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PREFACE.

The results of the Survey’s investigation of the iron deposits
of the state have not met the expectations and hopes of
their commercial value, with which the work was begun. The
number of places at which iron deposits occur throughout the
state is almost endless, but the examinations of these deposits
and the chemical analyses of the ores show that most of them
are either too limited in extent, or that they are too low in
grade to admit of their being worked. The deposits of Law-
rence and Sharp counties are the only ones that merit atten-
tion, and whether those deposits can be worked now must de-
pend on economic conditions—transportation, markets and
competition.

The fact that iron was made in Arkansas prior to 1860 is
sometimes mentioned as evidence that we might manufacture
it now. It should be remembered, however, that, since thzat
time, the building of railways and the low rates at which good
iron can be had from Missouri and elsewhere, have entirely
done away with the conditions under which it was possible to

i in 1860.
make iron in JOHN C. BRANNER,

State Geologist.
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THE IRON DEPOSITS OF ARKANSAS.

By R. A. F. PeEnroskg, JR., Assistant Geologist.

CHAPTER 1.
THE IRON RESOURCES OF ARKANSAS,

THE HISTORY OF IRON MINING AND MANUFACTURE IN ARKANSAS.

General statement.—The history of iron mining and manu-
facture in Arkansas is told in a few words. At the present
time (1892) no iron ore is being mined and no iron is being
manufactured in the state. Two small bloomaries were oper-
ated in the northern part of the state for short periods before
1860, and the limited products of those works represent all the
iron ever manufactured in Arkansas. Besides the small quan-
tities of ore taken from local deposits to supply these bloom-
aries, no iron ore has been mined in the state except in pros-
pecting. Prospecting, however, has been done in many places,
and the numerous small openings wherever iron ore has been
discovered attest to the endeavors that have been made to find
it in quantities.

The two bloomaries already referred to were known as the
Bevens Bloomary and the Beach Iron Works, and were situ-
ated respectively in the northeastern and northwestern parts of
the state. They were both operated for only short periods of
a few years at the most, and both had already been abandoned
in 1860. They were built to supply a purely local demand,
and the conditions that permitted their existence were the lack
of transportation facilities, there being at that time no railways
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in the northern part of the state, and the consequent difficulty -
of obtaining iron from outside sources. They attained their
purpose in this respect, and supplied a serviceable iron for agri-
cultural implements, wagon tires, and other such articles. The
abandonment of the bloomaries in both cases is said to have
been caused by the limited market for the iron, as there were
only sparsely settled country districts to supply. To this cause
also may probably be added the inexperience of the operators
of the bloomaries.

Though the only two iron-producing works ever erected in
Arkansas were thus brought to an early end, yet the improved
transportation facilities a few years later and the resulting in-
flux of cheap iron and cheap farming implements would prob-
ably have caused their abandmonment even if they had pre-
viously been profitably operated. Whatever success they may
have attained depended upon their protection against outside
iron, and this protection was due to the comparative inaccessi-
bility of the region at that time; but when the protection was
removed by the introduction of transportation facilities, their
small capacity, crude methods and, in the case of the Beach
Iron Works, the scarcity and poor quality of the ore would
inevitably have caused their abandonment.

The Bevens Bloomary.—The Bevens Bloomary was situated
on Big Creek in the southeastern part of Sharp county, six
miles southwest of Smithville, in 16 N., 4 W, the east half of
section 24. It was built in 1857 by Alfred Bevens & Co., and
was run for two or three years, when operations were stopped
on account of the limited market for the iron produced. At
the present time most of the bloomary has been swept away
or covered with sand by the overflows of Big Creek. The ores
for the bloomary were obtained from the local deposits in the
neighborhood, in Sharp and Lawrence counties.

Dr. D. D. Owen,* in referring to the Bevens Bloomary after
his visit there in 185758, says “it has two fires, and is driven

by a good water power. When visited, this forge was under-

+First Report of a Geological Reconneissance of the Northern Counties of Arkansas 1857-1838,
p. 213.
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- going thorough repairs, and preparations were being made to
introduce the hot blast in place of the cold blast, formerly in
use, by which alteration it was expected to increase the amount
of swaged bar iron manufactured from (500) five hundred to
(1600) sixteen hundred pounds per day.” Prof. J. P. Lesley,*
however, in speaking of the Bevens Bloomary somewhat latt’ar
(1859) says, ‘It was built in 1857 with two fires and one ham-
mer driven by water, and makes 250 pounds of swedged iron

_per day with cold blast, out of brown hematite ore.”

The Beacl Iron Works.—The Beach Iron Works consisted
of a bloomary and were situated in the central part of Carroll
county, on the east side of Osage Creek, less than a mile
above its confluence with King’s River, It is said to have been
erected in 185.0 or soon thereafter, and to have been abandoned
before 1860, in which year it was destroyed by a freshet
Full records concerning it are at present unobtainable. I;
was built by an Englishman named Abram Beach, and it is
said by some to have been worked for several years, by others
for only a few months. At any rate, it was run on only a smalIi
scale and for a short time. Like the Bevens Bloomary, it was
built to supply a local demand and, as in the case of thc; latter
the cause that permitted its existence and operation was tht;
difficulty of obtaining iron from outside sources. The ore for
the Beach Bloomary was obtained from the local deposits of

Carroll county, in the vicinity of Berryville, which are described
later in this report.

‘PREVIQUS GEOLOGIC INVESTIGATIONS OF THE IRON DEFOSITS
OF ARKANSAS.

Before the present investigation was begun no comprehen-

sive examination of the iron deposits of Arkansas had been
made. Dr. D, D. Owen] and his assistant, Edward T. Cox
N ’

*The Iron Manufacturer's Guide t :
a el o the Furnaces, Forges and Rolli i i
States, J. P, Lesley, 1839, pp. 216-217, ' F ’ Hing Mot e

istory of the Manufacture of | in a 5, by Jjames M. Swar second &
tH B f lron A b 1.5 k d
ges, s M ik, se dmon, 13‘.]2,
LT 5 = -
IFirst Report of a Geological Reconnoissance of the Northern Counties of Arkansas, 1857-
P ansas,

1858 ;3 also Second Report of a Geological Reconnoissance of t Middle an @
S f he Midc nd Southern Counties
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in their reports on the various counties of Arkansas mention
the existence of iron ores in many places, but no detailed in-
vestigation of them was made, and they are referred to only
incidentally and in the general descriptions of different regions.

The magnetic ore of Magnet Cove, on account of its remark-
able qualities as a loadstone, has attracted more attention than
any other iron deposit in the state; and it is mentioned by
United States Geologist Featherstonhaugh* and by many other
investigators and travelers both before and after the time of
Owen. Most of the early writers, however, including both
Featherstonhaught and Owen] were deceived as to the quan-
tity of the ore, and believed it to be a large deposit. In 1850
Professor J. P. Lesley| mentioned the manufacture of iron at
the Bevens Bloomary, but did not describe the ore deposits in
that region.

In 1884§ and again in 18929 Mr. James M. Swank described
the manufacture of iron at the Bevens Bloomary and the Beach
Iron Works in northern Arkansas. .

The reports of the present Geological Survey of Arkansas
since 1887 contain numerous references to iron ore localities
and occasionally a few descriptions of deposits, but the ex-
aminations were usually made incidentally and were subordi-
nate to other investigations. Dr. T. B. Comstock** de-
scribes several iron ore localities in Pulaski, Saline and other
counties farther west in the Ouachita Mountains. Prof. R. E.
Calltt mentions several iron ore localities in eastern Arkansas
and concludes that they are of no commercial value. Dr. J.
Francis Williams{} gives a full description of the magnetic ore

#(Geological Report of an Examination made in 1834 of the Elevated Country between the
Missouri and Red Rivers, by G. W, Featherstonhaugh, Washington, 1833,

{Ibid., p. 63.

1Second Report of Geological Reconnoissance of the Morthern Counties of Arkansas, 1859
1860, p 81,

|'The Iron Manufacturer’s Guide to the Furnaces, Forges and Rolling Mills of the United
States, 1859, pp 216-217.

§History of the Manufacture of Iron in All Ages, 1884,

Tibid., 1892, pp. 341-342.

#+Annual Report of the Geological Survey of Arkansas, 1888, Vol. L.

111bid., 1889, Vol IL.

111bid., 1800, Veol. LI,

e
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of Magnet Cove, and shows that it is in too small quantities to
be worked as a source of iron. Many other references
to Arkansas iron ores in the reports of the present Sur-
vey might be cited, but it is unnecessary to do so, as, with the
exception of those of Dr. Comstock and Dr. Williams, they
are simply brief notices of the existence of iron deposits, all
of which are further treated in the present report.

Besides the information contained in the reports of the Sur-
vey, numerous references to iron ore deposits are to be found
in various state documents, in reports on the resources of the
state, and in periodicals and in newspaper accounts; but they
are all brief, and in many cases the authors were obliged to
rely upon hearsay evidence for their information regarding
the deposits.

In 1886 Prof. F. L. Harvey, then of the Arkansas Industrial
University at Fayetteville, published a pamphlet® in which he
describes the different kinds of iron ore in the state.

The annual reports on the Mineral Resources of the United
States, under the direction of Dr. David T. Day, from 1885 to
the present time contain many notices of the existence of iron
ores and manganiferous iron ores in Arkansas. In the report
for 1885 a notice of manganiferous iron ore in the Batesville
region was made in the article on iron by Mr. James M.
Swank (p. 188). In 1887 the pisolitic iron ores of southern
Arkansas were mentioned in the article on iron by Mr. John
Birkinbine (p. 49).

The issue of the Age of Steel, of St. Louis, Missouri, for
September, 3, 1887, contains an article on the manganese and
iron deposits of Polk county, together with analyses and a
general description of the region.

With the exception of the above mentioned publications,
however, and occasional reports for mining companies, no fur-
ther information of importance on the iron deposits of Ar-
kansas has as yet appeared.

*The Minerals and Rocks of Arkansas, Little Rozk, 1836,
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THE DISTRIBUTION OF IRON ORE IN ARKANSAS,

Iron ore is of common occurrence throughout many parts
of Arkansas, but in only a few places is it found in import-
ant quantities. The largest and most accessible deposits yet
discovered are in the northeastern part of the state, espec-
ially in Lawrence and Sharp, and to a lesser extent in Fulton
and Randolph counties. Other deposits, however, of varying size
and importance occur in many places in the part of the state
west and north of the line of the St. Louis and Southwestern
Railway (*“Cotton Belt Route "),

In the descriptions of the various iron ore localities of Arkan-
sas, given later in this report, the state will be divided, for the
sake of convenience, into five different parts, and each will be
treated separately, as follows:

(1.) The iron deposits of Northeastern Arvkansas.—(Law-
rence, Sharp, Fulton and Randolph counties.)

(2.)  The ivon deposits of Northwestern Arkansas—(Carroll,
Washington and Madison counties.)

(3.) The iron depesits of the Avkansas Valley—(Van Buren,
Conway, Pope, Yell, Johnson, Logan, Franklin, Sebastian,
Scott and Crawford counties.)

(4.)  The dvon deposits of the Ouachita Mountains—(Pulaski,
the northern part of Saline, Hot Spring, Clark, Pike, Mont-
gomery and Polk counties.)

(5.) The iron deposits of Southern Avkansas—(The south-
- ern part of Saline county, Dallas, Ouachita, Nevada, Hemp-
stead and Lafayette counties.)

The above five divisions include a large part of the state,
but in only a few places in these regions has ore of im-
portance been discovered. A common though natural error
made by many people is to mistake a brown ferruginous
sandstone, which is characteristic of many of the Carbonifer-
ous and Lower Carboniferous formations in the state, for iron
ore. Thisrock contains from 40 to over 60 per cent of silica and
from 15 to 30 per cent of iron, and is therefore worthless as a
source of iron. Under delusion as to its value, however, many

B
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people have thought that they possessed immense iron ore de-
posits, which on examination by the Survey gave the result
above stated. The ores from many of these localities are
further described later in this report for the benefit of those
interested in them, and several analyses are given.

THE GEOLOGIC RELATIONS OF THE IRON DEPOSITS OF ARKANSAS.

The geologic disttibution of iron ore in Arkansas is as gen-
eral as its geographic distribution just described. It occurs
in almost every series of rocks represented in the state, from
Lower Silurian to Recent, except in the Cretaceous. Taking
up the five iron ore regions in the order of the classification on
page 6, it will be seen that the different geographic divisions
given there conform in a general way to the geologic divisions:
The ores of northeastern Arkansas are associated with Lower
Silurian (probably Calciferous) sandstones, cherts and lime-
stones; the ores of northwestern Arkansas, in the central
part of Carroll county, occur mostly with Lower Silurian cherts,
while those of Washington and Madison counties are mostly
in Lower Carboniferous sandstones; the ores of the Arkan-
sas Valley occur almost exclusively with rocks of Carbonif-
erous and Lower Carboniferous ages, though some of them
are much later deposits formed by the concentration, at the
mouths of springs, of the iron in rocks of those ages; the ores of
the Ouachita Mountains cccur mostly with Lower Silurian
shales and novaculites, though they also include the magnetic
ore of Magnet Cove, which occurs in an area of igneous rock in
the novaculite region; the ores of the southern part of the
state are in a great series of sands and clays which represents
the Eocene division of the Tertiary.

This very general distribution of iron in rocks of different
ages is, however, not peculiar to Arkansas. Iron is one of the
most universally and most abundantly distributed of all known
metals in the rocks of all ages and in all regions, though else-
where, as in Arkansas, it has accumulated in commercially im-
portant quantities only in local areas.
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THE CHARACTER AND COMMERCIAL VALUE OF THE IRON ORES OF
ARKANSAS.

Varieties of ores—Most all the iron ores of Arkansas be-
long to the class of hydrous sesquioxides of iron, or limonite,*
commercially called brown hematite, or simply *brown ore.”
The only other ores found in the state are limited quantities
of carbonate of iron or spathic ore, also known as clay-iron-
’stone, found in the Carboniferous shales and in the Tertiary
clays and sands, and still more limited quantities of magnetic
ore (magnetite) occurring in a residual clay derived from the
decay of a crystalline rock in Magnet Cove. This last ore is
the celebrated Arkansas loadstone.

On account of the very limited quantities of the carbonate
and the magnetic ores, it is only necessary to discuss here the
market value of the brown hematites, while the others will be
further mentioned in the descriptions of individual localities.

Commercial value.—The first question which comes up in
considering the commercial value of an ore is whether or not
it is fit to make Bessemer steel ; and so important has this point
become that all iron ores may be classified, from a commer-

~cial standpoint, as either *“ Bessemer” or *‘non-Bessemer.”
The term Bessemer steel is used because the vast bulk of the
steel now manufactured in this country is made by the Besse-
mer process. The main requisite of an ore fit to make Besse-
mer steel is that it should contain a minimum amount of phos-
phorus, though there must be of course a sufficiently large
percentage of iron to make the ore available, and the percent-
ages of sulphur, silica and other impurities must also be suffi-
ciently small, as further explained below. Most of the iron
ores of the world are non-Bessemer and are sold at a cheaper
rate than the Bessemer ores. A Bessemer ore should not con-
tain over 0.05 per cent of phosphorus, and if it contains much
more than this amount it is deemed unfit for the manufacture
of Bessemer steel and can be used only for making the com-

*According te J. D. Dana, limonite means a hydrous sesquioxide of iron, containing a cer-
tain percentage (14.4 per cent) of water as indicated by the formula 22,0, 31,0, but the term
is also often used to mean any hydrous sesquioxide of iron. For the sake ol convenience in
<escription this general application will be used throughout this report.

=——
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moner grades of iron*. Of course in determining the amount
of phosphorus allowable in a Bessemer ore, the percentage
of iron present must be considered, since an ore high in iron
may contain a larger percentage of phosphorus than an ore
low in iron and yet the ratio of the iron to the phosphorus may
remain the same. For this reason the amount of phosphorus
allowable in a Bessemer ore varies within certain narrow limits
and in direct ratio with the percentage of iron. Steel can be
-made ‘and is made by what is called the basic process, but the
commercial success of this method on a large scale in this
.country has yet to be demonstrated, and many of the best au-
thorities on iron doubt its possibilities of success under the
«conditions existing in the United States, especially in view
of the immense quantities of low-phosphorus ores suitable for
the Bessemer process now mined in the Lake Superior re-
gion and elsewhere in this country.

It will be observed from the accompanying table of analy-
ses that the percentage of phosphorus in the Arkansas ores
varies considerably, from less than 0.01 per cent to over I per
cent. DMost of the analyses show the ores to be non-Besse-
mer, and in most of the cases where the phosphorus is
low enough to permit the ore to pass as Bessemer, the quality
is injured by the high percentage of silica or else the ore oc-
curs in quantities too small to be of commercial value, In a
few cases, however, the analyses of samples from deposits of
-ore of considerable size show them to be Bessemer as regards
‘phosphorus, to be fairly good in iron and low in silica. Such
ores could be used in making Bessemer steel if the average
production of the mines ran as well as the samples of which
analyses are given, This could only be determined by thor-
-oughly stripping, prospecting and sampling the deposits in
'many places, a task which the time and means of the Survey
have not permitted it to undertake. In the cases, therefore,
where the accompanying analyses indicate a Bessemer ore,

*Sometimes an ore containing slightly over 0.05 per cent of phosphorus is used for what is
technically called * Bessemer mixture,” that is, it is utilized by mixing it with an ore containing
an exceptionally small percentage of phosphorus, the final mixture being not over 0.05 in that
dngredient,
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they are not to be considered as conclusive as to the good
quality of the whole deposit, but simply indicative of such a
possibility. Such analyses will be further discussed under the
treatment of individual localities.

Though, as will be seen by the analyses, most all the Ar-
kansas iron ores are too high in phosphorus to be used for
Bessemer steel, they have this property in common with almost
all the iron ores of the south Atlantic states.
Virginia, Tennessee, Georgia and Alabama are practically all
non-Bessemer, no Bessemer ore being obtained from the cele-
brated Birmingham deposits. Though the field of Bessemer
steel is thus shut off from most, if not all of the Arkansas ores,
many of them would be suitable, where found in sufficient quan-
tities, for the manufacture of pig-iron for foundry purposes
and for the numerous applications of iron to industrial uses.

In their contents of iron the Arkansas ores range from 35 to
over 55 per cent, rarely, however, reaching fhe latter igures when
sampled in large quantities. In many cases individual speci-
mens could be selected which would show by analysis as much
as 60 per cent or more of iron, but no such average could be
obtained in large shipments of the ores. In many of the an-
alyses it will be observed that the average of iron is much
lower than 35 per cent, and in several cases it falls even below
10 per cent. Such analyses were made of materials which are
commonly mistaken for iron ore throughout the state, but
which are really brown or red sandstones or shales colored by
iron. Such a mistake is very common and has caused many
people in the state to believe that they have large deposits of
iron ore when they have simply a rusty rock of no commercial
value whatever as an ore. The analyses are given for the ben-
efit of those who may think these materials valuable, as their
nature was evident to the Survey before the analyses were
made,

In their contents of silica the Arkansas ores have as wide a
range as in their contents of iron. The analyses show the sil-
ica to vary from 2 per cent to over 75 per cent. When the

The iron ores of
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silica in an ore amounts to more than about 15* per cent it
seriously injures its market value; and it will, therefore, be ob-
served from the analyses that many of the Arkansas ores are
high in silica and some of them are excessively so. This high
percentage of silica renders many of the ores shown in the
table of analyses worthless as sources of iron.

In their contents of sulphur the Arkansas ores range from
less than 0.04 per centto over 1 per cent, but they are generally
below 0.5 per cent, and this average compares favorably with
that of many other ores which are mined and find a good
market. The presence of a limited amount of sulphur is a
much less serious objection than the presence of phosphorus.

As will be seen by the analyses, most of the Arkansas ores
contain at least a trace of manganese and sometimes enough
to allow them to be classified as manganiferous iron ores. The

" manganiferous iron ores are especially characteristic of the
novaculite regions of the Ouachita Mountains,

None of the Arkansas ores, with the exception of the mag-
netite of Magnet Cove, have been found to contain appreciable
-quantities of titanium,

Summary.—To summarize the above facts regarding the
commercial value of the iron ores of Arkansas it may be said
that they are usually, if not always, non-Bessemer in quality,
generally containing over 0,05 per cent of phosphorus; in iron
they vary from less than 35 per cent to over 55 per cent; in
silica they vary from rarely as low as 2 per cent to over 75 per
cent, and are often much injured by an excess of this ingredi-

ent; in sulphur they range from 0.04 per cent to rarely over 1

per cent; in some localities they contain enough manganese

to be classed as manganiferous iron ores; they rarely contain
titanium in appreciable quantities.

The following table, comprising a number of analyses of iron

ores from well known mines in the United States and Cuba, is

given for comparison with the analyses of Arkansas ores in the

od price depencs
gh iniron can safely contain more silica

*The percentage of silica that an ore can contzin and yet command a Eo
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preceding table. It will be observed that several of the analyses
show the ores to be of no better quality than some of the
Arkansas ores; but many of the ores represented in the table
are only used where they are in close proximity to a cheap
supply of good fuel and limestone, and where the transporta-
tion facilities and the markets are especially favorable.

Analyses Nos. 1-5, 7-0, 13~33, and 39 are quoted from the
Tenth Census of the United States, Vol. 15, on Mining In-
dustries.

Analyses Nos. 10, 11 and 12 are from the Second Geological
Survey of Pennsylvania, Annual Report, 1885, Report on the
Cornwall Iron Ore Mines, Lebanon county, p. 5§32, by J. P.
Lesiey and E. V. d’Invilliers.

Analysis No. 6 is quoted from Bull. N. Y. State Museum
Nat. Hist. No. 7, 1889, First Report on the Iron Mines and
Iron Ore Districts in the State of New York, p. 42, by John
C. Smock.

Analyses Nos, 34 and 35 are quoted from the Geol. and Nat.
Hist. Survey of Minnesota, Bull. No. 6, 1891, The Iron Ores
of Minnesota, p. 89, by N, H. and H. V. Winchell.

Analyses Nos, 36 and 37 are quoted from the First Annual
Report, Geol. Survey of Texas, E. T. Dumble, State Geologist,
Preliminary Report, Gulf Tertiary of Texas from Red River to
Rio Grande, p. 84, by R. A. F. Penrose, Jr.

Analysis No. 38 was made for the Wakefield Coal and Iron
Co. :
Analyses Nos. 40 and 41 have been kindly furnished the
Survey by Mr. Josiah Monroe, Secretary and Treasurer of the
Juragua Iron Co.

Analysis No, 42 is quoted from the report on the Sigua

Bessemer Iron Ore Mines in Cuba, by W, ]. Rattle, £8g0, p. 36.

THE ITRON MINING POSSIBILITIES OF ARKANSAS.

Conditions necessary for profitable ivon mining.—The value
of an iron ore deposit depends as much on its geographic
position, its relations to transportation and markets, and
the facilities for mining, as it does on the quality of the
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ore. Moreover if furnaces are to be erected for the manu-
facture of pig-iron, the distance of fuel, and of limestone for
fluxing purposes, are most important points to consider. In
determining the value of an iron deposit, therefore, four main
subjects must be taken into consideration.

1. The quality and quantity of the ore.

I1. The facilities for mining the ore.

III. The relations of the deposit to transportation and to
markets.

1V. The relations of the deposit to fuel and limestone.

Conditions tn neortheastern Avkansas.—In the northeastern
part of the state there are some isolated deposits of fairly good
brown hematite which, if they had transportation facilities and
markets, might be worked at a profit.  The facilities for min-
ing the ore in this'region are good. It occurs on isolated hills
and ridges rising from fifty to over three hundred feet above
the surrounding drainage. It forms irregularly shaped bodies
from two or three to probably over twenty-five feet in thick-
ness, and often covering several acres, generally lying in a hor-
izontal position and usually on or near the summits of the hills,
Though limited in both lateral and vertical extent, the ore that
is in any one place lies near the surface and could be easily
mined. The nearest means of transportation for the ore of
northeastern Arkansas is the Kansas City, Fort Scott and
Memphis Railway, which is from 8 to zo miles distant from
the more important deposits. The Black River flows through
the northeastern part of the state and in some localities freight
Imight be shipped down it to the White River and thence to the
Mississippi. The transportation facilities, however, cannot at
present be considered as good, since, unless a branch road were
built, a haul by wagons of from 8 to 20 miles would be neces-
sary to reach either the railway or the river. The nearest
coking coal to the iron deposits of northeastern Arkansas is
that of western Arkansas and of Indian Territory, at distances
by rail varying from 225 to over 400 miles. Good hardwood,

however, fit for making charcoal, is plentiful in the vicinity of
2G—1
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the ore, and a fairly pure limestone can also be obtained in
the same region.

In consideration, therefore, of the combination of a fairly
good ore with a cheap charcoal, made from the timber of the
region, and with limestone in the immediate vicinity, there is a
possibility of a limited iron industry in northeastern Arkansas.

Conditions in novthwestern Avkansas.—The ores in the north-
western part of the state, aside from any question of quality,
are in too small quantities to be profitably worked.

Conditions in the Avkansas Valley.—In the Arkansas Valley
the ores are too poor in quality and occur in too small guanti-
ties to be of any value as sources of iron.

Conditions in the Ouachita Mountains.—In the Ouachita
Mountains the only ores yet found in large quantities are of low
grade. The deposits dip steeply and would be expensive to
mine. The nearest railways are from seven to, more generally,
over twenty miles and often over forty miles distant. Lime-
stone is scarce and often altogether absent in the Ouachita
Mountains, and there is no coal nearer than the Arkansas
Valley, with which region the Ouachita Mountains have no
direct railway connection. There is, however, a large amount
of timber, and with cheap charcoal fuel there is always at least
a possibility of the future utilization of the better class of the
ores. The industry, however, would never be an important
one, and could only be carried on under the most favorable
conditions of transportation and markets, conditions which at
present are far from being realized.

Conditions in southern Arkansas—In the southern part of
the state the Tertiary brown hematites occur over considera-
ble areas, but the ores which are of sufficiently good quality
to use are so scattered that it is somewhat doubtful whether
enough can be found in one place to permit important
mining. Large deposits of poor ore frequently occur in this
region, but they are of too low grade to be of value. The better
ores are mostly from eight to fifteen miles from the nearest
railway transportation, which is the St. Louis, Iron Mountain
and Southern Railway or the St. Louis and Southwestern Rail-
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way. Limestone would have to be brought, in most cases,
from distances varying from fifty to 2 hundred miles. The ores
are near the surface, however, and easily mined ; and there is a
large amount of timber fit for making charcoal in the vicinity ;
so that it is not impossible, in view of these advantages, that
a small iron industry might, under favorable conditions, be
supported on the better grades of ores of the region. The
good ores are scarce, however, and under any circumstances
the industry would be small.

Conclusion.—The commercial possibilities of the Arkansas
iron regions may be briefly stated as follows:

The ores are mostly brown hematites, though small quantities
of spathic and magnetic ores also occur. Most of the brown
hematites, if not all, are non-Bessemer in character, the
phosphorus ranging generally over 0.05 per cent; the iron
ranges from 35 per cent to rarely over 55 per cent; the silica
is usually, though not always, high, ranging from 2 per cent to
over 75 per cent; the sulphur ranges from 0.04 to over 1 per
cent; there is usually a trace of manganese and sometimes
enough to allow the ore to be classed as a manganiferous iron
ore ; none of the ores, except that of Magnet Cove, have yet
been found to contain appreciable quantities of titanium. The
only ores in the state that could, even under the most favora-
ble circumstances, be worked on a commercial scale are some
of those in northeastern Arkansas and a few of the deposits of
the Ouachita Mountains and of southern Arkansas. Of these
three regions, northeastern Arkansas is the only one which
offers favorable conditions for iron mining and manufacture,
and even there the industry, if established, would be limijted.

The conclusion to be drawn, therefore, is that the quality
and the quantity of the Arkansas ores, the position of the
deposits as regards transportation, the distance of the markets
and the proximity of much better ores in Missouri, all point tc;
the fact that there is, at present, no good field for an iron
mining industry in Arkansas except possibly in the northeast-
ern part of the state.



CHAPTER 1I1.

THE IRON DEPOSITS OF NORTHEASTERN -
ARKANSAS,

(Lawrence, Sharp, Fulton and Randolph counties.)

THE LOCATION OF THE DEPOSITS.

The iron ores of northeastern Arkansas occur mostly in the
counties of Lawrence, Sharp, Fulton and Randolph, in the hilly
country comprising the valleys of the Black River and its trib-
utaries, the Strawberry, Spring and Eleven Points Rivers. This
region includes an area over 50 miles long in an east and
west direction, and about 35 miles wide in a north and south
direction. The ore does not occur continuously throughout it,

but exists as isolated deposits separated by much greater areas

destitute of ore,

THE GEOLOGIC RELATIONS OF THE DEPOSITS.

The ores occur with a series of cherts, limestones and sand-
stones which form a part of the Lower Silurian series of
northern Arkansas. The exact position of these rocks in the
Lower Silurian is somewhat doubtful, but, from the studies of
the State Geologist and Prof. H. S. Williams, it is probable
that they belong in or below the Calciferous horizon. They
dip under the saccharoidal sandstone and the Izard and St.
Clair limestones which represent the upper members of the
Lower Silurian system in the Batesville manganese region to
the south of the iron region.®

THE NATURE OF THE ORES.

The iron ores of northeastern Arkansas all belong to the
class of hydrous sesquioxides of iron, known aslimonite, brown

*The geologic relations of these rocks are more fully discussed in the Annual Report of the
Geological Survey of Arkansas for 1890, Vol. I, pp. 112-116.
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tiematite or simply “brown ore.  Seventeen analyses of these
ores, made by the Geological Survey, Prof. A. E. Menke,
Lhemist, are given in the accompanying table. It will be seen
that the amount of iron varies from 23 to 58 per cent. In
samples 1, 2, II, 12 and 15 it is over 50 per cent, and is
good for a brown hematite ore. The percentage of silica also
varies considerably. Samples 1, 2, 3, 11 and 12, are low in
silica; samples 6 and 7 are rendered undesirable on account of
their high percentages of silica; while samples 4, 5, 9, 10, 13
and 14 are practically ruined by their high contents of this
ingredient.

In phosphorus also the samples are variable, some being
low enough to be classed as Bessemer, while others are too
high. An ore is too high in phosphorus to be used for Besse-
mer steel if it contains more than about 0.05 per cent of that
ingredient (see pages 8 to 10). It will be seen that several of
the samples contain less than that amount. Sufficient analyses,
thowever, have not been made of the ore on any one property
to state that the whole deposit would be low enough in phos-
phorus to make Bessemer steel, as it is perfectly possible that
a sample from one part of a deposit may be low in phosphorus,
while another from a few yards off may be high. The average
«contents of a deposit in phosphorus can only be determined by
«carefully prospecting and stripping the ore and making numer-
ous analyses, all of which has been beyond the means and the
time of the Survey. The low phosphorus, therefore, in some
of the analyses can be regarded only as a valuable indication
and not necessarily conclusive as to the quality of the whole
-deposit.

The sulphur is not excessively high in any of the samples

analyzed.
- Considering all the constituents of the ores, it may be said
that samples 1, 2, 3, 11, 12 and 15 are good ores, while the rest of
the samples represent ores more or less injured or even ruined
by the low percentage of iron or by excessive quantities of
impurities.

The ores vary much in physical character. In color they
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range from light yellow to chocolate brown, or even almost
black, and are often coated with a glossy black film. They

often contain considerable quantities of sand which can be -

seen in grains scattered through the mass; and in the more
siliceous varieties the sand increases in quantity until the ores.
merge into a ferruginous sandstone. Between the pure ore
and the ferruginous sandstone there are all degrees of admix-
ture. Sometimes the ore is massive and solid, at other times
porous and honeycombed, while not infrequently it occurs as
geodes, commonly called “iron pots,” from an inch to a foot

_._ffifmbz:e.r of iron orves from northeastern Arkansas.

| EINEEE
| | | . »
H LOCALITY, | 12|80 &8 | %
g i | 1 &l 5 & A
£ S| 2| 8|2 & &
i S B E J a8 | £
i Lawerence CeUNTY, ‘ I
1 Coffy 7 5 7 ] 5.75) b | .
' iCo man tract, 17 N, 1 W..’&ec‘lp, 5.3 85 FE........ 55,75/ 5.200,041)0.212 A little| Menke
ZIIHo]loway tract No.1, 16 N, 2 W, Sec 6,5, E. ... /58.01 7.08'0.028 0.198 ¢ PR
8|Holloway tract No. 2, 17 N., 5 W., Sec. 35, N. K, S, E.|45.49| 8.47(0.007l0-315' « [ "
4{Cazort tract, 16 N, 22 W, Sec. 6, N, W, 5 W...... 41,71 28.26/0.014,0.232, w i
5l Holluway & Collins tract, No, 1, 16 N., § W., Sec. 12, |
0 - WO s el Bl 49,4425 83|0,028'0. 479w "
6!H-.a[lowa:r & Collins tract No. 2,16 N,, 3 W., Sec. 12, '
CRWE e L T T e 0016 080,880 051 o | e
| |
7 Wasson tract, No, 1,17 N, 3 W., Sec. 26, $. }. ....... 11.58!16.26 0.193/0.005 < o
8l5loan tract, 17T N, 8 W., Sec. 28, W3, N.E ......... 40.10/12.54|0,042(0,687| o
9 Strawberry or Cathaytown, 16 N.,8 W, Sec.12, 5. E, 36.30'30.8}' 0.04110,205] Nope.| *
10 i L ““* it L L 2?.35|ﬁ‘2‘58i0.28{|0.034 L] L
Suare Counrty,
ll|CﬂlIins tract, 16 N., 4 W., Sec. 5, 5. W ....... T 58.91/ 2 46(0.083/0 109 Trace | L
12/ Wasson tract No. 2,16 N,, 4 W., Sec. 13, E. §, S. E ..|54,70, 2,80,0.021/0.458) None,| <
|Big Creek and Reed’s Creek divide, 16 N,, 4 W., Sec
13‘ . e e SR i 3.5753.130.305I0.173. iz
| |
! Furron Counry.
1-1 Deadrick tract, 20 N., 6 W. y Sec.1.. (44,97 21.40'0,03l|{) ]_m)l o i+
| i | e
|_ RaxporLrr County. ‘ ‘l |
15!Nenr Ravenden Springs............c..... ..o.... .. 50, 49112 ﬁﬁlﬂ 4o IU2|A Iittle|  #*
16/0dom tract, 18 N., 1 W., Sec. 18, N- E., N. E..... .., 44 4411830 0210 153 « “
17 Iron Bank, 2L N. 3 W, Sec 8, N. E L e |49 97 14,530, 014‘0 082 Trace,| *
i | | I |

s

F IENESSEHIT

THE IRON DEPOSITS OF NORTHEASTERN ARKANSAS, 23

or more in diameter. Elsewhere the ore occurs as the cement
of a brecciated chert.

THE MODE OF OCCURRENCE OF THE ORES.

The general character of the region in which the iron ores
of northeastern Arkansas occur, is that of a rolling country
with hills and ridges rising from one to over three hundred
feet above the surrounding drainage, and separated by flat river
and creek bottoms. The hills and ridges often rise abruptly
from the lowlands and the ridges follow a circuitous course for
many miles across the country. Such ridges are well scen
between the Spring and the Eleven Points Rivers in Randolph
county, between Big Creek and Reed’s Creek in Sharp county,
and elsewhere.

The iron ore usually occurs on or near the tops of the
hills and ridges, though more rarely it is lower down on the
slopes. The lower parts of the hills and ridges are composed
of a blue limestone which underlies the larger portion of the
low country and is the predominating rock of the region.
This bed and also all the other rocks of the region are prac-
tically horizontal, though they sometimes dip gently to the
south, A thickness of limestone of over 200 feet is often
exposed on the slopes of the hills, and, as it still underlies
the lowlands, it is p'robably thicker. Above the limestone
on the slopes of the hills comes a sandstone which generally
forms the summit, at least of the higher points, and varies in
this position from a few feet to almost if not quite 100 feet
in thickness., Sometimes the sandstone does not occur, and
the hills are capped with a gray chert which often partakes
of the nature of a sandy quartzite, In the cases where both
the sandstone and the chert occur in the same locality, the
chert underlies the sandstone and overlies the blue limestone;
where the chert is wanting the sandstone comes into direct
contact with the limestone. It is noticeable that, though the
limestone is apt to contain cherty masses anywhere through
it, the formation becomes more and more cherty towards the
top. It seems probable that when the chert intervenes
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between the sandstone and the limestone, it simply represents
an unusually large development of this cherty character of the
top of the limestone. This would account for its sudden ap-
pearance and disappearance, since sometimes it has a thick-
ness of probably 75 feet or more, while elsewhere it js wanting
altogether, and the sandstone comes into direct contact with
the underlying limestone.

Where the sandstone has been eroded from the hills and
ridges and the chert covers the highest points, the summits
have the characteristic rough appearance of a surface covered
with broken masses of rock. Not infrequently the chert is
abruptly cut off by a protrusion of limestone which comes to
the top of the hill and locally forms the crest, while beyond,
along the summit, the chert appears again. This sequence of
outcrops is a natural result when it is considered that the chert
exists simply as large pockets and lenticular layersin the lime-
stone, and may be cut out by that rock at any point.

The iron ore occurs in both the chert and the sandstone;
and as either one of the other of these rocks usually forms the
crests of the hills and ridges, the ore is generally near the
summits. It does not form a continuous bed over any very
large area, but occurs in more or less isolated basin-shaped de-
posits, varying from a few square yahrds to several acres
in extent and from two or three feet to probably over
twenty-five feet in thickness. The section in figure 1
represents a typical case of the iron deposits of north-
castern Arkansas, as exemplified in Iron Mountain on the
Collins tract in Sharp county. This tract will be more fully
described later in the present chapter,

In following along any of the ridges in the iron district a se-
ries of such basin-shaped pockets as have just been described
are seen, separated along the ridge by areas of barren sand-
stone or chert. Sometimes the ore is comparatively pure, at
other times it simply forms the coloring matter and cement of
a ferruginous sandstone or binds together the fragments of a
chert breccia; and almost always more or less sandy impuri-
ties can be seen in it. Sometimes the ore forms interbedded,

e
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7 ross Tvon Mountain on the Collins tract, Sharp county, showing he mode
Wlpo e SErAmEEH of occurrence of the iven ove.
1. Iron ore (limonite.)

2, Sandstone,

3. Limestone.

Horizontal scale : 1 inch=% mile,

i st in
alternating layers with a ferruginous sandstone, or occurs :
| X is
bunches in the sandstone or chert. A common occurrence

chert bed cut by a network of bunches and connecting seams
a

Vertical scale ;1 inch=100 feet.

of ore. .
Frequently where the sandstone or chert is soft, the rock

has decayed, forming a red clay in which the masses of ore a}re

imbedded. Such deposits often afford a good s_onl and at the

present time many of the iron ore tractsare cultivated as fal:m‘.s,
and the lumps of ore are constantly being pl?w?d u.p. ‘T;l‘ls is
especially well seen in the neighborhood of Smithville mo aw-
rence county, aad around Calamine in Sharp fzounFy. ccd;
sionally also the ferruginous waters from sgrmgs in the 1rcc1m
ore hills have cemented the sand and granal m' the creek be sf,'
forming a ferruginous conglomerate, wlbnch is of course o

much later age than the iron ore in the hills.

THE COMMERCIAL .VﬁLUE OF THE DEPOSITS.

The facilities for mining iron ore in northeastern }\_rkamsa.sf
are fairly good. The ore, occurring as it does on thet tops o
isolated hills and ridges, though limited in both vertical and
lateral extent, could be easily mined. The nearest means h?f
transportation is the Kansas City, Fort Scott.and I}*Iempﬂiz
Railway, which is from eight to twenty miles dljstant rorlr;l 1;
more important deposits. In some cn‘s.es frf:1ght. coul e
shipped down the Black River to the White River, and thence



26 ANNUAL REPORT STATE GEOLOGIST.

to the Mississippi, but here also a haul by wagons of from ten
to twenty miles would be necessary.  The nearest coking coal
to the iron deposits is that of western Arkansas and of Indian
Territory at distances by rail of from 225 to over 400 miles.
Good hardwood fit for making charcoal is plentiful in the vi-
cinity of the ore, and a fairly pure limestone could also be ob-
tained in the same region. As already stated, the ore of some
of the deposits is too poor in quality to be of any value, but
the ore of other deposits combines a fairly good quality with
sufficient quantity to allow it to be mined,

In view of all these conditions it may be said that there is.
a chance of the profitable working of some of the iron deposits
of northeastern Arkansas. _

Below are given descriptions of the individual properties in
the iron region of northeastern Arkansas,

LAWRENCE COUNTY.

General features.—The iron ores of Lawrence county are
mostly west of the Black River, in the western part of the
county. They extend from near Black Rock on the Black
River, west into Sharp county and south to and beyond the
Strawberry River. This area includes most of the deposits.
that are known, though others of less importance are found
elsewhere in the county,

The J. W. Coffman tract—The Coffman tract isiniy N, r
W., section 17, the south half of the southeast quarter, about a.
mile west of Black Rock. A brown hematite ore occurs in
loose masses here associated with fragments of chert in a red
and white clay. It is found over an area of probably six or
seven acres. The deposit is so much concealed by soil that it
is impossible to determine accurately its size and extent with-
out more prospecting than has been done. The only opening
that has been made is a small pit about six feet deep showing
masses of ore in the clay. Some of the ore contains siliceous

pebbles and this may be, in part at least, a later deposit than.
the ore free from pebbles,

. 1 - 2
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The following analysis by A. E. Menke shows the compo-
sition of the ore from this property :
Analysis of iron ove from the Coffman tract, Lawrence county.
naly

6.20

L 0,041
Phosphorus........coovsnennsnianins ?,.21.1
Sulphur...iceesciiciirasaieie i .Ha

& €.
MANZANESE . s verrnrerens srnnee ssens 1 i

_ The analysis shows the ore to be of good quality, but the
uantity of it on the property has yet to be proved. l
3 The S. P. Holloway tract No. 1.—This is one of the severa

tracts of iron ore land owned in this region by Mr. 5. P. Hollo~

way of Black Rock. It is in 16 I'\T., 2 W., sectio:; 6, th;:1 S?;;i:
east quarter. The brown hematite ore o.ccurs 1‘cre' o
masses in the soil on the summit of a 1.1111. It 1sh asso ated
with fragments of sandstone and quartzite, an’d t lﬁ: e;iil;tc__
masses of ore have probably been set free during the dis :
gration of these rocks, in which they wer‘c probak.)ly 0r1g;nan3;
held. The ore is sometimes sandy and is occasionally fou

i urs as
adhering to masses of sandstone. It sometimes occ

hollow “pots,” and at other times as a massive ore_e w1th' a

banded, agate-like structure. A few small prospecting pits-
, i in the red soil.

show masses of ore imbedded in : )

The following analysis by A. E. Menke shows the compo

sition of the ore from this property:

- w_.
Analysis of ivon ove from the S. P. Holloway tract Ne. 1, La
rence counly.

IEOTL. cunnnrnercrssnont cininnnnssssnsans 53,91
YOIl sannnronrnns s nand.cooiarnns

..... 7.08
SHlICR e v vnanrnnssinerarnsttonannnian ol
Pliosphoris © . isesesssiiis seanenaonss 0.153
Sulpbur.......... R ST A i

...a little

MANEANESE . s vvrr s reersrons snansnnns a li

The analysis shows the ore to be .of very goo.d q;aht};.ori;
is comparatively high in iron, exceptllonally lo‘w inp OSF:_]can'_
and comparatively low in silica. This ana‘lyms, howc\;e { .
not be considered as representing the quallt?f of tl.le w ;o eh -
posit. The propetty is heavily covered w1t.h bSDll, ant v;t;e
the sample for the analysis was taken only a limited part o
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whole ore bed was accessible. To test the deposit properly it
'should be stripped in a large number of places and numerjorus
saml?les should be taken for analysis. In this way both the
‘qua.lhty and quantity of the ore could be determined, a thin
?:vh_lch in the present unprospected condition of the prr;perty E
1s impossible to do.

. The Cazort tract,.—The Cazort tract is in 16 N,, 2 W., sec-
'tlon'6, the northwest quarter of the southwest quarter a;ld in
section 7, the northeast quarter of the southeast quarte,r. Itis
close to the last mentioned property and the ore occurs under
:.'et:y much the same conditions as on that tract, except that
it 15. Tnore sandy and, therefore, contains a larger percentage
of silica, as shown by the following analysis by A. E. Menke :

Analysis of iron ore from the Cazort tract, Lawrence county.

Iromooon e 41.71
Sllicay oammeemvieimmmms SRR 28 26
Phosphorus.......... L —— 0014
Bulphiir. ... .o occonnimvapivomsminssosi 0232
Manganese: s mrnnrianig, L L o5 a little

-hi;h?na;;iﬁls shows the ore to be low in iron and injuriously
Tf’ze tlolloway and Collins tract No. 1.—The Holloway and
‘Collins tract No. 1 is in 16 N., 3 W,, section 12, the southeast
-quarte.r, and is locally known as Iron Mountain. The brown
hemafrte crops out for a distance of half a mile on the summit
of a ridge running in a general north and south direction. The
base and lower slopes of the ridge are composed of blue.lime-
stone lying almost horizontally, while sandstone with more or
less ch‘er_t and quartzite appears on the upper part The sand-
stone is in some places white, and in others rusty brown from
the pr.esence of iton. The ore occurs in isolated basins or in
large irregular pockets in the sandstone, and in following alon
‘the top of the ridge ore may be found in one place and pef
haps a few yards further on sandstone crops out, to be cut off
by ore again beyond, thus causing an alternating series of out-
crops of ore and sandstone, So little prospecting has been
done on the property that it is impossible to determine the

T
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the thickness of the deposit or, in fact, anything more than its

most general features.
The following analysis by ‘A. E. Menke shows the compo-

sition of the ore:

Analysis of ivon ove from the Holloway and Collins tract No. 1,.
Lawrence county.

51 T LRI 49,44
LT T R 25,85
Phosphorus.. coeeareciiiinns e s 0.023
Sulphtr vovvrevuvisimmmrianiiane i 0.479
Manganese. ..o veirrarers tonnansaniians a little

The analysis shows the ore to contain an injuriously large
percentage of silica.
The Holloway and Collins tract No. 2—The Holloway and
Collins tract No. 2 is in 16 N., 3 W, section 12, the west:
half, and shows ore somewhat like that on the last property.
It is covered with so much soil, however, that it is impos--
sible to determine accurately the extent of the deposit. A
pit about twenty feet deep was sunk at this place some years:
ago. It is now mostly filled with earth, but the upper six or
seven feet are still open. It shows alternating layers of ore
and ferruginous sandstone, the thickest layer of solid ore seen
being about two feet. Sometimes layers and pockets of red
clay occur in the ore. The ore dips apparently at about 30° to-
the southwest, but this may simply be due to a local slip in the
‘ surface rocks. It is probable that further prospecting on this
property would show a considerable series of alternating layers-

of sandstone and ore.
The following analysis by A. E. Menke shows the compo--

sition of the ore cn this property:

Analysis of ivon ove from the Holloway and Collins tract No. 2,.
Lawrence county.

e T L T 47-99

T [T S PP T 15,08
Phosphorus ceeveaes Y S R R 0,083
Sulphur. .o vevaiiiiii i 0.054
MAnNEANESE .oouvvnnorrssanns sarsrsarnes a little.

This analysis shows the ore to be fairly good in its contents-
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of iron, somewhat injured by the high percentage of silica, and
to contain too much phosphorus to be classed as a Bessemer
ore. '

The S. P. Holloway tract No. 2—The Holloway tract No. 2
is north of the last mentioned property and in 17 N., 3 W,
section 35, the northeast quarter of the southeast quarter. A
porous brown hematite, often in the form of “iron pots,” occurs
here in a red and brown clay in the bluff of a small creek.
“The masses of ore, which are sometimes two or three feet in
diameter, often form horizontal layers in the clay. A pit said
to be twenty feet deep was sunk here some time ago, but it is
now filled up to within eight feet of the surface. The exposed
sides of the pit show a face of ore in red and gray clay over
five feet thick. This is underlain by clay, below which more
ore is said to have been found in the old pit. About ten feet
of ore altogether is said to have been exposed, '

The following analysis by A. E. Menke shows the compo-
sition of the ore from this property :

Analysis of orve from the S. P. Holloway tract No. 2, Lawrence

county,
TEOTL. oo miniw wis st s a6 6 S S 45.49
L 8 47 )
Phosphorus ....ovvv oo viiiiaiiin e nas 0.007
1AL T S Y sveweris 0.315
Manganese......... AR e a little.

The analysis shows the ore to be somewhat low in iron, but
good in other respects,

The Wasson tract No. 1.—~The Wasson tract No. I is in 17
N., 3 W,, section 26, the south half. This property is on the
continuation of the same ore belt as the last mentioned prop-
erty, and shows ore occurring under somewhat the same con-
ditions. The ore is often composed of geodes, or “ pots,” of
brown hematite from one to six inches in diameter and held
together by a ferruginous cement,

The following analysis by A. E. Menke shows the compo-
sition of the ore from this property :

TR T T ST S R

i
&
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Analysis of iron ore from the Wasson tract No. 1, Lawrence

county.
IO & e S R I R R 41 .58
31T S PR, 16 26
Phosphorus ...veavs i imesrsnirsacs crass 0,193
Sulphur ... i e 0.095
MANEANESE cassnararrrs co-nanees oo - A little,

The analysis shows the ore to be low in iron and high in sil-

ica, though other samples from this property might give better
results.
" The Moove tract—The Moore tract is in 17 N., 3 W., section
22, the southeast quarter of the southeast quarter. It shows
ore occurring under much the same conditions as on the Was-
son tract, which lies northwest of it.

The W. C. Sloan tract.—The Sloan tract, commonly known
as High Peak, isin 17 N, 3 W:, section 28, the west half of the
northeast quarter. High Peak is a small knob rising from the
crest of aridge and reaching between two and three hundred feet
above the surrounding drainage. The lower part of the hill is
mostly limestone, while the crest of the knob is capped with
chert, which outcrops in a loose broken mass. Fragments of
brown hematite occur with the loose chert on the summit, and
have undoubtedly been derived from a small pocket of ore in
that rock. One small opening about three feet deep has been
made. The ore is in small quantities, the fragments occurring
scattered over only about half an acre.

The following analysis by A. E. Menke shows the compo-
sition of the ore:

Analysis of tron ove from the W. C. Sloan tract, Lawrence county.

Phospharus
BUIPRUE. s v s sb e vivsmen i s s
MANEANESE . ... ivna vuvesoiirensanon. alittle

The analysis shows the ore to be low in iron.

Strawberry, or Cathaytown.—The village of Strawberry, also
known as Cathaytown, is on the south side of the Strawberry
River, in 15 N., 3 W,, section 5. A brown ferruginous sand-
stone covers several of the hills in the village, forming numer-
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ous rounded, rocky knobs, and is commonly mistaken for irow
ore. Occasionally a few small masses of a sandy brown hema~
tite occur in the rock, but the vast bulk of what is commonly
supposed to be ore is simply a rusty sandstone, of no value
whatever as an iron ore. Similar materials exist in many other
places near Strawberry.

The following analyses by A. E. Menke show the composi~
tion of this material :

Analyses of iron ore from Strawberry, Lawrence county.

Irof esverivrnnsarnasns A0 ..........0 2735
Bilioaisaiasmm il B087 ...oiianiann 52.58
Phosphorus cavveeiae.. 0.041.cciuinnns, 0.284
Sulphur ... .cvnnenenns 0.205...ccc00i0sa 0034
Manganese .....c..o0as NONE ....cnvvres none

These analyses show the so-called iron ore of Strawberry,
or Cathaytown, to be so low in iron and so high in silica that
it is worthless as a source of iron,

SHARF COUNTY.

General features.—The iron ores of Sharp county, so far as
known, lie mostly south of the Strawbeiry River, in the south-
ern part of the county, though other deposits occur north of
this area. -

The Collins tract——The Collins tract is in 16 N,, 4 W, sec-
tion 8, the southwest quarter. It is locally known as Iron
Mountain, which is the top of a ridge rising almost 200 feet
above the surrounding drainage. The lower part of the hill,
for about go feet from the base, is composed of the blue lime-
stone common to the region. The upper 85 feet are composed
of sandstone, often assuming a quartzitic nature. The ore
occurs in fragments on the summit, and is associated with the
sandstone, from which the masses of ore have been derived.
The ore covers about two acres and is found more sparingly
beyond these limits, It evidently represents a basin-shaped
deposit in the sandstone. A pit, mostly filled up, is said to
have been ten feet deep and to have gone through ore all the
the way. The ore is a brown hematite, often occurring as a

mass of small nodules, the size of a pea or larger, with a fibrous
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structure, radiating from the centre. Elsewhere the ore is
simply the common porous and honeycombed brown hematite.

The following analysis by A. E. Menke shows the com-
position of the ore:

Analysis of ivon ove from the Collins trvact, Sharp county.

Iron,.. ... 5o e s ves nenwssns s s o0 BL
SRER coq osnmwmcem s s e s 2,46
Phesphorus.. oo cooiiiiiiiiiinnimaiannns 0.083
Snlphur ... cirsivieiriirarrsira sy 0.104
MANZANEES y o cornris i iissvesinss s trace

The analysis shows a very good ore for non-Bessemer pur-
poses, though the phosphorus is too high to permit it to be used
for Bessemer steel. The quantity of the ore, however, from a
commercial standpoint has yet to be determined.

The Wasson tract, No. 2z—The Wasson tract No, 2 is in 16
N., 4 W, section 13, the east halfl of the southeast quarter.
The land here is mostly under cultivation and heavily covered
with soil. The ore occurs as masses in red clay and is only
seen where it has been plowed up. The property is only
half a mile north of the Bevens Bloomary, where iron was
made before 1860 (see page 2), and a part of the ore used in
the bloomary is said to have been mined on this tract. At
present the old pits have been filled up and but little can be
seen of the ore.

The following analysis by A. E. Menke shows the compo-
sition of the ore: '

Analysis of tron ore from the Wasson tract No. 2, Sharp county.

TEOTE oo v iomias vt wnm dra  a h wsmiw p 54.70
Sillca: i diimnass ame v S 8
Phosphorus ..... PR R N - 0.021
SuIPRUL  covsiiansrvnibussiniisasuninciines 0.458
Manganese co.ouuenrieivrnnns irvannas .. nane

The analysis shows the ore to be of very good quality, high
in iron and low in silica and phosphorus, but the quantity of
the ore is doubtful. An ore that seems to be similar to that
on the Wasson tract occurs in 16 N., 4 W, section 24, the
east half of the northeast quarter.

The Big Creek and Reed's Creek divide—-Big Creek and

3G—I
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Reed’s Creek both rise in the southern part of Sharp county
and flow east, emptying into the Strawberry River in Law-
rence county, a few miles east of the dividing line between the
two counties. A long, narrow ridge, often rising over 100 feet
above the surrounding drainage, forms the divide between the
waters of the two creeks. It is composed of the blue lime-
stone in its lower parts, and is capped with a sandstone vary-
ing from white to rusty brown in color, and ranging from ten
to twenty feet or more in thickness. This divide is sometimes
broken longitudinally into two or more parallel ridges. In
following along the summit of any of these ridges it is found
that the character of the sandstone varies much in different
places, often changing abruptly from a pure white rock to one
stained dark brown by iron, the latter dark rock representing
simply local, isolated patches in the white variety. This fer-
ruginous sandstone is often mistaken by the people living in
~ the vicinity for iron ore, but it contains too much sand and
too little iron to be of any value as suchi Occasionally small
masses, seams or pockets of a genuine ore in the form of a
brown hematite occur in the ferruginous sandstone, but this is

in only very small quantities and could not be profitably sepa-

rated. The great mass of the so-called ore is simply a rusty
sandstone.

Such deposits are well seen in several places on the Big
Creek and Reed’s Creek divide, especially in 16 N, 4 W., sec-
tion 36, the north half, and in section 25, the south half. The
following analysis, by A. E. Menke, of a sample of the material
from the first named locality shqws its composition :

Analysis of ivon ove from the Big Creek and Reed’s Creek
divide, Sharp county.

O N S T T e e 23 67
11 T P Y 3512
Phosphorus . .....evvuesveiainsniiionns 0.506
Sulphur ....vviver e 0.178
Manganese.........oe trwerarssdaay e s NODE

The analysis shows the material to be too low in iron and
too high in silica to be of any value whatever as an iron ore.

S S R P R i
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FULTON COUNTY,

General features —The iron ores of Fulton county, so far as
known, occur mostly in the region between Spring River on
the east and a few miles beyond the town of Salem on the
west. Among the best known localities is the Deadrick tract.

The Deadrick tract—The Deadrick tract is in 20 N., 6 W,
section 1. The ore is a brown hematite and occurs in associ-
ation with a bed of chert on the crest and upper slopes of a
limestone ridge. The ore occurs mostly in fragments on the
surface, covering probably about seven acres, and is mixed
with angular fragments of gray or rusty brown chert. In some
places, however, where it is exposed in place, its original mode
of occurrence is found to be as masses and pockets in the
chert, sometimes also as the cement of a chért breccia. Near
the base of the deposit the ore becomes more and more cherty
until it is finally cut outaltogether by solid chert, and this rock
in turn is soon replaced by the underlying limestone. The ore
represents an irregular and isolated body in the chert, prob-
ably not more than twenty feet thick anywhere and much
thinner in some places, while the chert itself represents an ir-
regular bed in the upper part of the limestone.

The following analysis by A. E. Menke shows the composi-
tion of the ore from this property:

Analysis of ivon ove from the Deadrick tract, Fulton county.

Iron .o ivinennasasnisnesaciannanaan.iin, 44.97
Silica. .... ik marn s m A s SRy masmn 21.40
Phosphorus.....cceoavssrssciisnnsanis wenes 0,031
Sulphur. .. .ooviesimarasneciinnirsniceos 0,100
Manganese......... . .................... none

The analysis shows the ore to be high in silica, though some
of the ore on this tract is of better quality than that represented
by the analysis.

RANDOLPH COUNTY.

General features—Iron ores in the form of brown hematite
occur in many parts of Randolph county, especially in the
country between Spring River and Eleven Points River, and also
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in the northeastern part of the county near the Arkansas and
Missouri boundary line, but so far as yet discovered the de-
posits are all too small and often too poor in quality to be of
any commercial value.

Ravenden Springs.—The village of Ravenden Springs is in
19 N., 2 W,, section 7. Though no iron ore occurs in the im-
mediate neighborhood of the village, it is found in several
places short distances to the east and south, on the divide be-
tween Spring River and Eleven Points River. The main
part of this divide in the region in question is a long tortuous
ridge running in a general northwest and southeast direction
and rising from 200 to 300 feet or more above the surrounding
drainage. - The lower part of the ridge, for sometimes 200 feet
from the base, is composed of the blue limestone already de-
scribed (page 23). This rock becomes cherty towards the top,
and the upper part of the bed is composed largely of chert for
a thickness of probably, in some places, 75 feet or more. The
chert usually forms the crest of the ridge, giving it the rough
rocky appearance of a chert region. On the highef' parts of
the ridge, however, the sandstone, which belongs above the
chert, often appears and forms the summit. Qccasionally the
chert is absent and the sandstone and limestone come into di-
rect contact, as already explained on page 23. Most of the
iron ore occurs on the summit of the ridge, as pockets in the
chert, the deposits forming, on account of their dark color, a
striking contrast with the light gray chert which surrounds
them on all sides.

About a mile and a half east of Ravenden Springs a small
pit has been made in a deposit of brown hematite. The chert
has partly decayed and the ore occurs in masses and layers in
a brown and white clay which has resulted from this decompo-
sition.

The following analysis by A. E. Menke shows the composi-
tion of this ore:
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Analysis of iron ore from near Ravenden Springs, Randolph

CC?ZUH_‘}'.
IrOB..iv enrsimnasraesnisasissnnsensanne 2049
L. . T P ————— seaesl12,60
Phosphorus, ...ieessiiieissnannsssninsnnsn 0014
Sulphur. ... ..ooiiiiirrrsais ceersraseen 0102
MAnganese iove s simeens v prsverve s a little

The analysis shows an ore of fairly good quality. The quan-
tity of the ore, however, is uncertain, as very little prospecting
thas been done, but it is probably limited.

Southeast of this locality, for five or six miles along the crest
of the ridge, similar or even smaller deposits occur. Some-
times they show small quantities of ore, at other times they
are simply rusty chert,

Jackson.—The old village of Jackson is about eight miles
southeast of Ravenden Springs and on the divide between
Spring River and Eleven Points River, already described.
Tess than a mile north of the village and in 17 N, I
‘W., section 2, on the old military road, a few scattered lumps
of brown hematite, associated with fragments of chert, occur
on the upper slopes of a hill. The ore is in very small quanti-
ties.

The B. B. Odom tract.—The Odom tract is in 18 N,, 1 W,,
section 18, the northeast quarter of the northeast quarter.
Masses of iron ore associated with fragments of chert occur
here, but the deposit has not been prospected and is so
covered with soil that it is difficult to determine anything
about its extent. Some of the ore contains rounded siliceous
pebbles, and occasionally it forms the cement of a mass of
pebbles and sand. Such materials may possibly represent
a later formation than the other ore and, if so, the iron in them
has probably been derived from the older ore.

The following analysis by A. E. Menke shows the compo-
sition of the ore:

Analysis of ivon ove from the Odom tract, Randolph county,

O e N R T R AR R 44 44
Bilica ..., 4 ceeeissiiin 0 aseiaaeanes 11.83
Phosphoras .. ..o iiveiviiiirnniininiiiis 0.021
Sulphur i simis sl 0207

Manganese, ... ..........coeansrresnseass@ little
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The analysis shows the ore to be somewhat low in iron but
good in other respects.

Iron ore somewhat similar to that on the Odom tract also
occurs in 18 N., 1 W, section 6, the west half of the south-
west quarter. '

Iron Bank.—What is locally known as Iron Bank is in 21
N, 3 W., section 8, the northeast quarter of the southwest
quarter, about a quarter of a mile south of the Arkansas and
Missouri boundary line and about fifteen miles east of the
town of Mammoth Spring. The ore is a brown hematite and
occurs in association with chert on the end of aridge. The
lower part of the ridge is composed of the blue limestone, and
the chert occurs with a thickness of about thirty feet on the
summit. The fragments of ore cover about five acres on the
top of the ridge and the deposit represents a local body of
ore in the chert. Occasionally the ore forms the cement of a
chert breccia.

The following analysis by A. E. Menke shows the compo-
sition of the ore from this property :

Analysis of iron ore from Iron Bank, Randolph county.

) S T TE TR 49 97
T T R AN e, 14 53
Phosphorms. .coveeviriinenniiiroronneanes 0 014
Sulphur.,........ e 0.082
MANZANESE . oov vuirvnr i, trace

The analysis shows the ore to be fairly good in its percent-
age of iron, but somewhat high in its percentage of silica.

CHAPTER III.

THE IRON DEPOSITS OF NORTHWESTERN
ARKANSAS.

(Carroll, Washington and Madison counties.)

THE LOCATION OF THE DEPOSITS,

The iron ores of northwestern Arkansas are mostly in Carroll
county, in the vicinity of the town of Berryville. These ores
were once mined to supply the old Beach Iron Works already
described on page 3.

Small quantities of impure ore also occur in many parts of
Washington, Madison and other counties in northwestern Ar-
kansas. '

THE GEOLOGIC RELATIONS OF THE DEPOSITS.

The iron ores of Carroll county occur mostly in Lower Si-
lurian chert not unlike that in the iron region of northeastern
Arkansas, and probably in the same or nearly the same geolo-
gic horizon. It is possible that some deposits may also exist
in the Boone chert of the Lower Carboniferous series. The
iron ores of Washington and Madison counties occur in
Lower Carboniferous sandstones, and the geology of such ores
is further mentioned in the next chapter, on the Iron Deposits
of the Arkansas Valley.

THE NATURE OF THX ORES.

The iron ores of northwestern Arkansas, like those of north-
eastern Arkansas, are all, or nearly all, brown hematites (limo-
nites). They are mostly impure and are often injured in quality’
by their low percentage of iron or their high percentage of si-
lica, or by both these defects. As will be seen by the accom-
panying table, analyses Nos. I and 2 are low in silica, but Nos,
3 and 4 are so high in that constituent and so low in iron that the
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ares represented by them are worthless. Many of the so-called
iron ores of Carroll county are simply ferruginous cherts, con-
taining from 10 to 30 per cent of iron and from 20 to over 50 per
cent of silica, and are therefore of absolutely no value as ores
of iron. Most of the Washington and Madison county “ ores ™’
are simply ferruginous sandstones of even poorer quality.

Analyses of tron ores from northwestern Arkansas.

[ A . i 6]
| I R A - g
| LOCALITY. d g8 | &4 | & 2o =
| 2 = A = L] 2.0
Z| - e |~ 0 = <
CarroLL COUNTY. 1 I'
| | |
LiBabo tract, near Berryville......v.s 47 83 5.8G  0.028 | 0.287 (A little :Meukc.
‘J!Mack Thomas tract, near Berryville. 45 .01 6.82 | 0.085 | 0,301 |A little Menke.
|
3 Brooks tract, near Derryville........ 21 96 | 50,42 | 0.209 | 4.436 | None iMenke.

. | .- -
| .

WasHingToN County. | ‘ ‘ ‘

4|Near Tolu, 14 N., 38 W, sec. 16, N.W l 13 62 l G0.80 0040 | ....... | 4.03

THE MODE OF OCCURRENCE OF THE ORES/

The iron ores of Carroll county occur as pockets in chert in
a manner similar to some of those of northeastern Arkansas,
already described. The pockets are extremely small, how-
ever, and the ore deposits often consist simply of parts of
the chert bed cut by a network of thin seams and bunches of
ore. The chert has usually decayed on the surface, and the
ore as now found occurs in lumps, associated with lumps of
chert, in a red clay which has resulted from this decomposi-
tion. The iron ores of Washington and Madison counties oc-
cur simply as thin seams, at the most a few inches thick, cut-
ting the sandstone in various directions, Other ores of
these two counties are simply sandstones impregnated with
iron.

THE COMMERCIAL VALUE OF THE DEPOSITS.

It is evident from what has been said above that, so far
as yet known, the iron ores of Carroll, Washington and Madi-
son counties are, even where the quality is fairly good, in too

p
g
b
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small quantities to be of any commercial value. It might be
said in contradiction to this statement that the ores of Carroll
county were in sufficient quantities and good enough to be
used at the old Beach Iron Works. (See page 3.) This is
true, but the only reason that they were used at those works
was because at the time the Beach bloomary was in operation,
Carroll county was so far from means of transportation and
from soutces of supply of pig-iron or iron implements, that it
was difficult to obtain such materials. Under these conditions
it was possible to use at a profit even a low grade and ex-
pensively mined iron ore when it occurred in the immediate
vicinity. At the presenttime, however, with the existing railway
facilities and the numerous large iron furnaces in adjoining
states, such an enterprise could not possibly be carried on suc-
cessfully.

Below are given descriptions of several of the best known
iron ore localities of northwestern Arkansas,

CARROLL COUNTY.

General features—The iron ores of Carroll county occur in
the central part of the county, mostly within a radius of three
or four miles of Berryville.

The J. A. Bobo tract.—The Bobo tract is about a mile north-
west of Berryville. The ore is a brown hematite and occurs
on the west slope of a ridge, near the summit, Itis associated
with gray chert, and represents simply a pocket of ore in that
rock. It usually contains masses of chert and sometimes forms
the cement of a chert breccia. Fragments of loose ore are
scattered on the surface of the ground over an area of about
three acres. '

The following analysis by A. E. Menke shows the composi-
tion of the ore from the Bobo tract:

Analysis of ivon ove from the J. A. Bobo tract, Carroll county.

Iron, savvareceransiiaiinseisiririnenanas, 47.33
Silica.suainss Weesaesrsaranaratiaans veaer 836
Phosphoris «.vivuieiiinineriiensan o, 0,028
Bulphar oo dimiiiininn i v Laae 0.287
Manganese. oo v ieiisneinns cvrraotrrrrans a little
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The analysis shows the ore to be of faitly good quality.
The sample analyzed, however, was better than the average
of the ore on the property.

Ore similar to that on the Bobo tract occurs on the Ferree
tract to the south, and on the Shaver tract to the north and
west of the Bobo property.

The Mack Thomas tract—The Mack Thomas tract is in 20
N., 25 W., section 23, about three miles west of Berryville,
The ore, which is the usual brown hematite, occurs in much
the same manner as on the Bobo tract except that there
is more ore exposed on the surface than at the latter place.
The chert is more or less decomposed, and the ore occurs in
a red clay which has resulted from this decay. The ore is
generally badly mixed with chert and often blends into what
is simply a rusty chert.

The following analysis by A. E. Menke shows the composi-
tion of the best of the ore on this property:

Analysis of iron ove from the Mack Thomas tract, Carvoll

county.
Lo R I L R e L el 45,01
31 NN X -
Phosphorus .. .oivareveririiinsrisnsnarnes 0,035
Sulphur......ocoiiienninn Fosr e S o 0.301
MATEATIESE . ..c..vvrersasspnsssassansnises a little

The analysis shows the ore to be of fairly good quality
though a little low in iron.

The Eph. Thomas tract.—The Eph. Thomas tract is four
miles north of Berryville. A few small fragments of brown
hematite occur in the soil with masses of chert. There is only
a very small quantity of ore, not enough to be of any value.
A rusty chert sometimes occurs on this nroperty and is often
mistaken for ore. It is of no value.

The Alexander Brooks tract.—The Alexander Brooks tract
is four miles north of Berryville and near the Eph. Thomas
tract. Masses of ore cover about three acres and frequently
contain considerable quantities of chert and sand.

The following analysis by A. E. Menke shows the composi-
tion of the ore from this property:
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Analysis of ivon ove from the Alexander Brooks tract, Carvell

ceunty.
THOD caw e mmmesws s s R 21.96
=11} [T RN P LS P R e 50,42
Phosphorus ..ve.iieierisarsnssannnansnss 0.299
Sulphur...vcieisasiiioisaas.. 1.480
Manganese...ooioviiieanrae SIREY cararasns none

The analysis shows the ore to be so low in iron and so high
in silica that it is worthless, The sulphur also is high,

The Harrison jfarm.—What is known as the Harrison farm
is about a mile west of Berryville, on the north side of the old
« wire road,” Small masses of brown hematite, too few to be
of any value, are mixed among the fragments of chert which
cover a part of the property.

WASHINGTON AND MADISON COUNTIES.

Geneval features—Low grade iron ores in small quantities,
and ferruginous sandstones and conglomerates, often mistaken
for iron ores, similar to the material described in the next
chapter as occurring in Crawford and other counties, occur in
many parts of Washington and Madison counties, as well as in
some of the other counties in the northwestern part of the
state. They are of no commercial value and do not require
further mention, as such deposits are fully described and shown
to be worthless in the regions discussed in chapter IV. An
analysis, by Dr. R. N. Brackett, of a sample of such a material
from Washington county, 14 N., 33 W,, section 16, the north-
west quarter, near Tolu, sent to the Survey by Hon. T. B.
Greer, of Tolu, gave the following compr_:sitidn :

Analysis of tron ore from neav Tolu, Washington county.

D00 s i v s i o E g 13.62
Silica. cieaiianiiieirenreriiiniiiiiiinaa,. 60,80
Phosphorus......... AR baserirareusiasstan 0.046
Manganese ... ............ e e 4.03

The analysis shows the material to be too low in iron and
too high in silica to be of any value as an iron ore.



CHAPTER 1V,

THE IRON DEPOSITS OF THE ARKANSAS VALLEY.

{Van Buren, Conway, Pope, Yell, Johnson, Logan, Franklin, Sebastian, Scott and
Crawford counties.)

THE LOCATION OF THE DEPOSITS.

Under the description of the iron deposits of the Arkansas
Valley are included not only the deposits in the immediate
valley of the river, but also those in the regions drained by the
tributaries of that stream. In this group will be treated, there-
fore, the deposits of Van Buren, Conway, Pope, Yell, John-
son, Logan, Franklin, Sebastian, Scott and Crawford counties.
The ore does not occur continuously throughout this area, but
exists only in scattered deposits of small extent. Similar de-
posits also exist in Lonoke, Faulkner, White and Cleburne
counties.

THE GEOLOGIC RELATIONS OF THE DEPOSITS.

The iron deposits of the Arkansas Valley, as defined
above, are wholly in regions of Carboniferous and Lower Car-
boniferous rocks and are mostly deposits of that age. Some
of the ores, however, are later deposits formed around the ori-
fices of springs by the dissolving out and concentrating, through
the medium of acidulated waters, of the iron originally dis-
seminated through the rocks. Such deposits, therefore, may
vary in age from pre-Cretaceous to those made in Recent times.

The deposits in the Carboniferous and Lower Carboniferous
rocks are mostly interbedded lenticular layers or nodules of
highly siliceous brown hematites or of carbonate ores, while
many materials which are often mistaken for ores are simply
the ferruginous sandstones characteristic of the above men-
tioned series of rocks. Both the ores and the sandstones are
of too low grade to be used as sources of iron, and it is,
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therefore, unnecessary to discuss further their relations to the
geologic and structural features of the region, especially as
these features have already been described in the report of
the Survey on coal by Mr. Arthur Winslow,* and will be more
fully discussed by him in a forthcoming report on the same sub-
ject, as well as by Mr. J. H. Means in a forthcoming report on
the Barren Coal Measures.

The deposits around the mouths of springs are further dis~
cussed under the treatment of the mode of occurrence of the
ores.

THE NATURE OF THE ORES.

The iron ores of the Arkansas Valley are mostly impure
brown hematites, though small quantities of the carbonate
of iron, known as siderite, spathic ore or clay-ironstone, also
occur. DBoth varieties are very impure, and usually contain
too much silica and phosphorus and too little iron to be of any
commercial value. As will be seen by the accompanying
table of analyses the iron ranges from less than 15 per cent to
less than 40 per cent, the silica from 10 to over 60 per cent,
and the phosphorus from 0.241 per cent to over 0.50 per cent.
These figures are sufficient to condemn the ores without fur-
ther discussion. Many of what are usually supposed to be
iron ores are simply ferruginous sandstones of no value what-
ever as a source of iron. Under delusion as to their nature,
however, many people have been led to believe that they pos-
sessed large bodies of iron ore when they had only a rusty
rock, .

Of course on many of the properties examined it would have
been possible to select samples of ore that would have proved
by analysis to be of much better quality than the samples of
which analyses are given here, but the samples that were taken
were so selected as to represent as nearly as possible the aver-
age quality of the ore as it would be mined in large quantities..
This, of course, was the only means of obtaining an intelligent
idea of the quality of the deposits as a whole.

*Annual Report of the Geological Survey of Arkansas for 1838, Vol, I11.
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Analyses of iron oves from the Avkansas Valley.

3 g o[
u 3 K 2 T
2 LOCALITY, . = B o o
d | & = ] =
g E |2 | & |2 | g E
3 E|F £ | & | = <
Van Byren CounTy. |
1| McGruder tract, near Choctaw ..., .......... 24,40 | 40,44 | 0,276 | 0.178 | A little | Menke,
2| Lick Mountain, ** B pusemsiTaTi 20.98 13,78 | 0.524 | 0128 | ¢ = “
Poere County.
3 | Guest tract, near Russellville,.......cvee..vnss 24,40 | 46.86 | 0.242 | 0,164 | Trace | Menke.
4| Bowden tract, 8 N,, 10 W, sec, 17, N. E,, N, E,| 88,55 | 18.42 | 0.262 | 0.054 | None iE
5| Barton tract, SN, 19 W.....ooooiiiiivnnnnns 17.56 | 63.64 | 0.312 | 0.178 | Trace L
Locan County.
6| Freeman's Gap, near Paris... . ..ooovuniininn.. 19.76 |j26.82 | 0.241 | 0.187 | None | Menke,
SesasTIAN CounTy,
|
7| Wildeat Mountain, near Fort Smith........... I17,SI 1084 | 0.414 | 0.411 | A little | Menke,
‘ Scorr County.
8| “* Near Mansfield,”” 4 N,, 30 W., sec. 6........ 14,15 | 51.50 | 0.286 | 0.049 | None [ Menke,
Crawrorn CounTy,
0 | Shay tract, near Lancaster .......cccouvrrnnnas 17.08 | 40.30 | 0.274 | 0,260 | A little | Menke,
10 | Near Chester 15.87 | 4254 | 0184 | 0054 v « u
11 | Basham tract, near Chester.vuuuisereeuinins .. 28.80 | 87.22 [ 0252 | 0128 ¢ L

THE MODE OF OCCURRENCE OF THE ORES.

The brown hematites of the Arkansas Valley occur in a
number of ways. Sometimes, though rarely, they represent
lenticular deposits interstratified with brown sandstones and
from a few inches to three,or more feet in thickness; else-
where they occur simply as a network of thin seams from a
fraction of an inch to over an inch in thickness, cutting the
sandstone in all directions; in still other places, what are
locally known as iron ores, are simply sandstones cemented by
ferruginous matter. In many places also the ores occur as
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local deposits around the mouths of springs. The iron in this
kind of ore has been derived from ferruginous rocks by the
dissolving action of acidulated surface waters. Rain water fall-
ing on the surface of the ground takes up carbonic and other
organic acids from decaying vegetation. The water then sinks
into the ground, and, by the agency of the acids held in solu-
tion, the iron is dissolved out of the rocks. When the water
rises again to the surface in the form of springs, the iron com-
pounds in solution become oxidized, and.a hydrous sesqui-
oxide of iron is deposited, which, with the exception of an
excess of water, is of the same composition as the ordinary
brown hematite, and which eventualiy becomes hardened into
that ore. Such deposits are necessarily of only limited extent,
rarely covering more than a few acres at the most. They are gen-
erally not more than from one to five or six feet in thickness,
and usually contain a considerable quantity of sand and nu-
merous fragments of rock, all of which add to the impurity of
the ore, Sometimes no springs occur at such deposits, but in
these cases it can generally be shown that springs once existed
and have become extinct. Sometimes a series of spring de-
posits occurs along the side of a hill or ridge, following a cer-
fain line and forming a broken band, as it were, along the
slope. These occurrences are due to the fact that certain
positions and materials in the series of rocks underlying the
region are more conducive to the formation of springs than
others, and the ore deposits, depending as they do on the
presence of springs, follow the -outcrops of the rocks from

~which the springs issue. The ideal section in figure 2 illus-

trates the mode of occurrence of the spring deposits of iron
ore.

The spathic or carbonate ore, also known as clay-ironstone,
occurs usually in the Carboniferous shales and forms thin layers
or a series of lens-shaped masses following certain lines of
stratification.  The deposits are very small ; the layers of ore
vary from less than one inch to rarely ten inches in thick-
ness, and the lens-shaped masses have about the same thickness
and range from two to over twelve inches in diameter. The
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Figure 2, Jdeal section showing the mode of occursence of ivon ove deposited from springs.
1. Iron ore.

2, Sandstone,

ore, as cxposed on the surface, is usually coated on the out-
side with a red or brown crust from a sixteenth to a half of
an inch in thickness; while inside it is of a drab gray color.
The outside crust is due to the conversion of the carbonate
of iron by oxidation to the sesquioxide of iron,

THE COMMERCIAL VALUE OF THE DEPOSITS,

From the above discussion as to the quality, quantity
and mode of occurrence of the iron deposits of the Arkansas
Valley, it is evident that, so far as yet discovered, the ores are
too low in iron, too high in injurious impurities and occur in
too small quantities to permit them to be of any commercial
value as a source of iron.

Below are given descriptions of a number of the individual
iron ore deposits in this region.

VAN BUREN* AND CONWAY COUNTIES.

General features.—The iron ores of Van Buren county are
mostly in the neighborhood of Clinton, Choctaw, Bee Branch
and other places in the central and southern parts of the county.
They are all either ferruginous sandstones of no commercial
value as sources of iron, or else carbonate ores of too low a
grade and too limited in quantity to be used. Similar deposits
occur in many parts of Conway county. :

Choctaw.—The settlement of Choctaw is on Choctaw Creek,

*Only a part of Van Buren county is in the drainage area of the Arkansas River, the rest
being on the waters of the Little Red River, a tributary of the White River, but for the sake of
convenience in description the whole county is included with the Arkansas Valley counties, es-
pecially as the iron ores in it are the same as in those counties.
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about six miles southeast of Clinton. - Choctaw Creek is a
small stream flowing east into the Little Red River. The di-
vide between the two streams is composed of a long ridge
capped with sandstone. This rock is often deeply stained with
iron and frequently small bunches and layers of brown hema-
tite, an inch or more in thickness, occur through it. These
deposits are too poor in quality and the quantity is too small
to be of any value. The rusty sandstone is often mistaken for
iron ore, and leads to a false'i:upressio'n as to the quantity
of the latter. Such materials occur in many places on the
divide between Little Red River and Choctaw Creek, especially
on the farm of Mr. McGruder, one mile north of Choctaw.

The following analysis by A. E. Menke shows the composi-
tion of the ore from the McGruder farm:

Analysis of iron ove from the McGruder tvact, Van Buren county.

LoD, s e R I R 24,40
BUHCR wowsiw s winmn v wn mimincenssinis s rais s it 40 44
Phospharus ......oovviveiiiiainiiiana, 0.%76
217103 1T e e A U 0 178
Manpanese....ooines N R a little

The analysis shows the ore to be too low in iron and too
high in silica to be of any commercial value.

Similar deposits are to be found in many places in Van Bu-
ren county south of Choctaw, especially in the neighborhood
of Bee Branch and Damascus, and in Conway county near
Springfield, as well as at other places, but none of them, so far
as yet discovered, are of value.

Lick Mountain.—~Lick Mountain is a high hill about six
miles south of Clinton and on the north side of Choctaw
Creek. On the south side of the hill numerous flat lenticular
masses of carbonate or spathic iron ore occur, and are scat-
tered over the slope for a vertical height of about 60 feet, or
for a distance up and down the slope of about a hundred yards.
The iron ore masses are from I to 12 inches in diameter and
from 1 to 3 inches in thickness. They are generally coated
with a brown crust on the outside, due to the oxidation of the

ore, while inside, the drab color of the spathic ore is preserved.
4G=F
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By weathering, the ore masses have been freed from a dark
gray shale in which they were originally imbedded, though
others can often be seen still in place in the shale. They are
too few in quantity and too poor in quality to be of any value,

The following analysis by A. E. Menke shows the composi-
tion of the Lick Mountain ore:

Analysis of tron ove from Lick Mountain, Van Buren county,

IEOR: cxvan awe vrrmemnas . 20,98
Siliea:s i s e s e eaen ke JERTE
Phosphorus. .......... .ooen oiaiiaeeen. D524
SulphUL cvvre rrer canraresasinanine inaen 0.123
Manganess ..........ceeiisiiisisrranni a little

The analysis shows that the ore contains too little iron to be of
any value, while the percentages of silica and phosphorus are
also high compared with the amount of iron.

POPE COUNTY.

General features.—The iron ores of Pope county are mostly
in the region between the Arkansas River on the south and
Illinois Creek on the north and west, in the southern part of
the county. They are usually either local deposits laid down
by the waters from ferfuginous (chalybeate) springs, or they are
simply rusty sandstones. All the ores of this region, so far as
yet discovered, are of such poor quality, aside from the fact
that they are in very small quantities, that they are of no com-
mercial value.

The Guest tract.—The Guest tract is about two miles south
of Russellville, on the top of a ridge rising probably 300 feet
or more above the surrounding drainage. The ridge is capped
with a ferruginous sandstone, and the ore deposit is at the
mouth of a spring issuing from this rock. The deposit is
probably between one and two feet in thickness, and can be
traced for a distance of- 40 feet, in a semicircle around the
spring. The ore is a loose, porous, brown hematite, contain-
ing large quantities of sand and fragments of sandstone. It
is simply a small local deposit formed from the waters of the
spring. A similar deposit occurs in the bed of a small creek
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a few yards distant, and still others occur elsewhere along the
ridge.

The following analysis by A. E. Menke shows the compo-
sition of the ore on this property:

Analysis of iron ove from the Guest tract, Pope county.

0 st A S B B0 24.40
Blbew: moci s R R T 16.36
Phosphorus...evcivaiviinaniiiniinnraea., 0242 -
SUIPRUE ovawvviiis saniiiiess s vivamaias (.14
Manganese. i ivierernren i iiiirntiirnanis trace

The analysis shows the ore to contain too little iron and too
much silica to be of any value; the quantity of the ore is also
insignificant as a source of iron,

The Ailen Bowden tract.—The Bowden tract is in 8§ N,,
19 W,, section 17, the northeast quarter of the northeast
quarter, about eight miles northeast of Russellville. A deposit,
similar to that just described on the Guest tract, but about
four feet thick, occurs here around the mouth of a chalybeate
spring. The rock of the ridge on which the deposit is found is
a brown ferruginous sandstone, and the ore crops out around
the spring over about half an acre of ground. Possibly, if
the deposit were stripped, it might be found to cover a larger
area, but at most it is of only limited extent. The ore con-
tains sand and fragments of sandstone,

The following analysis by A. E. Menke shows the composi-
tion of the ore:

Analysis of ivon ore from the Allen Bowden tract, Pope county.

1 T O e i g s N A 58,55
2 18.42
Phosphorts.....uvveuvnnss cevss i ve s TR rEE 0.262
SUIPRE G ra e o e 0,054
Manganese. ... ivuiiiiiiiiiieas e none

The analysis shows the ore to be too low in iron and too
high in silica to be of any value. Fragments of a similar ma-
terial occur elsewhere on the property.

The Dan Barton tract.—The Dan Barton tract is about 300
yards northeast of the Bowden tract just described. The same
kind of deposit occurs here as on the last mentioned property,
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except that the ore is in even smaller quantities and contains
more sand and rock fragments.

The following analysis by A. E. Menke shows the compo-
sition of this ore.

Analysis of ivon ove from the Dan Barton tract, Pope county.

Iron cevenansrsssiiannrsnas Serianiriarnns 17.56
Siliea. civienrrrirnnrare e 63,64
Phosphorus.vueeasrrsrmssnsriaiasrnnanis 0.2312
Sulphur . .....vevvvsiniiiiiiiiinsiaians 0.178
Manganess . ... coanteieiniiaaineniients trace

The analysis shows the ore to contain so little iron and so
much silica that it is absolutely worthless.

YELL AND JOHNSON COUNTIES.

General features—Deposits of iron ore similar to those al-
ready described in Van Buren and Pope counties also occur in
many places in Yell and Johnson counties, but, as they are en-
tirely valueless as sources of iron on account of the poor qual-
ity and the limited quantity of the ore, they do not require fur-
ther mention. This is true of the deposits in the vicinity of
Clarksville in Johnson county.

LOGAN COUNTY.

General features.—Deposits of iron ore similar to those de-
scribed in the last four counties mentioned occurin many parts
of Logan county. None have been found that are of any
value. The best known of them is at Freeman’s Gap.

Freeman's Gap.—Freeman’s Gap is about three miles east-
by-south from the town of Paris and is simply a low place in a
long ridge running in a general east and west direction. The
ridge is composed largely of a brown and often very rusty
sandstone. Near the summit of the ridge is a deposit of
light, porous, brown hematite, frequently containing many
angular fragments of sandstone. An open cut, about 20
feet long and 3 feet wide, has been made in the deposit, and
shows the ore to be about three feet in the thickest part
and to decrease from this to less than one foot. Below the
ore is a deposit of angular fragments of sandstone buried in
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.sand, which forms the bottom of the pit and probably rests

directly on the massive sandstone of the ridge. The ore de-
posit dips with the slope of the hill at an angle of about 10°,
and represents simply a local deposit formed from the waters
of a chalybeate spring. Such a spring even now issues
from the pit made in the ore and deposits a slimy ferrugin-
ous sediment along the course of its waters. The ore isin
too small quantities to be of value even if the quality were
~good.

The following analysis by A. E. Menke shows the composi-
tion of the ore :

Analysis of irvon ore from Freeman's Gap, Logan county,

8 1 19.76
Sihigasge s e nn e 56,52
Phosphorus. .........coviinrinninian... 0,241
BUIPBRIE oo e s v de s 0,137
Manganese . uuiiseriieniosrarcaiiinnnas none

The analysis shows the ore to be too low in iron and too
high in silica to be of any value.

Ores similar to that at Freeman’s Gap are said to occur in
other places along the ridge, in both directions from the Gap,
but they require no further mention,

Paris.—In the streets of the town of Paris the gravel has in
many places become cemented by iron, forming a pebbly hard-
pan often stained black with manganese, and locally mistaken
for iron or manganese ore. It is needless to say that it is en-
tirely worthless as an ore of either iron or manganese, as it

contains too little of those substances and too much impurity
to ever be of value.

FRANKLIN COUNTY.

General features.—The iron ores of Franklin county are
similar to those already mentioned in the counties described.
They occur in various parts of the county, but have attracted
most attention near the town of Ozark, on the Arkansas River.
None of the deposits as yet discovered are good enough in
quality or contain enough ore to be of any value.

Ozark.—About a mile and a half northeast of Ozark a num-
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ber of small deposits of poor iron ore occur along the slope
of a sandstone ridge. They represent local deposits laid down
by chalybeate springs like those already described in Pope and
other counties. The ore is a loose, sandy, brown hematite,
containing numerous fragments of sandstone. It is of too low
a grade and occurs in too small quantities to be of any value.
Similar deposits occur in many other places near Ozark.

The A. W. Poole tract—The Poole tract is in g N,, 27 W,
section 4, four miles west by a little south from Ozark. On the
top of a high sandstone ridge, rising probably between 300 and
400 feet above the surrounding drainage, a few small fragments
of brown hematite, from one to three inches in diameter, are
scattered through the sandy soil over an area of three or four
acres. The ore occurs in Mr. Poole’s orchard. The masses
of ore have probably been derived from the sandstone and are
in very small quantities.

SEBASTIAN COUNTY.

General features.—Iron ores of both the brown hematite and.
the carbonate or spathic varieties occur in many places in the
Carboniferous sandstones and shales of Sebastian county. They
are similar to the ores already described in the other counties.
of the Arkansas Valley, and, so far as known, are in too small
quantities and of too poor quality to be of any commercial
value. Below are given descriptions of the best known local-
ities.

Wildcat Mountain.—In 8 N., 32 W., section 24, the south-
east quarter, four miles southeast of Fort Smith, on the cld
Waldron and Hayman’s Ferry road, and on the west end of a
ridge known as Wildcat Mountain, a very small deposit of car-
bonate ore occurs It varies from two to four inches in thick-
ness, and is an interbedded stratum in a dark gray shale. The

rocks are almost horizontal and the outcrop of the ore forms a
band along the face of the hill. It is continuous for about 300
feet, and is said to be traceable at intervals for a mile. The
ore is reddish brown from oxidation on the outside, but inside
it is of a drab gray color and very hard.

e
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The following analysis by A. E. Menke shows the composi-
tion of the ore:

Analysis of iron ove from Wildcat Mountain, Sebastian county.

Iron ... .ivessannnas i ek T 1781
Silica ... cersusamacneisanzainsisnren LB
Phosphorus .....eeevvovne coniovnns 0,414
Bulphur. . coeeieiiiiiiennnan 0411
Manganese ..........iiiieeieneaans a little

The analysis shows the ore to contain too little iron to be of
any value; the quantity of the ore is also very small. Similar
ores occur in several other places on Wildcat Mountain.

Hanna Hill—Hanna Hill is about five miles south-by-east
from Fort Smith. On its slope a carbonate ore, similar to that
just described on Wildcat Mountain, occurs in a similar shale.
The ore varies from one to three inches in thickness, and it is
possible that more than one such seam might be found. As on

'Wildcat Mountain, so here, the ore is in too small quantities

and too poor in quality to be of any value,

Massard Praivie.—An ore similar to that at the two last
mentioned localities crops out in several places in 7 N., 32 W,,
section 2, in the bluffs of Little Massard Creek, on Massard
Prairie. The ore is imbedded in a gray shale, and varies from
one to three inches in thickness. The shale directly overlies
the coal bed of this district. What has already been said of
the character of the ore on Wildcat Mountain and Hanna Hill
applies also to the ore of Massard Prairie.

SCOTT COUNTY.
General features—~The iron ores of Scott county are much

like those already described in Van Buren, Pope and other
counties, They arc mostly either deposits of impure brown

~ hematite around springs, or simply ferruginous sandstones,

both equally valueless as iron ores. They occur in many
places throughout the county.

“ Near Mansfield.”—The town of Mansfield is in the south-
ern part of Sebastian county near the Scott county line. A
short distance across the line, in 4 N., 30 W., section 6,
two miles southeast of Mansfield, is a chalybeate spring sur-
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rounded by a deposit of light, porous, brown hematite like
that already described in Pope, Franklin and other counties,
The ore frequently contains considerable quantities of sand
and fragments of sandstone. The deposit covers about an
acre on the slope of a ridge and lies on the edges of a
massive sandstone. A pit, now partly filled up, has been
sunk in the deposit and is said to have passed through ore six
feet thick. At present four feet of ore can be seen in the un-
filled part of the pit. The deposit is a local one formed from
the ferruginous waters of the spring. The ore is too poor in
quality and too limited in quantity to be of any value,

Lumps of a similar ore are often plowed up in cultivating a
field in the valley at the foot of the ridge on which the above
mentioned deposit is situated. :

The following analysis by A. E. Menke shows the composi-
tion of the ore from the spring :

Analysis of iron ove from * near Mansfield) Scott county

Irom .. i i 14 15
SHER  comrnns osmm TR 51.50
Phigsphioring, s vaiiin siisian s s, 0,226
Sulphur ..o i e 0.049
Manganese........ oo coin srnsaraninas none

The analysis shows the ore to be too low in iron and too
high in silica to be of any commercial value.

Eagle Gap.—Eagle Gap is in the extreme southern part of
Scott county. It.is a pass in the rugged range of sand-
stone mountains which forms the boundary line between Scott
and Polk counties and the divide between the waters of the
Arkansas River and those of the Ouachita. A ferruginous
sandstone occurs in many places on both sides of the gap, as
well as elsewhere in the vicinity, and occasionally small
bunches and thin seams of brown hematite are in this rock,
but they are in insignificant quantities. The rock, as a whole,
though locally called iron ore, is absolutely worthless as an ore
on account of its large percentage of silica and its low per-
centage of iron. Similar materials occur in the mountains
both east and west of Eagle Gap.

THE IRON DEPOSITS OF THE ARKANSAS VALLEY, 57

CRAWFORD COUNTY.

General features—The iron ores of Crawford county are
much like those already described in the other counties of the
Arkansas Valley. They are all either sandy brown hematites,
or else ferruginous sandstones locally mistaken for ore. They
occur in various parts of the county, especially in the valley
of Frog Bayou, which passes through the county from north-
east to southwest and empties into the Arkansas River.

The Shay tract.—The Shay tract is about two miles north-
west of Lancaster, in the drainage area of Frog Bayou, and on
the slope of a high sandstone ridge. A dark brown sandstone
occurs on many parts of the tract and is usually mistaken for
jron ore. It is often hard and flinty, and sometimes occurs in
hollow masses, “iron pots,” from two to over six inches in di-
ameter. Occasionally also a few small masses of sandy brown
‘hematite occur in the soil.

The following analysis by A. E. Menke shows the composi-
tion of the sandy material :

BEOM i S e aes i v i 4 S e s 17.08
o [T e B S e S v LR 40,30
Phosphorus 0.274
Bulphioy: o S S D SRR T 0.260
Manganese .. .oepranans srausnsans......a little

The analysis shows the material to contain so little iron and
:s0 much silica that it is entirely worthless as an iron ore,

Chester.—About a third of a mile south of Chester a thin
layer, from two to three inches in thickness, of a very impure
«carbonate or spathic iron ore, occurs in a hard black quartzite.
‘The following analysis by A. E. Menke shows its composition :

Analysis of tron ove from near Chester, Crawford county.

DO oot iraes b e A 5 0 PR B SR 1537

Bl e e R R 42,54

Phosphorus cooiveiin i iiaiiiarinnnnn. 0.184
T T 0.054
Meanganese. ool idi il a little

The analysis shows the material to contain too little iron and
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too much silica to be of any value as an ore, even if large
quantities of it were to be found.

The Thomas Basham itract.—The Basham tract is about
three miles south-by-east from Chester., Several small pits
have been made on the ptoperty in deposits of sandy brown
hematite and ferruginous sandstones. The best exposure seen
was a bed of ore dipping into the hill southward at an angle
of about §° and varying from one to three feet in thickness,
The deposit is exposed for a distance of about 20 feet and is
in an earthy brown sandstone. It is probably only a local, in-
terstratified, lenticular bed of ore, as it appears to be replaced
by sandstone at both ends of the exposure, The ore is porous
and honeycombed, though sometimes hard and glassy. It usu-
ally contains greater or less quantities of earthy impurities.

The following analysis by A. E. Menke shows the compo-
sition of the ore:

Analysis of iron ore from the Basham tract, Crawford county.

Rron s e R R e R 28.30
Sillea .. ciaiiiin e raeae e 37.22
PhosphoriE, uie s s snas b s s s it 0.252
Bulphur o i e s 0,125
JUET. Yo 1,1 R, a little

The analysis shows that the ore contains too little iron and
too much silica to be of any value, though a somewhat better
analysis might be gotten from other samples.

Near this exposure is a cut showing seams of brown hematite,
from one to ten inches in thickness, filling joint cracks in the
shale and earthy sandstone. This ore is doubtless a secondary
deposit derived from the iron in the surrounding rocks. A
black, earthy, manganiferous ochre occurs in the same cut in a
pocket about two and a half feet wide. Both the iron and the
ochre in this cut are in too small quantities and too poor in
quality to be of value. Several other small pits have been
opened in the same vicinity and on the same property. They
show a sandstone, often shaly in appearance, cut by thin layers.
and bunches of an impure brown hematite from less than
one inch to three inches in thickness,

T -

CHAPTER V.,

THE IRON DEPOSITS OF THE OUACHITA MOUN-
TAINS.*

{Pulaski county, the northern part of Saline county, Garland, Hot Spring, Clark,.
Pike, Montgomery and Polk counties.)

THE LOCATION OF THE DEPOSITS.

The name Ouachita Mountains has been given by the State
Geologist to a belt of rugged mountainous country running
from Polk county and the Indian Territory border on the west,
in an easterly direction to Pulaski county, where the rocky
country is abruptly cut off by the low Tertiary area of eastern
Arkansas. The iron ores of the Quachita Mountains, as thus.
defined, include the deposits of Pulaski county, the northern part
of Saline county, Garland, Hot Spring, Clark, Pike, Montgomery
and Polk counties. This area is about 125 miles long in an east
and west direction, and from ten to over thirty miles wide in a.
north and south direction. It is the same region in which occur
the manganese ores of * southwestern Arkansas,” already de-
scribed in Vol. I of the Annual Report of the Survey for 18go.

‘It is not to be inferred that iron ore occurs everywhere
throughout this belt, as the various localities are often sepa-
rated by many miles of territory in which no ore occurs; but
wherever the ore deposits are found they bear, with few ex-
ceptions, certain striking relationships in character, modes of
occurrence and geologic positions, and are, therefore, most

*The topographic, geologic and structural features of the Quachita Mountains, in which the
iron deposits are situated, have been fully and carefully worked out by Mr. L. 8. Griswold, of’
the Survey, in his investigation of the novaculite series, and are described by him in the Annuah
Report of the Geological Survey of Arkansas for 1890, Vol. III. The subject wilj, therefore,
be mentioned here only in a gen=ral way, and to such an extent as is necessary for the proper
comprehension of the occurrence of the iron ores, For further details the reader is referred to
the above mentioned report; also to the Annual Report for 1850, Vol. I, by the present writer,.
which describes the occurrence of the manganese ores of this region.
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consistently treated together, as different exposures of the same
-series of rocks.

The region in which iron occurs in the Ouachita Mountains
is a rugged, mountainous area, with its higher elevations reach-
ing from 1500 to probably over 2000 feet above the sea, and
from 5§00 to possibly over 1000 feet above the surrounding
.drainage. It is the first really mountainous country met going
north from the low, flat or rolling pine region of the extreme
-southern part of the state. On the north it is separated from
the valley of the Arkansas 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, Fourche Mountain,* Irons’ Fork Mountain, Rich
Mountain and others. Between these two series of mountains,
‘throughout the larger part of the region, the Quachita 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
-of Polk county, and keeps a general east 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 Gar-
land 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.

The intimate association of the Quachita River with the
‘mountains in which the iron deposits occur, was the cause of their
‘being named the Ouachita Mountains by the State Geologist.
Previously no name had been given to the range as a whole,
though many local names were employed. Thus in the region
of Pulaski county, west of Little Rock, the mountains are

#This name does not refer here to the Fourche Mountain on the outskirts of Little Rock. It is
the same name 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 Fave,a
tributary of the Arkansas River.
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locally called the Fletcher Range; near Hot Springs, in Gar--
land county, they are known as the Hot Springs Mountains ;
in the northern part of Clark and Hot Spring countics they are
known as the Trap Mountains; at the head waters of the Little
Missouri River they are known as the Little Missouri Moun-
tains; 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, McKinley, Porter, Sugar Tree, State
House, Little Musgrove, Shadow Rock, Buckeye, and numer-
ous 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. Sometimes 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
general parallel directions, often curving around and joining
each other at their extremities, and thus forming a zigzag
across the country in a manner directly dependent on the dis-
turbances to which the region has been exposed. The ridges.
are separated by mountain streams and frequently rise:
abruptly to a serrated crest only a few feet wide. Viewed'
from a distance, they form long narrow elevations with undu-
lating summits, rising in isolated peaks, or sloping off in low
places, through which mountain trails find passages across the
country, Sometimes the ridges run continuously for many
miles without any considerable break, but occasionally a stream
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<uts its way through and forms steep, rocky gorges as it suc-
cessively intersects each ridge in its course,

THE GEOLOGIC RELATIONS OF THE DEPOSITS,

The age and nature of the rocks.—The iron deposits of the
‘Ouachita Mountains occur with a series of novaculites, silice-
ous shales, quartzites and sandstones, though most of the
«deposits are immediately associated with the novaculite and
the siliceous shales.  As regards the geologic age of the ore-
bearing rocks, all that can at present be said is that they are
Lower Silurian. The only fossils that have been found are
a few graptolites which were discovered by Mr. L. S. Gris-
wold, Assistant Geologist of the Survey, in certain shales asso-
«ciated with the novaculites. These have been determined by
Dr. R. R. Gurley as belonging mostly to the Trenton horizon
of the Lower Silurian, As the exact stratigraphic relations of
some of the graptolite shales to the novaculite are as yet un-
certain, no more definite correlation can at present be made.

To the north of the Ouachita Mountains is a series of sand-
stones, 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 Cretaceous and Tertiary beds of that reg-
ion. In their western part they are bounded on the south by
a much less 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 Tertiary strata. The relation of the sandstones and the
shales south of the Quachita Mountains to those to the north,
has not yet been thoroughly worked out, but it seems proba-
ble, as has been suggested by the State Geologist, that they
may represent the same horizons and may form the two sides
of a wide anticline, each comprising numerous subordinate

B a!ﬁ
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folds; and that the Quachita Mountains represent o‘Idfer rocks
occupying a position in the breach of this great anticline.

The novaculite with which many of the iron and all l.:he
manganese deposits are associated, is a siliceous rock rcacllun.g
a maximum thickness of probably 450 feet, though often it is
very much thinner and possibly, in places, thins _out altogeth:er.
It is composed of almost pure anhydrous silica, and varies
from a hard, translucent rock of a white, gray or buff color,
having a conchoidal fracture and a porcelain-like appearance,
to a soft, porous and granular material of a massive struf:ture
and an irregular fracture. This rock is the most prominent
feature of the region, and usually forms the crests of the
ridges.

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 re-
sembling in nature the underlying novaculite, but always show-
ing, on closer examination, a more or less shaly structure., and
breaking in large flat slabs. These rocks include practically
all the iron ore deposits in this region, except those that occur
in the novaculite. Frequently the siliceous shales have under-
gone a partial decomposition and have been converted into a
fine siliceous powder. This is, however, only local, and there
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 ore deposits. 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 300 feet,
though they are often much thinner.

Overlying the shales is a series of gray and brown sand-
stones, and above these is a great thickness of shales varying
from gray and black to yellow and brown, These rocks,
though sometimes seen in some of the synclinal troughs,
have no connection with the occurrence of the iron ores of

"1']1;5;511&1:5 are included by Mr, Griswold in his novaculite series,
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the region, and the reader is referred to the report of Mr.
Griswold, 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.

Disturbances in the wrocks.—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 of the mountains themselves is com-
plicated, but in a general way they represent a series of par-
allel folds, which have given rise to the general east-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 topog-
raphy. The rocks were originally tilted at high angles, in
many cases vertically, and were sometimes overthrown, Ero-
sion has since attacked them, carried away the more easily
disintegrated beds, and exposed the upturned 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 moncclines. The summits of the anticlines are often re-
moved 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 sometimes seen
at the bases of the ridges in the deeper river and creek
gorges.

The ore-bearing strata appear in the novaculite at or near its
s contact with the overlying siliceous shale, and also in the shale
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itself, As a consequence of the erosion of the latter rock, the
ore-bearing strata are generally exposed on the slopes of the

ridges, the ore in association with the novaculite being usually

on the upper slopes, and that in the shale on the lower slopes.
The ore-bearing strata can be traced in these positions across
the country, following the course regulated by the structure
of each ridge. In some places they are represented by bodies
of ore, in others simply by a stain in the rock.

THE NATURE OF THE ORES,

Varieties of oves.—The iron ores of the Ouachita Mountains
are, with the exception of the magnetite of Magnet Cove, in
the forms of more or less hydrous sesquioxides of iron, and
can all be classed under the general heading of brown hema-
tites or of limonites, when the latter term is used in the broad
sense of meaning all the hydrous sesquioxides of iron.* The
more common forms are:

(1.) Limonite, hard, brown and often highly siliceous. This
variety generally occurs in the siliceous shale that overlies the
novaculite, though it is also found at the junction of the two
rocks. It usually forms irregularly interbedded lenticular
strata, and is more plentiful than any of the other varieties.
It is generally very impure on account of its large percentage
of silica.

(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 and cracks are often lined with a

brilliant red ochre. Its most characteristic feature is its lustre,
which is sometimes almost glassy or of a pitch-like character.
This distinguishes it from all other ores of the region. It is
found only in the gray novaculite or at the contact of that rock
with the siliceous shale.

*Speaking accurately, limonite means, according to J. D, Dana, a hydrous sesquioxide of
iron containing a certain percentage (144 per cent) of water, as indicated by the formula
2Fez04.3H,0, but the term is also often used to mean any hydrous sesquioxide of iron. For
the sake of convenience, as already stated in the foot-note on page B, this general application
is used here,

b G-I
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The following analysis, made by Prof. W. A. Noyes, of a
specimen of this mineral from the Bud Jones claim, No. 3,
Montgomery county, 3 S., 24 W, section 29, the north half,

shows its composition :

Analysis of ivon ove from the Bud jones claim No. 3, Moni-
LGomery counly.

Ferric oxide {Fes O3) ... oceviiiiisnnn., 7791
Manganese peroxide (Mn Ogz)............ none
Manganese protoxide (MoQ) ............ 0.39
Aluming (AlgOg) covvvn o R R e 0,56
S Water (HaO) oo 16.04
Phosphoric acid (PoOg) ...cvvennn v 110
Biliea (ST cvivsvy, fivines vaoiin v gyiias 0,84
LGBl o.c 2 2or wommi o nin Sy mrmeem b ainin, SR 99 .78
Metallic iPom’ o c v as v s iswimie s nesvasy o4 54
Metallic manganese ,..... ...... ... .... (L3D
Phosphorns ... coiccvnineiiiinaneioas 170

The hydration of this mineral is almost exactly intermediate
between that of true limonite (2Fe,O,.3H,0), which contains
theoretically 14.4 per cent of water, and xanthosiderite
(Fe,0,.2H,0) which contains 18.4 per cent water. The water of
the mineral in question approaches a little nearer that of true
limonite than of xanthosiderite, but the difference is insig-
nificant, while the pitch-like lustre suggests a resemblance to
some forms of the latter,

(3.) A black, glossy, hydrous sesquioxide of iron, frequently
in reniform and botryoidal masses; streak brown; hardness 3.
The surfaces of the masses have a brilliantly iridescent gloss,
showing a varietv of shades of blue, green, pink and other
colors. This ore occurs in the gray novaculite, and is generally
associated with manganese ore, though it is sometimes free from
it, The water in it generally approaches that of true limonite,

{4.) A mineral somewhat resembling the last in general ap-
pearance, but with a submetallic lustre ; reddish-brown streak;
hardness 4.5. A specimen of this mineral, examined by Dr.
R. N. Brackett, the Chemist of the Survey, contained only 5.4
per cent of water, and has been determined by him as turgite
(z Fe,0,.H,0O), which is a sesquioxide of iron containing the-
oretically 5.3 per cent of water.
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(5.) A black, massive material; compact structure; lustre
submetallic ; streak reddish brown; hardness 5. It frequently
shows an iridescent surface,

The following analysis, made by Prof. W. A, Noyes, of a
sample of this mineral from the Bud Jones claim No. 1, Mont-
gomery county, 3 S., 23 W, section 22, the southeast quarter
of the northeast quarter, shows its composition :

Analysis of iron ove from the Bud Jones claim No, 1, Mont-
goniery county,

Ferric oxide (FeyOy)........ T TL T ST AR.56
Manganese peroxide (MnOg)..... VL s none
Manganese protoxide (MnO)............. 0.05
Alumina (Al O,)..... R e T 1.40
Water (HaO) . .ooiiiiiiriniiiiiin . 8,05
Phosphoric acid (P20g) vvvuiieriennn. ... 0.45
Siliea (Si0g) vavviswisamvas iy Tronyy 1.5%

o bRl ERnir i N R 100.04
Metallic fron. . ...oviiviinnnnen s, 61,59
Metallic manganese....... R 0.04
Phosphorns: . o0 es s i b 0.20

The hydration of the mineral is intermediate between that
of turgite (2Fe,0,.H,0) which contains theoretically 5.3 per
cent of water, and that of goethite (Fe,0,.H,0) which con-
tains theoretically 10.1 per cent, but it approaches nearer the
latter. Its features, however, are such as to suggest the possi-
bility of its being a hematite partially altered by hydration on
its surface exposure,

(6.) The magnetite or magnetic ore of Magnet Cove is dif-
ferent from any other iron ore in the Ouachita Mountains, and
is further treated under the description of Magnet Cove, later
in this chapter.

Quality of the ores.—The analyses given above are of es-
pecially good samples of ore, far better than the average run
of the deposits. They were selected for the purpose of show-
ing the mineralogical nature of the ores; while to show the
commercial value of the ores, samples had to be taken which
would represent their character as they would be mined in
quantities. The accompanying table is made up of analyses
of samples selected in this way. Samples Nos. 1-14 inclusive
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were colleéted by the Survey and analyzed by the Survey
Chemists ; Nos. 15-19 inclusive have been kindly furnished to
the Survey by Mr. W. E. Barns, editor of the Age of Steel,
St. Louis, Mo.

As has been already stated, the ores occur mostly in two
positions in the rocks which comprise the region, one being
in the silicious shale, the other at the contact of this
shale and the gray novaculite, or, more rarely, entirely within
the novaculite bed. The ores in the siliceous shale all belong
to the first variety described on page 65, that is they are limo-
nite ores, all commercially classable as brown hematites.
They are almost always high in phosphorus and silica, the
latter making the percentage of iron low and the ores un-
desirable, and sometimes of no value whatever. The iron in
them varies from 10 to 40 per cent, the silica from 15 to over
60 per cent, the phosphorus from 0.1 to 0.5 per cent. These
ores rarely contain more than a very small percentage of
manganese,

The ores at the contact of the siliceous shale and the novac-
ulite, or in the novaculite, include varieties 2, 3, 4 and 5, men-
tioned on pages 65-67. From a commercial standpoint
they also may be classed as brown hematites. They are dis-
tinguished from the brown hematite just mentioned by the fact
that they often, though not always, contain considerable quan-
tities of manganese, forming manganiferous iron ores; in fact,
they occur in the same rocks as the manganese ores of this re-
gion, and there are all gradations of admixture, from an iron ore
with a little manganese to a manganese ore with a little iron.

" These ores are almost always high in phosphorus and often,
though not always, high in silica. The iron varies from less
than 10 per cent to over 60 per cent, the silica from 1 per cent
to over 75 per cent, and the phosphorus from 0.1 per cent to
almost 2.0 per cent.

It will be seen from the accompanying table of analyses that
samples Nos. 8, 9, 10, 11, 12, 15, 16 and 19 are good in their
contents of iron, or in iron and manganese combined, and in
their low percentages of silica, though several of them are in-

| 4 s | 2
Y LOCALITY 2] 5| ¥
2 S : i 2| 2 & 2
g sl 2| 2| 5| & g
& = | F ‘ 5l al| = -
- | [FPRRRR N | SR | M
!
Pouraskr County. '
1|Capitol Land & Mining Co. tract, 1 N, 14 W, Sec, 24, N, E. 33,80 4-1‘91|0_160 ..... 0.39iP.rack:tt.
9 e de bW 1N, 14 W, Sec. 24 ,5. E,, N.W‘!ll.\‘m (3.19.0.270..... 8.08 3
4| Whittemore & Bunch tract,1 N, 14 W, Sec. H,N. E., S.W.!R?.D'?I‘lf').i}?lﬂ_i?o ..... 1.62| LU
4|R. W. Worthen tract, 1 N., 13 W,, Sec 19, 5. W., §. W..... 6_10'75.oz|u.m1 0.137| None |Menke,
5 w0 IN,I4 W, Sec. 4, N.E,S. W, ... _53_-12i22.-18 0.500..... Trace |Brackett,
SaLike Counry, |
§|Iron Mountain, 2 N, 16 W, Sec. 18, 5. E ......oou oen 0t !35.74 -1'2‘.79.0.1-1.0 ..... A little £h
L o AN,LIBW,, Bec. 18,5 E . ....ooevinn Iil .84(50,60 0,276 0,082 None |Menke.
GartanD County,
g8/Rector & Roulston claim, No. 1, 4 5,,19 W, Sec. 8,8. E...|57,54| 2.96/0.670 ..... None |Noyes.
|
HoT Serinc County. :
| i
9|Conley Sullivan claim, 4 5., 20 W_, Sec. 26, N. W., S, E....i14_15 1.2000.560' ....| 41,54 «
10| Magnet Cove, 35., 1TW., Sec. 20,5 W .. _................ 68,58 5‘86{0.0'28 0.191|A little|Menke,
| MonrcoMmery CounTty.
lliBud Jones claim, No.1,35.,23 W, Sec, 22,5 E,N.E ... Gl.ggi 1.53(0.200 ,.... | 044 Noyes.
12| e “ No.8, 35,28 W, Sec.20, N. & ooovvnnns 54,54 0.84/1.790 ..... | o0 o«
|
i |
¥ Pork County. i
131J. Guy Lewis claim, 4 3., 2B W . .. iivvunrrmnnrmrcnnnicnanns 116,22 I.9.32i 0.7730.187 Trace |[Menke,
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jured by their high percentages of phosphorus (see pages 8 to
10); while samples Nos. 1, 2, 3, 4, 6, 7, 13 and 14 contain too
little iron and too much silica to be of value.

Analyses of iron oves from the Ouachita Mountains.
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THE MODE OF OCCURRENCE OF THE ORES.

As already stated, the iron ores of the Ouachita Mountains
occur in two positions in the rocks of the region: one in the
siliceous shale, the other between this shale and the novacu-
lite, or in the novaculite. The manganese ores of the Oua-
chita Mountains also occur between the shale and the novacu-
lite or in the novaculite; in fact, many of the iron claims were
taken up under the impression that the ore was manganese.

The iron ores in the siliceous shale are more abundant than
those in the other positions, and occur usually aslenticular bodies
following in a general way the lines of stratification of the rocks.
Sometimes, however, they occur as nests, and as short discon-
nected seams, ranging from a fraction of an inch to a foot or
more in thickness, and cutting the rock in all directions, though
confined to a certain stratigraphic position in the series of
rocks. The larger and more regular bodies of ore vary from
two or three to ten feet or more in thickness. Sometimes they
are traceable along their outcrop for a hundred yards or more,
at other times for only a few feet. Occasionally such lentic-
ular bodies occur at intervals for a distance of several miles
following one certain position in the rocks. Sometimes several
seams of ore run parallel to each other at a distance apart of
from a few inches to several feet, separated by similar strata of
siliceous shale. The latter have frequently been much decom-
posed, and are often in the form of a fine powder contain-
ing harder masses of as yet undecayed shale. This decay,
however, is only local, and frequently a decomposed stratum
several inches in thickness is bordered on both sides by un-
altered strata 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 posi-
tion at a greater or less distance beyond, while the interme-
diate barren rock is usually stained with ironin the direction
of the strike of the deposit.

The iron ores at the contact of the siliceous shale with the
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novaculite, or in the novaculite, are in smaller quantities
than those in the shale. They occur either as thin beds
following lines of stratification and from a few inches to two or
three feet in thickness, or as a mass of small nests, pockets
and short disconnected seams, from a fraction of an inch toa
foot or more in thickness, intersecting the rock in all direc-
tions; or, as is often the case, the iron ore forms the cement of
a brecciated novaculite, in which the masses of rock vary
from a fraction of an inch to several inches in thickness. The
part of the rock thus impregnated, in other words the breccia,
varies from two or three feet to filty feet and more in width,
The ore, however, forms only a small proportion of the mass,
in some places nor more than 1 per cent, while in others, es-
pecially where the ore-bearing stratum is thin, it forms a larger
percentage.

The iron ores in the novaculite or at its contact with the
shale, are in many places intimately mixed with manganese
ores, forming manganiferous iron ores or ferruginous manga-
nese ores; in other places the two ores occur in the same pocket,
but in separate masses; and in still others, they occur in dif-
ferent places along the same ore-bearing stratum. On He
Mountain, Polk county, there are geodes of brown hematite
lined with black manganese ore ; and a frequent occurrence
elsewhere is a kernel of brown hematite coated with manga-
nese, either as a hard incrustation of massive ore, or as radiat-
ing, fibrous crystals of pyrolusite. Stalactitic ore with brown
hematite inside and manganese ore outside sometimes occurs.
The outcrops of the ore-bearing rocks at the contact of the no-
vaculite with the shale, and in the novaculite, can be traced in
the same way as those already described in the shale.

The iron ores in both the novaculite and the shale usually
show a tendency to follow lines of bedding, but sometimes
they occur in crevices across the bedding, 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 by a
process of solution and redeposition of the ore from deposits
originally bedded. Such a case is described later in this chap-
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ter in the Bud Jones claim No. 3, 3 S., 23 W., section 29, Mont-
gomery county.

As has already been stated, the whole region of the Ouachita
Mountains has been thrown into a series of parallel folds, strik-
ing from east-west to various angles to that direction. The
novaculite, by reason of its superior power to resist erosion,
forms the predominating rock in these ridges, usually occupy-
ing the crests. The siliceous shale, which geologically be-
longs above the novaculite, has been worn down and occupies
the lower slopes of the ridges. ~As a result of this structure,
the ore in the novaculite, or at its contact with the shale, usually
occurs on or near the tops of the ridges, though sometimes,
where there has been excessive erosion, it is found lower down ;
while the ore in the shale almost always occupies the lower
positions and generally occurs in, or on the sides of, the syn-
clinal valleys separating the ridges. The ore belts in both
rocks follow the same general direction, and have steep and
often perpendicular dips.*

The section given in figure 3 shows a typical case of the
mode of occurrence of the iron ore in the siliceous shale and
also at the contact of that rock with the novaculite, The de-
posits marked C represent the ore in the shale; that marked D
is the ore at the contact. The continuation of the ore below
the surface, as represented in the figure, is imaginary, as no
mining has been dene, but it shows the general direction of the
downward extension of the deposits and also their parallelism.
The thickness of the ore beds as represented in the figure is
greatly exaggerated, this being necessary in order to make
the position of the deposits clear. The property from which
this section was obtained is more fully described later in this
chapter,

THE COMMERCIAL VALUE OF THE DEPOSITS.

From the facts given in the above discussion of the nature
and the modes of occurrence of the iron ores of the Quachita

*The structure of the ore deposits is more fully treated in the Annual Report of the Geologi-
cal Survey of Arkansas for 1800, Vol. I, in the discussion of the manganese deposits of south-
western Arkansas,
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Figure 5. North-south section through the Bud Jonesclaim No. 1, Monigomery coundy, show-
ing the occurrence of the ivom deposits.

Gray novaculite,

Siliceous shale,

Iron deposits in the siliceous shale,

Iron deposit at the contact of the siliceous shale and the novaculite.
- Horizontal scale : 1 inch = 800 yards. Vertical scale: 1 inch = 400 feet,
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Mountains, the following conclusions have been reached: the
only ores which have as yet been found in more than very
limited quantities are those in the siliceous shale; but these
are usually too low in iron and too high i silica to be of any
value, and, where the quality is above the average, the quantity
of the ore is generally too small to permit profitable mining,
The deposits in the novaculite and at its contact with the shale
are very small, and even if larger deposits were found, the
analyses show that the ores in these positions almost invariably
contain too much phosphorus to command a high price.
Moreover, the ores in all the positions are associated with hard
rocks and often dip vertically, or almost so, making them ex-
pensi.ve to mine. The nearest railways are from seven to, more
generally, over twenty miles distant. Limestone is scarce and
usually altogether absent in the vicinity of the ores, and there
is no coal nearer than the Arkansas Valley, with which region
the ore deposits of the Quachita Mountains have no direct
railway connection. There is, however, a large amount of
timber, and with cheap charcoal fuel and improved transpor-
tation facilities, there is at least a possibility of the future utili-
zation of a few of the better ores. The industry, however,
would never be an important one, and could only be carried
on under the most favorable conditions of transportation and
markets, conditions which at present are {ar from being real-
ized.
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PULASKI COUNTY.

General features.—The iron ores of Pulaski county are
mostly west and south of Little Rock, in the western part of
the county. A large amount of the prospecting that has been
done, has been carried on in the drainage area of Fourche
Bayou, a tributary of the Arkansas River, and especially in the
neighborhood of McHenry Creek, a small branch of the
Fourche. A part of this region is known as the Fletcher Range,
The ores are either brown hematites in place in the novacu-
lite and siliceous shales of the hills, or impure bog iron ores in
the creek beds. Both ores are in the same region as the man-
ganese ores of Pulaski county, already described in the Annual
Report of the Survey for 1890, Vol. I, pages 327-335 ; and the
iron and manganese ores frequently occur together in the same
deposits, The iron ores, like the manganese ores, are either in
too small quantities or of too poor quality to be of value.

The Capitol Land and Mining Company —The Capitol Land
and Mining Company commenced operations on the manganese
and iron deposits in the Fletcher Range in the spring of 1888,
Several small pits and tunnels were made, and the site of the
town of Martindale was laid out in 1 N,, 14 W, section 14, the
northeast quarter. No ore was shipped and operations were
suspended after a few months.

The company controls the following tracts of land, all of
which are situated in 1 N., 14 W.: Section 12, the southwest
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 north-
east quarter of the southwest quarter; section 15, the north-
east quarter and the northwest quarter, with the exception of
the southwest quarter of the latter; section 23, the northeast
quarter with the exception of the southwest quarter of it ; sec-
tion 24, the north half.

This property is situated in the basin of McHenry Creek,
which runs diagonally froin northwest to southeast through
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1 N., 14 W, The stream is bordered on either side by the no-
yaculite and the 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 includes-
a part of both the creek bottom and the hills on either side. Bog
iron and manganese ores exist in many places along the creek,
while in the hills small quantities of brown hematite and man-
ganese ore occur in place in the rock.

(1.) The Bog ores.—The bog ores occur in association with
a greater or less quantity of clay, and angular or rounded frag-
ments of novaculite and shale from a fraction of an inch to
several inches in diameter. They often form the cement of a
breccia or conglomerate of these fragments. The ores are
generally earthy and soft, though in places they are more
compact, and are sometimes in the form of kidney-shaped
and stalactitic masses. The iron and manganese in them are-
int}mately associated, and the color of the ores varies from:
brown to black, according as the iron or manganese predomi-
nates. There are all stages of admixture, from a bog iron ore
with little or no manganese to a bog manganese ore with little
or no iron. Frequently numerous ferruginous, or chalybeate,
springs rise from the ore beds and deposit about their orifices
a brown sediment of hydrous sesquioxide of iron,

The thickness of the bog deposits varies from a few inches to-
probably ten feet. Where pits have passed through them, they
are usually found to be underlain by gray clay containing frag-
ments of rock similar to those associated with the ore. The
bog ore protrudes into and recedes from the underlying bed ina
very irregular 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 deposits represent simply beds of clay and

- gravel derived from the erosion of the surrounding hills, and

impregnated with iron and manganese from springs, and pos-
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sibly 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 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 in-
tervals from near the mouth of McHenry Creek to six miles
above, but most of them occur along that portion of the creek
extending from the central part of section 24 in a northwest
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,
but it does not contain any considerable quantities of those ma-
terials, .

The iron ore is in quantities too small and of too poor qual-
ity to be of any value. The following analyses show the com-
position of the bog ores. All the samples analyzed are from
the property of the Capitol Land and Mining Company, with
the exception of No. 2 which is from the Whittemore and
Bunch tract, described later in this chapter:

Analyses of bogiron and manganese orves from McHenry Creek,
Pulask: county.

No. LOCALITY, Iron. Silica. Phosphorus,| Manganese.
il evei L I b
1| IN,14W, sec. 24, N.E. .......  35.8 44,91 0,160 ‘ C0.59
2 IN,14 W, sec,14,N.E, 5. W..| 27.07 46,37 0.470 1.62
3| 1N, 14 W, sec. 24,S.E,, N. W _.| 11.82 5.9 | 0.270 | s0s
41N, 14 W, sec. 24, S, E, N. W __ 2 88 428 | 0116 ‘ 27,34
5| 1N, 14 W, sec. 24, 8. E., N. W LI L o001 | 59,68

The samples for the above analyses were selected so as to
show the transition from a bog iron ore to a bog manganese
ore. In each sample the larger fragments of rock were re-
moved, and the impurities that remained were such as would
be retained in the ore if it were crushed and washed.

Sample No. 5 is from a small stripping on the south bank of
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McHenry Creek. It represents a picked sample of the very
best manganese ore that could be found on the creek. C.)nly
very small quantities of such ore occur and the amount is of
no commercial importance. The other analyses are of average
samples and show that the ores are too high in silica, and too
low in iron and manganese, to be of any value.

(2.) The ores in the hills—In the hiils, both north and
south of McHenry Creek, numerous small openings have been
made, and some of them show iron and manganese ores 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 novaculite. They
sometimes show small quantities of iron and manganese ores,
but usually not more than astain. 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 ?early'
filled with water, but it is said to be 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
east half, to section 11, the southwest quarter, and passing north
of the site of .Martindale. The ore occurs in this ridge in a
manner similar to that of the ores just described. A short dis-
tance north of Martindale, a cut, about fifty feet long and five
feet wide, has been made in the siliceous shale, which has partly
decomposed into a hard clay. The cut has exposed small quan-
tities of brown hematite, in pockets and in disconnected layers,
from one to five feet in length, and from one to five inches in
thickness.

The Whiltemore and Bunch tracts.—Messrs. Whittemore and
Bunch own several tracts of land and several manganese and

iron ore claims in the western part of Pulaski county. Among
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the openings that have been made on the iron claims are those
described below.

(r.) 1N, 14 W, section I4, the northeast quarter of the
southwest quarter, and the southeast quarter of the northwest
quarter.—This property is on the banks of McHenry Creek.
A small prospecting pit has been sunk in a deposit of impure
bog iron ore, but no considerable work has been done. The
ore is of a rusty brown color and contains numerous fragments
of rock and inclusions of clay. Further details about this class
of ore are given on pages 75-77.

The following analysis by Dr. R. N, Brackett shows the
composition of the ore from this tract:

Analysis of iron ore from the Whittemore and Bunch tract,

Ivon, coieniiii e 27.07
BHHCRL 4 o siserns i sty b L 46,37
Phosphorus. . vuuevuieevnnunnns 0.47
Manganese. .........o., L 1,62

The analysis shows the ore to contain too little iron and too
much silica to be of any value; moreover, it is in too small
‘quantities to be worked, even if the quality were good.

(2.) 1 N, 13 W., section 19, the north half.—Messrs,
Whittemore and Bunch have prospected a claim in this locali-
ty, and a small cut about twenty feet long and six feet wide
has been made in the siliceous shale. The rock has a rusty
stain and occasionally contains lenticular layers of iron ore
from one to three inches in thickness, The ore is in such,
small quantities as to be of no commercial importance,

The R. W. Worthen tracts—Mr. R. W. Worthen owns sev-
eral tracts of land containing manganese and iron deposits in
1 N, 14 W,and 1 N, 13 W. Among the openings that
have been made in iron ore are those described below,

(1.) 1 N., 14 W, section 24, the northeast quarter of the
southwest quarter.—Two small pits have been sunk on this
property 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 thickness, scattered through the rock.
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Sometimes the two ores are intimately mixed as a mangan-
iferous iron ore; at other times they occupy different places
along the courses of the same seams. Neither ore isin worka-
ble quantities.

The following analysis by R. N. Brackett shows the
composition of a sample of iron ore from this property:

Analysis of irvon ove from the R. W. Worthen tract, Pulaski

county.

o IPOWS s v v e v R S
Siliea......... R R R R 22.48
Phosphorus ...cvavivreiiiniraciiinannes 0.50
Manganess..vv.vv i vvrrrraraiiinsnnannins trace

The analysis shows the ore to be good in its contents of iron
but high in silica and phosphorus.

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
cut up 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 tracea-
ble elsewhere on the surface of the hill in greater or less quan-
tities. The ore often forms the lining of hollows in the no-
vaculite, and in such cases is frequently coated with a black
incrustation. The ore is hard, very siliceous, sometimes con-

tains crystals of quartz, and is too poor in quality and in too -

small quantities to be of any commercial value.

(2.). 1 N, 13 W,, section 19, the southwest quarter of the
southwest quarter.—Here the same brown hematite occurs as
at the last place, except that the seams are more numerous
and frequently form concentric layers around masses of novacu-
lite. The ore-bearing rock forms the crest of a ridge and is
bordered on either side by gray siliceous shale. The ore often
consists simply of novaculite stained with iron. Tt is not in
sufficient quantities to be of any commercial value, evenif the
quality were good. The following analysis by A. E. Menke
shows its composition :

|
I
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Analysis of iron ore from the R. W. Worthen tract, Pulasks

count 54
Prob v s i s S A 6.10
Sea s N R s e e e eomw 76.02
Phosphorus . v ol smevsvawssusssms waanen v 0,184
Sulphur........ R R R 0,137
Manganese .......... e P nona

The analysis shows the material to contain too little iron
and too much silica to be of value.

(3.) 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, containing seams of manganese ore and brown
hematite, from a fourth of an inch 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.

Exposures similar to those described occur in numerous
other places on Mr. Worthen’s lands in 1 N., 13 W., sections
29 and 32, but do not require further mention. In section 29,
the northeast quarter of the southeast quarter, the novaculite
along the summit of the ridge is often stained with iron and
occasionally with a little manganese, but no commercially im-
portant quantities of either ore are seen.

The Robbins tract.—The Robbins tract is in 1 N, 14 W,
section 5, the southwest quarter of the northeast quarter. The
iron ore occurs in the siliceous shale, in a crevice or fissure run-
ning across the strike of the rock. The deposit varies from
one to three feet in thickness, averaging probably 20 inches,
and dips almost vertically, with a slight inclination to the south-
east. It strikes N. 55° E., while the shale strikes at almost
right angles to that direction. The ore varies from a hard to a
soft brown hematite, the soft variety being sometimes almost
black. At the sides of the ore deposit, and between it and the
shale, are numerous fragments of that rock, and similar frag-
ments also occur in the ore itself,” The deposit probably rep-
resents a local fissure filled with ore by the segregation of the
minute quantities of iron contained in the surrounding rocks.

The deposit has been stripped along its strike for a distance
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of about 75 feet, and possibly extends further. The ore occurs
in too small quantities to be of commercial value,.

Other localities in Pulaski county.—Deposits of iron ore
similar to those already described occur in many other places
in the western part of Pulaski county. In 1 N., 14 W., section
30, the southwest quarter of the southeast quarter, there is a
stratum of brown hematite from three to four inches in thick-
ness, interbedded with the siliceous shale. It dips at about 33°
to the northeast. The ore is hard, laminated, and often shows
a mammillary surface. The laminae are frequently coated with
a black gloss.

Outcrops similar to that just described occur in many places
in section 30, and similar ore is said to be traceable at inter-
vals for over seven miles in a direction of a little north of west,
Wherever it has been seen, however, the ore is in too small
quantities to be of value.

THE NORTHERN PART OF SALINE COUNTY.

General features.—DMost of the iron ore of Saline county is
in the low Tertiary region comprising the southern part of the
county, but in the northern part, which is in the area of the
Ouachita Mountains, iron ore has been found in several places.
The ores in this northern part of the county, so far as known,
are either of too poor quality or occur in too small quantities
to be of any value. The best known of the localities is Iron
Mountain,

Iron Mountain.—Whatis locally known as Iron Mountain is in
2 N, 16 W,, section 18, the southeast quarter, about two miles
north of Brazils Post-office. The ore is a soft, yellow, fer-
ruginous substance interbedded with layers of hard sandstone.
These materials dip at a high angle into the southeastern slope
of a hill rising probably over 150 feet above the surrounding
drainage. Their outcrop reaches from the base of the hill,
where it is obscured by soil and loose rock, up the slope to
near the summit, where it is cut off by an overlying bed of
massive sandstone. The ore and the associated layers of sand-

stone are probably together several hundred feet thick. All
6 G—1
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the rocks of the hill, including the ore, are cut by veins of
quartz often eight or ten feet in thickness.

The ore is light and earthy, often sandy, and coatains num-
erous small rounded masses, from an eighth to a half of an
inch in diameter, of a soft, gray, siliceous material. These
masses are coated with a thin layer of hard, brown hematite, a
sixteenth of an inch or more in thickness, and outside of this
is the earthy ore. On the surface, the gray masses weather
out, leaving a siliceous skeleton.

There are large quantities of this ore on the property, but,
as shown by the following two analyses, the first by A. E.
Menke, the second by R. N. Brackett, it is of too low grade to
be o value:

Analyses of iron ove from Iron Mountain, Saline county.

Iron. ... ... ... .. ... . ... 11 34 35 74
SIER". cvsv wsvavwnsvrvine B0 v 42.79
Phosphorus .......... L0276 L 0.14
Sulphur .. ... L 1 — Vi
Manganese ....¢0.00...,, none ........ a little

The analyses show that the ore contains too little iron and
too much silica to be used as a source of iron,

GARLAND COUNTY.

General features—~Iron ores occurring under conditions
somewhat like those already described in Pulaski county are
found in several places in Garland county, but no mining
has been carried on. A little prospecting has been done and
several claims have been taken up, usually undér the impres-
sion that the ore was manganese. The ore is in very small
quantities.

The Rector and Roulston claim No. 1.—The Rector and
Roulston claim No, 1 is in the southeast corner of Garland
county, in 4 S., 19 W, section 3, the south part of the south-
east quarter. It is on a ridge running in an east-west direc-
tion and composed in its central part of gray novaculite, bor-
dered on either slope by black or gray siliceous shale. The
rocks dip almost vertically. Iron ore in the form of a porous
brown hematite is found on the southern slope of this ridge, in
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the gray novaculite, at or near its contact with the shale. The
ore is not seen in place in the rock, but masses of it from one
to two hundred pounds in weight, as well as large slabs of rock

carrying masses 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 seé.ms and bunches from one inch to several feet in thick-
ness, and the rock containing this ore probably occupies a belt
from twenty-five to thirty feet in width, running in the direc-
tion of the ridge and bordered on either side by barren rocks.
It is not probable that this iron ore will be found in quantities
sufficient to work at a profit.

The following analysis by Prof. W. A. Noyes shows the
composition of the ore :

Analysis of iron ove from the Rector aud Roulston claim No. I,
Garland county.

LITOW? cocommonmwiessosr s pd s o & 57.54
IR v S R R R 2.96
Phosphorus ... ............ e 0,67
Manganese .......i. ool iiiiiieeei. ... DIONE

The analysis shows the ore to be of very good quality in its
high percentage of iron and low percentage of silica, but it
contains an injurious amount of phosphorus. The sample
analyzed contained no manganese, but it is not impossible that
small and unimportant quantities of manganese ore may be

found in the same deposit elsewhere on the property.

Three hundred yards north of this ridge, is another parallel
though somewhat smaller ridge, On both of its slopes, at
the line of contact of the gray novaculite which forms the
upper part, with the siliceous shale which forms the lower part
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~—The Rector and
Roulston claim No. 2 is in the southeast corner of Garland
county, less than half a mile north of the line of Hot Spring
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county, in 4 S., 19 W, section 10, the south half. Iron ore oc-
curs here in the same rock and in the same position as at the last
locality described. The ore itself, however, differs slightly
from the ore at that place. Itis of a bright vitreous nature,
frequently filled with small cavities. It occurs in thin
seams and pockets, from a fraction of an inch to three inches
in thickness, honeycombing the gray novaculite for a width of
about ten feet, and often giving the rock a brecciated appear-
ance. This ore-bearing part of the novaculite occurs just
above the contact of that rock with the siliceous shale, on the
north slope of the ridge. The ore is not seen in workable
quantities.

HOT SPRING COUNTY.

General features.—lIron ores in association with novaculite
and siliceous shale occur in many places in the northern part of
Hot Spring county. The nature and the mode of occurrence of
these ores are much the same as have already been described
in the other counties of the Ouachita Mountains. The iron
ores often occur in intimate association with the manganese
ores, but no large quantities of either have yet been discov-
ered. Besides the ores in the novaculite and shale, Hot
Spring county contains the magnetite, or magnetic ore, of
Magnet Cove, which will be more fully described later in this.
chapter,

The Conley Sullivan claim.—The Conley Sullivan claim is in
4 S., 20 W, section 26, the northwest quarter of the south-
east quarter, on the north side of an irregular, rocky hill of
gray novaculite. Manganese and iron ores occur together in
the rock, and the surface of the hillside is strewn with frag-
ments of both. The iron ore occurs as a brown hematite,
often porous and of a vitreous character., The manganese
is a porous, black ore, often in stalactitic forms. The ores
occur both in separate masses and in an intimate admixture,
forming a manganiferous iron ore or a ferruginous man-
ganese iron ore. Sometimes small stalactitic branches are found
which are composed of manganese ore on the outside and
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iron ore on the inside. Jdn one place there is a solid mass of
the mixed ores weighing several hundred pounds, in which
manganese largely predominates. Many similar though smaller
masses are sirewn over the surface, though, on account of the
debris, good exposures of the ore in place in the bed rock
cannot be seen. Its extent, however, is probably limited.

The following analysis by W. A. Noyes shows the composi-
tion of this ore:

Analysis of ferruginous manganese ore from the Conley Sulli-
van clatm, Hot Spring county.

R I e S R 14.15
Silica....... B 1.29
Phospliorus. .o ovvreiiierinrnnnrnanninnns, 0,56
ManZanese. .oereviirrrinsnnciaarraoni. 41 54

The analysis shows that the percentage of iron and man-
ganese combined is very good, but that the value of the ore as
a manganese ore is seriously injured by the high percentage
of phosphorus. '

The Henry Litile clatim—The Henry Little claim is in 4 S,,
21 W, section 15, the northwest quarter, and is less than half
a mile southeast of Lightfoot Springs. It is in the western
part of the Trap Mountains, a range of the Ouachita Mount-
ains which passes east and west through the northern part of
Hot Spring county. A few blasts have been made on this
property in a novaculite ledge carrying the same porous, sta-
lactitic iron ore as that found at the Conley Sullivan claim, ex-
cept that there is little or no manganese with the iron. The
ore is often coated with a brilliant red ochre. The thickness
of the deposit cannot be seen, as it is mostly covered by de-
bris, but some large masses of ore weighing several hundred
pounds have been blasted out. What has been already said
at regards the quantity of ore atthe Conley Sullivan claim may
also be applied here.

The same lead of ore as that at Lightfoot Springs is said to
be traceable at intervals for four miles east and two miles west
of the Springs. Similar though smaller deposits of iron ore are
found in many other parts of the Trap Mountains.
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Magnet Cove—The area known as Magnet Cove is in Fias
17 and 18 W, in the northern part of Hot Spring county, on
the north side of the Ouachita River, and twelve miles east-by-
south from the city of Hot Springs. The cove is an elliptical
basin composed largely of igneous rocks, and surrounded by
ridges of sedimentary rocks. It comprises an area of about
a thousand acres. The geology, mineralogy and petrography
of this remarkable region have been so well and so fully treated
by Dr. J. Francis Williams* that no further details will be given
here, except in so far as they relate to the occurrence of the
iron ores. For any further facts the reader is referred to the
above mentioned report.

The magnetic iron ore of Magnet Cove isin 3 S., 17 W.,
section 20, the southwest quarter. Itoccursin loose fragments,
from particles the size of sand grains to masses several inches
in diameter, and is scattered over the surface of about five acres,
though it is found sparingly outside of this area. It occurs
most abundantly immediately on the main Hot Springs road,
covering the top of a small, round knoll. The masses of ore
in the area of their most abundant occurrence form an almost
solid layer on the surface, thinning out in all directions. Be-
low the surface they become fewer. The surface soil is of a
dark chocolate-brown color, with innumerable specks and
flakes, often-two or three inches across, of a pearly white mica-
ceous mineral (protovermiculite). Below the surface, the soil
is of a lighter color,

In a washout in the side of the road, masses and irregular
seams of ore occur 7% situ in a rock recognized by Dr. Wil-
liams as eleolite mica syenite, and composed largely of proto-
vermiculite and a white feldspar. The rock is in a high stage
of decay, and crumbles easily, being but little more coherent
than the surface soil, though it still shows its original structure.
Such occurrences as these lead to the belief that the loose
fragments of ore on the surface have been derived from the
decay #n situ of this crystalline rock; and that they orlgmally

#*Annual Report of the Geological Survey ef Arkansas for 1890, Vol. l[ The Igneous Rocks of
Arkansas,
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occurred in the rock as masses and irregular seams, but that
when it decayed, these masses of ore were set free, more or less
broken by weathering, and scattered through the present soil,
which is also the result of the decay of the same rock., The
occurrence of the ore more plentifully onthe surface than below,
is doubtless due to the fact that on the surface the loose soil is
constantly being carried off by the action of the surface waters,
while the heavier lumps of ore, being less easily carried, remain
behind and are in this way gradually concentrated ; but below
the surface, where no such erosion can go on, the masses of ore
are more scattered. By some it is said that the ore disappears
altogether at a depth of a few feet. If thisis a fact, it is a re-
sult of the nature of the deposit, which probably originally
represented a part of the rock containing ore and surrounded
above, below and on all sides by rock containing no ore,

The quantity of iron ore at Magnet Cove is too small to be
of any commercial value as a source of iron, though there is a
limited demand for it as cabinet specimens.

The ore is usually massive, very hard, dull black or rusty on
the outside, and bright black on the inside. It frequently
shows botryoidal protuberances on the surface. It has a con-
choidal fracture and a metallic lustre.* The ore is a magne-
tite, and its most remarkable feature is that it is sometimes,
though not always, highly polarized, fofming a loadstone. In
fact, the strong magnetism of many specimens is what has
given the name to Magnet Cove.

The following analysis by D. D, Owen,} of a picked speci-
men, shows the composition of the ore from a mineralogical

standpoint.

*For a fuller mmersdo;lca] description of this magnetite the reader is referred to the repurl of
Dr. Williams, mentioned above,

tSecond Report of a Geological Reconnoissance of the Middle and Southern Counties of Ar-
kansas, page 105. In quoting the analysis the arrangement has been somewhat changed from
the original, and the chemical symbols have been introduced, but the figures are the same,
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Analysis of iron ove from Magnet Cove, Hot Spring county.

Peroxide of iron (Fey03)vevnnivnenoun.... 67,20
Protoxide of iron (FeQ)......cooivinreen.. 24,46
Insoluble matter (SiOgetec.).eunrnn, ... 320
Titanic acid (Ti0Z) .. ...o.ovvvvnnn ... 1.20
Protoxide of manganese (MnO)........... 0.30
Alumina (ALO) 0 vieiien e .45
Moisture (HoO)uuunmanrinnsiiiierannnnns 1,00

Lime (CaQ), magnesia (MgO) and loss ... 2.10

Potalwoesispens I 11 [0 11

The following analysis by A. E. Menke, of an average sam-
ple, shows the composition of the ore from a commercial stand-
point:

Analysis of ivon ove from Magnet Cove, Hot Spring county,

Trom i SR e s G8.58
P 5,86
PRORDROTIE s st N R SR 0.028
S P R R e nina 0,191
THABIUM oy aaireeeeeesinn s erees 1.159
AN AN SRS s s s D a little

The analysis shows that the ore is high in iron and low in
silica and phosphorus, but contains a considerable amount of
titanium,

About 14 or 15 years ago, some St. Louis capitalists bought
a tract of ten acres which included the iron ore deposit of
Magnet Cove. They believed that the ore was in large quan-
tities, and it was their intention to mine it for the manufacture
of iron. After they had done a small amount of prospecting,
they found that the ore was in too small quantities to mine for
this purpose, and they abandoned the project.

CLARK COUNTY.

General features—The Ouachita Mountains pass through
the extreme northern part of Clark county, and occasionally
the rocks of that region contain small quantities of manganese
and iron ores, but no important deposits of either ore have been
found.

Point Cedar~—~Small quantities of impure iron ore occur in
5 S, 22 W,, four miles west of Point Cedar, in the novaculite
ridge that runs in a general direction of a little south of west
through the extreme northwestern part of Clark county. The
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ore appears in a sag on the summit of the ridge, but it is in
quantities too small to be of any value. It is but little more
than a stain in the rock.

PIKE COUNTY.

General features.—Iron ores similar to those in Clark, Gar-
land and other counties occur in many places in the novaculite
ridges that comprise the extreme northern part of Pike county.
The ore is not in sufficient quantities to be of any value.

Rundle’s Creek.—Rundle’s Creek is a small branch of the
South Fork of the Caddo River, running east through the
northwest part of § S., 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 immediately north
.of the creek, small quantities of brown hematite occur, together
with a little earthy manganese ore, The ores form the cement
of a well-developed breccia of novaculite fragments, but com-
pose only a small fraction of the mass. The breccia in some
places is from ten to fifteen feet in width, but the ore is very
limited in quantity, Similar outcrops occur along the slope of
the mountain, in the direction of the strike of the rocks, for a
mile, and they are said to be traceable for a still greater dis-
tance.

In section 4, the southeast quarter, a short distance south of
Rundle’s Creek and on a spur of the main mountain, there is
iron ore associated with small quantities of manganese ore.
The ores occur insmall irregular pockets in the gray novaculite,
"The iron ore is frequently composed of nodules with a radiat-
ing structure, and from an eighth of an inch to one inch in
«diameter. The main ledge is mostly obscured by loose mater-
ial, but fragments of iron ore from fifty to a hundred pounds
in weight occur on the surface. One pocket of ore exposed in
place in the rock measured between three and four feet across.
"The quantity of the ore is too small to be of any value.

Line Mountain.—ILine Mountain is a novaculite ridge run-
ning east and west approximately on the boundary line of
Pike and Montgomery counties, two miles south of Fancy Hill
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Post-office. Brown, laminated iron ore and manganese ore are
found along the southern slope of the mountain, in Pike county.
The main outcrop is obscured by loose material, but small
fragments of both the iron and the manganese ores are scat-
tered at intervals along the mountain slope, and similar frag-
ments are said to be found along the mountain for seven
miles. The quantity of both the iron and the manganese ore
is exceedingly small.

Other localities in Pike county.—In the northern part of
5 S., 27 W., and on the south slope of the most southerly of the
novaculite ridges in the northern part of Pike county, is a ser-
ies of soft earthy sandstones, with interbedded red and gray
shales. In many places brown hematite occurs in the sand-
stone, in one place forming a lenticular bed three feet thick,
in another forming small pockets and discontinuous layers.
Ores similar to those described, but in smaller quantities, are
traceable westward on the slope of the same mountain for
three miles, to within a mile of the Little Missouri River.
Nowhere have they been found in sufficient quantities to
make the deposits of any commercial value.

MONTGOMERY COUNTY.

General featzzres..—-The iron deposits of Montgomery county
are mostly in its southern portion, and they follow the ridges
of the Ouachita Mountains which pass from east to west
through that part of the state. The nature and the mode of
occurrence of the ores are the same as in the other counties in
the region of the Quachita Mountains.

The Meyer Creek claims—Meyer Creek is a small stream
rising southwest of Crystal Springs, and flowing southeast into
Mazarn Creek. In 3 S.,22 W, section 16, it cuts a deep gorge
through the novaculite ridge which passes in a zigzag course
through this part of Montgomery county, On the part of the
ridge that runs west from the creek, a few fragments of brown
hematite, occasionally associated with hard, black manganese
ore, occur, and several claims have been taken up under the
delusion that the ore was all manganese. Similar materials.
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are occasionally seen in place in the novaculite, but the quan-
tity is exceedingly small and of no commercial importance.

The Bud Jones claim No. 1.—~~The Bud Jones claim No. 1 is
in 3 S., 23 W,, section 22, the southeast quarter of the north-
east quarter. This tract is about five miles west-by-south from
the claims already described on Meyer Creek, and is on a ridge
rising over four hundred feet above Mazarn Creek, which is
less than a mile to the southwest. 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 dipping almost
vertically.

The ore is massive, of, a bright submetallic lustre, steel-gray
color, and a reddish-brown streak. It hasthe physical proper-
ties of hematite, but chemically it differs from it in containing
8.05 per cent of water. It has already been described on page
67. The outcrop is mostly obscured by loose material, but
where exposed, it has a maximum thickness of two feet.
If it were stripped, it would probably be found to be wider in
some places, The outcrop is traceable for about a hundred
yards along the slope of the hill, and strikes in an easterly
direction toward the summit. It could probably be traced
further were it not covered by debris. The ore occasionally
contains layers or masses of gray novaculite, and sometimes
forms the cement of a breccia of novaculite fragments. It is
undoubtedly an interbedded deposit at the contact of the
novaculite and siliceous shale, or in the former near the con-
tact. In the hollow at the foot of this mountain are numerous
masses of this ore that have rolled from above, some of them
weighing several hundred pounds. The ore is in too small
quantities to be of value as a source of iron.

This claim was taken up on the supposition that the ore was
manganese, The accompanying analysis by W, A, Noyes shows
the composition of the ore:
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Analysis of iron ove from the Bud fones claim No. r, Mcnt-
gomery county.,

Iromavuisnnas beeesparresatte spensiseanur 61,99
FITNOB oo e L R R A 5 1.53
Phosphorus.....o.coieine siieassennniiian, 0.20
Manganese ........covunans B 0.04

The analysis shows the ore to be of good quality in its high
‘percentage of iron and low silica, but to contain an injurious
amount of phosphorus,

In the siliceous shale that borders the gray novaculite on
-either side, are found interstratified beds of ordinary brown
hematite, from one to three feet in thickness, generally mixed
with more or less shaly material. Sometimes the beds are
entirely replaced by shale, while'perhaps a few hundred yards
further on they appear again, the transition often being sharp.
This ore is in quantities too small and of too poor quality to
be of value,

The relation of the different rocks to the different kinds of
ore found on this property is shown in the accompanying
figure 4, which represents a section in a north-south direction
across the ridge on which the claim is situated. The deposits
marked C represent the brown hematite in the siliceous shale.
‘The deposit marked D is the ore at the contact of the shale
with the novaculite, of which an analysis is given above,
‘The continuation of the ore below the surface, as represented
in the figure, is imaginary, as no mining has been done, but

Figure 4. Norti-south section throwgh the Bud fones claim No. 1, Monigomery county, show-

. ing Lhe occurvence of the fvon deposit,
A. Gray novaculite,

B. Siliceous shale.

C. Irondeposits in the silicecus shale.

D. Iron deposit at the contact of the silicecus shale and the novaculite,
Horizontal scale : 1 inch=800 yards. WVertical scale: 1 inch—=400 teet,

i b gy s =
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it shows the general direction of the downward extension of
the deposits. The thickness of the ore beds as represented in
the figure is greatly exaggerated, this being necessary in order
to make the positions of the deposits clear.

The Bud Jones clatin No. 2—The Bud Jones claim No. 2 is
in 3 S., 23 W, section 23, the southwest quarter. It is less
than a mile south-by-east from the last locality. I‘ragments
of iron ore, similar to the first kind described at the last place,
are scattered over the surface. The ore is not seen in place,
as the main deposit is concealed by loose material. The sur-
face fragments are frequently made up of a mass of thin stal-
actitic branches, from a sixteenth to a quarter of an inch in
diameter.

The Bud Jones claim No. 3.—The Bud Jones claim No. 3 is
in 3 S., 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 upper part of the ridge;
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, this de-
posit of ore is not interbedded with 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 then slopes up-
ward more gradually. In the face of this ledge a cross section
of the ore deposit is well exposed. Twenty feet above the
shale the deposit thins out to a few inches in width.
of similar though smaller deposits, from one to twelve inches
in thickness, are seen in the face of the ledge. Sometimes
thin layers or small pockets of the same kind of ore follow the
contact of the two rocks in the nornal interbedded manner,
The deposits across the bedding probably represent crevices
filled with ore derived from the bedded deposits or from iron
scattered through the surrounding rocks. The ore is in too

Sections.
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small quantities to be of value as a source of iron. ‘The fol-
lowing analysis by W. A, Noyes shows the composition of
this ore:

Analysis of irvon ore from the Bud Jones claim No. 3, Montgom-

ery counly.
15 {1 e I - R e o LR b4.64
BIHCA ;o stvvsams s smans SR NG R 0.84
Phosphorus....vcvviieiiiiaravanenrasnians 1.79
Manganese «.ovuoonitirirrn i 0.30

The analysis shows the ore to be of good quality in its high
percentage of iron and low percentage of silica, but its value
is injured by its large percentage of phosphorus.

The Dunney claim.—The Dunney claim is in 3 S., 23 W,,
section 30, the northeast quarter of the northeast quarter. It
is about a half a mile west of the last claim and on the sum-
mit of the same gray novaculite ridge. The ore deposit con-

sists of a breccia of soft, angular, novaculite fragments, from a
fraction of an inch to six inches in diameter, cemented by a -

bright, submetallic, steel-gray iron ore,* The ore is generally
in the form of thin seams, a fraction of an inch in thickness,
cementing the rock fragments, though sometimes pure masses
several inches in diameter are seen. Occasionally it is in
mammillary ‘or stalactitic forms, or in small, flat nodules stuck
to the novaculite fragments, The breccia runs along the ridge,
but rapidly thins out in either direction. This ore is too much
mixed with the rock to be of value, and the quantity is too
small to pay to concentrate it.

An examination of the breccia shows that, though the frag-
ments of the rock are separated by thin layers of ore, the
angles of any two pieces of rock directly opposite each other
would almost always fit together if the ore were removed,
It is probable, therefore, that the brecciation is caused by
the shattering of the rock in place, and not by the cementing
together of novaculite fragments indiscriminately mixed.

The Golden Gate claim.—The Golden Gate claim is in 3 S.,
23 W., section 31, the northwest quarter. Here the same

*This ore is the one referred to on page 66 as representing the miveral turgite,

e =
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breccia is seen as at the last place, except that the iron ore has
a brown, dull, earthy, porous appearance, instead of a bright'
submetallic lustre; a fact, however, which may be due to sur-
face weathering: The thickness of the outcrop is not seen on
account of the covering of loose material, but fragments of ore
are scattered for a distance of over two hundred yards along
the north slope of the mountain. Occasionally masses of pure
ore are found, weighing from one to two hundred pounds.

Township 4 S., 24 W.—The main novaculite ridge of this
region passes through township 4 S., 24 W., from northeast to
southwest, in a series of zigzag folds. Small quantities of
iron and manganese ores are found in the novaculite at many
places in the hills, but both 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 S., 24 W., crosses

one of the main' novaculite ridges. Beyond, to the west, the
ridge rises again to a height of 580 feet, and continues toward
the head waters of the Little Missouri River.

In the ridge on the west side of the Caddo River, and imme
diately north of the village of Caddo Gap, a stain of iron
occurs in the novaculite at the contact of that rock with the
shale, on both sides of the ridge, and occasionally small
masses of ore are seen. These exposures can be followed
thence westward, but the quantity of the ore is insignificant
and of no commercial importance.

“ S Crossing.”’—Such occurrences as those just mentioned
at Caddo Gap, are again seen on a trail crossing the main ridge
about two miles west-by-north from the village of Caddo Gap.
The trail passes through a circuitous gorge, from which the
name “ S 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 seams and pockets of iron
ore like that just described as occurring at Caddo Gap. These
vary from one to eighteen inches in thickness and occur in a
belt of novaculite about fifty feet wide. They are not in
workable quantities.
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North Mountain.*—North Mountain is the name locally ap-
plied to the novaculite ridge running north-of-west in 4 S., 26
W,, about two miles north of Fancy Hill Post-office. It is the
continuation of the ridge at Caddo Gap. On the slopes of the
mountain the iron and manganese stratum occurs in the gray
novaculite, near its contact with the shale, and follows the
strike of the rocks along the ridge. Both the iron and the
manganese ores are in very small quantities, the latter especially
so, and the ore-bearing stratum is usually marked only by a
ferruginous stain or by small seams or bunches of iron ore.

The Burns claim.t—This one of the Burns claims is in 4 S.,
26 W, section 18, the southwest quarter, and is on a low foot-
hill of the main ridge lying to the north. The gray novaculite
forms the south slope and the siliceous shale the north slope,
their contact coming at the crest of the hill. Along this con-
tact line numerous flat masses of a laminated, brown hematite,
from three to twelve inches in thickness, are found among the
loose rock. Very little stripping has been done and the main
body of the ore is not exposed, so that the full thickness of the
deposit cannot be seen, but the ore is probably limited in quan-
tity and is of low grade, .

A similar ore occurs in a hollow separating this hill from
the mountain to the north, and in one place a bed ten feet
thick was seen. In many other places in the neighborhood,
both to the east and to the west, in the direction of the strike
of the rock, similar though somewhat smaller outcrops occur.
The ore intermittently blends into the shale and disappears.

Caddo Mountain—Caddo Mountain bears east and west
through the extreme southwestern part of 3 S., 26 W., and
into 3 S, 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 parts of the ridge are composed of
gray novaculite, and the black siliceous shale occurs on the
slopes. On the summit are numerous outcrops of a black or
dark gray iron ore, with a bright submetallic lustre, frequently

*This name is also applied to several other ridges in the Ouackita Mountains.
tMr. Burns has a large number of claims in Montgomery and Polk counties.
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in globular, stalactitic, or mamillary 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 frag-
ments. It decomposes on the surface into a brown, earthy
ore. The mixture of ore and rock is from ten to forty feet in
width. It was followed for two miles along the crest of the
ridge and is doubtless traceable for a still greater distance.
The amount of ore, however, in any one place is small, as the
novaculite fragments compose by far the larger part of the ore-
bearing stratum. The ore,though sometimes in small pockets
free from rock, is generally in the form of thin layers or films
in the novaculite.

The Crooked Creek region—Crooked Creek runs west
through the northern tier of sections of 4 S., 27 W., and then
turns abruptly to the southeast, flowing thence into the Little
Missouri River, in the same township., It forms one of the
main forks of the Little Missouri River in this region of the
head waters of that stream, and its valley is bordered by no-
vaculite ridges. Several small pits have been sunk on the
ridges on the outcrop of the iron and manganese stratum.
Both ores are in small quantities of no commercial value.

POLK COUNTY,

Geneval features—The iron ores of Polk county are in
almost all respects similar to those just described as occurring
in Montgomery county. The ore is found either with, or in
the same region as, the manganese ores of Polk county, which,
as in the other counties of the Quachita Mountains, have al-
ready been described in Vol. I of the Annual Report of the
Survey for 18go. Only the iron ores will be mentioned here.

Leader Mountain.—Leader Mountain runs a little north-of-
west in 4 S., 27 and 28 W, partly in Polk county and partly in
Montgomery. It commences at the Little Missouri River and
passes thence westerly to the waters tributary to the Cossatot
River. A number of claims have been taken up along its
course on the exposures of the iron and manganese stratum,

The largest of the iron exposures yet found is on the J. Guy
7 61
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Lewis claim. This claim is on Leader Mountain, about two
and a half miles west of the line between Polk and Montgom-
ery counties. A small cut has been made on a deposit of hard,
brittle, brown hematite, of a shaly structure. The ore occurs as
pockets and lenticular beds in the novaculite, the largest seen
being a pocket two feet in diameter. Such deposits are scattered
irregularly through the rock, on the summit of the mountain,
over a breadth of about twenty feet. The ore is traceable in
intermittent outcrops for half a mile east and west from the
cut, and also occasionally beyond these limits. The ore is of
too poor a quality and in too small quantities to be of value.
Sometimes a few small masses of hard, steel-blue manganese
ore occur in the iron ore, especially at its contact with the
country rock.

The following analysis by A. E. Menke shows the composi-
tion of the iron ore on this claim:

Analysis of iron ore from the J. Guy Lewis claim, Polk county.

TEOM . vunseassvnnsrreesssnsssnsnnsasssanns 16.22
SIlER .. - warereirnee smeeomeomiereenes 1052
Phosphorus .......» P e 0.773
Sulphur. .o overe e 0.137
Manganese ... cevieeen RN trace.

The analysis shows the ore to be too low in iron and too
high in silica to be of any value.

Pointed Rock tunnel—Pointed Rock tunnel is in 4 S, 28 W,
section 19, and is the property of the Arkansas Development
Company. A deposit of hard, laminated, brown hematite
occurs here, interbedded in gray and black siliceous shale.
The rocks stand vertically or dip at angles of from 70° to 80°
to the north, and form part of a low hill. A tunnel has been
run in at the foot of the hill, just above the level of a small
creek, and follows the iron ore in the direction of the strike of
the rock for about a hundred feet. The ore occurs in a series
of parallel strata, from one to twelve inches in thickness, sep-
arated by similar strata of shale, or of clay which has re-
culted from the decomposition of the shale. The northern
part of the hill is composed of the gray novaculite, and the
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-ore occurs near the contact of the shale with that rock, The
rocks strike across the hill, and the ore can be traced for a
distance of about a quarter of a mile over the summit and
down to a creek on the other side. The alternating strata of
iron ore and shale occupy together a belt varying from twenty
to fifty feet in width. In places the combined thickness of all
the ore strata, if brought together, would amount probably
to over five or six feet; in others, it would not be a quarter
of that thickness, Sometimes the ore in a given stratum runs
out and is représented by rocks for a few feet, but it usually
appears again beyond.

The following analysis by A.E. Menke shows the composi-
tion of the ore from this claim:

Analysis of iron ove from Pointed Rock tunnel, Polk county.

Iromasa e R SRR s s 14,51
Siliea ...l i e ... 41,40
Phosphoriah. oo ovasmmiransswiesn i 0,191
Sulphur ............ T I S P 0,082
Manganese. ..oovuirirres asaseannnrnonss a little

The analysis shows the ore to be too low in iron and too
high in silica to be of value.

Gillam Springs—Gillam Springs are in 4 S., 30 W., section
22, the southwest quarter of the northwest quarter, on the
Dallas and Centre Point wagon road, twenty miles, by the
road, south of the former town. The property belongs to Mr.
Asa Williamson, and consists of a series of small sulphur
springs.

About a_'mile east of the springs, the brown hematite, which
usually accompanies the siliceous shale, is seen in many
places in that rock, in a series of strata from a few inches to
several feet in thickness, alternating with similar strata of shale,
Numerous such exposures occur on the western end of a ridge
northeast of Gillam Springs, and in one place a surface expos-
ure, between four and five feet in thickness, was seen. Larger
ou.tcrops are said to have been found and prospected in this
.nelghborhood. Sometimes the same stratum is represented
in one place by iron ore and in another by rock, and such oc-
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cutrences often repeat themselves for several hundred yards.
The ore is in most places, however, highly siliceous, and this
fact, added to the variability of the deposits in their amount
of ore, makes them undesirable as sources of iron.

Hannak Mountain.—Hannah Mountain is in 4 S., 29 and 30
W., and is one of the most prominent ridges in the novaculite
belt of the Cossatot River. It runs from north of Tall Peak
Mountain on the east, in a direction of a few degrees north of
west to the Cossatot River, and thence beyond the Cossatot to
the Brushy Creek fork of that stream, a total distance of over
ten miles. Hannah Mountain east of the Cossatot River is
known as East Hannah, and west of the river, as West Hannah.

There are numerous exposures of manganese and iron ores,
similar to those already described, along the course of the
ridge. The ores are generally at or near the contact of the
novaculite with the siliceous shale. The outcrops follow along
the mountain and vary in position with the contact of the
rocks, at times rising to the summit, but more generally drop-
ping a short distance on the slope, generally on the south side.
The iron ore usually occupies a position similar to the manga-
nese ore, but it also occurs in the shale lower down the moun-
tain side. Several openings have been made on the manganese
deposits and a few on the iron deposits of Hannah Mountain,
those on the iron having usually been made under the impres-
sion that the ore was manganese. The only iron opening
worthy of mention is on the High Peak of Hannah Mountain.

The High Peak of Hannah is the highest part of the Han-
nah ridge, and is 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

hematite in the novaculite. The deposit is three feet in the °

widest part, and about two thirds of it is composed of ore,
the rest being rock. It follows along the slope of the mountain
for about ten feet, and beyond this, in both directions, it be-
comes thin and is often represented by only a stain. The ore
is not in sufficient quantities to be of value.

To both the east and west of the High Peak of Hannah, on
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the same mountain, small seams and nests of manganese and
iron ores occur in the gray novaculite,

Buckeye and Shadow Rock Mountains—Buckeye and Shad-
ow Rock are names given to different parts of a novoculite
ridge which runs parallel to and immediately north of Han-
nah Mountain, in 4 5., 28 and 29 west. 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 Cossatot River, and is separated
from East Hannah Mountain by a deep ravine which marks the
course of Short Creek, a tributary of the Cossatot.

A large number of claims have been taken on the exposures
of the manganese and iron stratum on various parts of the
mountain, and the principal iron claims are :

(1.) The Walston claim.—The Walston claim is on a spur
of Buckeye Mountain known as Manganese Mountain. Lay-
ers of glossy black or dark brown iron ore (limonite, brown
hematite), from two to six inches in thickness, are interbedded in
the gray novaculite. The ore also runs across the stratification,
in fractures in the rock. The deposit occurs on the crest of a
small, local anticline, and the layers of the ore dip off on both
sides of a small pit that has been made on it.

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. Itis said to have
been in larger quantities than at the last place.

(2) A short distance west of the last locality, on the main
Buckeye Mountain and about four miles east of the Cossatot
River, are several other claims. A stain of iron and mangan-
ese and occasionally a few small seams of those ores occur in

“the rock, but no large deposits have been found.

(3.) 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 ridge here is known
as Shadow Rock Mountain,
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Two hundred yards farther down the slope of the mountain,
strata of brown hematite occur in the siliceous shale. There
are fifteen feet of interbedded layers of brown hematite and
rock, with an undulating dip of 60° to 80° north and a strike
in an east and west direction, parallel to the ridge. Some-
times the iron ore composes the larger part of the deposit, but
usually the latter is rock stained with iron, thus giving the im~
pression that the ore is more plentiful than it really is.

(4.) About a mile east of the Cossatot River, and still on
the southern slope of Shadow Rock Mountain, several out-
crops of iron and manganese ores occur in the gray novacu-
lite, at or near its contact with the siliceous shale. This ore-
bearing stratum is known locally as the ** Prince Edward lode,”
a name which is somewhat indefinitely applied to almost alk
the claims on this ridge from Manganese Mountain on the east
to the Cossatot River on the west. The iron ore is sometimes.
associated with manganese ore, sometimes free from it. Both
ores run irregularly through a stratum of novaculite, varying
from three to five feet in width, and form from a tenth to a half
the mass.

The C. C. Avant claim—The C, C. Avant claimis in 4 S., 30
W., section 1, about a mile west of the Cossatot River, on the
south slope of a novaculite ridge and about a quarter of the
way from the summit. Here the ore-bearing stratum is repre-
sented mainly by iron ore, though small quantities of a black
manganese ore sometimes occur., The iron ore is 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 sometimes 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.—The manganese mines
of the Arkansas Development Company have already been de-
scribed in Vol. I of the Annual Report of the Geological Survey

‘lhc manganese c[mms of Mr, C. (, Avant havt-. already heen descnlscd in H.e Annual Repur!
of the Survey for 1890, Vol. I, pp. 867-308.
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of Arkansas for 18g0. Below are given descriptions of some of
the company’s openings made on iron ore in the region west
of the Cossatot River. The claims of this company at Pointed
Rock tunnel, east of the Cossatot, have already been described
on pages 98-99. No work is being done now on either iron
or manganese ore, and no iron ore has ever been shipped from
the company’s properties.

Tunnel No. 2 is a little over a half a mile east-northcast of
the Ward manganese mine, which is the property of the above
mentioned company. The tunnel is twenty feet long and was
run on a deposit of brown hematite, in a gray siliceous shale.
The ore is interbedded in the rock in irregular pockets, from a
few inches to a foot or more in thickness. It is laminated and
has much the same structure as the enclosing shale, into which
it blends both laterally and vertically. The quantity of the
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, ex-
isting in the form of a fine siliceous powder.

Little Manganese Mountain.—Little Manganese Mountain is
the name given to the western end of the novaculite rfdge
running parallel to, and a mile south of East Hannah Mountain.
Iron and manganese ores are found on it a mile east of the
Cossatot River, where the mountain begins to slope down to
the valley of that stream. The claim is owned by Mr. William
Allen, The ridge here is composed mostly of gray novaculite,
dipping at angles of from 45° to 60° north and overlain on the
northern slope by the siliceous shale. At the contact of the
novaculite with the siliceous shale are disconnected strata of
brown hematite, associated with a smaller quantity of manga-
nese ore, and varying from a fraction of an inch to four inches
in thickness, The strata run sometimes continuously in the di-
rection of the ridge for fifty or sixty feet, and then thin out, ap-
pearing again beyond. The manganese ore is in much smaller
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quantities than the iron ore, and cccurs in nodules and thin
seams. As a rule, the iron cre seems to be largely confined to

the contact of the novaculite and shale, while the manganese
-ore occurs not only there, but also extends into the novaculite
away from the contact line. Both ores are in quantities of no
.«commercial importance,

E

CHAPTER VI.

THE IRON DEPOSITS OF SOUTHERN ARKANSAS.

(The southern part of Saline county, Dallas, Ouachita, Nevada, Hempstead and

Lafayette counties.)

THE LOCATION OF THE DEPOSITS,

The iron deposits of southern Arkansasinclude the ores that

‘occur in the flat or rolling country south and east of the line of
the St. Louis, Iron Mountain and Southern Railway, and west

of the Arkansas River. Under this heading, therefore, come
the iron deposits of the southern part of Saline county, Dallas,
Ouachita, Nevada, Hempstead and Lafayette counties. The
ores in this region occur in a belt of country extending from

Saline county on the northeast, in a southwesterly direction to

the bluffs of the Red River bottoms in Hempstead county,
an area of over a hundred miles in length and from one to
over fifteen miles in width. The iron deposits, however, are
not found continuously throughout this area, but only at inter-
vals, and there are often many square miles of territory in
which no ore at all occurs.

THE GEOQOLOGIC RELATIONS OF THE DEPOSITS.

The geologic position of the iron deposits of southern Ar-

kansas is in the Eocene series of the Tertiary, and probably

mostly below the Claiborne horizon of that series, although more
or less iron is characteristic of almost all the Tertiary strata of
the state. In eastern Texas, where the geologic position of

the Tertiary iron ores is more easily defined than in Arkansas,

two principal divisions of the Eocene contain noticeable quan-

tities of ore: the lower one is the great series of sands and clays

which forms the central part of the Eocene (the Timber Belt

-or Sabine River beds of the Texas section); the upper one is
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the Claiborne glauconite that overlies these beds.* In Arkan-
sas practically all the ores seem to correspond approximately
to the horizon of the lower deposits of Texas, though it is pos-
sible that small quantities of ofe exist in a horizon correspond-
ing to the upper one in Texas, as iron ore in glauconite of
uncertain position in the Eocene series is of not infrequent oc-
currence in southern Arkansas.t

The iron ores of southern Arkansas, and also those of the
lower horizon in Texas, are not confined to one individual
stratum, but occur in various positions in the beds of which
they form a small yet characteristic part.

THE NATURE OF THE ORES.

Most all the iron ores of southern Arkansas are limonites, or
brown hematites, in various physical forms, though small quan-
tities of carbonate or spathic iron ore, also known as clay-iron-
stone, occur in some places. Infact,as will be shown in the next
chapter, the carbonate ore was probably the original form of
much of the present brown Lematite. In the classification of
the Texas brown hematites in the report referred to above, the
ores were divided into three groups, distinguished by their
physical structure; namely, (1) brown laminated ores, (2)
nodular or geode ores, and (3) conglomerate ores, the last
usually an unimportant product of the erosion of the first two and
the cementing of their fragments. In Arkansasthe typical brown
laminated ore is wanting, as is also any large quantity of the
conglomerate ore. The nodular or geode ore comprises the
mass of the deposits, to which may be added the unimportant
carbonate ore. Another variety of ore, however not known
to exist in Texas, occurs in the Arkansas Tertiary strata. It

*For a more detailed description of the geologicrelations of the iron deposits of eastern Texas,
see First Annual Report of the Gealogical Survey of Texas, 1880, E T, Dumble, State Geologist,
Preliminary Report on the Geology of the Gulf Tertiary of Texas from Red River to Rio Grande,
by R. A. F. Penrose, Jr., pp. 65-81,

tFor a more detailed account of the general geology of the Tertiary areas of Arkansas, the
reader is referred to the Annual Report of the Geological Survey of Arkansas for 1888, ¥ol. I1, the
Neozoic Geology of Southwestern Arkansas, by R. T. Hill; to the Annual Report of the same:
Survey for 1889, Vol. 11, the Geology of Crowley’s Ridge, by R. E. Call; and also to the special
report on the Tertiary geology of Arkansas now in preparation by Gilbert D. Harris.

_&f“—-—'—
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is a pisolitic iron ore in the form of a bauxite (hydrous oxide
of alumina often containing iron), highly charged with iron,
and having the structure of a rusty brown mass of the globular
bodies characteristic of bauxite, These globular bodies are
about the size of peas, and hence the term pisolitic, from the
Latin word, pisum, a pea.

Three varieties of ore may, therefore, be distinguished in the
southern Arkansas region:

(1.) Nodular ore (brown hematite, limonite).

(2.) Pisolitic iron ore, or ferruginous bauxite.

(3.) Carbonate or spathic ore (clay-ironstone).

Of these three varieties, the nodular ore is the most im-
portant, and is also of better quality than any of the rest.
It is characterized by the concretionary or nodular character
of the masses composing the ore beds, though it sometimes.
occurs in mammilliary, stalactitic and botryoidal forms. The
nodules are often, and in some places generally, hollow, form-
ing geodes, or “iron pots,” varying from a fraction of an inch
to several feet in diameter. The nodulesare frequently ce-
mented together by ore, or by a ferruginous sandstone, and
form a more or less continuous bed, while at other times they
occur loose in the enclosing sands and clays. They are gener~
ally partly filled with a yellow, brown or red clay and sometimes’
by a ferruginous ochre. They vary from yellow and brown to
almost black in color, and the geodes are usually lined on the
inside by a brilliant black gloss. Sometimes the outer part of
a geode is an amorphous mass, while the inside exhibits the
fibrous character of certain hydrous sesquioxides of iron.
Frequently branching or dendritic protrusions of ore extend
from the inside surface of a geode into the hollow interior,
The more solid nodules have a concentric structure, the indi-
vidual layers being often separated by narrow spaces which
generally contain more or less earthy matter. PlatesIITand 1V,
in the present chapter and succeeding one respectively, illus-
trate the nature of the geodes.

The nodular ores vary considerably in chemical composition..
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Analyses of ivon oves from southern Avkansas.

‘ | & | ¢ ( 5
= 3 & Al k-1
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& - g I = by =
g H i 2 = g ]

2 = = = )
Z ] n P |77] = :'
dean 15 S ———ee F— _,__‘,_I ‘
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| Savive County (southern part.) |
. |

1{R. W. Worthen tract, 8 S., 13 W, Sec. 6........ | 4094|3026 | 0.070 | . Trace.|Brackett.

i 13 L |

e we i ¢ “ BN e | 2257 | 2.96| 0193 | 0.548 Alittle| Menke.

i : |

sivoung tract, 28.,14 W,,Sec. 33, N. E....... ... 2110 | 28,86 | 0.110 | 0.178 |A little|  ©
4IFranE: Davis tract, 2 5., 14 W, Sec.l......0000 | 20,98 | 212 | 0.262 | 0.452 | Trace. A
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| I

7| Griswold’s mill, 10 S, 16 W, Sec. 4, ...00uuun.. 8067 | 4048 | 0701 | ... |None. |Brackett.

|
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|
OuacHrra County. |
9| Five miles west of Camden, 12 5,18 W .. ...... 26,15 5216 0,588 [..... Nene. 1
10| Wm. Brown tract, 125, 18W...... .. ........ 85.68 | 35.93] 0280 ... Nome.|
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140w “ BB s | 20.88 | 50.63 | 0,223 | ... | “
1 w ¢ . | |
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| | |
16 - Y o |

iF,lgl.u: miles north of New Lewisville , ... . .. | 26,47, 6210 0200 |..... |Mone . 2
17w L “ oieisn. | 278158820186 ... ‘ s« A

LAFAYETTE COUNTY. | |
18| Boyd Farm, near Lewisville ............. . |3818|26.78 0150 ... |None.|
19] +* *e uF w T 19.68 | 6h.B2 | 0137 .. ‘ ) b

As will be seen by the accompanying table of analyses* they
range from less than 20 per cent to over 50 per cent in iron
from 2 per cent to over 30 per cent in silica, and from 0.07 per’

*Avalyses Nos. 1, 2, 8,11 and 12 repi‘eser.ll nodular ores,
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cent to over 0.4 per cent in phosphorus. The phosphorus in
all the nodular ores is too high to allow them to be used for
Bessemer steel; and even if they were found in sufficient quan-
tities to pay for mining they could only be sold as non-Besse-
mer ores (see pages 8§-10.)

The p{isolitic ore, or ferruginous bauxite, referred to above,
usually occurs in the neighborhood of the exposures of syenite
(commonly called granite) which are numerousin Pulaski county"
and in the eastern part of Saline county, and it has possibly
been derived largely from that rock.*

The deposits are usually associated with, and often inter-
‘bedded in, Tertiary sands, showing that they were formed dur-
ing Tertiary times. They generally lie on or near exposures-
of syenite. The ore often occurs in beds of probably over ten
feet in thickness, covering considerable areas, but, as will be
seen by the accompanying table of analyses,T the average con-
tents of iron is too low and the alumina too high to allow the
material to be of value as a source of iron. The iron in it varies.
from 5 per cent to rarely as much as 50 per cent, the silica.
from 2 to 15 per cent, the phosphorus from 0.1 to over 0.3 per
cent, and the alumina from over 24 to over 5o per cent. A large
amount of alumina in an ore makes it refractory and diffi-
cult to use in a furnace; and the percentage of this constitu-

ent in the pisolitic iron ore (ferruginous bauxite) of southern
Arkansas would prevent its utilization as a source of iron.

The chemical composition of bauxite is represented by the
formula (Al.Fe),O (HO), in which the aluminum and iron may
replace each other in various proportions. In the ordinary
Arkansas bauxite the iron is low, rarely going over 10 per
cent: but in the pisolitic iron ore, or ferruginous bauxite, a.
considerable part of the aluminum has been replaced and the

*For a fuller description of the Arkapsas bauxites in Pulaski and Saline counties see: Annual
Report of the Geological Survey of Arkansas for 1889, Vel. 1,by J. C. Branner; and the same
authority in the American Geologist, 1891, Vol. VII, p.181; alsa Annual Report of the Geo--
logical Survey of Arkansas for 1890, Vol. I1, by J. Francis Williams.

+Analyses 4, 5 and G represent samples of pisolitic iron ore.
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1iron sometimes runs up to over 30 per cent and in rarer cases
to over 5o per cent.*

The carbonate ores are usually impure and rarely contain as
much as 30 per cent of iron. They are too low grade to be of
value, and besides, they occur in only very small quantities.
“They generally form the kernels of masses of brown hematite,
and probably represent the source of that ore, as will be more
fully explained in the next chapter.

Besides the varieties of ore just described, large deposits of
brown ferruginous sandstone occur in the southern Arkansas
region, These represent local areas of sand hardened by the
percolation of ferruginous solutions, and they pass by abrupt
gradations, both laterally and vertically, into loose sands.
Sometimes brown ferruginous conglomerates, composed of sil-
iceous pebbles in a sandy cement, also occur, The sandstones
and conglomerates are often in much larger deposits than the
iron ores and arelocally mistaken for good ore, thereby giving
a false impression of the abundance of the latter. Such ma-

terials{ are too low in iron and too high in silica to be of any
commercial value as a source of iron.

THE MODE OF OCCURRENCE OF THE ORES.

The nodular ore, which is the most important variety of iron
ore in southern Arkansas, is interstratified with the Eocene sands
and clays of the region, and occurs in beds varying from a few
inches to three feet or more in thickness, The ore beds and
associated strata lie almost horizontally, with an occasional
slight dip southward. Sometimes several practically horizon-
tal ore beds occur in the same group of strata, and are sepa-
rated by beds of sand and clay from a few inches to many feet
in thickness.

The region in which the iron ore occurs is a comparatively
low country with elevations rarely reachmg over five hundred

*Whether lhe presence uf Im;,e qunntltles of iron in this b..-mmtc is due ennr:ly to a chemical
replacement according to the formula given above, or partly to a mechanical admixture of ferru-
ginous materials with a bauxite lower in iron, has not yet been demonstrated, It is probably due
to both causes combined,

+These materials are represented in the table of analyses by Nos, 9, 14, 15, 16, 17 and 19,
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feet obove the sea level. The strata of the region are all of a
soft incoherent nature, with the exception of the iron ores and
the beds of sandstone already described. These harder mate-
rials, therefore, have been largely instrumental in moulding the
topography of the country during erosion. The usual topogra-
phy, where the harder materials are absent, is almost flat or
gently rolling. Where the ore and sandstone are present,
however, the region is much more broken, and is composed of
abrupt hills and ridges, flat on top and sloping off rapidly
towards the creek and river bottoms. Though these hills are
rarely over one or two hundred feet above the surrounding.
drainage, they are in marked contrast with the usual Tertiary
topography, and are locally known as mountains. Their form
has been regulated by the harder strata, which, resisting ero-
sion better than the associated sands and clays, have protected
the beds immediately under them while those above them have
generally been largely, and sometimes altogether, removed. As
a result of this erosion, the iron ores, as well as the sandstones,
often cap the hills or occur near the summits; though of
course, where there is a series of harder beds, one above the
other, and separated by beds of sand and clay, the lower ones
may appear well down the hills or even in the hollows. Oc-
casionally a covering of sand or clayey sand still overlies the
harder beds on the summits, and in such cases the ore or sand-
stone is seen only where it crops out on the upper slopes,
forming a rocky rim around the hills or along the ridges.

The accompanying ideal section, figure 5, shows the general
mode of occurrence of the iron ores.

LIt

Figure 5.. Ideal section showing the mode of vecurvence of the Tertiary 1ron OFES.
1. Sands and clays.
2, Ore beds.

Though the Tertiary iron ores occur over a large area in
Arkansas, they are scattered, and the better grades of ores are
rarely found in large quantities in any one place. The large
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beds of sandstone and low grade earthy ores common in south-
ern Arkansas are often mistaken for good ores, and this delus-
ion has given people a false idea of the quantity of the latter.
Such materials are described later in treating the region west
of Camden and north of New Lewisville. The quantity of the
better ore is small, and, though it is not impossible that it may
in some places be found to occur in somewhat larger deposits
than are at present known, it is improbable that any very large
quantities will ever be discovered.

THE COMMERCIAL VALUE OF THE DEPOSITS.

From what has been said of the nature and mode of occur-
rence of the iron ores of southern Arkansas, the following
facts are evident: all the ores, with the exception of the
nodular ores, are of too poor quality to be of value. Large
bodies of a ferruginous sandstone or conglomerate, and of
a very sandy, brown hematite ore, are numerous in the region
and are usually mistaken for good ore, but they are entirely
worthless as sources of iron. The nodular ores contain too
much phosphorus to be classed as Bessemer, but some of them
are of very good quality for non-Bessemer ores. They occur,
however, in deposits which are limited when it is considered
that a large amount of ore is necessary to support an iron min-
ing industry, They are from eight to fifteen miles from the
nearest railway facilities, which are the St. Louis, Iron Mountain
and Southern, and the St. Louis and Southwestern Railways.
Limestone would have to be brought from an outside source.,
at distances of probably from fifty to a hundred miles. The
ores are near the surface, however, and easily mined; and
there is a large amount of timber fit for making charcoal in the
vicinity ; so that it is not impossible, in view of these advan-
tages, that a small iron industry might, under especially favor-
able conditions, be supported on the better class of the ores of
this region,

THE SOUTHERN PART OF SALINE COUNTY.

General features.—The iron ores of the northern part of
Saline county, in the Ouachita Mountains, have already been

THE IRON DEPOSITS OF SOUTHERN ARKANSAS. 113

described in chapter V; but far more numerous deposits of
iron ore occur in the Tertiary region in the southern part of
the county. Most of them lie to the east and south of the
town of Benton. The nature, mode of occurrence and com-
mercial value of the ores have been treated in the preceding
paragraphs.

The R. W. Worthen tract—The Worthen tract is in 3 S., 13
W., section 6, about eight miles southeast of Benton, Several
small prospecting pits have been made, but no ore has been
shipped. The property consists of a series of low but abrupt
hills and ridges separated by narrow ravines. The ore either
caps the hills and ridges in horizontal beds or lies within a few
feet of the summits. The ore-bearing formation varies from
one to twenty-five feet in thickness, though in the cases where it
is more than two or three feet thick, it is not all solid ore, but
consists of layers of ore separated by layers of sand and sandy
clay. The sand is usually red or mottled red and white.

The ore is not continuous on the hills, but alternately runs
out and appears again; nor is it equally distributed through-
out the sandy strata that contain it, but it occurs in patches
and segregations.

Instead of being capped with iron ore the hills are frequently
capped with a dark brown, highly ferruginous sandstone, often
containing rounded siliceous pebbles from a fourth of an inch
to two inches or more in diameter. This material is worthless
as an ore, for it contains probably over 60 per cent of silica,
yet it is commonly mistaken for good ore, and therefore gives
a false irﬁpression as to the quantity of ore on the property.

The better class of ore is a brown hematite, varying con-
siderably in character. Sometimes it is in layers, brown or
yellow in color, and either dense or earthy and sandy. At
other times it is in geodes, or “ iron pots,” from one inch to two
feet in diameter, with a concentric structure, yellow or brown
color, and often a glossy, black, mammillary surface inside.
Though these masses of ore are usually hollow, they sometimes
contain kernels of heavy,compact, gray carbonate of iron or

clay-ironstone. The kernel and the outer part blend into each
8 G-I
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other and point to the origin of the brown hematite crust from
the clay-ironstone, as will be more fully explained in the next
chapter. Generally both the massive, and the “pot” ore are
associated together in the same bed.

Though the ore on this property is sometimes fairly good, it is
often highly siliceous, containing sand in considerable quan-
tities. It may be said, however, that there is more ore in sight
on the Worthen tract, than on any other seen in the southern
part of Saline county. The following analyses, the first by R.
N. Brackett, the second by A. E. Menke, show thc composi-
tion of average samples of the ore:

Analyses of ivon ove from the R. W, Worthen tract, Saline county.

PO o s e v SRS 4094 ... ... 22567
Silica ...... PP | - | S S 2.96
Phosphorus ....u. ... D07 o 0.193
Sulphur ... ..., - Paveasaeaies 0 548
Manganese ........... tiace ... ...... a little

The analyses show both samples to be low in iron, and the
first sample to be high in silica, though somewhat better sam-
ples could be gotten from the property.

Smaller deposits of ore, sandstone and conglomerate, similar
to those on this property, occur at many points between this
place and Benton. .

The Young tract—What is commonly known as the Young
tract is in 2 S., 14 W, section 33, the northeast quarter. Sev-
eral small pits have been made on deposits of iron ore much
like those already described on the last mentioned property,
The ore lies horizontally and is capped by sand from a few
inches to several feet in thickness. The ore bed is not contin-
uous, but alternately appears and disappears. It varies from
one foot to over three feet in thickness.

The following analysis by A, E. Menke shows the composi-
tion of a sample of the ore from this property :

Analysis of won ore from the Young tract, Saline county.

Irom..oooiiin i i 21.10

Billed ycomremmninentw RS s e OBl

Phiosplioras s po s iiniiidais ms 0.110
T T 0.178
L a little

THE IRON DEPOSITS OF SOUTHERN ARKANSAS. 11§

The analys:s shows the ore to be too low in iron and too
high in snhca to be of value, though a better grade ore might
be found on the property.

In ome of the small pits a bed of nodular brown hematite
over three feet in thickness is exposed. The ore is capped
by a layer, from six to twelve inches in thickness, of a fer-
ruginous conglomerate containing rounded siliceous pebbles.
The nodules of ore are from eight to twenty-four inches in di-
ameter, and almost always the larger ones contain kernels of
gray clay-ironstone, often more than a foot in diameter. The
smaller ones are often hollow and contain a red clay and some-
times an ochre, both of which are the residual products from
the decay of the clay-ironstone.

A similar ote, but in thinner beds, occurs on several other
parts of the property.

'3 S., 14 W., Section 28.—In the northwest quarter of the
southeast quarter of this section, a pit about twenty feet deep
has been sunk for iron ore. The upper eighteen feet pass
through a mottled sandy clay containing nodules and seams
of brown hematite, and the lower two feet are in a dark
chocolate colored clay.

The Frank Davis tract—The Davis tract is in 2 S., 14 W,
section I. A pit twenty fect long, eight feet wide and about
six feet deep has been sunk on a hard, dark reddish brown, fer-
ruginous bauxite known as pisolitic iron ore. The material is
composed of a mass of globular or spherical bodies about the
size of peas, with a marked conchoidal fracture. In the
bauxite are irregular masses, from an inch to a foot or more in
diameter, of a dark brownish green material composed of mi-
nute pisolitic grains. The syenite (“ granite ") crops out near

the deposit.

The following analysis by A. E. Menke shows the cOmposi-
tion of the ore from this property :
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Analysis of pisolitic ivon ove from the Davis tract, Saline county.

0 P R T T 20 98
Silica...... e 212
Phosphorus .. ...cvveveiisenanaonsnnns 0.2¢2
LT T R R PP 04562
Manganese. ..o .ooaens . oiirraaaiienian trace
AUMINGA . o ovivnrmrrrarssarsaarirssansnss 44,82

The analysis shows the material to be too low in iron and
too high in alumina to be used as an iron ore. The large per-
centage of alumina would destroy the value of the ore, even
if the iron were higher. (See page 109.)

The Claiborne tract—The Claiborne tractisin 2 S, 14 W.,
section 10. A small pit, about ten feet square and five feet deep,
has been made on a pisolitic ore somewhat similar to that on
the Davis tract just described. The ore is often sandy and
lies on the top of a low syenite ridge.

The following analysis by A. E. Menke shows the composi-
tion of the ore:

Analysis of pisolitic ivon ore from the Clatborne tract, Saline

&'03{!31_}'.
IP0M . umenasi vensimns s asr s e W s nsas preess B4
Bilica: cviiiissaiiamaain T 3.46
Phosphorus  «.oieeevevnnsiiisninarierin 0.124
Sulphur. cooi i vernrrmenrirssiannarins 0.274
MADEANESE ... c.ooirirrnirrranentines a little
Alumina.........oenuee bava eeeameaaannes 50,83

The analysis shows the material to be too low in iron and
too high in alumina to be of value as an iron ore. The large
‘percentage of alumina would ruin the value of the ore, even if
the iron were higher. (See page 109.)

The Win. Herr tract.—The Herr tract is in 2 S., 14 W., sec~
tion 3, the east half of the southwest quarter, about a mile and
a half south of Bryant. A shallow stripping has been made
on an ore somewhat similar to that at the last locality, except
that it contains less iron and more sand.

The following analysis by A. E. Menke shows the composi-
tion of the ore:
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Analysis of pisolitic ivon ove from the Wm. Herr tract, Saline

county.
D T T 21.96
BHHOR v i vavossimmnarrrinrarssaabsmsssusins 6.68
Phosphorus .....0eeev S s L e 0.317
Sulphur ... oiiiiee s essareeiaies 0.041
Manganese..ciriasrannas L R a little
ATUMINA . . .acenenessnsianiraranarrares 24 .47

The analysis shows the material to be too low in iron and
too high in alumina to be of value. The large percentage of
alumina would destroy the value of the ore even if the iron were
higher. (See page 109.) '

Other localities in the southern partof Saline county.—-Ores
similar to those already described occur in many other places
in southern Saline county. In 2 S. 14 W,, and probably in
section 2, on the Little Rock and Camden wagon road, half a
mile northeast of the Hurricane Creek crossing, a material
somewhat like that just described on the Herr tract, but of
still lower grade, has been prospected in a few pits. Deposits
of the same nature occur on several other farms in the same
region,

DALLAS COUNTY,

General features.—Iron ores occur in several places in Dallas
county. Some of the deposits are like those already described,
while others differ from them in being associated with glauconite
(greensand). One of the best known localities is that at Gris-
wold's Mill.

Griswold's Mill—Griswold’s Mill is 10 S., 16 W,, section 4,
on Tulip Creek, a mile below the confluence of its two forks.
The bluffs of the creek, on the west bank, rise abruptly for over
twenty-five feet above the water, and are composed largely of
a bed of dark green glauconite (greensand). Interbedded with
the glauconite are thin lenticular layers and masses of a hard
gray or greenish gray carbonate of iron, or clay-ironstone, from
one to four or five inches in thickness. The glauconite bed is.
also cut in various directions by a network of seams of a hard,
brittle, brown hematite (limonite), from a traction of an inch to
a couple-of inches or more in thickness. '
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On a weathered surface the glauconite assumes a peculiar
structure of spherical or nodular masses of the original bed,
similar in a marked degree to the spherical weathering of many
igneous rocks. The masses are surrounded by incrustations of
brown hematite or hard rusty glauconite, which are doubtless
due to the oxidation of the clay-ironstone and of the glauconite
itself. Perhaps the carbonic acid liberated during the oxidation
of the clay-ironstone has been an important factor in the decay
of the glauconite. The spherical masses of glauconite vary from
a few inches to several feet in diameter, and show a peculiar con-
centric structure, as more fully illustrated in plate IT, made from
a photograph. The two figures in the plate represent weathered
masses of glauconite, which had rolled from the face of the
bluff. * The figure on the right shows the exterior form of the
nodules and the way they scale off in spherical layers. This
mass is about five inches in diameter. The mass on the left
is eight inches in diameter, and has been cut in two so as to
show the concentric structure inside of the nodules. The in-
teriors of the nodules have the original green color of the
glauconite, though this is obscured on the surface by the rusty
brown crust.

It is commonly supposed in the neighborhood of Griswold’s.
Mill that the whole bluff of glauconite, on account of its rusty
appearance, is good iron ore. The following analyses of two.
samples of this ore, made by R. N. Brackett, show that it is of
too low grade to be of any value, while the better ore men-
tioned above is in too small quantities to work.

Analyses of iron ove from Griswold’s Mill, Dallas county.

Tvon.vivvess i BEAT s mn ey 87.78
Silica. .... ....... 4048 ..............25.87
Phosphorus. .. ...... L | o) 0 225
Manganese .. ,.... o LR trace

. The analyses show that the materials contain too little iron
and too much silica to be of value as iron ores.
OUACHITA COUNTY.

General features—The iron ores of Ouachita county are
mostly west of the Ouachita River, in the region between the

]
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—

MASSES OF WEATHERED GLAUCONITE, DALLAS COUNTY,
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town of Camden and the Nevada county line. The ores are
somewhat similar to those already described in Saline county.

The Camden and Prescott road. —On the Camden and Pres-
cott wagon road, about five miles west of Camden, and in 12
S., 18 W, thin layers of sandy brown hematite, from one to
six inches in thickness, occur in a cut in the road. The ore is
interbedded with a yellow or rusty brown sand containing
grains of glauconite. Occasionally parts of the sand bed have
become hardened and are intersected by thin layers of ore.
The sand is often in this condition for a thickness of two or
three feet, and, on account of its rusty appearance, is com-
monly mistaken for iron ore. The material contains too little
iron and too much sand to be of value, while the thin layers
of better ore are too few to be worked.

The following analysis by R. N. Brackett shows the compo-
sition of a mixed sample of both materials as they came out of
this bank :

Analysis of ivon ore from near Camden, Quachita county.

LBOH s oo e wieisiiiarn iy W R R e 26,15
Shiea oy rania i nisinniney mrn kR
Phosphorus . ... .. L 0.588
Manganese ... iiiiieiiien.. none

- The analysis shows the material to be worthless as an iron
ore on account of itslow percentage of iron and high percent-
age of silica.

On the north side of the Camden and Prescott road, about
six miles west of Camden and in 12 S., 18 W., a deposit simi-
lar to that just described, occurs on the top and slopes of a
ridge running parallel to the road. The so-called ore is
earthy and sandy, and represents a hardened glauconitic sand.
* Masses of this material from one to two feet in thickness occur
on. the slopes of the ridge. ‘ :

- The William Brown tract—The Brown tract is half a mile
east of thelast mentioned locality, on the same ridge and in
125,18 W. Large quantities of a material somewhat similar
to the ore found there occur on this property. Masses of it, some-
times three feet or more in diameter, cover the top and the
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slopes of the ridge, and can be traced along it in either direc-
tion. The masses have come from a bed covered by a thin
layer of gray sand near the crest of the ridge. The material
often has a peculiar brecciated appearance, as if it consisted of
fragments of ore in a sandy cement. Though this ore is in
considerable quantities it is of too low a grade to be of value.

The following analysis by R. N. Brackett shows the compo-

sition of this ore:

Analysis of ivon ore from the William Brown tract, Quachita

county.
Tron ... ..oeee e T P 85.68
Silica...... R e essrrserarerEasrns 55.95
Phosphorus. .ovue i iinimrmnnrcsss snenes 0.280
Manganese ..oovvereirionnnne oomuaenss none

The analysis shows that the ore contains too little iron and
too much silica to be of value.

NEVADA COUNTY.

General features—The iron ores of Nevada county occur
mostly in the region of Caney Creek, in the central part of the
county. Some of the ores are of fairly good quality for non-
Bessemer brown hematites, but such ores are in small quan-
tities, while the so-called ores which are in large quantities, are
simply ferruginous sandstones of no commercial value.

Rosston—The best exposures of iron ore, so far as known,
in Nevada county, are within a radius of two or three miles of
the village of Rosston. The road running south from Prescott
crosses Little Caney Creek about thirteen miles south of that
town, and from there to Big Caney Creek, a distance of about
three miles, iron ore occurs in many places, especially in the
neighborhood of Rosston, on the farms of E. T. McDaniel and
others, in 13 S., 21 W,

The best ore occurs on or near the tops of somewhat abrupt
hills and circuitous ridges, rising from forty to over seventy-five
feet above the surrounding drainage. The ore iseither directly
on the surface, or is overlain by from a few inches to several feet
of white or buff-colored sand. Below the ore'there is a gray,
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red, yellow or mottled, sandy clay. The ore occurs in nodules
and disconnected layers following the planes of bedding, and
varying from an inch to over a foot in thickness; though the
ore is so rarely seen except in broken fragments, that it is
generally difficult to determine exactly how thick the deposit
is. Lower down on the hills, and lying horizontally like the ore,
are beds of rusty red or brown sandstone, often over three feet
in thickness, and locally mistaken for iron ore. Sometimes
two or more of such sandstone beds crop out on the slopes of
the hills and are separated by strata of sand and sandy clay.
The rock is generally soft and friable though sometimes it is
hard. Occasionally it has the appearance of a sandy con-
glomerate made of fragments of ore and sandstone in a rusty,
sandy cement. These materials, like the true ore, sometimes
cap the hills, and in fact the good ore is often replaced by the
sandstone, or occurs as hollow nodules in that rock.

Besides the main ore and sandstone beds, there are numer-
ous minor thin layers of both these materials.

The characteristic feature of all the less silicous ore in this
region is its geode or “ pot” character; the geodes vary from
one to ten inches or more in diameter, are flat, round or angular,
and are frequently cemented together in a solid mass. The
geodes generally have a concentric structure, and are usually
partly filled with a red, yellow or brown clay. The insides of
the geodes are generally glossy black, and often thin parti-
tions or dendritic protrusions of ore extend into the hollow inte-
riors. The accompanying plate III illustrates the nature of the

" geodes. The specimens have been broken open in order to show

the character of the interiors. The two lower masses are the
halves of one geode, while the upper mass is a half of another
geode, Both of the geodes measure about eight inches in
diameter.

Though the total amount of ore in this region is considera-
ble, there is comparatively little of it in any one spot; while the
impure, earthy materials and the rusty sandstones which occur
in considerable quantities, and which are usually mistaken for
ore, are of too low grade to be of value as a source of iron.
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- The following five analyses by R, N, Brackett show the com-
position of the different varieties of ore in this region:

Analyses of iron ores from near Rosston, Nevada county,

Iron oot cviirerennnnaaas o717 ., . 56020 ......38.80 ..., 30.88 ,.....22.08
SR e T 427 ...... 10.65 ..... 26.57 ...... 50,63 ...... 58.73
Phosphorus. ...vvvuvunn. .. 0,225 ,,,.. 0.424...... 0119 ..... 0.223...... 0.085
Mnngﬂnzsc ............. trace . ..... trace...... none ..., NONE . .usn none

The first two analyses represent good non-Bessemer ores ;
the last three analyses represent the more siliceous ores, and
show them to be too low in iron and too high in silica to be of
any value.

HEMPSTEAD COUNTY. _

General features.—Iron ores occur in many parts of Hemp-
stead county. They are usually highly siliceous and are often
in the form of either ferruginous sandstones or conglomerates,
of no commercial value as sources of iron, .

The Lewisville and Hope road.—Eight miles north of New
Lewisville, on the Lewisville and Hope wagon road, just north.
of the boundary line of Hempstead and Lafayette counties, a.
ridge rises over a hundred feet above the surrounding low-
lands. It is capped with a brown or yellow friable sandstone
in a bed probably from six to ten feet in thickness, though the
broken character of its outcrop renders its exact thickness un-
certain. The sandstone, as seen on the slope of the ridge, is.
undetlain by a conglomerate of quartz pebbles in a ferruginous,
sandy cement, forming a bed probably fifteen feet or more in

“thickness. This in turn is underlain by sands and clays. Both.
the ferruginous sandstone and the conglomerate are often mis-
taken for iron ore, but they contain too little iron and too much
silica to be of any value whatever as sources of iron. The-
following two analyses by R. N. Brackett show respectively
the composition of average samples of the sandstone and of
the conglomerate :

Analyses of iron ores from Hempstead county.

REOR s ey 26 47........, 7781
Sillea - overiiiiiian 52.10 .... ..... 53,32
Phosphorus... ... ....0.200 ........... 0.136
Manganese ....... N DONE.avuiarnnns none
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The analyses show that the materials contain too little iron
and too much silica to be of value as iron ores.

LAFAYETTE COUNTY.

General features—The iron ores of Lafayette county occur
mostly in the northern part, near the Hempstead county line,
and also in the region of Bodcaw creek. They are much like
those of Hempstead county just described, though small
quantities of a somewhat better ore occur in the Bodcaw
region. . _

The Lezéz's_m‘ﬂe and Hope road.~On the Lewisville and Hope
road, six or seven miles north of New Lewisville, ferruginous
sandstones and conglomcratés,_\similar to those just described
in Hempstead county, but in smaller beds, occur in several
places. As they are of no possible value as ores, they do not
require further mention.

The Boyd farm.~~The old Boyd farm is about eight miles
northwest of New Lewisville, on the east side of the Red
River. Ferruginous sandstones and conglomerates occur on
several of ‘the hill tops which form the bluffs of the river bot-
toms, and are usually mistaken for iron ore.

The following two analyses by R. N. Brackett represent the
composition of the ores from this property :

Analyses of iron oves from the Boyd farm, Lafayette county.

£ LN PR NITIN, |1 1 | [ 19.868
Siscypiese: i 26 78 65.52
Phosphorus............. 0188, .. 0unvuun. 0187
* Manganese............:. none ..., none

The analyses show that the materials contain too little iron
and too much silica to be of value as iron ores.

Bodeaw eveek—About ten miles northeast of New Lewisville,.
on a sandy hill rising about sixty feet above the surrounding
lowlands, are found loose masses of brown hematite. The ore
has a concentric structure, and is sometimes in the form of
geodes, It is of fairly good quality. The masses vary from a
few inches to a foot or more in diameter, They were nowhere
seen in large quantities. '



CHAPTER VIL

“THE ORIGIN OF THE TERTIARY IRON DEPOSITS
" OF SOUTHERN ARKANSAS.*

GENERAL STATEMENT.

The nature and mode of occurrence of the Tertiary iron ores
-of southern Arkansas have already been described in the pre-
ceding chapter (pages 106-112). It is the object of the present
chapter to show how and from where the iron in them was de-
rived, and how it was deposited. It will be attempted to show
that the deposits, during their formation, went through the fol-
lowing stages: :

(1.) The derivation of the iron from the decay of the rocks
-in the drainage area of the sea, which, in Tertiary times, occu-
-pied the position of the present Gulf of Mexico.

(2.) The solution and transportation of the iron in the form
of soluble organic and inorganic salts.

(3.) The precipitation of the iron as oxide or carbonate,
-in lagoons or bogs along the coast.

(4.) The segregation, as carbonate (clay-ironstone), of the
iron precipitated in the above forms.

(5.) The conversion of the carbonate into the hydrous ses-
.quioxide of iron (limonite) after the lagoons on the coast of
the Tertiary sea had been elevated int» a land area.

.SUMMARY OF THE NATURE AND OCCURRENCE OF THE ORES.

The Tertiary iron ores of southern Arkansas are mostly
limonites,t though small quantities of carbonate ore also occur.
“The limonites are generally more or less nodular in character,

*The present discussion of the Tertiary iron ores of. southern Arkan; does not include the
.pisolitic iron ores, or ferruginous bauxites, described on page 107" These ores, though of Ter-
tiary age, had a special mode of origin (see page 109), and differ in that respect from tite other
JAran ores in the Tertiary strata of Arkansas,

+For the use of the term limonite in the present discussion, see loot-note, page 8,
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the nodules being either loose in the enclosing strata of clay”
or sand, or else cemented into a solid bed by a ferruginous

matrix. The nodules are sometimes composed of a series of
loose concentric layers, at other times they are hollow, forming

geodes. The ore deposits vary from a few inches to two feet.
or more in thickness, and are interbedded with the Tertiary

sands and clays. The ore and the associated strata are
practically horizontal, and the ore usually occurs at or near the

summits of flat-topped hills and ridges. Sometimes several

practically horizontal ore beds occur in the same group of strata,

and are separated by beds of sand and clay from a few inches:
to many feet in thickness. In the same region as the iron ores,

there frequently occur beds of hard or soft ferruginous sand-

stone, or of a conglomerate of siliceous pebbles in a ferruginous

sandy matrix. These beds vary from a few inches to fifteen or
more feet in thickness,_and are of irregular distribution, often

blending abruptly, both vertically and laterally, into loose sands-
or gravels. Like the iron ores, they often form the summits of
flat-topped hills, though frequently hills containing iron ore on

the top have sandstone beds at a lower level. Some of the

sandstones and conglomerates are deposits interbedded in the

Tertiary strata, and therefore of Tertiary age, but others are of
a much later date, and are probably Pleistocene, or still younger

deposits, hardened by the percolation of iron-bearing solutions,

(See pages 133-134.)

" The iron ores of southern Arkansas form a part of an ore-
bearing belt which characterizes certain horizons of the Ter--
tiary strata from eastern Texas on the west, intermittently
through southern Arkansas and parts of northern Louisiana,*
into Mississippit (see pages 10§-106).

CONDITIONS DURING THE DEPOSITION OF THE ORES.

Littoral envivonments.—In inquiring into the origin of the iron
ores of the Tertiary strata of the Gulf basin, it is necessary to

#See Supplementary and Final Report of a Geological Reconnoissance of the State of Louisi-
ana, by E W. Hilgard, 1873; also, The Iron Ore Region of Northern Louisiana and Eastern-
Texas, Lawrence C. Smith, Congresssional Documents, 1888,

+The Geology and Agriculture of the State of Mississippi, E. W. Hilgard, 1860,
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consider the conditions surrounding the deposition of the great
series of alternating sands and clays, which comprises the mass
of the strata. That they are a littoral formation is proved by
the character of the organic remains enclosed in them by the
not infrequent occurrence of pebble beds, especially in Arkan-
sas; by the lateral blending of marine and brackish water or
lagoon deposits ; and by the rolled and rounded character of
many of the shell fragments, shaped as if by continued beating
on or near a sea beach. Again, the frequent occurrence of ex-
tensive beds of lignite at various horizons would indicate con-
ditions of deposition which permitted numerous ready trans-
itions from marine to land or coastal lagoon conditions, Such
conditions doubtless gave rise to large areas of swamps and
shoals along the coast of the Tertiary sea, probably not un-
like those now seen in places on the coasts of Flotida and
Louisiana, and around the lower part of the Sabine River in
Texas. The waters from the land drained into these basins,
and probably often remained in a semi-stagnant state for con-
siderable periods, undergoing more or less evaporation,

Sources of the ivon.—The watets emptying into the Tertiary
sea doubtless all contained more or less iron in solution: The
iron was derived from the decay of the iron-bearing minerals
and rocks of the land, and was taken into solution by acids de-
rived from the decay of organic matter, from the oxidation of
such minerals as iron pyrites, and from other sources, These
solutions were taken up by surface waters and carried down
the various water-courses to the coast.

The rocks forming the drainage area of the Tertiary sea in
question all contained greater or less quantities of iron-bear-
ing materials: the glauconite of the Upper Cretaceous of
Texas, and the Paleozoic and pre-Cambrian rocks to the west
of the Cretaceous area were sources of iron to the circulating
waters; while the Carboniferous and Silurian shales and sand-
stones of Indian Territory, and of central and southwestern
Arkansas, supplied an important quantity of iron to the waters
tributary to the Tertiary sea. Moreover, waters containing
iron derived from the decay of rocks far in the interior of the

S
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«continent doubtless reached the coast, just as they do at pres-
ent. These waters, draining into lagoons and swamps, were
subjected to active oxidizing influences which eventually caused
the precipitation of the soluble salts of iron contained in them.

THE FORMS IN WHICH IRON IS DEPOSITED AT ORDINARY TEM-
PERATURES,

General statement.—The chemical or mineralogical forms in
which the iron was precipitated in the bottoms of the Tertiary
lagoons or bogs doubtless varied considerably, and depended
on the local conditions of the water and air, whether of an ox-
idixing or of a reducing nature, and on the associated materials,
either in solution or as sediments on the bottoms of the basins
in which deposition took place. Iron at ordinary tempera-
tures, such as doubtless prevailed during the deposition of the
Tertiary ores, is usually laid down in one or more of four forms,
namely : the hydrous sesquioxide, the carbonate, the sulphide,
and the silicate of iron and potash known as glauconite. All
these forms of iron were probably deposited at different points
in the Tertiary strﬁ.ta, but, as will be shown below, the Arkan-
sas ores were probably derived mostly from the first two.

Deposition as oxide and carbonate~-The sesquioxide of iron
is deposited when the conditions are of a strongly oxidizing

- nature, and in special cases under still other condijtions, The

carbonate is precipitated when the iron-bearing solutions are
protected from active oxidizing influences by the presence of a
reducing agent, such as decaying animal or vegetable matter, or
when th?ey are protected from the action of the air. In either case,
however, the protection has to be very complete, as is shown
by the fact that even in bogs, which abound in organic matter,
the iron is actually precipitated on the vegetation as sesqui-
oxide. At the bottoms of the bogs, however, where the pro-
tection is greater than at the surface, the iron often occurs as
carbonate. Iron is also frequently deposited as carbonate when
the waters containing it in solution meet a precipitant like car-
bonate of lime, or some other substance capable of extracting
the iron from solution and holding it in the carbonate form.
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Prof. N. S. Shaler* shows how iron is removed in solution from
ferruginous rocks and carried down into underlying limestones,
where itis deposited by replacement as carbonate, subsequently
altered by oxidation and hydration and thus converted to limo-
nite.

Deposition as sulphide—The sulphide of iron is precipitated
when solutions containing iron are brought into contact with
volatile or soluble sulphuretted compounds, derived from the
decay of organic matter or from other sources, It is also pre-
cipitated when ferruginous waters containing sulphate of iron
in solution come in contact with a reducing agent.

The sulphide is a common mineral throughout the Tertiary
strata, but, as will be shown later, it probably had less to do
with the formation of the Arkansas iron deposits than had
the oxide and carbonate; though in Texas, as more fully ex-
plained farther on, it appears to have played a part in the for-
mation of certain brown hematite deposits.

Deposition as silicate (glauconite).—Glauconite is essentially
a hydrous silicate of iron and potash, containing variable
amounts of alumina, magnesia and other ingredients. It occurs
in spherical or globular grains which are supposed by some to
represent fossil casts, and to have been produced by the com-
bination of iron and potash with the silica from minute sponges
which grew in the cavities in which glauconite was subse-
quently formed.

Glauconite was deposited in considerable quantities in
the Tertiary strata, as is shown by the frequent occur-
rence of large beds of that material, but it probably did not
have much to do with the formation of the present Tertiary
ores. Glauconite itself contains too much silica and too
little iron to be classed as an iron ore; and when it decays
in situ, a process that takes place slowly and usually with
the assistance of acids derived from the decomposition of as-
sociated iron pyrites or iron carbonate, it eventually forms a

'Ker;tuck)r Geological Survey, Report of Progress, Vol, II1.,, New Series, by N. 8. Shaler,
1877, p. 164,
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brown mass composed largely of sesquioxide of iron* and
silica, which cannot be classed as an iron ore for the same
reason that the unaltered glauconite cannot be classed as an
ore. When a bed of decayed glauconite, however, is subjected
to atmospheric agencies, the sesquioxide of iron in it may be
taken into solution, carried off by surface waters and finally
be deposited in some form of iron different from glauconite,
and thus be the source of a future bed of iron ore. For these
reasons, though glauconite alone probably rarely forms iron ore,
at least in the Tertiary strata, by its decay i# situ, this same
decay may afford a supply of iron for ore deposits elsewhere.
Hence, as stated®on page 126, the glauconites of the Upper Cre-
taceous of Texas may have in part afforded a supply of iron
for the Tertiary deposits, while the Tertiary glauconites have
probably had but little to do with the formation of Tertiary ores,
though they may become a source of iron for future ore de-
posits,

In cases, however, where a bed of decaying glauconite con-
tains considerable quantities of iron pyrites and carbonate of
iron, as is sometimes the case, these minerals become oxidized
and are eventually converted to the hydrous sesquioxide (lim-
onite). In such cases the glauconite, becoming decomposed
at the same time, may supply a certain amount of hydrous
sesquioxide to that derived from the pyrite and carbonate, and
thus be partly instrumental in the formation of iron ore deposits
by its decay é# sizz. Such an occurrence may have assisted
in the fornfation of certain iron ores of Eastern Texas, to be
described later on in this chapter.

THE MODE OF DEPOSITION OF THE IRON IN THE TERTIARY STRATA.

Condttion of the ivon oviginally deposited —The lagoons or
bogs, in which the Tertiary ores were deposited, were doubt-
less the. repositories of large quantities of siliceous and argil-
laceous sediments brought down by the streams from the land,
and mixed in the lagoons with more or less vegetable and

*When glauconite decays, the original protoxide of iron in the silicate {glauconite) is con-
verted to the hydrous sesquioxide.
9 G—I
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animal matter. The chemical precipitation of the iron would
naturally go on simultaneously with the mechanical deposition
of the sediments, and the resulting deposits at the lagoon bot-
toms would be clays or sands more or less impregnated with
organic matter and iron. It seems probable, therefore, that
the ore deposits, as now found, are not in all cases the result of
a direct deposition of iron in beds of the present size, but that
they have often been formed by the segregation, through a pro-
cess of solution and redeposition, of the iron originally scattered
through the mechanical sediments. What makes this still
more probable is the nodular or concretionary character of
much of the ore, a form in which it would not be likely to be
deposited by direct precipitation in open waters, and also the
fact that small ore-bearing areas of only a few square yards are
often separated by barren areas, a feature that points strongly
to the influence of a segregating action.

Segregation of the iron—-The segregation probably often
went on in the loose mud and sand at the bottoms of the
lagoons or bogs, though it may also have taken place in part
while the coastal region was being elevated into a land area,
The process that probably went on was the solution of the
originally precipitated oxide and carbonate of iron, by the
action of acids derived from organic matter, and the transpor-
tation of the ferruginous solutions by the circulating waters,
until they reached a place where they met conditions which
caused the precipitation of the iron, as already explained on
pages 127-129. Where the ores were segregated at the bot-
toms of lagoons or bogs, strata of sand and clay would subse-
quently be deposited on them, and thus they would occupy
the interbedded position in which they now occur. In the
cases where segregation todk place during the elevation of the
lagoons or bogs into land areas, the waters carrying the ferru-
ginous solutions would naturally follow the easiest passage's.
As the bedding planes were doubtless in many cases the most
open courses for the waters, the ores would be deposited in these
positions.
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Forms tn whick the iron was deposited and segregated.—
It is probable that the iron which was the source of the
Arkansas ores was originally deposited with the mechanical
sediments, before segregation, in the form of either oxide or
carbonate. It is not probable that it was in the form of sul-
phide, for if it were, where segregation had not taken place,
some signs of the original sulphide condition of the ore should
still be seen, and such is not the case. Where segregation
did take place, the iron was probably not in the form of sul-
phide, for in that form it would have been insoluble in the
weak organic acids which were instrumental in causing segre-
gation, The sulphide of iron could be oxidized and the pro-
duct of its decomposition segregated, but the conditions which
existed durihg most of the segregation in question were prob-
ably of a.reducing, rather than an oxidizing nature. The sili-
cate (glauconite) could not have been the original form of the
iron ore, whether segregation had taken place or not, for some-
what the same reasons as those already given for the sulphide.

As the four forms in which iron is usually precipitated at
prdinary temperature are the oxide, carbonate, sulphide and
silicate (glauconite), and as it has been shown that the last two
were probably not the original forms of the ore, it becomes
necessary to conclude that the iron was originally deposited
with the mechanical sediments in the forms of oxide or car-
bonate, or both. The form in which the iron was redeposited
after segregation was probably as carbonate, since there is
every reason to believe that the present limonite (nodular)
ores of the Tertiary area of southern Arkansas have been
largely, if not entirely, derived from the oxidation of this
material.

The carbonate of iron is of common occurrence throughout
the Tertiary strata, though it is usually seen only in protected
places, such as in well-borings, in some creek bluffs, and in
other places in which it has not been exposed to atmospheric
agencies for a sufficiently long time to undergo oxidation;
while, where it has been so exposed, it has been oxidized, and
partly or completely converted to a more or less hydrous
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sesquioxide (limonite.) ~The strongest evidence of this
derivation of the nodular limonite ores is, that in many
places they can be seen in the actual process of transition
from carbonate of iron to sesquioxide; and it is not an un-
common occurrence to find masses of the as yet unoxidized
carbonate, in its impure form known as clay-ironstone, compos-
ing the kernels of nodules of limonite, the kernels and the
oxidized crusts blending gradually into each other. When
the carbonate has been completely oxidized, the ore is either
composed of concentric layers separated by cavities, or it
is massive on the outside and hollow inside, forming geodes,
commonly known as “iron pots.”  The clay or ochre, already
mentioned as often occurring in the geodes, doubtless repre-
sents the residual product left after the oxidation of the im-
pure carbonate.®

THE ORIGIN OF LIMONITE GEODES.

The formation of the hollow spaces in the limonite geodes
described above, is doubtless due to the gradual shrinkage in
the transition from carbonate to sesquioxide of iron. = The
process which goes on is the evolution of carbonic amd from.
the carbonate, and the oxidation of the protoxide of iron to
the sesquioxide, accompanied at the same time by the hydra-
tion of the latter. Dr. T. Sterry Hunt showsf that this shrink-
age causes a diminution of volume equal to 19.5 per cent of
the original mass of the carbonate. The transition progresses
from without inwards, sometimes forming layer after layer of
oxide, separated by spaces resulting from contraction; while
in other cases the whole shrinkage is represented by one
central cavity, and the crust is solid ore. Hence, sometimes
the concentric nodules occur, and sometimes the geodes or
“iron pots.”

Additional evidence of the derivation of the limonite ores
from the carbonate, is had in the fact that the masses of ore are
often composed of aggregattons of angular geodes separated

#This mode of derivation of limonite is not confined to the Tertiary ores; it is described by
various writers in the cases of iron ores in other regions and in different geologic horizons.
+Mineral Physiology and Physiography, 1889, p. 262.
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by cracks, the outside angles of the geodes being so arranged

that, if they were brought together, they would form one solid

mass of geodes. In some of the unaltered carbonate of iron,

‘ or clay-ironstone masses, there are numerous shrinkage cracks,
-and it seems probable that the shape of the angular geodes has

been regulated by the directions of such cracks, which cauvsed

the original carbonate to be more or less divided into separate
parts, each part afterward forming a separate limonite geode-

This subject is rendered clearer by referring to plate IV, which
l represents a mass of angular geodes separated by open
?’ cracks. It will be observed that the sides of the adjoining
i geodes, if brought close together, would fit each other and form
! a solid mass, just as the sides of the individual fragments of a
mass of carbonate of iron, fractured in various directions by
shrinkage cracks, would fit if brought together.

The formation of limonite by the oxidation 7z sifu of car-
bonate of iron, as just described, has probably been going on in
the Tertiary region of Arkansas ever since it was raised to a
land area, and, as already stated, it can be seen progressing
even at the present time.

FERRUGINOUS SANDSTONES AND CONGLOMERATES.

The above discussion of the origin of the iron ores of south-
ern Arkansas does not include the beds of sandstone and con-
4 " glomerate found in this region, and already mentioned on pages

110 and 125. These are in some cases Tertiary deposits, as is
proved by their being interbedded in Tertiary sands and clays,
while in other cases they are Pleistocene deposits indurated
by ferruginous soluticns. The deposits of Tertiary age may
often have obtained their iron in the same way as the iron ores
just described. In other cases they appear to be simply local
areas of loose sands cemented at various epochs, probably in
Lo many cases after the elevation of the region into a land
area, by iron deposited from percolating ferruginous solu-
i tions. This supposition is rendered still more probable by the
the fact that the sandstones are of very uncertain thickness and

extent, thinning cut and thickening rapidly, and often abruptly

LIMONITE GEODES, NEVADA COUNTY. J*

*
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passing, laterally, along the strike of the stratum containing
them, into loose sands. Theiron in the cementing solutions was
probably derived from the strata of the region.

In Texas, bodies of a conglomerate or a breccia, composed of
fragments broken from the deposits of ore in the hills and ce-
mented together along the creeks, occur in considerable quan-
tities ; but, with few exceptions, no considerable beds of such
materials occur in Arkansas, the conglomerates in this state be-
ing mostly composed of siliceous pebbles cemented in a sandy
matrix. '

THE BROWN LAMINATED ORES OF TEXAS.

As already stated (pages 105-106), the Tertiary iron ores of
Texas occur in two distinct positions in the Eocene series,
while those of Arkansas occur mostly in one. The ores occu-
pying the lower position in Texas doubtless had an origin sim-
ilar to that already described for the Arkansas ores; but the
ores occupying the upper position seem to have had a some-
what different mode of derivation, though the main features
of their deposition were probably much the same.

The ore in this upper position in Texas is a brown hematite
of a rich chestnut color, and often resinous in lustre. The most
characteristic feature of the ore is its laminated structure, the
laminae varying from a sixteenth to a quarter of an inch in thick-
ness. The laminae are separated by narrow spaces, often con-
taining a gray clay, and are frequently coated with a black
gloss, Sometimes the laminated ore blends into a more mas-
sive variety. The ore occurs in horizontal beds from one to
over three feet in thickness, sometimes continuous over many
acres, and elsewhere in isolated patches. It is composed of
masses which are flat or slightly concave on top, and bulging
or mammillary below. It overlies a bed of glauconite, which
varies from thirty to forty feet in thickness, and which is un-
derlain in turn by a series of sands and clays. Sometimes,
though not always, the ore is separated from the glauconite
by a thin layer of clay. The ore sometimes crops out on the
immediate summits of flat-topped hills, but is more often
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covered by from one to twenty feet or more of clayey sand,
~which represents the remains of the overlying strata. The

glauconite bed contains considerable quantities of iron pyrites
and numerous Claiborne fossils.® '

Sometimes thin seams of iron ore occur in the glauconite be-
low the main ore bed, but they are usually small. Between
the main ore bed and the overlying clayey sand, there is a layer
of hard, dark brown sandstone, varying from less than one inch
to six inches in thickness, and averaging probably one and a
half inches. It adheres closely to the ore when the latter is
brokeir. The ore crops out on the brinks of the hills, forming
protruding rims or crowns, and often covering the slopes with
large masses that have broken from the main bed.

The laminated ores are especially well developed in
Cherokee county in eastern Texas. They appear to have been
derived largely from iron pyrites, assisted possibly in some
cases by carbonate of iron and glauconite. As already stated,
the ore directly overlies a large glauconite bed, and in this, and
immediately above it, iron pyrites is of common occurrence.
In some few places, where natural conditions have protected
the bed from atmospheric influences, it is found that the pyrite
is especially abundant at the top of the glauconite bed and im-
mediately below the overlying clayey sand. Here it occupies
the same position as the laminated ore elsewhere, and is fre-
quently associated with sands and clays which often contain
lignite.

The following'sectic)n at the McBee school-house, near Alto,
Cherokee county, Texas, shows a case of the original condi-

tion of the iron pyrites:

#See The Focene Mollusca ol the State of Texas, by Angelo Heilprin, Proc. Acad. Nat, Sci.
Phila., part 11T, Ocr.-Dec , 1840, pp. 308-406
. 1The brown hematites of Marion and neighboring counties in northeastern Texas appear to
have been derived from the carbonate of iron, as already expliined in the case of the Arkansas

ores,
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Section at McBee Schocl-house, Cherokee county, Texas.

1. White clayey sand ... ... . .... S 10-30 feet
2. Ferruginous sandy clay becoming indurated at base ... ..ooovviv o ciiis e 1 foot
8. White sandstone with a cement of profusely disseminated fron pyrites. ... ... .1-3 inches
4  White sand with lenticular masses of lignite (1 to 4 inches in thickness) and many

disseminated particles of iron pyrites, passing below into a plastic greenish
brown clay ...... ey mn SRl SEEGaERESIoally B 3 feet
5. Dark green glanconite at the bottom of the section . ... .. viieeiiiiiiiniiiiins vaenes

This section appears to represent the original condition of
the strata before the formation of the laminated ore. That ore
usually occurs above the glauconite represented in number g
of the section, but here the same position, that is, above the
glauconite and below the clayey sand, is occupied by about
four feet of sand and clay strata (members 2, 3 and 4 of the sec-
tion) highly charged with iron pyr.tes and other iron-bearing ma-
terials. Iron pyrites, by its oxidation, forms sulphuric acid and
sulphate of iron, the latter sooner or later becoming still further
oxidized and going into a hydrous sesquioxide of iron. It seems
probable that the combined action of the sulphuric acid and sul-
phate of iron, percolating down from the pyritiferous sands into
the clay, causes an interchange of constituents, and that the
clay is to a greater or less extent converted into iron ore. This
would account for the considerable percentage of alumina
usually found in the ore, and also for the laminated structure
of the ore, a structure often seen in the unaltered clay. Such
a supposition would also account for the fact, that the
base of the ore bed often seems to blend inte the layer of
clay which has already been mentioned (page 134) as some-
times occurring between the ore bed and the underlying glau-
conite. The thin layer of sandstone, which has already been
mentioned as capping the laminated cre, is probably due to the
induration of the sandy stratum immediately overlying the clay,
by sesquioxide of iron derived from the oxidation of the pyrite.
The sandstone frequently contains masses of lignite completely
converted to iron ore, and these probably represent the altera-
tion products of the lignite originally associated with the
pyrite.

The shape of the ore bed is strong evidence of the formation
of the ore by the process just described : the upper surface of

:h
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the bed, as a whole, is usually flat, but its base is very uneven,
and shows a series of bulging and receding mammillary forms.
The ore is often in separate masses, but they are closely as-
sembled together in a continuous or almost continuous stratum.
The upper sutfaces of the individual ore masses are often
slightly concave, while the lower surfaces are convex, appar-
ently pointing to a derivation by the downward percolation of
the ferruginous solutions as already described.

The glauconite itself may in some cases have assisted in the
formation of the laminated ore, but its influence has probably
been small, Glauconite, as explained on page 129, is doubtless
an important source of iron in surface waters, and the ferru-
ginous solutions derived from it may often be precipitated else-

“where, and be accumulated in considerable beds of ore; but the

case in question is the formation of brown hematite in
situ, and in such a process glauconite does not seem, at least
in the Tertiary area of Texas and Arkansas, to have been so
important a factor as other forms of iron; moreover, in the
“Texas region a thin layer of clay often intervenes between the
ore and the glauconite, thus lessening the probability of the
latter having had a part in the formation of the ore deposits.

Beside the pyrite at the top of the glauconite bed, the same
‘mineral is often found in greater or less quantities lower down
in the formation, and where it has been oxidized it gives rise
to masses and layers of limonite. Carbonate of iron in the
form of layers or nodules, or as a finely disseminated material,
is also a common constituent of the glauconite formation, and
by its oxidation it also gives rise to the hydrous sesquioxide.
The ferruginous solutions derived from the pyrite or carbonate
often percolate through the glauconite bed, and deposit thin
layers of limonite in joint cracks and along lines of bedding,
giving the impression that the ore has been derived from the
oxidation of the glauconite. In some cases the glauconite has
undoubtedly supplied a part of it, but the fact that the largest
.quantities of limonite are found in those parts of the glaucon-
ite beds which contain most carbonate or sulphide of iron, is
strongly suggestive of the greater influence of the last two
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as sources of the limonite. The long-continued action of
sulphuric acid derived from the oxidation of pyrite, and of
carbonic acid derived from carbonate of iron, have, however,
had their effect in decomposing the glauconite, and their influ-
ence is shown by the fact that, where oxidation has gone on in
the pyrite and carbonate, the originally green glauconite is con-
verted to a yellow or rusty, and more or less indurated mass.
Sometimes it is hardened to such an extent that it is used for a

building stone. A similar alteration of the glauconite takes .

place even where the sulphide and carbonate are absent, but
less rapidly than where they are present. In fact, in the
region of the ores associated with glauconite in eastern Texas,
the whole formation presents a yellow or brown surface expo-
sure, while at depths of from a few inches to twenty feet or
more in the interiors of the hills, the original green color is
preserved.

e
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nature of . .......... ... . 2107, 109

ORI OFvasuvuninns eammsn i isasin R R S T R .. 109

Beach, Abram, founder of iron works in ArKANSAS ... .o . it .uiieserrs 2rorrsssionenres s 8

Beach Iron Works, Ark............. ...
Bee Branch, Auk., iron deposits near ..........

48, 49

Benton, Ark., ifon deposits DEAE . .. iuiiiaiiiineeeers e aaaas O i &
Berryville, Ark., iron deposits near.... ... ...... ....... AT R N MR 3, 3, 41, 42, 43
Bessemer mixture ................ N A T T A CRCETIMEARY R 9
1 8

steel, limit of phowhorusmoresused T oo ererrarasersinn i insernasres S0
Bethlehem Iron Co., Pa., analysis of ironore by....oc.ovvvnnunnn, TR e M IR 15
Bevens, Alfred, & Co., founders of iron works in Arkansas... e R T TR 2
Bloomary, Ark ...... A e i vl a8 88

Big Creck and Reed's Creek divide, analysts o!'1ron ore from ... ............ ....11, 22, 34

iron deposits on ...... 2. 23, 33-34
Big Creek, Ark., Bevens Bloomary o . .uoveeuioon e oiirenen verninnrns 2
Birkinbine, John, cited on iron ores from Arkansas, ... ... f
‘Black River, Ark,, iron deposits near ..........

EranE PRt METON: O 5t o e T R
Falls, Wis., analysis of iron ore h am, ...

Black Rock, Ark., iron deposits near

Blair, A, A, analyses by ... ... ..... .....
Bloomary, Beach. ..

Eevens Pae '
Blue Mountain, Ark . ....... Veaisa e e pens W P 1]
‘Bobo tract, Ark., apalysis of iron ore from ... . R e AR 11, 40, 41

iron deposit on ............. R T R T et BT R 41-4 2
Fodeaw Creek, Ark., iron deposits near ........... .... SRR IO O N A SO e 123
Bog iron ores, see iron ores .
manganese ores, see Manganese ores,
Booth, Garrett and Blair, analysis of iron ore by, oour 0 vuniee e 15
Bowden, Allen, tract, rk., analysis ot iron ore from.. srv evwirnsinvensses 19, 46, 61
iron depositon.......... A R PP PRI ) |
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4 Boyd farm, Ark,, analyses of iron ores from......ocvasiieiinnmnnieiesae e .18, 108, 123-
iron deposits on,.ee..un. ... 128
Brackett, R. N., analyses by..............12, 18, 48, 76, 78, 79, §2, 108, 114, 118, 119, 120, 122, 128:

Branner, J, C., cited on bauxite from Arkansas.......o.coooen 109
geology of Batesville region, Ark....... ...coione 20

Ouachita Mountains, Atk....ovveeees varrreansans. B9, 60, (2

name of Ouachita Mountains......vevsvervisresnnanes v.... B9, 60

Brazils Post-office, Ark., iron deposit near. ... covviveriiiiennninaons SaeaeThE e BI=8
Breece mine, Colo., analysis of iron ore from ... : O - 2
Briar Mountain, ArK....ouveiaseiisirrnrsrsserinsnisasni iy sssssiassuannancestrnes . |
Brooks, A., tract, Aik,, analysis of iron ore from..... vessnssnsosdll, 40, 48

fron deposit on...v v ierriraiiiiiriaiieiii i v 4248
Brown, hematite, see iron ore.
ore, see iron ore,

William, tract, Ark., analysis of iron ore l‘ram ,,,,,,, Vevmeirsram s voveane. 18,108, 120

iron depositon. ... ueriaissnissi i wrvana.. . 1102120

Brushy Mountain, ArK.....ocoosineiassiiann, — I P AT ) §
Buckeye Mountain, Ark., iron and manganese deposits OR..e-iiinnn- ivewai ceenenn 81, 1001020
Bunch, Whittemore and, claims, analysis of iron ore from ...12, 69, 76, 78
- iron deposils Ofl..uieeeserennnes seerintiinaeine. ceees TT-T8

Burns claim, Ark., fron deposit on...c.ooviviiioiiiiiienen Ve 96-

Caddo Gap, Ark , iron deposits at.... .. .......
Mountain, Ark., iron deposit on...
Calamine, Ark,, iron deposits near
Caleiferous rocks, iron depositsin ... .. "
Call, R, E., cited on iron deposits in Arkansas ......ooeeiinin
Tertinry geology of Arkansas................

Camden, analysis of iron ore from Near.......coiiieereianiiian e
Camden and Prescott road, Ark., iron deposits on....

Little Rock and, road, Ark., iron depositson ............covuens
Capitol Land and Mining Co. tract, analyses of iron ores from ........ T I— o e 12, 69, 76
iron deposits on........ R A SR T4-77

Carbonate of iron, see iron, carbonate of.
ores, se¢ iron ores.

Carboniferous rocks, iron deposits in. ... .ooie o 6, 7, 8, 89, 44, 54
Carroll county, Ark., iron deposits in 3, 6, 30, 40, 41-45
Carter county, Tenn., analysis of iron ore from............ PRI * |
Cathaytown, Ark., analyses of iron ores from ... R S R 11, 22, 81

iron deposits &t ...oooo i rvees ) i R e 31-32
Cazort tract, Ark., analysis of fron ore from...........oooooiees .11, 22,28

iron deposit on 28
Cedar Mountain, Ark..cooiviinennns [il1]

Chalybeate springs, deposition of iron ore by, see springs, chalybeate.
Chateaugay, N. Y., analyses of iron ore from.....
Chauvenet, analyses by .......... . o
Cherokee county, Texas, analysls uf iron ore irom o

origin of iron ores of ...

Chert in northeastern Arkansas ..........
nature of deposits of .........
northwestern Arkansas .. . ........ R S e ¢ 40 o
Chester, Ark., analysis of iron ore from near ............ v b e
iron deposits DEAT. vvverrvrr rriennn R R
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‘Chester county, Pa., analysis of iron ore from. .. . .....
Choctaw, Ark., iron deposits near ........ ...
Claiborne formation, fossils from. .

ironores in......,. . ....106, 135

tract, Ark., analysis of iron ore from ... 13, 108, 116
iron depositon ,.............,
Clark county, Ark., iran deposits in ..,....

Clay-ironstone, see iren, carbonate of

Cleburne county, Avk,, iron deposits in ... 44
Clinton, Avk,, iron deposits near .. ... voaa 4840
county, N. Y., analyses of iron ores from.. .. S 15
Coffman, J, W., tract, Ask., analysis of iron ore fromiscsinnnde i Fae e a et 11, 22, 27
irondepositon ..., Lo eee ea 26-27

Collins, Holloway and, tract No. 1, Ark,, analysis of iron ore from ..., rerseiensss... 11,92 929
iron deposit 6n....00eiiiiannnas erees 2829

No. 2, Ark., analysis of iron ore from....... Videvereally 22000

iton deposit-on. . uiiciin i ci i, v 20230

Collins tract, Ark., analysis of iron ore from ...
Tan dePosIE O . oo vs pwsiiniiv o iadveing

Colorado, analysis of iron ore from .............. T E R T T LT BT A |
Commonwealth mine, Wis., analysis of iron ore {rom.. .15
Comparison of Arkansas and other iron ores. ............. .. g T T— 14-16
Comstack, T. B., cited on iron deposits in Avkansas,........ e, cninn 23T el 4,5
Conglomerate, ferruginons, in Arkansas .......vvunennnienn. o us reasseee. 110, 111, 125, 133-134
L R R S e L N - S S eoeen. 106, 134

origin of, in Tertiary strata...... . L 1, 3 .

Conway county, Ark., iron deposits in.... ........ R L e VR srviaveieadaa 0, 44, 48, 49
Cornwall mine, Pa., analyses of iron ore from .. . ... .. D I T TP |
Cossatot Mountains, Ark,....... e ra e R R 6L
River, Ark,, iron deposits near ....... . . .o +o87, 102, 103-104

Cotton Belt Route, relation of Arkansas iron deposits to.................. R 6
Cox, E, L', cited on iron deposits in Arkansas eeer B-d
Cranberry, N. C., analyses of iron ore from .............. . .15
Crawford county, Ark., analyses of iron vres from. . ... P R 12, 46, 57, 58

iron depositsin ... ... ..., .
Creraceous rocks, absence of iron ores from, in Arkansas
Crooked Creek region, Ark., iron deposits in. ...
Crown Point, N. Y., analyses of iron ores from

Cuba, analyses of iron ores from.....

Dallas county, Ark., analyses of iron ores from,................ e iaeaae weeese..13, 108, 118

iron deposits in.,.., veesnaa B, 105, 117-1158
Damascus, Ark., iron deposits near,....... T U |
Dana, J. D, cited on limonite................ ... 8, 66
Davis, Frank, tract, Ark., analysis of iron ore from.......... 18, 108, 116

eoeene115-116

iron depesiteon.......... ...
Day, David T, cited on iron ores from Arkansas ................
Desadrick tract, Ark., analysis of iron ore from.......

iron depositon......... i
D'Invilliers, E. V., cited on analyses of Cornwall, Pa., ir
Dodge county, Wis,, analysis of iron ore from..
Dover & Co., Va., analysis of ivon ore from ...... .
Dunney claim, Ark., iron deposit on
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E

Eagle Gap, Ark,, iron deposits at. ......000 o sieiiiiiiiiis i iiniiia s Pien TR :E
Eleven Points river, iron deposits near. .......... - “”“.””“'“"”“'-”“":“.8,. o
Eleven Points river, Spring river and, divide of, iron deposits on .... vere.28, 85, 87

Eocene strata, iran deposits in .. ..o viiinnrrranenns
origin of....... .....
Essex county, N. Y., analyses of iron ores from HE
Eureka mine, Jefferson county, Ala., analysis of iron ore from ......0iiiennnn i:

Tuscaloosa county, Ala., analysis of iron ore from. ....occoiiiiiinni e,

F

Fancy Hill Post-office, Ark., iron and manganese deposits near .....oovvevs, . ooouea... 89-90, 96

Faulkner county, Ark,, iron deposits In. .o 44
Featherstonhaugh, G, W, cited on iron deposits in Arkansas «.....ooiiivanin oo 4
Ferree tract, Ark., iron depesiton ... ... T T

Fletcher Range, Ark., iron depositsin............. ......

Florida, lagoons oncoast of ...o.vvniiiannn i A TR R B S R R S

Fort Smith, Ark., iron deposits near, ..........
Pburche Bayou, Ark., iron deposits near
la Fave, Ark. .. viiinnniiriarsnnnnniiansnss

Mountain, Ark.ces .. srrrssires st rsamstiiiaanrrasaatsr e s et )
Franklin county, Ark., iron deposits in . ........ vevernee B, 44, 53-54
Freeman’s (Gap, Ark., analysis of iron ore from ...... A S T SRR 12, 46, 53

iron depositat. ...... O W Wl gD Ftin 52-53
French Creek, Pa., analysis of iron ore from ]r.S
Frog Bayou, Ark., iron deposits near, . ...... ..o l 57
Fulton county, Ark., analysis of iron ore from . .oovneeiinn s i 11, 22, 36
iron deposits in......... R R R T N R R A 6, 20, 35
G
Garland county, Ark., analyses of fronores from....vvaniiinn, vevvironnars el 00 88
iron deposits in ...vou L ci oo i Ei;:.(i:?f21§;
Geodes of limonite .. ..oovviiiniin T T PP 22,7,
orgin of .. i e .. 132-133
Gillam Springs, iron depus.its n.t:ar......,” ......... 1231291?1‘22
Glauconite, as a source of iron in RatUre . ..ol i ,
at Griswold’s Mill, Ark. ... IS A R T R R R ‘;L;-_-ES
decayof oovinnnnn nns R .1_‘;9..]36_138
iron deposits IMuvevie civrinss i iornrnniiainiiniansns e S R e 29,
nature of ... sedirsaaEsanars v 128
originof .......... R — PR QS P e ﬁz
spherical weathering of ...t I Ty 94__95
Golden Gate claim, Ark., iron depositon,.. S Ve = o
Gooch, analysesby ... ... ....o.oae T P — -
Greenup county, Ky., analysis of iron ore from .... ...... AR + 1.5
Griswold, L. 8., cited on geology and structure of Quachita Mountains................ 59, 63, ::

graptolites discovered by
Griswold’s Mill, Ark., analyses of iron ore from ... ...

.12, 108, 118
irieieailizll8
\...12, 46, 51

veve 5051
62

Gurley, R, K., cited on graptolites from Quachita Mountains...........
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H

Hackelbarney, N, J., analysis of iron ore from " saera st rrara e 15
Hanna Hill, Ark., iron depositon......... P e NesesriremsRasERaErIRER RN el ) un .. &b
Hannah Mountain, iron and manganese deposits 0.....vuusoeiiiernnant. vees.o... 61, 100-101
High Peak of, iron deposit on...... . .covviviaiinenons veeraareies e 100=201
Harrison farm, Ark., iron depositon ....... Ty P S e D P e SN 43
Harvey, F. L., cited on iron ores in Arkansas .. ........ R R R e 5
Hayman’s Ferry, Waldron and, road, Ark., analysis of iron ore from .. siveeieer 0@
iron deposit on ..ociiiiiiiiiiiiiiiinsinaneess 0450
Hecla Furnace, Ohio, analysis of iron ore from .....covvvviiivuinnnnn..n... AR 15
He Mountain, Ark.......... VRGNS . FE A S g S P 61
Heilprin, Angelo, cited on fossils from Clalhome glauconite of Texas.......ovivuan ..0.. 135
Hematite, brown, see iron ores,

Hempstead county, Ark., analyses of iron ores from ...... . vl 13, 108, 122
iron depositsin..... 6, 105, 122-123
Herndon, J. H, analysisby ............. R RN ST Geiievade 1B
Herr, William, tract, Ark., analysis of iron ore ﬁ'orn cereneans. 13, 108, 117
iron deposits on ... ..o s R P s s TG T
High Peak, Ark,, analysis of iron ore from covuvnnn..... A S P P R [ Eie Y1
iron deposit of vuvii viiieaa.a, P . 81
Hilgard, E, W, cited on Tertiary iron ores .. . ... ... .cuiveiniirnncrninscrernsnnnnnn ween 125
Hill, R. T, cited on Tertiary geology of southwestern Arkansas............ TN . 106
History of iron mining and manufacture in Arkansas .....covuvverrieersinsrnneieenenion.. 1-3
Holloway and Collins tract No. 1, analysis of iron ore from.,.........oovoviiinenooenn... 11, 22,29
iron deposit On. ..ottt i 28-29
No, 2, analysis of iron ore from .. ..... PR viennsnss ey 115 28 2
iron deposit on..coeivne. iiiine ., traisanraeniaieaa 2080
5. P., tract No. 1, analysis of iron ore from. . ...oouiuiiveiiieacinenreeonn.n. 11, 22, 27
iron deposit om......... R R S R 2728
No, 2, analysis of iron ore from................ it R g s prura 11, 22, 80
....... 80
13, 108, 122
iron deposits on ... etaasareriasaes bpaompa e g 122,123

Hot Spring county, Ark,, analyses ofiron ores from.

iron deposits in ........00000s

Springs Mountain. .....ovvivirnnniinas iy P o R i
Hurricane Creek, Ark., iron deposits near .............u.vs T b

I

Igneous rocks, iron ore (magnetite} in, in Ackansas ......cooovvninnvinnnnn. oo, 7, 86-89

Illinois Creek, Ark., iron deposits near..............
Indian Territory, coking coalin.......... .. ....

relation of Ouachita Mountains to.......cvveunn.... pEA ARt LS !

source of Quachita River in, 60

Iron, association of, with manganese ......ov.uuenenn. e ..14, 68, 15\~?7 8—1—&:

Bank, Ark., analysis of iron ore from ..., veese...., 11,22, 38

irom deposit ab... o vue i e e veasie 98

carbonate of, conversion of, to uxl.de T ey e S e T 131-183

distribution of, in Arkansas. ...... i PR O, 8, 47-48, 106-107

ormation of, in nature,....,. N AR R e SR LT 127-128

in Carboniferous rocks ...ovuvvnnn.. R ceae B, 4748

in Tertiary strata.....vvuiiennnnias o o8, 106-107

origin of limonite from................ R A VA 181-133

segregation of, in nature .........co i,

INDEX. 145

Iron, contents of, in Arkansas ir0n Ores v.veveereessssnsrsenasasenaaally 19, 21, 30-40, 68, 107-100
county, Mo, inalyses of iron ore frOm, ... ieniiieananeriinnnneaiaons viivvees 1B
ceppsition of, as carbonate In DAIUTE. ..o iuivrrinariins srsmrnrnnasirrrrranseas, 127-128

glauconite (silicate) in nature.. coviiiiiiiiiisnnrrsnsnirsssrereesa, 128

cxide in nature,........ 127
sulphide in nature,,..... T e '+
deposits, commercial value of, in ATKRISAS .. .. uvunveetansiine ernerarirantirnennes 16-19

of Arkansas Valley . o.vvauniiinainan © I & il
northeastern ArKANSAS cuvuiiiiarsaaerseesrmisasrianaennininiiins cree. 20-38

northwestern Arkansas ...vieisivisanssnisearsssessansrnnnrsnses. o 0043

Ouachita Mountaing, Ark ovvvvinervnin ciianerssrirsrssnsrsransra,, 08104

southern Arkansas ....oovviiiiiiriianrrsnsiarns vaniins errasareniaes . 105-123

origin of, in Tertiarystrata.....‘............‘.‘...‘...‘............... 124-138
distribution of, it ArKANSAS..cvieeassesnassssaassssarsrssissnnsinrrsansssansssirsinas B=7

rocks of different ages....ooivvniniiii i FEp R i T
forms of, deposited at ordivary temperatures...... Cerreeens 1272129
manufacture of, in Arkansas. ..o virvrerrsirrarre.nii i rstrrr i e 1-3
mining possibilities in Arkansas.......... corereriiiinnn SRR IR 16-19
Mountain, Lawrence county, Ark., analysis of iron ore from, .
iron depositon........ veen
Mo, analyses of iron ore from,«vveisimeereiaiiiniiniin eRTREST . 15
Saline county, Ark., analyses of iron ore from..,. ... 12, 69, 82
iron depositin ..... R S O R .. Bl-82
Sharp county, Ark., analysis of iron ore from. . cvuvvvn. .. e, 11, 22, 33
iron depositsin ... ..32-83
ore, alumina in, in southern Arkansas.......cooveviinn.s e R S e 1109
analyses of, see analyses.
bog, on McHenry Creek, Ark............. Craas A AR e S TR
classification of Tertlary..vvvuuinvinnrunens e e e e e s e TR e
commercial classification of.cvieuiiiiiaiiniiiiiiiiaaa, e e 8
conditions during deposition of, in Tertiary strata ... v 125-127
distribution of, in Arkansas ,........ciiiiirniuhiarmraaiiii o iiiiiaes raiaiaaaa, 6-7
geodes, see geodes,
magnetic, in Magnet Cove, Atk .aaa ..ol 0t S A viverraen 4, 8, 19, 36-88
manganese In, in ATKANSAS .. vveiniiviiirirrsn s orrnar i .. 14, 68, 75-78, 84-85
of Arkansas, see iron deposits,
comparison of, with those of other regions................. ieees. 14215
phosphorus in, in Arkansas. ..covveveiireniorrevnenn o0 8210, 14, 21, 45, 8, 108, 109
silica im, in Arkansas ..... .. 10, 14, 21, 3940, 45, 63, 108, 109
titanium in, in Arkansas. ......... R SRR e e e [ 1 )
varieties of, In Arkansas ....ve.vvveienranairiiirirrianaieen, oo o8, BE=67, 106107
cxide, deposition of, in nature ... Beraserea e s . 181-138
derivation of, from carbonate of iron...... tresitareaeeaarissenananness 124, 131-188
segregation of, in mature.. ......ocoviieeiiin ciniii e e eee L 1304122
pots, see geodes,
segregation of,in nature.... ... —— W CwnEE S S 130-132
silicate (glauconite) as a source of jronin nature. .............oooiiin . 128-129, 136-138
decay of, in nature,. ........ B T - 3.
deposition of, in nature .. ... . ciiees v 0 irerieieiiiireanas 128
iron deposits in _..... ... eoe .. 1172118, 129, 137-158
nature of .. ... .oeianae Crriane sas . i coa. 128
originof ... _...... TEARDSLERTE SNSEORNE T i 128
spherical weatheringof ....... ... . ... ... ..o 118
solution of, from decayed rocks ... cooivenviiiiiiiiin i B . 8 b
sulphide of, decay of, in nature. . .ooiiiiiias e v oae.. 106-138

10 G—1
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Iron, sulphide of, deposition of, in nature ....oonvieanl. S e N P P S T . 128
Irons' Fork Mountain ........ AT S S R T Tt 60
a7

Jackson, Ark,, iron deposits near,

county, Ohio, analysis of iron ore lrom 15

Wis., analysis of iron ore frorn,...‘.. ........ REAaE Mo SR 15

_]'eﬁ'ersoln county, Ala., analysis of iron ore from............ 15
Johnson county, Ark,, iron deposits in ......... ... . C- 44, 52
Jones, Bud, claim No. 1, Ark,, analysis of iron ore from tevereienaieee saeses. .. 12, 67, 69, 92
o, 9103

iron depositon ..... ......

No. 2, Ark,, iron deposit on viweivenes 98

No. 8, Ark., analysis of iron ore from, 12, 66, 69, 94

iron deposit on......... S e T e R R R e 93-04

Juragua, Cuba, analysis of iren ore from.....

Kansas City, Fort Scott and Memphis Railway, relation of Arkansas iron deposits to .. 17, 25

Kentucky, analyses of iron ores from, .. 15
King, snalyses by ... . ......ociien i Viw wu 15
King’s River, Ark., Beach Imn Works neax|,. T 3
L
Lafayette county, Ark., analyses of fronores from ......... ... ....cooenen.. 18,108,128
iron depositsin ... ..ee. .00 SRS ST T e 6, 103, 123
Laminated iron ores, see Texas, iron ores of.
Lawrence county, Ark., analyses of ironoresfrom . ................. 11, 22, 27, 28, 29, 30, 81, 32
iron deposits of ... . iiieeiiiiiiiee . 2, 8,120, 26-82
Ky., analysis of iron ore from ........... e
Ohio, analysis of fron evefrom........ .. ... ..
Leader Mountain, Ark., iron deposits on........o.viiarmain i i e
Lebanon county, Pa., analyses of iron ore from. .............

Lesley, J. P., cited on analyses of Cornwall, Pa., iron ore. ........
Bevens Bloomary, Ark.......... .
Lewis, J. Guy, claim, Ark., analysis of iron ore from

irondepositon............ e R B R S R 97-98

Lewisville and Hope road, Ark., analyses of iron ores, from . 3, 108, 122
fron deposits ON..... .. vveeeiriiriiiiiiaaa s 122-123

Lick Mountain, Ark., analysis of iron ere from ....... .. ... e s b0
iron deposit B0, .. weueiiiiieiiin e e . 49-50

85

Lightfoot Springs, iron deposits near . ..
Limestone, as a precipitant for iron......

in northeastern Arkansas .. T peee... 18, 23-21, 26
Ouachita Mountains, Ark ..oooovne oo R R 18, 78
southern Arkansas ... ....... ..oveenan TP T L P e ot B2
use of, in iron MABUFACEIEE . ... .vausivuuenere o oirraeraeiairiinees aeen 17
Limonite, see iron ores,

composition of .......... OO - I .- SOOI 1< S -~ ||
derivation of, from carbonate of iren ........ovii it iiiiieiens oo eenees . 1831183

geodes, see geodes,
{1 U1 L R A — ...132-138
. 124-128

origin of, in Tertiary strata . _...... .

INDEX, 147
Line Mountain, Ark., iron and manganese depasits 08 ....veeinives uiuiieen ... .89-90
Little, Henry, claim, Ark., iron deposit an ....ovivvivnivrnernrennn ons [ |
Little Manganese Mountain, Atk., iron and manganese deposits on....... .oeevennin.n. 108-104
Little Missouri Mountains, Ark ...oo ... oe.. .
Little Musgrove Mountain Ark, ...............
Little Red River, Ark , fron deposits near ..............
Little Rock and Camden Road, iron deposits on
Llano county, Texas, analysis of iron ore from.........
Loadstone in Magnet Cove, Ark., analysesof. ... ..... ..... :
depositof ... .. ...... = i ceesns .. 86-88
Logan county, Ark., analysis of iron ore from’ .12, 46, 53
fron deposits In. . ... uverarsriisnnernaeeinoies SRR . B, 44, 5253
Lonoke county, Ark., iron deposits in R
Louisiana, lagoons on coastof.... ........... S 126
Tertiary:iron:deposits: of s R R S D e S e, 125
M
Madison county, Ark., iron deposits 10 voiv. . Lo ieiiee i iieer e ies 6, 39, 40, 48
Magnenat, L., analysis by........ A A T R i Ve 15
Magnet Cove, Ark., analysesof ironorefrom.....oovoe. veunnnnn.. .. . 12,69, 88
decay of crystalline rocksof..... S - vev.. B6-87
iron deposits in ... o~ AT SRR RS SR 4, 8, B6-88
dcrwatmn o e R R R S, B6-B7

Magnetic ore, sea magnetite.
Magnetite, distribution of in Arkansms .oo. o iiii i iriees aeen B

in Magnet Cove, Ark. (see Magnet Cove).........ceceueni. oeinns.... 14,19, 86-88
titaniom in. . uvivennnn i
Mammoth Spring, Ark., iron deposit near ......
Manganese, association of, withiron. ... ... ................ ... A
in Arkansas iron ores.............. s
Mountain, Ark., iren deposits on . z [
ores, bog, of McHenry Creek, Ark,, analyses of R 12, 69,76
deposits of .. v v viiiinnn. . g P 7577
Manganifzrous iron ores in Arkansas ... ........ _....... . ...... . 14, 68, 75-78, B1-85
Mansfield, Ark., analysis of fron ore from near ... ... .cooov ol ieen L ceeneree 12, 46, 56
iron deposit near................ RS SRR L TR 5556
Marinette county, Wis., analysis of iron ors from ... ... ...... e 1B
Marion county, Texas, analysis of iron ore from ........ N R Fa e R T R ]
origin of fron oresin...........o.u0l .. 135
Marquette county, Mich., analysis of iron ore from ............... Be A RN |
Martindale, Ark., iron and manganese depositsnear................ A 74,17
Massard Prairie, Ark., iron deposits on R T e Bk araaee e £5
Creek, Ark‘,qundepumson T R N i o A A RS o e
McBee School-house, Texas, section at ov.o.ovvivnn.. ... T A &
McCreath, A, 5., analysesby .. ... .... Ty I A 15"
McGruder trace, Ark., analysis of iron ore from..... 11, 46, 49
iron deposit o0 vuvee. o0 Liiiiana,ln, : crseares 49
McHenry Creek, Ark., iron and manganese deposits on, ., veae.T4-78
McKinley Mauntain, Ark.... . = .............. P 11 |
Means, J. H,, cited on the geology of the Barren Coal Measures of Arkansas...... rennanes, AD

Menke, A. E., analyses by ....11, 12,18, 22, 27, 28, 2), 30, 31, 32, 33‘ 34, 35, 87, 3%, 41, 42. 43,

43, 46, 49,750, 51, 52, £3, 55, 50, 57, 58, 80, 82, 88, 114, 115, 116, 117
Menominee county, Mich., analysis of iron ore from...ou. 0. ..., ey S S G T
Meyer Creek claims, Ark., iron and manganese deposits on.,.....,. g | ) §
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iron deposits in. PR R 6, 59 90-97
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New Lewisville, Ark., iron deposits near. 122, 123:
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Nipigon, Mino., analysis of iron ore from 15+
Nodular ores (limonite) of Arkansas . ..... : cov. 1062109
commercial value of, ..., ..... .. P ——— 108-109, 112
mode of GCCUTIENCE BF . vurnvranereersosnnnnass, s 110-112
pature of ...... ... ..ol T ey 107-108-
F B S T 124-188
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Northeastern Arkansas, analyses of iron ores from. . 11,22, 27, 28,29, 50, 81, 82 83, 84, 55, 37,38
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geologic relations of iron deposus of .. ... 7, 20
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mode of occurrence of dron ores of..oovier e oo s 23-25
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Odom B. B,, tract, Ark., analysis of iron ore from ....... ... ... . oo 11, «2, 37
iron depositon.... ... . .oeee e e S 3738
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iron depositsin ... ... . . ..... S Lo ... NBA20
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69, 76, 78, 79, 80, B2, 83, 83, 88, 92, 94, 98, €Y
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description of iron ore localities of . vovs suviiuvenn veiee. 14104
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H8-62

LT0-72
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cited on Fevens Bloomary....oo.oovieniiiin civiiniiiniiinen 3
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P
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Pleistocene sandstores andcong1omeratcs AR SRR e 12-1 138-184
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Port Henry, N. Y., analysis of iron ore from near.
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Peairie Mountain, Ark AT SRR
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Sulem, Ark., iron deposits near ... ....... NS e 42 meBy o e g e T - 1
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Scott county, Ark., analysis of iron ore from... . 12, 46,56
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' § crossing,’ Ark., iron deposit on . N A e B R R 95
Sebastian county, Ark., analysis aflrunorefmm R e e A N N s Pt 0 '155&
frondeposits in . ... L c e weaan.. B, 44, 5455

Segregation of iran, mode of, in Tertiary strata...........oovu vo.uu., Ceecieses ia....130-182
Shadow Rock Mountain, Ark., iron and manganese deposits on ., ; . 61, 101-102
Shale, ferruginous, mistaken for iron ore ......... i S G e AL i 10
Shaler, N. 5., cited on the origin of iron deposits ..........0uvvuns RS A . 128
Sharp county, Ark., analyses of iron ores from . 11, 22, 33-34
Bevens Bloomaryin .. .. . ... . ... Salaa wmmemay v 2,38

Tron depoRlts: dn i TR s, AT 2,6, 20, 52-84

Shaver tract, Ark., iron deposits on.....ovreriis c0 vias cociiiie e 42
Shay tract, Ark., analysis of iron ore from..... ... R R e S e v 12, 46,57
Iron dePosits Of.ieey 0 tvrneniin et s P 4

Shelby county, Ala., analysis of iron ore from ... 15
mine, Ala., analysis of ironore from............oooh Lol 15

INDEX. 151
Shepherd Bank, Ky., analysis of iron ore from.......00u.t. peeean onne s —— v we par  EiL
Sigua mine, Cuba, analysis of iron ore from......... i - e 14
Silica in' Arkansas iron ores ... ..., Pt pm e oo ot L 'l(] 1-} 21 A0-40, 14‘ 63, 108, 109, 110
Silurian rocks, ivon deposits In . c.ievenniiienaaa SRR s S N 7,20, 39, 62
Sloan, W, C., tract, Ark,, analysis of fronore from ... ... .. ......oian 11, 22,81
iron deposit 0.y i T 11
Smithville, Ark., Bevens Bloomary near. ... ..., .ovenanns T TR s oty 2
iron deposits pear ... ... R 25
Smeck, John €., cited on analysis of iron ore from {,h'!te'lugay N. ‘(' ......... i e 16
Smyth county, Va., analysis of ironore from . ........o00 Lo, L T TR B
Suuthcm Arkansas, analyses of iron ores from. . 13, ]0\ 114, ‘lts, 117, 118, 11‘3, 120, 122, 123
commercial value of iron deposits of PP b L
descriptions of iron ore localitiesof . ..., ... TR b
geologic relations of iran deposits of ..., . e eeeeeens o L0106
jocation of iron deposits of. e S 105
made of occurrence of fronoresof oo oo 110-112
nature of ironoresof. ... ..., e e 105-110

Spathic iron ore, see iron ore, carbonate of,
Springfield, Ark., iron deposits near ...l S oo S T RN 44
Spring River and Eleven Points River divioe. ... ..o i s .23, 35, 87
iron deposits near vawia ol BB
Springs chalybeate, iron deposits formed by kv 420 44, 46-47, 75-T76
Stalactites of iron and manganese cres ENE NS REOMARETEY A T T . |
State House Mountain, Ark. ... | ki TR g P e T T o 61
St. Francois county, Mo., analyses of fronorefrom ... .. ..... .0 . o eeciiiien 15
S, Louis and Southwestern Kailway, relation of Arkansas iron depuslta to, ceee . B, 18,105
&t. Lonis, Tron Mountain and Southern Railway, relation of Arkansas iron deposus to.. .18, 105
Strawberry, Ark , analyses of iron ores from 11, 22, 32
iron deposits at ... cae B1-32
Wiver, Ark., iron deposits near..... . F I A 20, 82
Sugar Tree Mountain, Ark. .. .. i W R PRI .
Sullivan, Conley, claim, Ark., analysis of iron ore from. ....... TR 2, 69, 85
iron deposit oM. .. ... coveiiiid preeeiiiiiriaraaas SEREER 8485
Sulphur in Arkansas ironores . .. ... .. T AR A A SR S R v Ak 2L
Sussex county, N. J., analyses of iron ores {rom ..... R AT R R e e 15
Swank, James M., cited on Beach Iron Works. covaunein oo innnn i o 3
BEevens Bloomary and Beach Iron \K’o.ks T S e R 4
iror. ores from Arkansas........ B e S R T ek 3

Syenite, derivation of bauxite from .....

ia Magnet Cove, Ark .........c0 voiviinas

in Saline county, Ark. .. ..... ...

Tall Peak, Atk ........ ..... e e e .
Taylor Bank, Tenn., analysis of iron orefrom ... .. ..... ...

Tenth Census of United States, analyses quoted from ....... Beads 6 SRR 1
107

Tertiary conglomerates.

originel ... ... S SRR 133-184

sandstones .. ... . L. o eeeas ATl R L T 107
origin of ..oiiiiiien o .. 183-184

strata, iron ores in, in ArKGDSas. .. ..o i e 7, 8, 105-106
Louisiana Le. 125

Mississippi ... . A A 126

TeXas . ..vcvurans o2 105-106, 134-138
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Williams, Asa, tract, Ark, sulphurspringson. ..o oo s s = <00
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J. Francis, cited on bauxite ‘rom Arkausas o ... .. ieeieieeiaee ooaees 109

geolagy of Magnet Cove ..o oo ieie i voian o 86

magnetite from Magoet Cove, Ark..oocvt 0 cvv covvviiies. 87
. syenite from Magnet Cove.sniinniciiianin ciiiinnieess 86
Winchell, N. H and H, V., cited on analyses of Minnesota ironores ...... ... ... ..., 16
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Winslow, Ar hur, cited on geology of Arkansas coal regions. . ...covsnniiiiianninn, 45
Wisconsin, analyses of iron ores from........oovveiiiiinriieniniiiie coiiennns R ]
Worthen, R. W., tracts, Ark,, analyse: of iron ores from. .12, 13, 69,79, 80, 108, 114
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LIST OF THE PUBLICATIONS OF THE GEOLOG-
ICAL SURVEY OF ARKANSAS.

The following list includes all of the official publications.
known to have been made by the several Geological Surveys.
carried on by the State of Arkansas. The reports, when not
out of print, may be had of The Honorable, The Secretary of
State, Little Rock, Ark., at the prices mentioned :

(A.) By the Survey under D, D, Qwen, State Geologist,
First Report of a Geological Reconnoissance of the Northern Counties
of Arkansas made during the years 1857 and 1858, .............Price $3 oo
Second Report of a Geological Reconnoissance of the Middle and South-

ern Counties of Arkansas made during the years 1859 and 1860. . Price $3 oo-

(B.) By the Survey under W. F. Roberts, Sr., State Geologist,
Report by George Haddock ........... i e e e (Out of print)

(C\) By the Survey undev J. C. Branner, State Geologist.
Annual Report of the Geological Survey of Arkansas for 1887, by J. C.
Eranner,.... R pasep— N e b AT Price o.10-
Vol. I for 1888, Report upon the Geology of Western Ceniral Arkansas,

with especial Reference to Gold and Silver, by Theo, B, Com-
SOkl s winam s A T R OE e Price $1 o0

Vol. II for 1888, The Neozoic Geology of Southwestern Arkansas, by R.
g B!y b | e e e e s Tty CU R Price $1 oo

Vol. TIT for 1888, The Geology of the Coal Regions; a Preliminary Re-
port upon a Portion of the Coal Regions of Arkansas, by Arthur
Winglow .ovevamsmsenimais R R TR Price ©0.75.

Vol. 1V for 1888, Part I, The Geology of Washington County, by Frederic
W, Simonds; Part II, a List of the Plants of Arkansas, by J. C.
Branner and F. V. Coville.,.....o0vvnnenns SRR S e Price $1 oc-

Vol. 1 for 1889, Clays, Kaolins and Bauxites, by J. C. Branner. , (In press)

Vol. II for 1889, The Geology of Crowley’s Ridge, by R. E. Call..Price $1 0o

Vol. I for 18go, Manganese: Its Uses, Ores and Deposits, by R. A. F.
Pentose;: Tricvivomsiianvivess svvsiers vt b Price §1 38

Vol. 1II for 18g0, The Igneous Rocks of Arkansas, by J. Francis Williams. $1 35

Vol. II1 for 18go, Whetstones and the Novaculites of Arkansas, by L. S.
Griswold ..oovviiiainnnann, sevase i aiaan ceravans. Price 31 60+

Vol. I for 1891, Mineral and Other Waters.... ...........(In press)
Veol. I for 1892, The Iron Deposits of Arkansas, by R. A, F. Penrose, Jr., ......



