Butte City district are characterized,
the one by a preponderance of copper, the other by a pre-
ponderance of silver and manganese. The Gagnon vein,
however, according to Mr. Richard Pearce,* is an exception
and differs in several respects from any of the other copper
or silver veins. It is characterized by a rich silver- and cop-
per-bearing zinc blende, of a black color, and generally
massive, though a few small crystals have been found. The
mineral is supposed by Pearce to be wurtzite. In the same
vein arealso found small quantities of tungstate of manganese,
or huebnerite, which represents the only manganese mineral
found at this mine. As suggested by Pearce, the absence of
other manganese minerals in the Gagnon vein is remarkable
in consideration of their abundance in the surrounding veins.

THE MANGANESE DEPOSITS OF COLORADO.— Gunuison county.

Cebollu Valley—Cebolla Valley is on the western slope
of the Rocky Mountains, in the extreme southern part of
Guunison county. Manganese and iron ores have been
found here two miles above Powderhorn Post-office, twenty-
four miles southwest of Gunnison City, and eight miles east
of the Lake City branch of the Denver and Rio Grande Rail-
road. The property is controlled by Mr. Lewis of Gunnison
City.

The manganese occurs in limestone in the form of pock-
ets or lenticular layers, from one to four feet in thickness.
It is of a massive or faintly crystalline nature, of a steel-blue
or black color, and has a hardness of about 5. In some places
it is associated with hematite, and in others it occurs alone.
It contains cavities lined or filled with white crystalline cal-
cite, and in exposed positions often has a porous, honey-
combed structure, due to the leaching out of the calcite and
the included masses of limestone. The iron ore has a bright

“ Amer. Inst, Mng. Eng,, Vol. XVL, 1887-8, pp. 62-84,
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Hlack color, a submetallic lustre, a deep red streak, and like
the manganese ore, often contains nests of white crystalline
calcite.

The limestone enclosing these ores is a coarsely crystal-
line and more or less granular rock of a brown or dun color,
and contains masses of white crystalline calcite. The rock
decomposes by first passing into a porous, earthy mass, and
then into a clay. Oceagionally it contains strata of micaceous
schist which are often considerably decomposed on the sur-
face. The rocks strike in a general north and south direc-
tion,and dip at steep angles, from 60° to 80°. They form a
high hill on the north side of Cebolla Valley.*

The manganese occurs in the limestone in a variety of ways,
but it always shows a tendency to conform to the bedding of the
rock, and in some cases it is found in well defined lenticular
strata. 1t often occurs in pockets or nests, in very irregular
-quantities; sometimes being entirely absent, at other times com-
posing several per cent of the mass of the rock, and from this
increasing until the pockets run together, and form a solid bed.

Figure 87. Section in the side of a tunnel on the Lewis lands, Cebolla Valley, Colorady,
~showing the mode of occurrence of the manganese ore.

The black parts are manganese ore.

The enclosing rock is limestone.

Horizontal and vertical scale: 1 inch=3 feet.

The property has been partly prospected by a number of
small tunnels and shafts, and the accompanying figure, taken
from the side of one of the tunnels, shows a characteristic mode
of occurrence of the ore. The small bodies of ore represent
pockets in lines of bedding in the rock. The large body also
represents a lenticular bedded deposit and, though more con-

“ It is to be regretted that further details concerning the nature of the rocks and the
‘structural features of this area cannot be given, but the property, when examined by the
wrriter, was covered by enow which obscured much that might otherwise have been observed.
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tinuons than the small ones, it also doubtless thins out at =
greater or less depth. Below i, however, other pockets would
probably be found, alternately thinning aud thickening again
just as those represented in the figure. In some places both
manganese and iron ores are found in the same opening, and in,
others each occurs alone. No ore has yet been shipped, as the

distance from railway transportation has thus far been an impedi--

ment to the development of the property.
An analysis of the manganese ore is given below, but it

represents the ore in only one pit, and is not an average sample.

of the whole property.
Analysis of manganese ore from Cebolla Valley, Colorado.

Manganese S 41.43
351 N TR 3.08
Silica 19,68
3l 1 iTe) 7] e Y o e e ) 0,86
Caobalt. trace
Manganese peroxide. ... 55,90

Eikhorn Mountain.—Manganese ores have been found at
Elkhorn Mountain * in the southwest part of Gunnison county,
six miles north of the line of Hinsdale county, They occur in
the neighborhood of hematite iron ores.

Taylor River.—Large quantities of manganiferous iron ore
are also reported by Professor Regis Chauvenet f as existing on
Taylor River in Gunnison county, twenty-seven miles north of
Guannison City, and thirteen miles from the Crested Butte
branch of the Denver and Rio Grande Railroad. In speaking of

them, he says: ¢“A shaft, thirty-four feet in depth, is all in ove, -

and drifts in different directions, of ten and twelve feet, are still
in the same mass. The same material is again struck fifteen
hundred feet away. This, again, is probably a great ‘bedded
deposit.”” The deposit is a manganiferous iron ore in which the-
iron largely predominates, as is shown by the following analysis
by Professor Chauvenet :

# Regis Chauvenet, Amnnual Report, State School of Mines, Golden, Colorado,
1887, pp. 18-19,

1 Tbid., 1887, pp. 20-21.,

2L
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.

Analysis of manganiferous iron ore from Taylor River, Colorado.*

Mangunese protoxide ........ccecenieiiiniinsnnnn 18.92
PorriaOXidn: .cisessesisssbisssnndisssinsaonisasar  O90L
5 5101 SRR (o P LD Ny 19.55
Magnesia 6.03
CHrDOnIa S0l . o vt bt snsinsairabins 21.05
Riliea 0.82
100,38

MADEANDSO.,,uueiserarssase srssrsoas 10.78

EBOR st i e e R 27.81

Professor Chauvenet says of this analysis: ¢ The carbonic
acid of this ore would be expelled by roasting, or by treating it
in a kiln, like a common limestone. If we assume, as we may,.
that there will be no material variation in the remaining con-
stituents, we would obtain a product of the following composi-
tion:”

Mapganese protoxide...... cocinrcienseasseees 17,62
Ferrie oxide. 49.38
Lime,.....o " . 2474
MAgaeaka...ocosevrsssianamnssansrine 7.63
Sileg.cnninin 1.04
100,41

MADZADRE curraeriieerarnnn 18.65

TR0y iiiais ausnmibisin invanvrveny: DT

Elle Mountain and Tin Cup.—Manganese ores are reported
on Elk Mountain in the northern part of Gunnison county ;
and also near the town of Tin Cup in the eastern part of the
same county.

Steuben Valley.—Steuben Valley is in Gunnison county,
six miles southwest of Gunnison City, and is a steep canyon
running through aseries of lavas and lava breccias.

Most of the ore is found in a breccia composed of angular
and rounded lava fragments, from a fraction of an inch to several
feet in diameter, buried in a sandy material of the same nature.
The breccia forms a more or less coherent mass, in some places

* Regis Chauvenet, Annual Report, State School of Mines, Goldep, Colorado, 1887, p. 20.
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hard and compact, in others soft and loose. It weathers into
narrow upright pillars, often capped by masses of rock which
have protected them from erosion.

The ore occnrs as a black, highly siliceous oxide in cavities
in the breceia, and frequently forms the matrix in which the lava
fragments are imbedded. Its distribution is irregular, and it is
seen only on the east side of the canyon, where it sometimes im-
pregnates the bed for vertical and lateral distances of fifty and
sixty feet, and probably in places for considerably greater dis-
tances, Sometimes the fragments of lava have decomposed into
a fine powder which has been stained black with manganese,

Besides the ore in the breccia, however, manganese some-
‘times occurs in the massive lava: in the bottom of the canyon a
low, narrow ridge runs north and south, and is composed largely
of a black material resembling obsidian and containing scattered
white or transparent crystals of feldspar. On the top of the
ridge is an exposure of a yellow, brittle, hard, translucent rock
with a conchoidal fracture, and containing small nests and seams
of a milky white, siliceous material, probably opal or chaleedony,

‘The rock is cut by veins of blue and red quartz. Manganese
-occurs in this rock as nests and veins from half an inch to

six inches in thickness. The ore is black, massive, very hard
and compact, and has a glossy, conchoidal fracture. The rock
carrying the ore seems to occur as an oblong pocket about four
feet wide. The length of the deposit carrying this ore is not
seen, as the ground is largely covered by detritus, but it is prob-
ably limited.

A stain of manganese, or thin veins the thickness of a sheet
of paper, are frequently seen elsewhere in the solid lavas, es-

pecially in the beds which cap the sides of the canyon and overlie

the breccia, but it is in only very small quantities.
Tbe following analysis shows the composition of the ore
from this locality, The sample analyzed is said to have con-

‘tained a considerable quantity of siliceous gangue, and there-
“fore shows more silica than the ore normally contains:
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Analysis of manganese ore from Steuben Valley, Colorado.*

DAATIZIINESE, +1svindcorassasinesansesssond sriafosonie ddanss 36.60

TT0R issnanassnsnss sersinneissivsassn snssnsnnssnenss sranns 5.64

BB viunsris ihammmnsssivenisinisnn i 85.82

Phosphorus wenns 0116
. Manganese peroxide. ..., 5530

Sapinero.—Manganese occurs four miles south of Sapinero,
which is in Gunnison county, Colorado, on the Denver and Rio.
Grande Railroad, about thirty miles west of Gunnison City.

The ore is a black, highly siliceous oxide, sometimes show-
ing a finely granular structure. It occurs in kidney-shaped or
mammillary forms, in pockets from one inch to four feet in
diameter; or as a network of thin veins, from an eighth of an
inch to one inch in thickness, in a breccia somewhat similar to.
that described at Steuben Valley. The rock is composed of
lava fragments, from one to twenty-four inches or more in di-.
ameter, buried in a sandy matrix composed of grains of the same.
material. This bed is overlain by a massive lava sheet, oc-
casionally stained by manganese, but containing no quantity of"
that ore. The breceia directly overlies a large bed of sedimentary
sandstone, considerably cross-bedded, varying from soft and
friable to hard and flinty, and in color ranging from white to.
yellow or rusty brown. On the geologic map of the Hayden.
Surveyt .this rock is represented as Cretaceous. It is almost
horizontal and rests immediately upon erystalline rocks.

The following analysis of the ore from this locality shows.
its composition :

Analysis of manganese ore from Sapinero, Colorado.

NADEATOBO v vssvsusansssmasimndsinssiiivasiasiiss Ssesn 27.94
D e e isis ties s . D,
Stlica.... 8119
Phosphorus TeR L
o | e e R i trace
Manganese peroxide........ecven 39.67

It will be observed that the ore is low in manganese and
high in the injurious ingredients, silica and phosphorus.

*The analysis was made by the £t. Louis Sampling and Testing Company, Pro~
fessor William B, Potter, Manager, and was kindly furnished the Survey by Mr. William H.
Wayland, Gunnisen Oity, Oolorado,

T F. V., Hayden, Geological and Geographical Survey of Colorado and Adjacent Ter=
ritories, 1876,
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THE MANGANESE DEPOSITS OF COLORADO,—Leaduville.

Manganese ore, in association with iron ore, occurs as
a gangue material in many of the silver-bearing deposits of
Leadville, and is frequently shipped to smelting works at
Pueblo and elsewhere to be used as a flax in the treatment of
silver-lead ores. Iron usually forms the larger part of the mass,
and therefore the ore is valued mostly for its contents of that
metal, but manganese plays a similar part in smelting and the
amount of it in the ore is paid for at the same rate as the iron,
Sometimes, however, manganese occurs in very considerable
quantities in the gangue and such ores are used in the mann-
facture of spiegeleisen and ferro-manganese. Considerable
quantities are consumed by the Colorado Coal and Iron Company
of Pueblo, and by the Illinois Steel Company ot Chicago.

The manganese occurs either as a erystalline pyrolusite, or
more often, as a manganiferons iron ore, and frequently as an
earthy material partaking of the nature of wad, and known by
the miners as “black iron ore.”” The iron is usually in the form
of a brown hematite, and both it and the manganese are in
variable quantities, sometimes occurring as a mere stain, at other
times forming the larger part of the gangue of the other metals.

According to Dr. 8. F. Emmons,* the most important
metalliferons deposits at Leadville occur in the * Blue Lime-
stone,” of Lower Carboniferous age, at or near its contact with
the overlying * White Porphyry,” or ¢ Leadville Porphyry.”
The contact with the porphyry is sharp and well defined, but
with the limestone the ore blends into the rock, and sometimes
extends deep into the bed,

Soulletimes, also, the ore occurs at or near the contact of the -

= Graj\:” and other porphyries with the *‘ Blue Limestone,” and
more rarely in still different associations.

Dr. Emmons in speaking of the occurrence of iron and
manganese in the Leadville region, says:t “Iron and man-
ganese might be more properly considered gangue materials.

“ Geology and Mining Industry of Leadville, Monograph U. 8. Geol, Survey, No.
X1T, 1886, p. 375.
Ihid., p. 547.
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They are mainly in the form of hydrated sesquioxide and pro-

toxide, respectively. A little protoxide of the former and per-

oxide of the latter ore was found. The former may be combined

- 4s bagic sulphate, which, as will be seen later, sometimes forms
considerable bodies. "The latter is probabiy anhydrous, as pyro-
lusite is frequently distinguishable in actual crystals and some-
times forms considerable ore masses. Although no actual pyrite
was observed in the Leadville deposits, there is little doubt

that iron existed in this form in the original deposits. With

' pegard to the original form of manganese there is more uncer-
tainty, as the sulphides of this metal are relatively rare. It
sometimes occurs as carbonate, in association with sulphides of
other metals, losing its carbonic acid when they are oxidized. It
is so common an associate of iron in oxidized ores and so seldom
noticed in unaltered sulphides that it might be thought to have
been in part brought in as oxide during secondary alteration.
It is possible that some of the iron in the ores may be combined
with silica as silicate, and with arsenic as arseniate.”

Dr. Emmons thinks that-the metalliferons deposits in this
region were laid down from aqueous solution, mostly in the form
of sulphides, and that they were later oxidized near the surface;
“that the mineral matter came from above and was mainly derived
from the neighboring eruptive rocks; and that the process of depo-
sition was a metasomatic interchange produced by the substitution
-of the sulphides for carbonate of lime in the limestone,

The following analyses have been kindly furnished the
Survey by Mr. I. Grove, Superintendent of the Colorado Coal
and Iron Company of Pueblo. They represent the composition
of twenty-three samples of manganese ore and manganiferous
iron ore from Leadville and the surrounding region. The
-analyses marked with an asterisk are of ore used by the com-
pany in the manufacture of spiegeleisen or ferro-manganese.*
“The others are analyses made by the company of samples sent
- them for examination.

* Analyses of spirgeleisen and ferro-manganese made {rom these ores by the Colorado
‘Coal and Iron Company are given on page 81 of this report.
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Analyses of manganese ores and manganiferous iron ores from
Leadville and vicinity, Colorado.

5 |Nameof ovnerorof claim.|  Loaalliy. |t | Tron. | Silica, | PhOS -
1 |{Fannie Barrett..........cconnnie [Leadville ... .coeeee| 51,20 6.20 2.90 | 0,007 ‘___‘_—
0 3 U SRR O ey £ sesesesssanens] 49,20 6.00 | 1500 | 0,329 | 0.041
¢ ) P U S S el i o B b, 40,56 1.88 4.70 | trace [ 0,187
4 |Pennsylvania mine.. L2 e el 38.60 2.05 200 i
5 |Evening Star.......ccoceee = 37,14 | 1220 7.60 | 0.022 [ 0.075
% J. B. Henslee Al 86,40 | 19.50 7.00 | 0,025 0.027
74/ John HArvey.. ... & 84,64 | 18.20 800 | 0.0838 |............
0 t Catalpa, L onsinssciiaaded 942000 | 17,80 630 | 0.045 |...........
9 [Fannie Barrett.... “ 33.00 6.20 6.10 | 0,008 |..iivieinne

10% | George W. Hull .....ccveunns B e 26324 asa0] a0l ool i e

112 | BAION ;. . ousecuas soasasmunins duassr 2 srormmnnnansnes] 24,69 | B2.14 4.40 | 0.022 0.178

12% |CAtAIPA, cuessannsrsnnesssssrrsrisen i srarveannnenns| 20,20 | 3412 6.50 | 0.008 0.082

18¢ M linsreas R Sa Aene 5 yuvesusanimed| . 201 86,82 6,88 | 6.007 | 0.021

14% | Parks & Hull......cunesanennen W inatie: 19.30 | 35.00 383

15+ | Henslee “ 18.66 | 2542 | 849

16% |George W, Hull i 1811 | 80.86 4.04

174 | Greorge W. Hull s 16.20 | 4830 | 3.10 i

18 |Maid & Hen.,, ..oeeer o sresravirneguee| 14571 41.48 500 | 0,030 0.055

194 | Ballot v.vvnsenans s Lo sesrenimnenee| 0,30 48.51 4.20 | 0.017 0,055

20 |B.F. Allen Allen 51.90 200 |

21 |Nob EDOWDim,wsvmmmmns | Mot known.......c..... 4711 1.95 2.2

22 |J. C, Ward Kirhy Creek 44,70 | 4.20 6.25

28 |W. Marshu..emmnssionnii. | Biena Vista.......| 2500 0,90 | 47.60

Other localities in Colorado.—Besides the localitics already

described, manganese is found in small quantities in many of

the metalliferous deposits elsewhere in Colorado. A mong these
localities are Lake City in Hinsdale county, Telluride and Red
Mountain in Ouray county, and other places. It is generally,
however, in very limited quantities in these places and of no.
commercial importance as a source of manganese.

#The analyses marked with an asterisk (%) ‘are of ores used by the Colorado Coal and
Iron Company in the manufacture of spiegeleisen or ferro 2 The others are of ores.
gent to the company for examination,
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'pHE MANGANIFEROUS SILVER DEPOSITS OF NEW MEXICO.

Manganese, in the forms of oxide and carbonate, occurs
of the silver-bearing deposits of New Mexico. Among
ghs,f_pri'p-ci-i;;i.iiﬁcalities are those mentioned below.

" TIake Valley mine.—The Lake Valley mine is in Sierra
county, fifty miles northwest of Las Cruces. Manganese has
E=. m found here in the form of fibrous crystals of pyrolusite in
~ association with silver ores.

Kingston.—Considerable quantities of manganese are found
‘the silver ores in the neighborhood of Kingston, Sierra
especially at the Black Colt, Franklin, Comstock, and
ines on the middle fork of Percha Creek. The veins
aid to occur in blue limestone and black dolomite. Man-
ese is characteristic of many of the deposits, and is consid-
"*g_ od indication for silver in that region. Some car-load
ts of silver ore are said to have contained as much as 60
f manganese peroxide, equal to about 38 per cent of
manganese, but this quantity is exceptionally large.

At the Lady Franklin mine, in this district, the manganese
d to have been found in the form of manganocalcite, or
: 'manganes.e and lime. At the Caledonia mine it
occurs in the form of the rare mineral alabandite, a
of manganese.

City. —A. mauganiferous iron ore, said to contain an
fabouat 13 per cent of metallic manganese, is mined at
nder Hill, Silver City, New Mexico, and is used at the.
smelting works as a flux for silver ores.

ANIFEROUS SILVER DEPOSITS OF ARIZONA.— Tombstone.

Jeatures—The town of Tombstone is in Cochise

and eight from Fairbank, a station on the New
rizona Railroad.

e, in the form of oxides, is a common constituent *
f the silver-bearing veins of this region. It does not.
sufficiently large proportion of the ores to be unsed as a
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source of manganese, and even if it did it would not pay to use
them for that purpose, as they are more valuable for their con-
tents of silver. (See pages 448). The manganese, however,

~is of assistance as a flux in smelting; and consequently ores cou-——

taining it have an additional value besidesthe silver they contain,
According to Mr. Charles W. Goodale,* not less than 750,000
ounces of silver were obtained from such ores up to July, 1887,

The manganese occurs in the form of pyrolusite, earthy
black wad, and possibly as psilomelane and some of the other
mancanese oxides, These minerals are indiscriminately associ-
ated with either a caleareous or siliceons gangue, though the
siliceous ores are generally the richer in silver. The carbonate
and silicate of manganese, rhodochrosite and rhodonite, have
not yet been found, at least in any quantities, in the Tomb-
stone region. Itissaid, however, that none of the mines have
gone as deep as the water level of the country, and it is not im-
possible that, as at Butte City, Montana, these minerals may
yet be found at or below that depth. In large shipments the
manganiferous silver ores are said to average about 5 per cent
in manganese, though in individual localities they often contain
several times this amount. The deposits occur as veins and
“chimneys’,

The prevailing rocks of the region are a series of limestones
and quirtzites with shaly or slaty strata, associated with porphy-
ritic and feldspathic dikes, and granitic rocks.

The stratified rocks are exposed in a series of undulating
folds frequently broken by faults., They are supposed by Prof.
W. P. Blakef to be probably of Lower Carboniferous age. In
speaking of them he says; “The fossils which have been found
in the middle and upper beds, consisting chiefly of Productus
and cyathophylloid corals, show them to be Paleozoic, and prob-
ably Lower Carboniferous. The lower strata are -probably
older. A small shell, like lingule, occurs in the shales of the

* Contention mine.” Thelimestone is the predominating rock, and
is compact, massive, gray or faintly pink. It sometimes shows

# Trans, Amer, [ost. Mnog, Eng., Vol. XVIL,, 1888-83, p. 767.
+1bid., Vol, X,, 1881-2, pp. 335-6.
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:q,shght tendency towards a semi-crystalline structure and con-
. mnz.numerous cavities lined with caleite. It is often very pure,
- -tstmtal ing over 90 per cent of carbonate of lime, and from this it

becomes more and more siliceous until it eventually blends into
“a hard, translucent quartzite.

" The Big Comet mine—The Big Comet mine is the property
“of the Tombstone Mill and Mining Company. It is on a vein
at the contact of the limestone with the intrusive porphyry.
The vein dips at from 60° to 80° to the west, strikes in a gen-
" oral north and south direction, and varies from a few inches to
¢ four feet in width. The limestone is mueh disturbed and

e Tombstone Mill and Mining Company.

nalyses of manganiferous silver ore from the Big Comet mine,
Tombstone, Arizona.

L 2.

Mang o 150 1438
Iron A 2,0
Lead 0.4
Lime 34.8
BT i i sty 522 8.2

1

? Silver (at mine) $13,45 to $15.75 per ton.

= Other analyses have shown as much as 20 per cent of man-
%a se, with silver contents ranging from $13 per ton upwards.
' The Knowville mine—The Knoxville mine represents the
ed “chimney” deposits. These arve irregular bodies of
a roughly cylindrical form, dipping at high angles. They
ally limited in depth, though some of them have been
ed down for a distance of four hundred feet without
ng the bottom. Mr. Chas. W. Goodale, * in speaking of
e Knoxville mine, says: ~ “ There were no indications of ore

: % Trans. Amer, Tnst, Mng, Eng., Vol. XVIL, 1888-89, p. 768,
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until the drifts were within a few feet of the ore-bodies, where
the walls of the crack were stained with black oxides of man~
ganese and some carbonate. Small detached pockets of pure
manganese oxide also indicated proximity to the chimneys, but-
these small bodies carried very little silver. The filling of the
chimneys included, in a great variety of forms, pyrolusite, wad,
and psilomelane. It is not improbable that a searching ex-
amination would have discovered the rarer oxides, braunite,
manganite, and hausmannite. ~The gangue was quartz and
caleite.  Galenite, cerussite, pyromorphite, cuprite, melaconite,
and malachite were occasionally observed, and the assay shows a
little gold—about 1-100 of an ounce, or twenty cents to the
ton. '

¢« Caverns were found in the widest parts of the ore-bodies.
which were lined with snow white and crystalline caleite. The
purest manganese ore formed the lining of the chimneys, the
percentage of gangue being greater in the middle. o

The Big Comet and Knoxville mines are only two of the
several silver mines in the Tombstone district, in which con-
siderable quantities of manganiferous silver ores are found, but
they serve to show the general modes of occurrence of the
deposits. Among the others are the Lucky Cuss, Wedge, and
Luck Sure mines.

CHAPTER XVIIIL
THE MANGANESE DEPOSITS OF NEVADA.

LOCATION AND GENERAL FEATURES OF THE DEPOSITS.

Manganese ores have been found in several places in north-

~ ern and central Nevada, but as yet the quantity has proved to

behmlted The only locality in which they have been worked

as a source of manganese is at Golconda, where a few tons have

mined. The ore exists here as a lenticular bed in Pleis-
deposits, while elsewhere in the state it is found in
] and very uncertain quantities in association with silver

 been

-ﬁma or silver-lead oves. .
The manganese exists in a vanety of mmeraloglcal forms:

lual localities given in the present chapter.

il DESCRIPTIONS OF LOCALITIES,

IGO_Zc_onda; the ore deposit.—The settlement of Golconda is in
- northern Nevada, in the valley of the Humboldt River, and on the
the Central Pacific Railroad. Manganese ore has been
d three miles northeast of the town, on a part of the Havallah
locally known as the Edna Mountains, a short distance

- Two small pits have been made on the manganese deposit,
aml thirteen and a quarter tons of ore are said to have been
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mined in 1886 and shipped to San Francisco. The ore is said
to have contained $3.00 worth of silver to the ton.

The ore is a massive, black, glossy oxide of manganese with
a hardness varying from 3 to 4. It is generally of a more or
less porous structure, often containing cavities lined with
mammillary or stalactitic forms, and frequently shows ap-
parent signs of bedding. At times it is earthy, soft, and
pulverulent, and contains angular fragments of sandstone, shale,.
and limestone, from a quarter of an inch to six inches in diameter.
Sometimes it is stained brown by iron.

The following analysis by R. N. Brackett shows the compo-
sition of a specimen of this ore dried at 110°-115° Centigrade:

Analysis of manganese ore from Goleonda, Nevada.

Manganese protoxide (Mn0),,..... .-
Oxygen (0)
Ferric oxide (FepOg)i.mmmrsesssssisrnssrinnan
Aluming (Alo0g)..ueeeisimesnsmnin

Cobalt exide (CoD) *...cuvnviiicisrssnmaninn.. N0t determined
Lime {Cal)), 3.44
Baryta (Ba0) 5.65
Magnesia (MgO) 1.26
Potash (K20) I 0.35
Boda (Naz()} none
‘Water and organic matter...... apteniis) s AL TE
Phosphoric acid (P20s)... . uone
]
Silica (8i0z) 170
Total 08,97
Manganese.......m. e B 50.85
Iron : 2.32
- Tungst 2.20
Phosphorus ...... nene
Moistirs, .. issvasmrmiassion 4.97

It will be seen that the ore is an impure oxide of manganese,
being possibly a mixture of the peroxide and sesquioxide, though
the impurities obscure its true nature. The most remarkable
feature of this ore is the considerable amount of tungstic acid,

* There is more than a trace of cobalt present but the amount was not determined,

-

‘material. i
and low in impurities of an injurious nature, containing only 1.70

(. Shale.
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rich forms 2.78 per cent of the mass, corresponding to 2.20

¢ cent of tungsten.
I Though from a mineralogical standpoint the ore is impure,
set for commercial purposes the analysis shows a high grade
: It will be seen that it is high in metallic manganese,

per cent of silica and no phosphorus, The presence of 2.20 per

cent of tungsten would give additional value to the ore in the

manufacture of certain kinds of hard steel. The sample

analyzed represented the best quality of ore on the property,

d car-load shipments would probably contain somewhat larger

‘Figure 38, Section through the Goleconda manganese deposit.
A, Oaleareous tuia.
B, Manganese ore.

Horizontal seale: 1inch=125 feet. Vertical scale: 1 inch=80 feet,

‘Figure 39, Section showing the relation of the Galeonda wamganese deposit to the rocksof

Mountaing,

- A, Quartzite.
i }3. “Shale,

. Limestone,

. Manganese-bearing deposit.

= m.'lzanta.l scale: 1ineh=300feet, Vertical seale: 1inch—300 feet. (Bothof these
‘e only approximations.)
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white limestone, or calecareous tufa, containing fragments of
sandstone, shale, and massive limestone, similar to those found
in the ore and often in sufficient quantities to form a breceia,
This material comprises a small knoll, abont thirty feetin thick-
ness, on the lower slopes of the mountain, and lies horizontally
on the upturned edges of the underlying shales. The association
of the manganese and tufa is shown in figure 38, while the re-
lation of the deposit as a whole to the Edna Mountains is shown
in figure 39. The first figure represents the small mound (D)
on the left end of the second.

The outcrop of the ore bed appears as a horizontal black
band along the side of the knoll facing the mountains, and is
very variable in thickness, in some places being represented only
as a black line in the limestone, and in others widening to a
maximum, where exposed, of three and a half feet. On the
western slope of the knoll the ore bed is not seen at all, the
only trace of it being an occasional black stain or dendrites in
the limestone along the line where it should outerop if it extended
through to this side. The bed also thins out to the north and
south, the whole length of the outerop being only about 400 feet.
Eust of the exposure of the ore bed, the knoll is ent off sharply,
as shown in figure 39, by a rocky area which separates it
from the mountains. It will thus be seen that the amount of ore
here is limited and it is probable that the area underlain by it
«dues not cover more than a few acres.

Beneath the ore bed, as seen in one of the pits, the calcareous
deposit is soft and partakes of the nature of a marl, while above,
it is often much harder, and has in many places become coarsely
erystalline, forming a hard limestone. The erystallization seems
to have taken place in spots in the bed, and frequently bodies of
crystalline limestone ‘are surrounded by, and blend into a massive
and softer material of the same composition.

The fragments of sandstone, shale, and gray limestone,
found in this deposit, are of the same nature as the beds of those
rocks which comprise the mountain to the east. The pieces of
limestone are so markedly different from the caleareous bed en-
elosing them that they cannot be confounded with it. The rock

"

-
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fragments are of unequal distribution in the deposit both later-
:aliy and vertically, sometimes composing almost half of it and
sometimes being almost entirely absent. They vary from a
fraction of an inch to eight or ten inches in diameter and are
indiscriminately mixed.

The age of the rocks composing the part of the Havallah
Range immediately east of the manganese deposit is represented
as Star Peak Triassic on the map accompanying the Survey of
the Fortieth Parallel®* As shown in the section, they are com-
posed of sandstones, shales, and limestones, dipping at steep
angles. Their uptured edges are well exposed from the summit
of the mountain to its base, where they are covered by the mound
-containing the manganese deposit.

The crest of the mountain is composed of a quartzite which
is of dark gray color, spotted with brown specks, of a granular
stracture, very hard, and cut by numerous quartz veins. The
lower beds of quartzite on theslopes of the mountain resemble this
one in all respects except that they show less trace of their
‘original sandy structure-and are more vitreous.

The larger part of the slope of the mountain is composed of
-a more or less slaty shale. It is of a gray or purple color, con-
tains large quantities of thin flakes of mica, has a wavy un-
dulating structure, and in many places grades into a mica-
ceous or talcose schist. The lower beds of shale are much
‘thinner than this one, and in some places resemble it in general
appearance, while in others they are more calcareous and blend
into limestone. The shale which is seen at the base of the
knoll containing the manganese (figure 39) is of a light yellow
“eslor, and is made up of thin, friable laminae,

The limestone beds shown in figure 39 are all of much the
same character ; they are of light or dark gray color, sometimes
with a reddish tinge, generally massive, though occasionally

‘showing a tendency to a semi-crystalline structure, and are fre-

quently cut by veins of white, erystalline calcite.

#U, 8. Geol. Exploration of the Fortieth Parallel. Clarence King, Geologist in
~charge ; Vol, I, Systematic Geology, map ITL, Pre-Mesozole and Mesozoic exposures. See
salso raportof Arnold Hague, Vol. IL., Déseriptive Geology, p. 680.
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Golconda; the derivation of the ore deposit.—The Golconds
mangaunese deposit is in the arid region lying between the Rocky
Mountains and the Sierra Nevada, and known as the “ Great
Basin,” Paits of this region were, in late geologic times,
covered by several large inland bodies of water, of which
Lakes Bonneville and Lahontan, described respectively by
G. K. Gilbert* and I. C. Russell,j were the largest. In sub-
sequent times, these were mostly dried up, and the only remains
of them now are a series of much smaller lakes occupying hol-
lows in the bottoms of the old basins. Great SBalt Lake is the
modern representative of Liake Bonueville; and Tahoe, Winne-
mucea, Pyramid, and other lakes occupy the basin of Lake
Lahontan.

The region about Golconda is on the eastern edge of the
area defined by Mr. Russell as the anciént bed of the now
extinet Lake Lahontan, and occupies a position at the head of a
small bay which once protruded some fifteen miles up the valley
of the Humboldt River, and marked the extreme eastern limit
of the lake. Mr. Russell{ in speaking of the Lahontan region
says: “The basin of Lake Lahontan is one of the many
independent drainage areas of which the Great Basin is com-
posed, and its geology is a page in the history of the vast region
lying between the Rocky Mountains and the Sierra Nevada.”
* % «The valleys which are now dry and treeless, and in many
instances absolute deserts, destitute of any kind of vegetation
over hundreds of square miles, were then occupied by lakes, the.
largest of which were comparable in extent and depth with those
now drained by the Saint Lawrence. Some of these old lakes.
had outlets to the sea and were the sources of considerable rivers,
others discharged into sister lakes ; a considerable number, how-
ever, did not rise high enough to find an outlet, but were entirely
inclosed, as is the case with the Dead Sea, the Caspian, and
many of the lakes of the Far West at the present time.”

Lake Lahontan did not overflow, and therefore the mineral

# Lake Bonneville, Monograph U. S, Geological Survey, No, L., 1890,

t Geological History of Lake Lahontan, a (Quaternary Lake of Northwestern Nevada,
Monograph U, 8. Geological Survey, No. XI., 1885,

$Ihid,, p. 6.

. Preclpmates
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matter brought to it in solution by tributary waters constantly
inereased in quantity, and the gradual evaporation of the lake
steadily concentrated these mineral solutions, until they arrived
a state of supersataration and were deposited as chemical
These were, according to Mr. Russell, largely of -
a calcareous nature and were laid down as fringes on the margin
of the lake at successive stages of evaporation. They are found
now at different levels on the old lake border and mark the
ancient shore lines. Mr. Russell has divided them into three
classes of “tufas” differing considerably in physical character, and
deposited at different levels in the lake’s history. He hasnamed

at

. them, in the order of their chronological succession, “lithoid,”

“thinolitic,” and “dendritic” “tufas.” The “lithoid tufa” was
deposited during the early stages of evaporation in the lake, and
occupies a position on the sides of the mountains which once
formed the ancient lake shores.

From the analogy of the samples of tuf.x collected at the
Golconda manganese deposit with the deseription of “lithoid
tufa” given by Mr. Russell, and from the position that the de--
posit occupies in the old lake basin, it is probable that the.
caleareous material found with the Goleconda manganese repre-
sents the ““lithoid tufa,” and that the manganese itself is a local
deposit not necessarily characteristic of the variety of tufa with
which it is there associated. In other words, the deposit repre-
ents a lentienlar bed of manganese ore interstratified in a
calcareous sediment chemically deposited from ‘supersaturated
lake waters. It will be seen on figure 39, page 471, that
the manganese bed occupies a basin in this tufa, that the
basin was originally cut off on its east side by the rocks that
formed the old shore line, and that it was bounded on its
west side by the outer edge of the tufa terrace. Between

~these limits it extended a short distance up and down the lake.

shore. This position as well as the nature of the ore both tend
1o show that the bed was originally laid down as a shallow water
deposit, and subsequently covered over by the same tufa that
underlies it.

It seems possible that the source of the manganese was a.
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local accumulation precipitated from spring waters. In support
‘of this supposition it may be stated that at the town of Goleconda
there are, at the present time, a series of hotsprings depositing a

sinter highly charged with oxide of manganese, The

source of this ingredient in the spring waters may have been in
‘the lavas which cover large areas in the region in question and
give strong reactions for manganese. Anuother possible source
of supply may have been in the stratified rocks already described
as forming the mass of the mountain on the slope of which the
“deposit is situated, as both the quartzite and the limestone con-
tain small quantities of manganese. The lava, however, contains
‘a much larger percentage of this ingredient than the other rocks,

As regards the mode of precipitation of the manganese, it

is not probable that the ore was deposited simply by the gradual
desiccation of the lake waters, as was the case with the “lithoid
tufa” enclosing it, since if this had been so a far more general
~distribution of manganese than is seen in the tufa of the Lahon-
-atan basin would be expected. It seems more probable that the
ore was a local precipitation brought on by an excess of man.
ganese in spring waters in the locality in question, and that the
cause of its accumulation was the accidental formation of a
suitable basin in the tufa. Thisbasin may either have been
closed or have had an outlet into the lake. When the spring
waters reached the surface they were retained at least temporar-
ily in the basin, long enough to allow the oxidation of the met~
alliferous solution and the precipitation of oxide or simple
carbonate of manganese,® thus causing the local accumulation
-of ore ; whereas if the spring water had flowed directly into the
lake, its contents of manganese would have been scattered over
“a vast area. The rock fragments in the ore and tufa represent de-
tritus which rolled down from the mountain side during thé
~deposition of the beds.

Austin.—The mineral rhodochrosite, or diallogite, (carbon-
-ate of manganese) is found in association with quartz in many of
the silver-bearing veins near Austin, Lander county, Nevada.

@ Ii the carbonate was precipitated it was later converted into its present oxide form. (See
‘dinal chapter of this report,)

jent quantities t0
‘manganese. .
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Tt is of a pink color and highly erystalline. It is not in suffic-.

be used as a source of spiegeleisen or ferro-

 Mammoth district.—Tungstate of manganese is reported as.
existing in the Mammoth district, Nye county, Nevada, though
but few details regarding its oceurrence and extent are ob-
tainable.

The mineral was first described by E. Riotte.* According
to him it has a brownish-red or brownish-black color, a yellowish-
brown streak, a lustre which is adamantine on the cleavage plane
and otherwise greasy; contains tungstic acid (WO,) 76.4 per
cent, and mangaaese protoxide (MnO) 23.4, equal to tungsten

* 60.59 per eent, manganese 18.12 per cent. It is said to occur in

slate, in veins with scheelite, fluorite, and apatite.
Eureka—Wad and other manganese-bearing minerals are
found in association with the silver-lead ores of Eureka, Nevada.

& Reese River Reveille (Quoted in Amer, Jour, Sei., Vol. XLIIL, i867, pp. 128-124.)
+J. 8, Curtis, Monograph United States Geological Burvey. No. VII., 1884, p. 69

-




CHAPTER XIX.
THE MANGANESE DEPOSITS OF CALIFORNIA.

LOCATION OF THE DEPOSITS.

Munganese ores occur in many places in California, mostly
in the Coast Ranges and to a lesser extent in the Sierra Nevada.
Up to the present time, however, with one or two exceptions,
they have been found in only small quantities. In the Coast
Ranges they have been worked to a limited extent; in the Sierra
they have not been worked at all.

The Sierra Nevada and the Coast Ranges run in a general
northwestand southeast direction through California. The former
range oceupies the eastern part of the State and separates the arid
regions of Nevada from the fertile Valley of California. It is
by far the higher of the two ranges, and reaches an elevation, in
some places, of over 15,000 feet. The Coast Ranges skirt the
Pacific border and rise from a few hundred to 5,000 or 6,000 feet
and more above the sea. They are much less rugged and

‘barren than the Sierra, and are frequently covered with a dense
growth of timber. Both the Sierra and Coast Ranges blend into
each other in "the northern and southern parts of the state, and
the intermediate area, representing the Vailey of California,
comprises the drainage basins of the Sacramento and San Joaquin
Rivers. The former rises in the mountains of the northern part
of the state and flows south ; the latter rises in Tulare Lake, in

“the southern part of the state, and flows northwest. Both meet
in Suisin Bay, and flow thence through and the Bay of San
-Francisco, reaching the ocean through the Golden Gate.

The manganese ores of both ranges occur at various points

<on the interior border of this intervening valley region.
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== 'ﬁismonY OF MANGANESE MINING IN CALIFORNIA.

1 history of manganese mining in the United States in
has already been given in chapter II1., but for the sake
nv_e‘i:iehﬁe the facts relating to California are summarized
bﬂ:he only properties from which any quantity of manganese
has been shipped, 5o far as known, are Corral Hollow in Ban
quin county ; Red Rock island in the Bay of San Francisco ;
sear Saucelito in Marin county. Ore is also said to have
1 mined in Santa Clara county, but no details concerning
' ntity produced sre obtainable. Besides these localities,
ers from which no ore has yet been shipped, are known,
ﬁome of them have been prospected. They are described
n this chapter. _
‘first manganese mining in California is said to have
e in 1867, by A. 8. Ladd, at the Old Ladd mine in
low ; though about the same time Red Rock island
vorked. Most of the ore from both places was sent to
nd used.in chemical manufactures. ILadd continued
1 1874, during which time he shipped about 5,000 tons
The exact amount of ore shipped from Red Rock is not
t is said that at Jeast one schooner load was mined,
ly more. Operations are said to have been stopped
‘date by the government authorities, who wished to
e island for harbor purposes.
L the introduction of Spanish manganese into English
foreign markets caused the cessation of shipments of
1ia ore, which could not compete with the more ac-
1 often better product from Spain. Since that time
se mining in California has been carried on to only a
1 The Old Ladd mine was purchased from Mr,
by Mr. Justinian Caire, of San Francisco, who
has mined limited quantities of ore,
ear 1882 the locality mear Saucelito was worked to
ent to supply a fluxing material for a smelter at that
very small quantities of ore were mined and at
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The only manganese mining now carried en in California
is the limited work at the Old Ladd mine, and even this plays no.
important part in the industries of the state. In fact, the work
that was once done has been almost entirely forgotten, the subject:
excites no general interest and information concerning the
different localities and their history is difficult to obtain.

THE GEOLOGIC RELATIONS OF ‘THE MANGANESE DEPOSITS.

The manganese ores on the east and west of the Valley of*
California vary both in character and in the geologic ages of the
rocks with which they are associated. In the Coast Ranges, on
the west, the ores are associated with a series of jaspers, or
phthanites, which were early recognized by Professor J. D.
Whitney* as of Cretaceous age, and later described by G.
F. Beckerf as belonging to the Neocomian division of that
age (Knoxville group). In the Sierra Nevada, on the east of
the valley, the ores are associated with the limestone belt de-
seribed by Professor Whitney as probably of Carboniferous age.
Small quantities of manganese have also been found in the aurif-
erous slate of the Sierra. The lithologic associations and the
modes of occurrence of the ores are very different in the two.
regions, and the areas are therefore treated separately.

THE MANGANESE DEPOSITS OF THE COAST RANGES.

Location.—Manganese has been found at various points in.
the Coast Ranges, from Santa Clara county ou the south, to.
Colusa county on the north, a distance of about two hundred
miles. Beyond these limits, both on the north and the south, it is.
probable that similar ores may also be found when looked for.

Mineralogical forms of the ores.—The manganese ores of the
Coast Ranges oceur as oxides in the massive form, no crystalline
ore having been seen at any of the localities visited, though it is
possible that a further search may reveal their presence, The
ores are in pockets or lenticular beds and not in the shape of"

# (Geological Survey of California, Vol. I., Geology, 1865.
+ Geology of the Quicksilver Deposits of the Pacific Coast, Monograph U. 8. Geol..

Survey, No, XIIL., 1888, pp, 271-272.

THE MANGANESE DEPOSITS OF CALIFORNIA. 481

nodules characteristic of the Appalachian region. From a
ogical standpoint they are generally impure, but for
rcial purposes many of them, where found in sufficient
ties, can be made of considerable value. Two principal
eties of ore have been distinguished, one probably represent-
e mineral manganite, the other an oxide cqutainiug a large

cal nature of the ore.
Manganite.—Specimen from the Richards claim, Corral

w, San Joaquin county, California. This is a massive,
k, opaque mineral ; lustre submetallic ; often contains hollow
lined with a jet black, glossy film ; streak dark brown ;
subeonchoidal ; hardness 4; specific gravity 3.76. The
¢ gravity is low for that of manganite, which usually varies
2 to 4.4,* but this difference may be partly due to the
ce of the impurities shown in the analysis below. The
contains numerous cavities, and to avoid error from
the specific gravity was determined in a powdered

: closed tube the mineral gives off water ; in hydrochlorie
dissolves with the evolution of chlorine and leaves a
esidue ; with fluxes it gives manganese reactions. The
mlysis made by R. N, Brackett shows its composition
110°-115° Centigrade :

ysis of manganite from Corral Hollow, California.
Per cent, Ratio,

Manganese protoxide (MnO)...... 75,26 1.083
O0xyPen (O)..iicupiimsicsmmivsrmis 84 434
Ferric oxide (Fe.03) civiiimminine  5.26
Cobalt oxide (CoO).... e LTHCE

Lime (Ca0)....ccnsesrees 3.10

Baryta (Ba0)..... . none
Magnesia (MEO)ivccvrurrrnersmnerres  0.56

BT R O) v 10510

SBoda (Nag () ..... 0.58

Water (Hy0 ).... w846 4T
Biliea (S105)..cvummrmrerressasisarsanes 1,98

100.23

Dana, System of Mineralogy, fifth edition, 1883, p. 171,
al, Vol 1., 1890,
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The analysis shows the specimen to be an impure oxide of
manganese containing water, and approaching manganite in
composition. The impurities, however, render it impossible to
determine the mineral with certainty. The theoretical composi-
tion of manganite is represented by the formula Mb,0,, H,O, in
which the ratio of MnO, O, and H,0 is 2:1:1. The ratio of
the California specimen as given in the analysis differs some-
what from the theoretical ratio, but it is sufficiently close to strong.
ly suggest the identity of the mineral with manganite, Oceasion-
ally there is associated with this mineral a massive, steel-blue
ore with a submetallic lustre, a conchoidal fracture, and a
hardness of 6. It occurs in thin layers alternating with thicker
layers of the ore just described.

Impure oxide of manganese.—Specimen from Red Rock,
Bay of Ban Francisco, California. This is a massive, steel-blue
mineral ; opaque; lustre submetallic; powder dark brownj
fracture conchoidal, well developed ; hardness 6 to 7. It is
often laminated in structure, the laminae sometimes following
undulating lives much like those of the siliceous shales, or
phthanites, which enclose the ore. Frequently cavities are found
in it, lined with bright, glossy, mammillary surfaces or botryoi-
dal protrusions. Sometimes, especially on an exposed surface,
it is soft and earthy.

The following partial analysis by W. A. Noyes shows the
composition of the mineral dried at 110°-115° Centigrade :

Analysis of impure oxide of manganese from Red Rock, California.

Manganese protoxide (MnO}......cininns 44.21
Oxygen (O) T.81
Ferric oxide (Fea0s). crmmruermrerasmsrmrrrinsins 5:82
Aluming (Al208) e conmssnnsmmeninsissnin e 1.4
Phosphoric acid (P20s)... 0.61

e 35,32
Toam
The analysis, as will be seen, shows a very impure material.
The physical features of the ore, however, are those of psilome-
Jane and it is possible that it represents a highly siliceous
specimen of that mineral.

Silica (Bi02)scieis wrarmasssmsiarsnssss
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This form of ore is the common one at Red Rock, and an
;a'p,pareﬁﬂj' similar ore occurs near Saucelito, Marin county,

" Commerciul value of the ores.—It will be seen from the
deseriptions given above, that there are two varieties of man-
ganese ore in the Coast Ranges, both black and massive, but one
comparatively soft, the other hard and flinty.  The softer
variety, so far as can be judged from the one analysis, is rich in
manganese and low in the injurious ingredients, silica and
phosphorus. The analysis shows an excellent ore for the
‘manufacture of spiegeleisen and ferro-manganese. The harder
variety of ore is comparatively low in manganese, high in silica
‘and medium in phosphorus. Further chemical tests, however,
~ may prove some of it to be of better quality. Theamount of per-
‘oxide available for commercial chemical purposes is small in
both ores. The analyses given below show the composition of
 the two different ores. These analyses are the same as those
' described, but they are stated in a different manner, so as to

out their commercially important features.

Analyses of ﬂ‘mngaﬂsse ores from California.

Corral
CONBTITUENTS. ‘Hollow » | Fed Rock

M B58.28 54.23

2.28 8.72

1.98 35.82

Phosphoriis.....oueeeisianie none 0.27
£ 1T S e e i R e 3.10

Manganese peroxide. 3771 30.75

% Mode of occurrence of the ores.—The manganese ores of the

ﬂw sicg] Survey of California, Vol. 1., Geology, 1865,
lﬂggo{.iha Quicksilver Deposits of the Pacific Coast, Monograph U, 8. Geol.
. XTI1., 1888, p. 105-108.
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mentioned on page 480. The ore usually occurs as a more or
less distinctly bedded deposit, generally following the lines of
stratification, but sometimes cutting across them and filling joint
cracks or lines of fanlting. These transverse leads, however, are.
much smaller than the bedded ones and are always tributary to
them, rarely reaching any great distance from them before they
thin out and disappear. They seem to have been formed from
the bedded deposits by chemical action, whereby they were
dissolved and re-deposited during or aiter the disturbance of the
of therocks. The bedded deposits vary from a mere black
film between strata to beds several feet in thickness, and
sometimes seem to partake of the shaly nature of the enclosing
rock. Such deposits are not continuous over any great dis-
tance, but occur as lenticular layers, or oblong and sime-
what abrupt pockets, following certain lines of stratification
and either connected by thin seams of ore or separated by
practically barren rock. These lenticular bodies vary greatly in
a given distance, and in some places coalesce, forming a con-
tinuous bed of varying thickpess for a distance of several
hundred feet along the outerop of the ore-bearing stratum.
Such is the case at the Old Ladd mine, to be described later in
this chapter. '

The jasper, or phthanite, with which the ores are associated
varies in color from gray, yellow, and green, to brown and
brilliant red. The gray and red colors are the most common ;
and the latter, more by its brilliant shade than its more frequent
occurrence, is markedly characteristic. Of so deep a’hue is the
red coloring, that the rock, especially where weathered and soft,
has been used as a basis for paint. This striking color has given
the name to Red Rock island, to be described later in this
chapter.

These rocks are very hard and flinty, with a fracture vary-
ing from hackly to conchoidal. In the neighborhood of the
manganese deposits, they are sometimes deeply stained with a
black manganese coloring matter, either as a thin film penetrat-
ing cracks and joints or as a finely disseminated material which
has impregnated the whole substance of the stratum. The rocks
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are sometimes bedded in thin laminae, at other times in more
inassive strata from several inches to several feet in thickness;
and between these stages these are all gradations, the thin and
thick strata being indiscriminately associated. Such deposits,
according to Whitney and to Becker, are the result of the
metamorphism of shales, and in many places blend into the
unaltered rock. The transition from one rock to the other
takes place both laterally and vertically, and the extent of either

one is very irregular.

Not only have the beds been thus altered, but, where the
proper constitutents existed in them, numerous more vr less
: .__gom.piex'miueralﬂ have erystallized out during the metamorphism.
~ TIrregular masses as well as extensive deposits of serpentine are
. __a_},gq_'frequently associated with the jaspers, and, according to
Whitney and Becker, have resulted from the alteration of
‘more or less impure sandstones, in the same way that the jaspers
sor phthanites have resulted from the alteration of shales,

The rocks with which the manganese is associated have all
been greatly disturbed, and frequently dip at high angles, some—
_,ﬁmea vertically. They oceupy a belt of counfry, running in a

eneral northwest and southeast direction, and frequently strike
‘that direction also, buat the disturbances in many places
- have greatly contorted and confused the strata. G. F.
R - ﬁﬁgcker‘,* in speaking of the time of the disturbance of these

‘ rocks, says: ‘““The epoch of the uplift lies between the

end of the period in which the Knoxville and Mariposa
“beds were deposited and the beginning of that in which the
- -%iﬁ:rhetamorphosed Wallala series was laid down, or, accord-
ing to the paleontological determinations, between the Neo-
comian and a middle Cretaceous period resembling the
“Gossau. Unless the violent dislocation which took place
between these periods was preceded by a gentle uplift of the
conotry above water—and of this no evidence is known—the
= -j?ilﬂing and crushing which form so prominent a feature of fhe
= Coust Ranges must have taken place at the close of the Neoco-

_ "Geology of the Quicksilver Deposits of the Pacific Coast, Monograph, U. 8. Geol.
Survey, No. X111, 1888, p. 152.
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mian.” Mr., Becker is also of the opinion that the meta morphism
cannot have preceded the uplift, but that it occurred immedi-
stely after it and was “to a great extent dependent on the
crushing of the rock.”

The Old Ladd or Corral Hollow mine.—This property is in
San Joaquin county, ina eanyon known as Corral Hollow, twelve.
miles south of the Southern Pacific Railroad at Tracy, and about
fifty miles southeast of San Francisco. It was originally owned
by A. 8. Ladd, who did the first mining on it in 1867; hence
the name, “Old Ladd mine.” It represents the locality from
which most of the California production of manganese has been
derived, and its history is given on pages 479-480. It is now
owned by Mr. Justinian Caire of San Francisco and is worked
to a limited extent. Considerable mining has been done on the
property : a tunnel about 500 feet long has been run into the
hill and numerous small pits have been worked.

The manganese occurs in a lenticular bed interstratified in red,
yellow, and gray jasper. The ore, when fresh, is a hard, black,
massive variety, with a well developed conchoidal fracture, and
sometimes showing a tendency towards a laminated structure.
On an exposed surface it becomes soft and bieaks up into a fine
black powder. It resembles, externally at least, the mineral
described on pages 481-482, which is from a different part of
the same bed. The jasper is frequently stained in joint cracks
and cavities by a thin black film of oxide of manganese, and is
also pierced by many veins of quartz. It has been much folded
and now formsa hill rising almost 300 feet ab yve the surrounding
drainage. The strata all dip at steep angles of from 40° to 90°
and strike in a general direction of north-of-west.

The outerop of the manganese bed appears on the west
side of the hill and has been traced continuously across the
summit, In runs in the direction of the strike of the rock and
has been followed by a tunnel for about five hundred feet. The
ore bed was found to widen and contract at intervals, expanding
in some places to as much as seven feet, and in others thinning
out altogether. In fact, it is made up of a series of irregular
and somewhat abrupt lenticular bodies, either near together and
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 connected by thin seams, or more or less completely isolated and

geparated by many feet of barren rock. Frequently there are
‘small subordinate bodies of ore in the jasper on either side of
main deposit, but they all seem eventually to run into the
latter. In places the contortions of the rocks have thrown the
Q;g_bed into small folds, and it is found lying horizontally at the
erest of such disturbances; but this is of only local occurrence
the deposit usually dips steeply with the enclosing rock.

What appears to be the extension of this same manganese
bed was traced almost continuously for a quarter of a mile ina
west-by-north direction, and over a mile in an east-by-south
direction. It thins and thickens at intervals, and at times runs
out altogether, beginning again a short distance farther on, just
as at the Old Ladd mine., In no place was more than four
hﬁn&red yards passed without seeing signs of it, and if the out-
;ﬁfmp.were stripped, it is probable that the exposures would be
still closer.

A quarter of a mile north-by-west from the main mine is a
small pit showing the ore-bearing deposit with a width of from
five to six feet of soft black ore, bounded on each side by the
yellow and gray jasper.

The Richards claim.—The Richards claim is a little over a
‘mile in a general southeast direction from the Old Ladd mine,
- and appears to be on the continuation of the same ore bed. The
outerop of the deposit is traceable at intervals for about a
“thousand feet, and is four feet in the widest part, thinning to one
~ footat its southeast extremity. It strikes in a north-of-west.
- direction and dips almost vertically, The same red and - gray

“An analysis of the ore from this property is given on pages 481
~ and 483.
Red Rock.—Red Rock is a small island situated in the
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Manganese was mined on this island about the year 1867 .

and was shipped to England. The exact amount of ore taken
out is unknown, but it is stated that at least one schooner-load,
and probably more was mined.* A small tunnel and an open
cut were made, but the amount of work done was limited.

The manganese occurs in association with red jasper and is
of a hard, compact, massive nature, very brittle, with a sub-
metallic lustre, a deep steel-blue color, a conchoidal fracture, and
occasionally a laminated structure resembling that of some of the
enclosing rock. The jasper has a deep blood-red color, though it
is frequently stained along cavities, joints, fault lines, and es-
pecially planes of bedding by a black film of oxide of manganese,
which gives the rock a beautifully banded appearance. The red
varieties, where soft and decomposed, have been used as the basis
for a paint. The jasper is much disturbed, but its general
dip varies from south to west, though the contortions have caused
considerable irregularity in the uniformity of the strata. It
comprizes the southwest part of the island and rises in an
almost vertical cliff, conspicuous by its brilliant red color, and
hence the name of the island. At this point the strata are
almost vertical, while to the northeast they lie at lower angles,
and in places are almost horizontal. Rising from undér the
jasper and forming the northeast part of the island is a softer,
yellowish-green rock, comprising an area much lower than the
other part of the island, and sloping off gently teo the bay. This

© rock sometimes appears to be stained with manganese, but does

not contain any considerable quantity, and the ore so far as seen
is practically confined to the jasper.

Tke ore oceurs both in the planes of bedding and in joint

cracks and faults in the form of more or less continnous seams,
varying from a mere film to a foot in thickness, The seams in
the bedding planes are apparently the most constant, while the
others probably represent the result of a secondary chemical
action, by which the ore has been carried in solution from the
bedded deposits into fracture caused by the disturbances in the
rock. The quantity of ore on the island is very limited.

® For further details see page 479.

=

- and containing small quantities of manganese, is seen in the city
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~ San PFrancisco.—A jasper similar to that already described,

of San Francisco, especially on Bernal Heights, at the quarries
4¢ 924 and Castro streets, on 19th street between Castro and
Noe, in Golden Gate Park, and elsewhere. Someti.mes lu.mps of
ﬁan'gan'ese ore are found in these places, and the jasper is more
or less stained with it, but the quantity is insignificant and the
localities are mentioned only to show the general distribution
-of emall quantities of manganese in the metamorphosed shales of
-of the Coast Ranges.
" Tomales and Preston’s Point.—Similar jasper with a similar -
stain of manganese occurs one mile east of Tomales, in Marin
-'e.oﬁnty, and also on Preston’s Point, two and a half miles south-
west of Tomales, but in neither place has any appreciable quan-
“tity of ore been found.
Saucelito.—Saucelito is on the southern part of a chain of
mountains separating the northern part of the Bay of San Fran-
.gisco from the Pacific Ocean, and ending abruptly at the Golden
*G’ate. Manganese ore has been found in small quantities in
several places in these mountains just west of Saucelito. It was
‘mined in about the year 1882, for use as a flux in a smelter at
that town, but work was shortly afterwards abandoned. A few
‘shallow pits were opened, but only small quantities of ore were
mined, .
: The mountains rise several hundred feet above the waters
‘of the bay, and are composed largely of shales in various stages
-of metamorphism, from an earthy, soft, unaltercd material, to a
~ hard, flinty jasper. They are of a deep red color, though often
Hocally stained black with oxide of manganese.  The
‘openings have been made near the summit of one of the mountains,
~where the stain becomes much more marked, and the thin films
“of ore occasionally widen into nests or pockets from one to three
fect ormore in diameter. Theoreisa massive, sometimes porous,
“bright, glossy, black material, hard, with a submetallic lustre on

~ a fresh fracture and dull appearance on a weathered surface. It

“is frequently stained by iron. The jasper is much disturbed
=and is often cut by a network of thin veins of white quartz,
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giving it a brecciated "appearance and a variegated color. N
considerable quantities of manganese ore are seen at this locality.

Little Stony,—The village of Little Stony, also known as.
Smithville, is in Colusa county, near the head waters of Little
Stony Creek, and about twenty miles west of the Southern
Pacific Railroad. Manganese has been found in several places
from three to four miles northwest of the village, on the eastern
foot-hills and the flanks of St. John Mountain, one of the peaks
of the main chain of the Coast Ranges.

At one of these localities, on a claim owned by Messrs,
Smith and Bisk, of Little Stony, a small opening has been made
buat no ore has yet been shipped. The manganese occurs in the
same jasper, or metamorphosed shale, that has been mentioned
before, except that in some places the rocks.are less brilliantly-
colored and are often ofa drab gray. They are frequently pierced
by innumerable veins of white quartz. The ore is hard, black,
and massive.

The jasper dips almost vertically, and strikes west-by-north.
The ore-bearing part of the rock is from five to ten feet in its
widest part and has been traced in the direction of the strike for-
about 200 feet. It appears to represent an inter-
bedded stratum in the jasper, and is not composed
entirely of ore, but contains it in quantities varying from
less than a fourth to almost half the mass of the bed.* Traces
of manganese appear elsewhere on the hill and frequently the

# Small nests, from a sixteenth to an eighth of an inch in diameter, of a red or erimson
mineral, sometimes crystalline, occur sparingly in the ore, It seems to be cinnabar, but
as the specimens collected were lost in transportation, no chemical tests were mdde, The
same material frequently impregnates joints in the ore. The presence of cinnabar in the
Jasper, or phthanite, is a.frequent occurrence, though it is also associated with various
other rocks. G. F. Becker, (Monograph U. 8, Geol, Surv., No. XIIL, 1888, p. 391.) In
speaking of the rocks in which this mineral oceurs, says : * The country rock of the cinnabar
deposits is of the most varied character, and I am unable to see that, excepting from a
mechanical point of view, the rock-has exerted any influence on deposition. The oldest rock
in which cinnabar occurs is granite, in which the main part of the deposit at Steamboat
Bprings is found. The ore occurs in every variety of the early Cretaceons rocks, in unaltered
sandstones, and also io phthanite, pseudodiabase, pseudodiorite, glaucophane schists, and ser-
pentine. The most important deposits ocenr in the metamorphosed rocks, but this seems to be
due only fo their hardness, as will be explained a little later.” Mr, Becker supposes the ore.
to have heen brought from below and to owe its presence toa  precipitation in fissures from.
ascending hot solutions, "’ (Loe, cit,, p, 416.)

-
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it in every available crevice, but except

E -_‘-' nre: nated With e .
JpIeE ed it exists in only insignificant quan-

the place just describ

A mile and a half northwest of this locality 'and on .the-
a-’ﬁf:St. John Mountain, a similar ore occurs in a similar
The jasper has more of the characteristip red color than
and often blends into the unaltered shale, from
lly derived. The part of the rock contain-
ing the manganese is about twenty feet thick, with ore u.-regularly
"'t.;tere'd through it and forming only a small fr?.ctmn nf. the
mm;s The ore is traceable for a few hundred feet In the direc-
‘81011 of the strike, when it becomes covered by debris from.the
; Between this locality and the last there is a

slop

at the last place,

mountain side.

"~ imilar but smaller deposit, and others are also reported at

various places from five to ten miles south of Little Stony. In
fact, the whole Coast Ranges from the peninsular of San Frar_.l-
oisco northward to Colusa county, and probably beyond, is
-ﬁﬁkfact'érized at intervals by a stain of manganese, which oc-
éja_siqnal-ly increases in quantity until it blends into the local
deposits already described.

THE MANGANESE DEPOSITS OF THE BIERRA NE'VADA._

Location and general features.—The few manganese deposits.
that have so far been found in the Sierra Nevada in California,.
‘oceur on the western slope of the mountains in Tuolumne, Cali-
eras, Placer, and other counties. They are very limited in.
tent, and have, so far, proved of no economic importance..
m;inganese ore has ever been shipped from any of them.
ey are found in connection with the auriferous slate and
mestone of the Sierra, either in place in the rocks or as
ules in the auriferous gravel which covers their decayed,

‘The ores are found both in the form of oxide and of
silicate of manganese (rhodonite). Their mode of occurrence is.

'y different in different places, so that no further generalizations
can be given here, but the details of individual localities are-
deseribed below.
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Sonora.—The town of Sonora is on the western slope of the
Sierra Nevada, in Tuolumne county, thirty-six miles southeast
of Milton, the terminus of a branch of the Southern Pacific
Railroad, and about a hundred miles due east of San Franeisco,
Manganese has been found two miles north of the town on the
land of William 8. Macomber.

This locality is surrounded by some of the earliest of the once
most productive placer gold diggings in California, though at
present mining operations have grestly diminished. The man-
ganese occurs in the forms of oxide and of silicate (rhodonite), in
a deposit between a green porphyry and a schistose rock of the
‘same color. These rocks dip vertically, or almost o, and rise in
a simewhat abrapt hill, having withstood the disintegrating
agencies which have worn the surrounding limestone down to a
lower level. To the north and south of the hill are areas
‘of white or gray crystalline limestone and of slate.

The schist borders the ore deposits on the south and is a
‘green material of more or less chloritic or micaceous nature, either
fine and granular, or coarse and showing a laminated structure.
The same rock andalso a gray or brown schist are found else-
where in the hill. The porphyry consists of a dark green
matrix with white feldspar erystals, and frequently has a
granular structure. It borders the ore deposit on the north,
and also occurs on other parts of the hill. It has the appearance,

‘externally, of an igneous muterial, but may possibly represent a

metamorphosed sedimentary deposit®. Professor J. D. Whit-
vey, f in speaking of metamorphism in the auriferous slate
formation, in the same region as the limestone, says:  Besides

‘the slate, there are sandstones in various stages of alter-
-ation ; but they have almost everywhere been highly meta-

morphosed since their deposition. They frequently pass into
diovitic or trappean varieties, which it is difficult to distinguish
from the really intrusive or eruptive masses. They also assume
a porphyritic structure, appearing in various forms of horn-

* The time available for the examination of this property did not permit an investi-
gation of the relation of this rock to those in the vicinity, and therefore nothing more definite

“can be stated conecerning it.

1 Geological Survey of California, 1865, Vol. L, Geology, p. 232.
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de-porphyry, and passing into compact hornblende-rock, or
bolite. Serpentine is also one of the forms of metamor-
m of the rocks of the auriferous slate series, and it occurs in
assea in Tuoolumne, as well as all the other mining
anties.” The geologic age of the limestone belt of the Sierra,:
;h',ieh the region in question forms a part, is supposed by
Professor Whitney to be probably Carboniferous. *

The rocks strike in a general east and west direction, and
the ore deposit follows the same general strike, though in some
\ces it appears to bear a little to the north of west, possibly
1 account of a flexure in the rocks. Its outcrop is seen in only
y few places, on account of the heavy covering of soil. Two
“small pits have been sunk on it, one to a depth of thirty feet, and
~& t-hé other to eighteen feet. They are now mostly filled up, but it

is said that at the bottoms of them the ore body varied from
to twelve feet in thickness, The ore is composed of a
mixture of the oxide und a beautiful pink rhodonite and is as-
-:éﬁ&iat'e.d with pure quartz.

The rhodonite is a pink, translucent mineral with a fine-
granular structure and a hardoess of about 6. The oxide
f manganese varies from a hard, compact, siliceous, black
terial to a soft, black mass of the consistency of tale, and
imes has the same granular structure as the rhodonite.
the oxide and rhodonite are either intimately mixed or in
yuous but distinct masses, They always blend into one
, however, and wherever found the oxide occupies
‘most exposed positions, surrounding masses, or enclosing
ernels of rhodonite, To the depth that the shafts have
sunk, the oxide composes the larger part of the ore,
ost every mass of the material seen on the dump contains
kernel of rhodonite. There seems to be no doubt that all the
- oxide has come from the oxidation of the rhodonite, and that at
in depth the whole mass would be found to merge into
eral, _
rding to present market standards, rhodonite is of
~value as a source of manganese on account of its high per-

®Geological Survey of California, 1865, Vol, 1., Geology, pp. 526-329,
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centage of silica, nor can it be used as an oxidizing material for
chemical purposes as it contains no peroxide of manganese,
though the oxidized part of the deposit contains small quantities
of that ingredient. Rhodonite is used, however, for cutting
into gems, and the beautiful pink color of the Sonora mineral
would permit its use for this purpose if it were mined at a depth
sufficient to obtain it unblemished by the black oxidation product
that stains it on the surface. Rhodonite has also been used for
glazing pottery, as a flux in iron farnaces, and for other
purposes.

Columbia.—The town of Columbia is in Tuolumne county,
about six miles north of Sonora. Small quantities of manganese
ore have been found in the auriferous gravel in the neighbor-
hood. This region, just as the vicinity of Sonora and else-
where in eastern Tuolumne county, was the seat of extensive
placer workings during the early days of California gold mining.
Now many of the placer deposits have been exhausted, and the
working of others has been curtailed by the law restricting
hydraulic mining. But the evidence of the former industry is
seen in the large heaps of gravel and the areas of bare rock
stripped of their original covering.

The rocks are mostly limestone and slate, striking in a
general east and west direction and dipping at steep angles of
from 45° to 90°. The edge of the slate often forms compara-

tively continuous ridges; but the more easily eroded limestone

occupies the valleys and flats and is often covered by auriferous
gravel. Where seen in the old diggings it forms series of jagged
and irregular knobs, often of fantastic shapes, following the
lines of strike of the formation. In the auriferous gravel of this
region, nodules of manganese ore from one to six inches in
diameter are frequently found. The ore is in the form of oxide,
is of a black color, hard, and massive, sometimes granular,
and is in kidney-shaped and mammillary masses. It has probably
weathered out of the rocks of the region and collected in the
-gravel. It occurs on Knapp’s ranch, on the outskirts of
“Columbia, and also in many other places. It is not in sufficient
~quantity to be of any commercial value, but is mentioned here
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distrviet is often referred to as a manganese locality,
of an earthy, black wad are also frequently seen in
in the limestone, and are probably due to the concentra-

' small quantities of manganese during the decomposition

k.

En?.mile’ east of Columbia manganese ore is seen in place
2 aha_[y- slate. The ore is in the oxide form, is granualar in
ructure, and is associated with transparent quartz.  The
it is mostly obsecured by soil, so that its mode of occurrence
not be made out, but a small prospect hole sunk on it shows
be from one to two feet in width. [t probably represents
d lenticular deposit in the slate. The latter is of a rusty
color, strikes east and west, dips almost vertically, and is
rbedded in the limestone of the region,

~ Cape Horn.—The name Cape Horn is given to a rugged
wost vertical cliff several hundred feet in height, which
; the northern side of the north fork of the American
y, two miles east of the town of Colfax in Placer county.
river rises in the main range of the Sierra Nevada, to the
the town of Colfax, and flows thence southwest into the
ito River. In Placer county, which it intersects
inally, it has cut a succession of deep canyons of which
ty in question forms a part, In the face of the cliff at
Horn are exposed a series of slaty and schistose strata,

ayers of quartz.  The rocks strike in a general northwest
n, and dip almost vertically, sometimes with a slight
tion to the southwest. Manganese is seen in many places
r the base of the hill, and occurs in the form of black oxide,
hin seams from a sixteenth to an eighth of an inch in thick-
It often forms a network of thin veins, but the quantity
far as yet discovered, is very limited, and of no com-
importance,



CHAPTER XX,
THE MANGANESE DEPOSITS OF CANADA.

LOCATION OF THE DEPOSITS.

Manganese ores have been found in many parts of Canada,
but the workable deposits, so far as yet known, exist only in the-
provinces of New Brunswick and Nova Scotia, and even there
they are mostly confined to the area of the Lower Carboniferons
rocks. Small quantities have been found in both older and
younger rocks, but attempts to work them as a source of man-
ganese have so far proved unsuccessful. Most of the deposits.
that have been worked are either directly on, or within a few
miles of the shores of the Bay of Fundy or of its eastern extremi-
ties, known as Minas Basin and Chignecto Bay. Similar ores,
however, are also found on the Atlantic coast of Nova Scotia
and in Cape Breton.

HISTORY OF MANGANESE MINING IN CANADA.

The history of manganese mining in Canada has already
been given in the general deseription of the industry in the
United States and Canada in chapter IIL, but the part pertain—
ing especially to Canada is summarized here.

Manganese was mined in Hants couuty, Nova Bcotia, as.
early as 1861, but the first systematic work was done at the Tenny
Cape, in that county, in 1862, under the management of John
Browne. In 1864 the mine at Markhamville, New Brunswick,
was opened under the management of Major A. Markham, and
has been worked almost continuously ever since, This property
has yielded over half the total Canadian production of man-
ganese, and under the management of Major Markham has been
for many years past, and is still, the leading producer of Canada.

THE MANGANESE DEPOSITS OF CANADA. 497

1890 its total output is said to have been nearly

tons. Next to the Markhamville mine the Tenny
, mine has probably produced more than any other in
: i{s total ontput up to the end of 1890 having probably'

over 3,000 tons.
Beeudes these two mines, many others in both New Bruni~
and Nova Scotia have been opened up at various times,
some of them are being worked at present. Among those
w Brunswick are the Quaco Head, Jordan Mountain,
eb and Shepody Mountain properties, besides several others..
e Quaco Head mine has been worked intermittently for a
sy of years, and is at present being operated by the Bruns-
sk Manganese Company. Among the other localities in Nova
: ia, manganese has been mined at Cheverie, Walton, Onslow
ntain, and elsewhere. At Loch Lomond, Cape Breton,
anese mining was begun in 1881 by E. T. Moseley,
as been carried on intermittently ever since.

Pmbably 50,000 tons would more than include the total
' on of manganese ore in Canada up to December 31,
~ The detailed statistics of production, exports, and imports
New Brunswick and Nova Scotia are given in chapter

es 70-73.
GEOLOGIC RELATIONS OF THE MANGANESE DEPOSITS.

~ The most important of the manganese deposits of New
ok and Nova Scotia occur in the Lower Carboniferous
estone or the associated strata. The exact stratigraphic
of the rock with which the ores are associated in some
e different parts of the region is not in every case entirely
, but with the exception of certain localities to be mentioned
r in this chapter, all the deposits occur within the Lower
ferous series. The position of the manganese-bearing
e formation in the Carboniferons system is represented in
p 4 in the following section by Sir William Dawson : *

When fully developed, the whole Carboniferous series

' ‘Ax:ad.iun Geology, third edition, 1878, p. 129,
- 82 Geological, Vol. 1., 1890,
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may be arranged in the following subordinate groups or
formations, the limits of which are, however, in most cases
not clearly defined :

“(1).~ The Upper Coal Formution, containing coal formation
plants, but not productive coals.

“(2). The Middle Coal Formation, or coal formation proper,
containing the productive coal-beds. *

“(8). The Milistone-grit Series, represented in Nova Scotia
by red and gray sandstone, shale, and conglomerate,
with a few fossil plants and thin coal seams, not pro-
ductive.

“(4). The Carboniferous Limestone, with the associated
sandstones, marls, gypsum, etc., and holding marine
fessils, recognized by all paleontologists who have ex-
amined them as Carboniferous,

“(5). The Lower Coal Measures,holding some, but not all,
of the fossils of the Middle Coal formation, and thin
coals, not productive; but differing both in flora and
fauna from the Upper Devonian, which they overlie
unconformably.”

Among the most noticeable features of the Lower
Carboniferous rocks in the Bay of Fundy basin are the large
deposits of gypsum and anhydrite which exist in group 4 of
the above section. These are interbedded with the other
rocks and in some places overlie the manganese-bearing
limestone. Their possible relation to, and effect on the
manganese deposits are further discussed at the end of this
chapter.

The geologic structure of the basin of the Bay of Fundy,
in which most of the manganese deposits occur, is consider-
ably complicated on account of the disturbances to which it
has been subjected at different geologic times. Sir Wil-
liam Dawson, however, in his Acadian Geology, has given
valuable information on the geology and resources of the
region. In the New Brunswick part of it the geology has
been further worked out by G. F. Matthew, L. W. Bailey
and R. W. Ells, and their results are published in the
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orts of the Oanadian Geological Survey ; while K. Gilpin,
I.ijl various publications referred to later in this chapter,
given excellent descriptions of the different ore deposits
”-Sva Soctia and their geologic relations.

" The lowermost rocks of the region in question are meta-
‘morphic and of pre-Paleozoic age. Overlying them, and
‘;bv'ering the larger part of them are found, in different
places, rocks of Cambrian, Silurian, Devonian, and Carbon-
“iferous ages, which have been greatly disturbed and are now
 <een in various degrees of folding. These are occasionally
erlain unconformably by isolated areas of New Red Sand-
ne (Triassic), filling bagins in their denuded surfaces.
large part of the Nova Scotia coast of the Bay of Fundy
48 lined with eruptive Triassic traps, and evidences of eruptive
n are seen at various horizons throughout the other
ta represented in the region.

. The pre-Paleozoic rocks appear in scattered outerops
“or in long ridges bordered by the younger strata. The Car-
‘boniferous rocks cover a’large part of the region, but the
Silurian also comprise considerable areas, while the Devonian
Qambrian rocks are represented by smaller exposures.
Triassic sandstone forms a broken fringe at intervals
ong the shore of the bay and is prominent by its character-
red color. The rocks, however, that are of most im-
ce to the subject under consideration are the Lower
niferous, and these are found over a very considerable
itory both in New Brunswick and Nova Scotia, They
ntly comprise large areas on the immediate coast of
Bay of Fundy, especially near its head, on the shores of
as Basin and Chignecto Bay; and they also play a
inent part in the stratigraphy of the interior. Small
ntities of manganese ore have also been found in pre-
zoic, Cambro-Silurian, Coal Measure, Triassic, and the
rocks and will be further mentioned later in this

er,

THE MANGANESE ORES.

:;fl‘_:ﬁ'nemlogical forms of the ores,—The manganese ores of
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New Brunswick and Nova Scotia represent oxides of the
metal, and are mostly in the forms of pyrolusite, manganite,
psilomelane, and wad.

Pyrolusite, manganite, and psilomelane.—P yrolusite, man-
ganite, and psilomelane often occur together, blending into
each other and varying considerably in relative amounts,
Sometimes, as at Tenny Cape, pyrolusite is the predominat-
ing mineral, though smaller quantities of the others exist.
At Cheverie and Walton manganite is common, while at
Markhamyville pyrolusite and manganite are both found in
considerable quantities. Psilomelane is frequently associated
in greater or less quantities with the other oxides.

The character of these ores varies slightly in different
places, but they conform, in a general way, to the descrip-
tions of manganese ores given in chapter V. The pyrolusite.
occurs in nests of fibrous, orthorhombic prisms, often radiat-
ing from a center or encrusting masses of psilomelane,
Sometimes the fibres are long and slender with perfect
terminations, sometimes short and more compact, or even
existing as a finely granular, crystalline aggregate. The man-
ganite is not usually in such large crystals as the pyrolusite,
but often occursin well developed prisms, markedly different
from those of pyrolusite in their greater hardness. The
psilomelane is in more or less nodular masses of dark steel-
blue or black ore, often coated by an incrustation of
radiating crystals of pyrolusite. All three varieties are
frequently associated with calcite, barite, selenite, and some-
times limonite and hematite, besides other minerals in small
quantities.

The analyses given below, made by Professor H. How,
represent the composition of pyrolusite and manganite from,
Nova Scotia:

Analysis of pyrolusite from Amherst, Nova Scotia.*

Maoganese peroxide (MoOz)..w weemieennnnn97.04
Water (Hz0) 0.61
Gangue and loss 2,85

100.00

&« H, How, London, Edinburgh and Dublin Phil. Mag., March, 1866,
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The insoluble matter (gangue) was brownish-white and
d most pr‘oba.b]y consisted of barytes.”

Analysis of manganite from Cheverie, Nova Scotia.*

Manganese sesquioxide (Mpz0z).iveimn.. 8651
Water (H20) 10,00
Gangue.i. 1,14
Oxideof iron, barite and loss.....cciiaiinns 2.05

160.00
It will be observed that the manganite analysis repre-
‘sents an impure hydrous sesquioxide of manganese, approach-
ing, when the impurities are disregarded, the theoretical

-"wmpoaition of manganite, Mn,0,, H,0, which contains:
~ manganese sesquioxide, 89.8; water, 10.2.

Wad.—Wad is by far the most abundant of the manganese

: _ minerals in Canada, but it is of low grade, representing a highly
~ siliceous bog manganese, and is not used as a source of the metal,

From a commercial standpoint, therefore, it cannot be termed an

_ore. It is occasionally used as abasis for pigments, but even for

this purpose its consumption is limited. Small quantities have
‘been mined, though but little of it has been shipped out of the
provinces. It occurs in association with many of the rocks

resented in the region, but is often, or even generally, a
secondary product, arising from the surface decay of these
-_ﬁr(’_':‘:-ks, and has not always been laid down in its present form

_ with them. This is especially true of the areas of crystalline
~ vock, where wad often occupies hollows on the surface and is the

“result of the decomposition of the underlying rock. Sometimes,
however, especially in the younger rocks, wad occurs asa bed laid

~ down at the same time as the enclosing strata. It is usually

& more or less porous, earthy material of a brown or black color,
er in the form of nodules in clay or as a continuous bed,
metimes several feet in thickness and exceedingly variable in
eomposition. It contains from 10 per cent to over 30 per
cent of manganese and sometimes over 25 per cent of water. It
always associated with more or less iron.

. “London, Edinburgh and Dublin, Phil. Mag., March, 186,
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Large quantities of wad are stated by R. Chalmers* to
exist in the gravel near the Government House, Fredericton, N,
B.; also at Queensbury, York county, and at Lincoln, Sanbury
county, K. Gilpin, Jr.,, reportsi its existence in Nova
Scotia at Chester, Parrsborough, Jeddore, Beech Hill, Lochaber,
Tracadie, Louisburg, Sydney, and on Boularderie Island; also}
at Ship Harbour, 8t, Margaret’s Bay, Shelburne, La Have, Spring-
hill, and in Pictou and Antigonishe counties. Hugh Fletcher§ re-
ports it as existing on the road to Goshen from the foot of
Lochaber, on the telegraph road near Afton, in Pomquet River,,
in Southerland’s Brook immediately above the East River of St.
Mary’s, and on the hill south of the railway west of Piedmont
station. Wad has also been found in many places in the eastern
townships in the Province of Quebec, especially in the town-
ships of Bolton and Stanstead. It also occurs in the township
of Tring, in the seignories of Aubert Gallion, St. Mary, St.
Anne de la Pocati¢re, Cacouna, and many other places.|| These
localities are only a part of the many that are known, but they
will serve to show the general distribution of wad in Canada.
The following analysis by Mr. Gilpin shows the composition of
a characteristic specimen of wad frem Boularderie Island, Cape
Breton.

Analysis of wad from Boularderie Island, Cape Breton.9]

Manganese peroxide (MnOz)u. oo vivernnn 44,33
Ferric oxide (FezOs) .. cammrismssnsnsssnsannnns 35,50
Insoluble matfer........csemerrrssisissssormnssinses 10,00
Manganese 28.01
Iron 24.85

Commercial values of the ores.—The uses of the man-

% GGeological and Natural History Survey and Museum of Canada, Alfred B. O.
Selwyn, Director, Report of Progress, 18582-8-4, p. 47, G. G.

1 Mines and Mineral Lands of Nova Scotia, p. 91-92.

§ Trans, Roy. Soc., Canada, May 22, 1884, p. 7.

# Geol, Burvey of Canada, 1886, p. 118, P,

| Geology of Canada, 1863, p. 752.

1 E. Gilpin, Jr., Trans. Roy, Soc., Canada, March, 1884, p. 7.
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ores of New Brunswick and Nova Seotia differ from
" the uses of the larger part of the manganese ores of th:e United
t';e'a.,..i'n that the former are devoted mostly to chemical pur-
o5, while the latter are largely consumed in the manufacture
 of @iegeleisen and ferro-manganese.

' The manganese ore used for chemical purposes has a much
P -:'gfeﬁ'té.!' value than that used for spiegeleisen and ferro manganese.
Tt sells for from 2 to 5 cents per pound, or from $40 to $100 per
ton, according to quality, whilethat used for the latter purposes

car ly brings over §15 per ton. The applicability of an ore for

er use depends on its composition : its value for chemical pur-

esis based largely on its oxidizing power, that is, on the amount
_oxygen, known as “available oxygen,” that can be obtained

"~ from it in the ordinary processes of manufacture. The available
f#y'gan, as explained in previous chapters,* depends on the
e 'ﬁﬂlount. of manganese peroxide in it, and therefore the market
X :i)j:ie'e of an ore for chemical purposes is determined by the per-
' ;wmge of this constituent. Pyrolusite contains a larger per-

centage of peroxide than any of the other manganese ores, in
fact being, when pure, composed entirely of it, and therefore the
value of the Canadian ores is due mostly to the large proportion

of this mineral found in them. Pyrolusite is never found in a
rfectly pure state in nature, however, and the very best
cked ore rarely contains’ more than from 70 to 95 per cent of
ide, equal to about 13 to 17 per cent of available oxygen.
~ Psilomelane al<o contains a considerable proportion of per-
'a.e_; but on account of its hardness and other peculiarities, as
ready explained on page 42, it is not so desirable as pyrolusite
for most chemical purposes. Manganite, on the other hand, has
aly a small percentage of peroxide ; T while wad, though it fre-

uently contains a considerable amount, is too impure to be
rable for chemical purposes.

In the manufacture of spiegeleisen and ferro-manganese, the

“ Bee pages 8§, and 40-42.

F Manganite is a hydrous sesquioxide of manganese and, accurately speaking, containe
ma ggnebe peroxide; but what is meant here issimply the amount of available oxygen
din a commercial sense in terms of * peroxide.” Manganite when perfectly pure
4 taim about O per cent of available oxygen, equal io about 49 per cent of peroxide, but it is
er found in large quantities in this degree of purity.
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amount of available oxygen is not an item in the valuation of
the ore. For these purposes, the three main requisites are a
high percentage of manganese and a low percentage of silica and
-of phosphorus. — Hence the manganese oves of the United States;,
which usually contain a smaller proportion of pyrolusite than the

New Brunswick and Nova Scotia oves, but often fill all the,

requirements for spiegeleisen and ferro-manganese, are used for
the manufacture of these materials. Small quantities, how-
-ever, are sorted out and sold for chemical purposes.

At present most of the Canadian ore is used as a reagent in
glass-making, in electrie batteries, in the manufacture of chlorine
and disinfectants, as a dryer in varnishes, and for other chemical
purposes.* The use as a reagent in the manufacture of chlorine
is one of the largest chemical sources of consumption of man-
ganese, but the best grades of Canadian ores are too high priced
to be employed for this purpose, their greatest value being in
glass-making. For this purpose the freedom of the ore from
iron isa necessary quality, and the purity of much of the Canadian
manganese renders it especially well adapted for this use. (See
pages 49-50.)

It is the adaptibility of the Canadian ores for the above
mentioned purposes, and consequently their high price, that
permits them to be worked, as they do not oceur in quantities
suflicient to be profitably mined as a source of spiegeleisen and
ferro-manganese alone. The poorer grades of ores, how-
-ever, which are mined in connection with the better ones, are
shipped under the name of “furnace ore” and are sold at the
regular price of ores for spiegeleisen and ferro-manganese.

The following table by Professor H. How, { shows the
percentage of peroxide, and hence the wvalue for chemical
purposes, of manganese ores from various localities in Nova
Beotia :

#8ee chapter ITI.

+ Nova Scotia Inst. Nat, Sci., 1865.
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Manganese perogide in Nova Scotia oves.

No. LOCALITY, Kind of ore. fgggggfﬁ
_1_- Cumberland €0.usumammavsssssinnnn Pyrolusite, a97.04

2 |Tenny Cape, Hants co, " 95.00

g e & e 92,69

|l - # 88.01

5 |Douglas, Hants co....mamn| L 84.62

& |Cheverie, Hants 0. .aiinsiinn] Manganite 47.78

7 (Halifax co, Wad 56.00

The analyses on page 506 represent the composition of man-
" wanese ores from New Brunswick and Nova Scotia. They were
"-:;m_;.-ﬂ'e by the Geological Survey of Canada and have been kindly
farnished by Professor G. C. Hoffmann,Chemist and Mineralogist.

" The column representing “manganese” has been inserted by the
~ writer, and was calculated from the percentages of peroxide of
~ manganese given in the original analyses. Sample No, 5is a
~ hydrous sesquioxide of manganese (manganite), and therefore
- 1;ha percentage of manganese calculated from the amount of per-
oxide is too low. The same is true to a lesser degree of sample
0. 3 which contains a little manganite. In the other samples,
~ however, the percentages of manganese as calculated from the
4 iperoxide represent, for all practical purposes, very nearly the true
~amounts.

MODE OF OCCURRENCE OF THE MANGANESE ORES.

The manganese ores exist in the Lower Carboniferous
limestone in the forms either of interbedded lenticular layers, or
sts and pockets, carrying from a few pounds to several tons;
r as short discontinuous veins. The limestone is generally
folded and is sometimes shattered and brecciated through-
t, or pierced by intrusive masses of eruptive rock. It varies

& compact, massive, blue or gray limestone, as at Mark-

le, and a highly crystalline, dark brown one, as at Loch
ond, to a much broken, shaly dolomitic material, as in Hants
ty, Nova Scotia. The bedded condition of the ores is
st marked in the unbroken massive and erystalline rock and
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B § - '§ ein character in the brecciated material. Considerable
g -G es of ore have also been taken from the residnal clay
g :: il do :: sometimes overlies the decayed surface of the limestone
= e e e el : sins the ore that has weathered out of it.
:é. S8 T : The mode of occurrence of the ores and the nature of the.
z ted rocks vary so much in different localities, that further
E2=2888% " Jeneralizations cannot be given here.  For rmore definite details.
1 g & SE = the reader is referred to the descriptions of individual properties.
% 2 | | s  given in this chapter.
tg s - ’ THE MANGANESE DEPOSITS OF NEW BRUNSWICK.
= ;3_5,;3 g ' g ' General features—The manganese deposits of New Brans-
g ;gg o " k..;re mostly in the watershed of T.he Bay of Fandy, in some
2 (| 354 | 2 S o s jmmediately on the coast, in others from fifteen to.
s || 2%% j venty-five miles inland.*
2 g i3 " 2 : In the various ore-bearing localities the Lower Carbonifer-
3 RE | W (® ocks very often directly overlie those of pre-Cambrian age.
- 8 §g T deposits of manganese ore occur in association with the
% 8% |8 :5gs5§ 3| Ha::H limestone of the former, sometimes near the contact and some--
§ 22 h - :i * s mes separated from it by intervening local areas of conglom-
‘g - ~‘§; Rgd: . g7 nd other rocks. The limestone is generally more or less
3 8 |8 if ;i ;g é: 8w jan, and isa compact, massive, blue or gray rock, con-
3 & g ; 283 €% veins of crystalline calcite, and sometimes showing a
cg» e = édz N— crystalline structure.
§ e |3 ia é & il .  The Markhamville mine.—The Markhamville mine is sitnated
g E 2 s @ s 88 -;iz ) f i ' v:illag_e of Markhamville, near the head of the Hammond'
s ] . 3:' Eﬁ g E g 2 r, in Kings county, about forty miles northeast of 8t. John,,
2 BEEESER| &0 0y fifteen miles north of the shore of the Bay of Fundy,
S BREET & out eight miles south of Sussex, on the Intercolonial
k. ’ Ny TS REES 'way. The existence of manganese was noted at the head
|4 g i oz § i praTE=y rs of the Hammond River many years ago by Mr. George.
E 2- i § * £ 43 % ' hew, of the Geological Survey of Canada, but the prop-
g = 3: s g % r) Bz ‘was first opened about 1864, under the management of
S ﬁ-' 3 i = f__ 5 8 S or A. Markham. Major Markham was the first to attempt
T 85 E £ E EEEZEER op in a systematic manner the manganese deposits of
. E § g = E % E ~ *Other deposits, in geologic relations different from those here deseribed, occur in,
1 g D o B e T thern part of the province and will be mentioned later in this chapter.
il
|
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this province, and it is due to his energy and perseverence that

the ores have been introduced into the market.

The ore occurs either as crystalline pyrolusite and manganite,
-orin a compact, massive, nodular or bedded form, sometimes con- -

‘taining psilomelane.

The ore-bearing limestone is generally of a gray color, but
‘at times is pink or buff, and is associated with shaly strata. It
‘contains veins of erystalline caleite, in which masses of pyrolusite
are frequently found, but the principal ore deposits are lenticular
bodies interstratified with the limestone. These occur either ag
irregular pockets, or as flat layers, more or less continuous for
‘considerable distances, and becoming thin and thick at intervals,
In some places such deposits widen out into pockets from which
several hundred tons of ore have been taken, and in one opening
8,000 tons are said to have been mined. Though in places the
pockets do not always adhere strictly to the bedding of the
rock, yet in a general way they follow it. Sometimes veins and
pockets cut directly across the bedding, but these are generally
smaller than the others and are probably due to a secondary
chemical action by which they have been derived from the
‘bedded ores.

Figure 40. Sections in openingsaf the Markhamville mine, New Brunswick, showing the
saode of aceurrence of the manganese ore,

A. Limestone.

B. Manganese ore.

Beale: 1inche=8 feet.

The two sections in figure 40 represent exposures of ore in
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on the property, and illustrate on a small scale the
ristic modes of occurrence, though very much
 bodies of ore than those here shown have been worked.
.‘a}}er section shows an interstratified lenticnlar layer of
rough the center and an irregular, isolated pocket lying in
ther plane of stratification above. The larger section shows
70 lenticular pockets following the same line of stratification in
he limestone, but separated by a barren area.
The surface of the limestone has often been decomposed and
residual clay, frequently mixed with surface gravel, has
‘eollected in considerable quantities. The ore that was origi-
ly in the part of the limestone which has decayed, is
A found buried in the clay; and therefore deposits of ore-
ng clay or gravel, overlying the partly decomposed surface
he limestone, are of frequent occurrence. Buch deposits are
ly more than from eight to twenty feet in thickness, but the
in them is cheaply worked and they have supplied a large part
output of the Markhamville mine. F'requently the decom-
on of the limestone has spread downward more rapidly
g the outerop of a body of ore than elsewhere, causing some-
t abrapt hollows filled with residual clay and manganese ore,
| containing in the bottom the outerop of the ore insitu in the

Not only has decomposition taken place on the surface, but
has also gone on to a considerable extent underground,
ently causing subterranean cavities and passages. When
have intersected bodies of manganese the floors are covered
loose fragments of ore, brought there in the same way as
t in the residual clay on the surface. Kidney-shaped masses
ssy, black limonite are frequently found with the cave
ts, and these also have doubtless come from the limestone.
re 41 represents a section exposed in a surface pit. It
he decayed surface of the limestone and the overlying
al material, with fragments of ore that have weathered
f the rock. Tt will be observed that the body of ore in
limestone has been partly freed from the rock by decay,
ind that the fragments have become enveloped in the overly-
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ing clay. It will also be noticed that the decay of the rock has
reached deeper where there is ore than where there is none.*

Figure 41. Section at the Markhamville mine, New Brunswick, showing the decay of the
wre-bearing limestone and the formation of vesidual ove-bearing clay.

A, Limestone,

B, Manganese ore.

C. Manganese-bearing clay.

Scale; 1 inch=10 feat.

Though a large amount of manganese has been taken from
the surface clay beds and the caves, yet the deposits of orein the
limestone have also been extensively worked, and in many
places the rock is honeycombed with a network of shafts and
drifis, following the erratic courses of the ore bodies in all their
intricacies,

The thickness of the limestone varies considerably: in one
of the pits a depth of twelve feet was found, and a diamond
drill boring in another part of the property showed a thick-
ness of fifty-five feet. Probably a greater thickness will be found
elsewhere. The bed is much disturbed and is folded into small
anticlines and synclines, but at Markhamville it hasa general dip
to the northwest and a strike of northeast and southwest. In
many places it contains fossils and sometimes the carbonate of
lime of these has been partly replaced by manganese, which has
subsequently been oxidized and now exists as a black, more or
less calcareous mass,

The Hammond River rises near Markhamville and flows
southwest, parallel to the coast of the Bay of Fundy, until it
finally turns south and empties into the bay about eight miles

% This rapidity of decay of the oré-bearing part of the rock is further discussed in the
final chapter of this report.
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east of St. John. In the region of Markhamville, and for
miles down the river, the Lower Carboniferous limestone
\,eg the eenter of the valley ; but it is only locally that
nese occurs in it, and only at the Markhamville mine
it has yet been found in large quantities,
The limestone area is bordered on the south by a range of
which forms the southern barrier of the Hammond River
. According to information kindly furnished by Mr. G. F.
: hew, of the Geological Survey of Canada, these hills are
d largely ofthe underlying pre-Cambrian rocks, and the
arboniferons rocks dip away from them. To the north of the
ver the limestone is cut off in many places by an abrupt
ment of Carboniferous conglomerate which, according to
same authority, probably belongs above the manganese-bear-
imestone.
‘ The ore from this mine is mostly used for chemical purposes.
i _prepared for market by crushing, washing, and sizing with
eens. Certain quantities of the lower grades, however, are
ped, without previous preparation, under the name of “furnace
and are used in the manufacture of spiegeleisen and ferro-

Quaco Head mine.—The Quaco Head mine is situated
co Head, on the north shore of the Bay of Fundy, one

n, and twenty-four miles south of Markhamville. It forms
headland protruding into the bay for almost a2 mile and
1g the southern barrier of Quaco harbor. A branch rail-
ceonnects St. Martin’s with Hampton, on the Intercolonial
7, which runs thence to St. John, making the total
ice from Quaco Head to St. John, by rail, fifty-one miles.
ne has been worked at several different times, and up to
1889, several hundred tons of ore are said to have been
out. The property was acquired in 1889 by the Bruns-
nganese Company,

:h.e. manganese is sometimes crystalline, representing pyro-
and possibly also manganite, while at other times it is hard
ssive possibly representing psilomelane, and still again it
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is in a porous, honeycombed form. These ores are found in
Lower Carboniferous shales and limestones, associated with g
large conglomerate bed.

The rocks are greatly disturbed and have -been much
shattered and broken by igneous intrusions. They now stand at;.
steep angles, sometimes almost vertically, exposing, in different
parts of the headland, areas of limestone, shale, and coarse con-
glomerate. Masses of igneous material protrude into these
beds at different points, and on either side of the headland are
beds of Triassic sandstone and fine conglomerate* lying uncon-~.
formably on the upturned edges of the older rocks.

The general section in figure 42 shows the relation of the
different rocks. It will be seen that the conglomerate forms the
highest part of the headland, that to the northeast of it are suc-.
cessively the shale, limestone, and an igneous intrusion, and
that the Triassic sandstone occupies both sides of the headland.

Figure 42. Section on Quaco Head, New Brunswick.
A. Limestone.

B. Shale.

©. Conglomerate.

D. Triassic sandstone.

Horizontal seule: 1 inech=1Zof a mile, Verticalscale: 1 ingh==100 feet,

The manganese occurs as nodules and irregular, discon-

tinuous veins, in both the shale and the limestone, though the

larger quantities are in the former. The nodules vary from a
fraction of an inch to several inches in diameter, and the thick-

ness of the veins is equally variable. The disturbed character of

the rocks renders it somewhat difficult to determine the thickness
of the main ore-bearing bed, but it is probably not over thirty
feet, though smaller quantities of manganese are found in the
rocks on either side. The ore isscattered through this thickness

# These beds are designated as Triassic on the map accompanying Sir Williane
Dawson's Acadian Geology.

'a_.,t Quaco Head is small.

 with the igneous rock.

| of a texture somewhat like trap.
s that of Markhamville, though it is much reddened at the
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viable quantities. The amount of commercially avail-

,mhg_ igneous rock is a hard, light gray, close grained

The limestone is

The conglomerate bed is

posed of coarse pebbles of metamorphic rocks.
ly to the south and forms a bold bluff, on which the light-

It dips

use of Quaco Head is situated. The sandstones and conglom-

CONSTITUENTS, Compact | Porous
variety. variety.
Munganese peroxide (pyrolusite)... T1.64 65,00
Ferric oxide 2.19 155
- af
A o e i trace trace
Phosphorus, 0.02 0.04
BIIBHATY oo oot 0,00 0.00
Insoluble silicates.....mmrmeiieneenns 8.37 6.66
L L T e S S 58,20 57.15
: 2
FOTLs.ooupisiarransnnnpsrsnsns sons bbassnns nsnes 1.53 123

-at each end of the section, are of a brick-red color and
7 from coarse sandstone to a fine conglomerate, with pebbles
quarter of an inch to one inch in diameter, both sand and
les being composed of white quartz stained by a ferraginous
ent. Sometimes these beds contain small, irregular seams or

-ore-bearing rocks can be traced back on the promontory
s for almost a mile, to a place where an opening has

Gfmpnny, 1859, p. 12,
logical, Vol, 1., 1890.

ualye: by A, M. Comey, given in the report of C, L. Whittle to the Brunswick
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been made on the farm of Mr. Molaskey. On the north side of
the head, small scattered nodules of mangauese ore are found in
the gravel drift that lines that part of Quaco Harbor and extends
inland over the Lower Carboniferous rocks. They have, doubt-
less, been derived from the latter rocks during deposition of the
gravel, in the same way that the red sandstone just mentioned
obtained its manganese contents at an earlier date.

The Giebe mine.—The Glebe mine is situated three miles
north-northeast from Markhamville and about seven miles from
the Intercolonial Railway at Sussex.

The ore is found in a limestone resembling that at Mark-
hamville, though it is much less disturbed than at that place and
dips gently to the west.
stone in nodules and thin layers, frequently associated
with caleite and following the general direction of the stratifica-
tion. Several shafts and tunnels have been made, the deepest

shaft being 85 feet.

Other localities in the Lower Carboniferous rocks of New
Brunswick.—Besides the properties already described manganese
has been found in Lower Carboniferous rocks in several other
places in the neighborhood of the Bay of Fundy, in New Bruns-
wick. Very little work has been done on them, however, and
many have not even been prospected. The following list of
localities is given by Messrs. Bailey, Matthew, and Ells*
In some of the places the geologic position of the deposits
is uncertain, but most of them are in Lower Carboniferous
rocks: .

“Shepody Mountain.—Deposits near the contact of pre-Cam-
brian chloritic slates and Lower Carboniferous conglomerates,
worked in former years quite extensively but of late nothling has
been done.

« Rast Side of Salisbury Bay.—Deposit near the contact of
Triassic sandstone and Lower Carboniferous rocks, workfed gome
years ago by the company owning the Markhamville mine, but

shortly abandoned.
« Hopewell Corner.—Deposit near the contact of M1llatone

% Geological Survey of Canada, 1878-79, p. 24 D.

The manganese ore occurs in the lime- |
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tpit and Lower Carboniferous; about one mile west of Hopewell
per. Soon exhausted.

« Hillsdale.—About fifteen miles southeast from Elgin

T e Lt

 Petitcodiac.—About two miles northwest from Petit-
codiac station. Near the contact of Lower Carboniferous lime-
‘stone and gypsum ; vein only about one inch exposed thickness.
&« Jordan Mountain.—Near the contact of Lower Carbonifer-
~ous sediments with the pre-Cambrian of the mountain, * * *»
~ «Henry’s Lake.—Surface indications reported, but deposit
not located.”

 Localities in New Brumswick in rocks other than Lower Cur-
oniferous.—Though the principal manganese deposits in New
= punswick are in Lower Carboniferous rocks, small quantities of
 have been found in rocks of other ages. Mr. G. F. Matthew,
the Geological Survey of Canada, has observed small quan-
es of manganese in the pre-Cambrian hills between Markham -
le and Quaco.

At Téte & Gauche Falls, eight miles from the town of
3athurst, in New Branswick, nodules of manganese ore oceur in

and black slates of Cambro-Silurian age.* This locality
worked a number of years ago and a certain quantity of the

is said to have beenshipped. The ore was freed from the slate
crushing in a stamp mill and subsequently washing. The prop-

is now idle. Many of the Cambro-Silurian rocks of this

tion are said by Dr. Ells to be deeply stained by manganese,
at no extensive beds of ore have heen found.

Small quantities of manganese ore have been found in the

Triassic sandstone of New Brunswick, and have been mentioned

0 Head on page 513. .

MANGANESE DEPOSITS OF NOVA SCOTIA.— @eneral features,
- The manganese ores of Nova Scotia, as in New Brunswicl,
found mostly in the marine limestone formation of the
er Carboniferous series.+ The nature of the ore-bearing

* R, W, Ells, Geological Survey of Canada, 1879-80, p. 45 D,
TTha exact stratigraphic relation of the ore-bearing limestones in New Brunswick and
arts of Nova Scotia is as yet somewhat uncertain, but they all belong to the same
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limestone, however, differs considerably in different places, being
sometimes in a highly brecciated condition as in Hants county,
and at other times highly erystalline as at Loch Lomond in Cape
Breton. The ores have been worked in a number of places,
especially on the shores of Minas Basin and to a smaller extent
in Cape Breton.

THE MANGANESE DEPOSITS OF NOVA scoTIA.—Minas Basin.

General features, —Minas Basin is the northeasterly end of
the Bay of Fundy; and the larger part of the manganese mining
in Nova Scotia has been doue in its neighborhood, principally in
Hants county on its southern shore and to a lesser degree in
Colchester county on the east. The general structure
of the region on the coast of Hants county is a series of east and
west folds with subordinate transverse disturbances™. The
limestone formation skirts the southern shore of Minas Basin from
the Shubenacadie River on the east, to the estuary of the Avon
on the west, a distance of about forty miles. In this belt of
country most of the manganese localities that have been worked
in Nova Scotia are found, among which are the Tenny Cape,
Walton, and Cheverie properties. In fact, more or less sigas of
manganese occur almost continuously along the outerop of this
formation, but it is only locally that the ore is in workable
quantities. The limestone overlies a series of sandstones, shales,
conglomerates, and grits, which crop out in numerous places.
along the bay.

The ore-bearing limestone is probably several hundred feet
in thickness in its largest development, and is overlain by the
great gypsum beds of the region. The rocks dip away from the
shore towards the interior, and the ore-bearing formation soon dis-
appears under the gypsum and other beds, to reappear again in
the southern part of the county, south of Windsor. Mr. E.
Gilpin, Jr., has recognized in this manganese-bearing limestone a
formation distinct in character from the associated rocks, and
Sir William Dawson has followed his arrangement and makes it a
separate subdivision, though it has no distingunishing fossils. ¥

# E. Gilpin, Jr., Trans. Roy. Soc. Canada, May 22, 1884, p. 9.
+ Acadian Geology, third edition, 1875, supplements to second edition, p. 51

THE MANGANESE DEPOSITS OF CANADA, 51T

Mr Gilpin,* in speaking of the Lower Carboniferous
marine limestone in Nova Scotia, says: “ This horizon forms
of the widest spread, and most strongly marked of the
: oniferous period. It is met in Iling’s county, in Hantss
Cumberland, Colchester, Pictou, and Antigonishe, and in the
 four counties of the Island of Cape Breton. The measures of
this division, comprising sandstones, shales, grits, and lime-
stones, with beds of gypsum and marl, sometimes rest directly
the pre—Carboniferous strata, and at many points are separated
om them by the lower, or false coal-measures, or by beds of
conglomerate, according to the conditions of the period of
accumulation. The limestones and gypsums oceur, apparently,
no fixed horizon inthis division. Dr. Dawson, in his ‘Aca-
an Geology,” hus divided the limestones into five groups,
\aracterized respectively, so far as the subject has received
tention, by a predominance of certain fossil forms. In his
plement to the second edition, he proposes to subdivide the
lowest group by distinguishing a certain manganiferous lime-
one, which appears at many points to form the basis of the
mestone formation, strictly so called. This limestoue at
Umon River, Cape Breton county, Springville and New Laing,

i

-

ated with the manganese. The following analyses by the
 show the character of some of these limestones :

CONSTITUENTS, Springville, | Springville, Tenny Oape. |S3lmon River
4 C. B.

Pietou co. | Pietou co.
v 88,42 53,28 49.81 49,269
BRRIRTR L isnlavecssas ssmmioins 1.20 2411 2.56 4.044
CRYDIDRTE. . ouirisaisomsssmnsarans 10,32 10.15 35.44 28.034
bonate 1.38 1.33 4.58 14.586
U S 4.85 5.00 5.06 1.298
...... PR 0.40 0.37 renen
10117 96,77 100,82 97.231

Notes on the Manganese Ores of Nova Scotia, Trans. Roy, Soe. Canada, May 22, 1884,
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% The limestone of Chester, on the Atlantic shore, presents a
remnant of Lower Carboniferous measares, formerly without
doubt co-extensive with those of our northern counties. The
lower beds are described by the late Dr. How as compaet, of a
dark blue color, and consisting principally of carbonates of iron,
lime, magnesia, and manganese, yielding umbers by weathering.
These are the most highly magnesian and manganiferous lime-
stones that I have yet met in the province. [t is quite possible
that there may be others higher in the marine limestone forma-
tion carrying notable percentages of the carbonates of these
metals, In the case of the Pictou district, however, the over-
lying limestones, up to what may be termed the base of the
millstone-grit, are decidedly non-magnesian ; the inspection ofa
very complete set of analyses showing none carrying over four
per cent of the carbonate of maguesia, and usually little more
than traces of manganese.” ;

The Tenny Cape mine—The Tenny Cape mine was
opened in 1862 under the management of John Browne and
has been worked intermittently ever since. It is at present
(1890) the property of Mr. J. W. Stevens.

The total production of the mine up to January 1st, 1891,
was probably over 3,000 tons. Several large pits and
shafts have been sunk on the property, the deepest of which is a
hundred and sixty feet. = A tunnel has also been run through
the ore-bearing rock from the foot of the hill on which the
mine is situated.

Most of the ore mined at Tenny Cape is a high grade pyro-
lusite, but smaller quantities of manganite and psilomelane are
also found. The pyrolusite is especially valuable in glass-
making on account of its freedom from iron. It is stated by
Professor How* that J. Taylor and Company, assayers, of
London, found the ore to contain $5.00 per ton in silver.

The manganese occurs in a much disturbed, calcareous
rock, having the composition, according to Mr. Gilpin, T of a
dolomitic limestone, and frequently containing strata of shale.

% H, How, London, Edinburgh and Dublin, Phil. Mag., March, 1366,
1 Trans. Roy. 8oc. Capada, May, 1884, pp. §-0.
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aries from gray to brown in color, is much broken and forms
a breccia, sometimes carrying large masses of the original bed.
The breccia consists of comparatively small fragments closely
ed together, while the large masses of unbroken rock
sst in it as “horses.” Thedeposit seems to be the re-cemented

~ remains of 2 single, greatly shattered bed. It is probably over

two hundred and fifty feet in thickness, and dips steeply to the

* gouth and southwest. It lies on an unbroken massive sand-

stone, or quartzite, which dips at the same angle and forms the
floor of the ore-bearing rock. Sometimes the two beds are
separated by a layer of hard, red clay from two to four inches in

thickness.
The exposures of these rocks occur on the south slope of a

~ hill, at the foot of which the breccia disappears under a low

hollow covered with debris. A well in the hollow is said to
have reached gypsum, and fragments of that material are found in
the soil. It is also found in situ and worked a short distance
still further sonth, so that there can be but little doubt that the

' Bnef_:cia dips under the gypsum.

The ore occurs both in the breceia and in the large masses of

= sbii_d rock, in the form of flat nodules, seams, and pockets, the

st being either isolated or connected by thin leads of ore..

- seams vary in thickness, sometimes thinning to less
an an inch, and at other times widening out to six inches or
. The pockets are from one inch to several feet in
ameter. Some of them are said to have produced as much
ree hundred tons of ore, and occasionally more. The follow-
ing extract, quoted by Dr. How * from a letter to him from
ohn Browne, the former manager of the mine, describes a.

h and south, in which was discovered the first large deposit,
pth of only fifteen feet from the surface. It extended some.
ve fathoms in length, varying in thickness from fourteen
to as little as six inches. From this pocket we took from

*H, How, Notes on the Economie Mineralogvy of Nova Scotia, Part 11, Oresof Man-
seand their Uses, Proceed. and Trans. Nova Scotia Inst. Nat, Bel,, 1864-5, p. 181,
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one hundred and twenty to one hundred and thirty tons, leaving
nothing in the bottom but a few small veins. Upon these we
sank our shaft, and at a depth of fifteen feet, maxing in all
thirty feet from surface, we intersected pocket No. 2, immediate-
Iy underneath the first deposit and making in the same direction,
The manganese in the second pocket is of far superior quality to
‘that found nearer the surface, and we have returned from it
some hundred and eighty tons.”

The ore is sometimes associated with considerable
‘quantities of calcite and with fibrous crystals of selenite, as
well as with barite and glossy black masses of limonite,
In some places, however, it is almost entirely free from
foreign accompaniments. The ore is irregularly scattered
through the bed : sometimes it is entirely absent and at other
times the shale and limestone are cut by a network of ore-
bearing veins, with feeders and side pockets running off at
intervals. The veins are most regular in a large body of
solid shale, where they occupy indiscriminately joints and
lines of bedding, and possibly lines of faulting; while in the
breccia they take a meandering course among the component
masses of the bed, and often completely encircle them,
making the ore very uncertain in extent and much more
difficult to mine than it is in the shale. Deposits of this
form, however, are to be expected in a rock of this kind,
since the formation of the cavities that the ore now occupies
was largely dependent upon the position and shape of the
component rock masses. The breccia is known as the “soft
rock,” and the veins run from it into the large mass of shale
and from the shaleinto the breccia without any interruption,
except in the regularity of the deposits. :

The accompanying sections in figure 43 show the mode
of occurrence of the ore in the shale. Tt will be seen that it
exists both as flat layers in bedding planes and also as
veins running in various directions across the stratification.
In the former case the ore is not confined absolutely to
planes of bedding, but, as shown in the upper section,
frequently widens out and forms irregular pockets protruding
transversely to the stratification.
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Figure 43. Sections at the Tenny Capa mine, Nova Seotin, showing the mode of oscur-

“of the manganese ore.
A, Bhale.

B. Manganese ore.
scale: 1inch=3 feet.

Figure 44 is a section. through the property in a north
nd south direction, and illustrates the mode of occurrence of
re-bearing stratum as a whole, and its relation® to the
rlying sandstone and overlying gypsum.

Figure 44. Section al the Tenny Cape ming showing the position of the ege~bear

€. Manganese-hearing limestone and shale,
- D, Gypsum,
~ Horlzontalseale: 1inch=150 fest. Verticalscale: 1 inch=30 fect,

#Thisrelation will be further discussed at the end of this chapter,
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When the property was first opened, considerable
quantities of ore were taken from the surface clay on the
hillsides. The clay has resulted from the decay of the ore.
bearing limestone and overlies its decomposed surface,

The following analysis by H. Poole shows the composi-
tion of a specimen of the ore from this mine:

Analysis of manganese ore from Tenny Cape, Nova Scotia*

Mang peroxide .+ B4.620
Tt DRIAN.. .. v esmrya st dni 0.603
Soluble baryta 0.724
Insoluble (BATFLES Puuvsiviussomsarensinsnennnsaes 1.728
Water of composition ... . 3630
Hygrometric Water,..comeasenisesssssnssonsssss 12660
92,965

MADEANESE cuvisaiiismvinnansansnsies  DSAT

Iron..... swveneevine B4R

The Parker mine.—The Parker mine is three quarters of
a mile northwest of Tenny Cape and shows ore similar to that
at the latter place and occurring under similar conditions,
But little mining has been done and the property is at
present (1890) idle.

The Moose Brook mine.~~The Moose Brook mine is situ-
ated on Moose Brook, four miles northeast of Tenny Cape.
and half a mile south of the shore of Minas Basin. Small
quantities of manganese have been mined on the property,
but work has been suspended.

The Cheverie mine.—The Cheverie mine is situated near
the village of Cheverie, on Minas Basin, just east of the
mouth of the Avon estuary. The property consists of a
rocky bluff rising from ten to thirty feet above the water
and skirting the west shore of Cheverie Harbor for several
hundred yards. It has been worked at several different
times, but at present no mining is being done. Between

# The analysis was made by H, Poole and quoted by Professor H, How, in the London,
Edinburgh and Dublin Phil, Mag,, March, 1866,
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d three hundred tons of ore are said to have been

-9;‘.‘- of the manganese at Cheverie is a black, crystalline
o ranosed partly of pyrolusite and partly of manganite.
ceurs in & manner somewhat similar to that at Tenny
ibut.in smaller quantities. It is associated with white
ealcite in a network of small veins from an eighth of aninch
three or four inches in thickness, running through a.
eous breccia composed of broken fragments of massive
haly limestoue. The ore frequently encircles the frag-
or runs along the bedding planes of the unbroken
of the bed. In fact, it is found wherever a cavity or
t gives access to it, but it is usually in thin seams,
the water it is said to be more plentiful and has.
n mined there on a small scale, but the operations were
sssarily carried on at considerable expense and were soon
ndoned. Frequently the calcite associated with the
1anganese is in the form of long crystals standing at right
oles to the walls of the veins and forming a comb structure,
center of which is the ore,

‘The sections in figure 45 illustrate the mode of occur-
e of the ore. The one on the left shows a network of
the brecciated rock, while the other shows a more
ar deposit occupying a plane of bedding in the shaly
stone, or calcareons shale, and representing a lenticular-

ure 43, Sections al the Cheverie mine, Nova Scotia, showing the mode of occurrenca of
ore. e

- A. Manganese-bearing rock: in the first section the rock is a brecciated limestone,

ud a shaly limestone,

B. Manganese ore bordered by a ‘‘comb” of caleite erystals.

Eoale: 1inch—2 feet.
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At the seaward end of the bluff in which this property
is situated, the ore-bearing rock rests upon sandstone ap-
parently similar to that at Tenny Cape, which is underlain
inturn by a series of shalesand sandstones, The rocks below
the ore-bearing stratum dip at 5°-15° to the northeast, and
none of them have the brecciated character of the latter rock,
At the inland, or northern end of the exposure, the rocks
‘appear to dip under the extensive beds of gypsum worked
at Cheverie, though the contact of the rocks is obscured by
soil. :
The following analyses, the first by E. Gilpin, Jr., the
second by H. How, show the composition of the pyrolusite
-and the manganite from this locality:

Analysis of pyrolusite from Cheverie, Nova Scotia.*

Manganese peroxide.......vees wvsitosssnnsess 9015
Forti 0XIde. wuniiiaiiiasiiuai sivsasasss sasinsres ' 2490
Lime. trace
Baryta 112
Moisture versnasappearavaisies 0T
Phosphori acid b s e R 1029
Insoluble mMBTter. o imeisimnsssiiamnsamanea 230
90.609
MAnganese.....coammsnsssssmaniisins 00T
Iron 178
5 1Ti 510 107 of |- SRR —— LY |

Analysis of manganite from Cheverie, Nova Scotia.t

Manganeze sesquioxide. y 86,81
Ferric oxide, barite, and 1083, coeciresnnann 2,05
Water 10.00
Gangue, 1.14
100,00

MANEANES0.. .- oansemisiirmnsrssisnes 60.42

The Walton mine.—~This property is at the village of
AValton, on the shore of Minas Basin, twelve miles northeast

# K. Gilpin, Jr., Traos. Roy. Soc. Canada, March, 1884, p, 10,
t H., How, London, Edinburgh and Dublin Phil. Mag., March, 1886,
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werie. It has been worked by Mr. Churchill of Walton,
-present (1890) it is idle.

" The ore is mostly crystalline and contains both pyrolu-

.mangamte_. 1t exists in the same associations ag at
ie, except that here considerable quantities of barite, in
form of nests and nodules, occurin the manganese-bearing
cia. The ore-bearing rock lies on a sandstone which is
erlain by interbedded shales and sandstones, similar to
e at Cheverie.

Other localities in the Lower Carboniferous rocks on Minas
and in the adjacent country in Nova Scotic.—Besides the.
ies already described in Nova Scotia, several others have.
found in the Lower Carboniferous marine limestone and-

ne of them have been worked. Among these are : Onslow,

hester county ; Salmon River, near Truro, Colchester coun ty;
Douglas, and Rawdon, Hants county; near Glengarry,
county ; Springville, Pictou county; at Minudie and
rst, Cumberland county; in Antigonishe county.

Localities in Nova Scotia in rocks other than Lower Carboni-.
—As already stated, the workable deposits of manganese

Nova Scotia, so far as known, are confined to the Lower Car-

erous rocks, but small quantities have been found in rocks.
arious other ages.

Mr. Gilpin,* in speaking of the existence of pyrolusite
re-Carboniferous rocks of Nova Scotia, says: “Between
x and Windsor, near Mount Uniacke, pyrolusite is found-
I pockets and veins penetrating granite, and in quartzites
riferous Lower