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INTRODUCTION.

REVIEW OF THE HISTORY OF ARKANSAS
GEOLOGICAL SURVEYS.

Until the State Legislature deems it expedient to authorize a further
survey of our mineral resources, a work that has been neglected for a good
many years and for the lack of which Arkansas has been seriously hindered
in its material progress, use must be made of such literature as has resulted
from the splendid labors of earlier surveys, and the records of private and
government researches, if our knowledge of the geology of the state is to be
refreshed either for practical purposes or for our mental edification.

The subject of a state geological survey of Arkansas was first brought
to public attention by Governor Elias N. Conway in his message to the Leg-
islature in 1856. On his recommendation the first geoToglcaI survey of the
state was begun under an act passed J’anua"ry 4, 1857 Dr. David Dale Owen,
then State Geologist of Kentucky, was | pp ofn'béd State Ge gist of Arkan-
sas and entered up(m his duties Octo !‘"ﬁﬂm ﬁg results of the work
done in 1857 and 1858 a Mraﬁwmm of a Geological
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represent his views of the geology of the state and give the results of his
work. They are largely a repetition of the results given by Doctor Owen.

In 1873 Dr. George Haddock, who had been Mr. Roberts’ assistant, pub-
lished at Little Rock a pamphlet of 66 pages, entitled “Report of a Geological
Reconnaissance of a Part of the State of Arkansas Made During the Years
1871-72.” This paper gives the only results of the work done under this ap-
propriation. It is of but little or no importance and adds nothing to the
work done by Doctor Owen. The paper is out of print.

The General Assembly of 1873 passed a bill for the continuation of the
survey. Under this act the following geologists were appointed: George
Haddock, appointed May 15, 1873, removed from office January 14, 1874.
Mr. Haddock made no report except the one published under a former ap-
propriation and mentioned above. Wm. C. Hazeldine, appointed January 14,
1874, and removed June 29, 1874. As State Geologist he made no report and,
so far as can be ascertained, did no field work. Arnold Syberg was appointed
June 29, 1874, and remained in office to the end of the term. Mr. Syberg
made no report, and the only work he did was to receive and examine speci-
mens sent or brought in from various parts of the state.

The failure of the surveys from 1868 and 1875 to yield any geological re-
sults must be attributed to the general demoralization of the state govern-
ment during the reconstruction period. No further efforts were made to
carry on a WW@W t&emMiMﬁ-bm io&:smh work
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Annual Report for 1888.
Vol. I—Gold and Silver, by Theo. B. Comstock, Pp. xxxi, 320, 2 maps.
Vol. 1I—Mesozoic, by R. T. Hill. Pp. xiv, 319; illustrated; 1 map.

*Vol. III—Coal (preliminary), by Arthur Winslow, Pp. x, 120; il-
lustrated; 1 map.

*Vol. IV—Washington County, by F. W. Simonds; Plant List, by J. C.
Branner and F. V. Coville., Pp. xiv, 262; illustrated; 1
map.

Annual Report for 1889.
Vol. I—Clays, Kaolins and Bauxites. Illustrated; maps. By J. C.
Branner; illustrated, about 300 pages. (Not published.)

Vol. II—Crowley’s Ridge, by R. E. Call. Pp. xix, 283; illustrated; 2

maps.
Annual Report for 1890.

Vol. I—Manganese, by R. A. F. Penrose, Jr. Pp. xxvii, 642; il-
lustrated; 3 maps.

Vol. II—Igneous Rocks, by J. Francis Williams. Pp. xv, 457; il-
lustrated; 6 maps.

Vol. III—Novaculites, by L. S. Griswold. Pp. xx, 443; illustrated; 2
maps. ;

Vol. IV—Marbles, by T. C. Hopkins. Pp. xxiv, 443; illustrated; atlas
of 6 maps. ' '

Annual Report for 1891.

*Vol. I—-Mmeral Waters, by nya C. Branner Pp.viii, 144; 1map.

*YQ.!-. II-——Mi.sce.lla.neou.s Breporls —Bentgn County, by F. W. Simonds

it gpd TJ C. ;Hop‘ n}.,mgxaﬂms by J. C. Branner; River
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In 1907 there was established the Geological Survey of Arkansas in
charge of the Geological Commission of Arkansas, composed of the Gov-
ernor of the State, the President of the University of Arkansas, and the
Commissioner of Mines, Manufactures and Agriculture. The members of
the commission received no compensation for services rendered for the
survey, but were reimbursed for actual necessary expenses. The Professor
of Geology of the University of Arkansas was designated as Ex-Officio State
Geologist and required to devote 15 per cent of his time to survey work.
The assistants included one geologic aid, six engineering aids and one clerk,
appointed by the State Geologist with approval of the Commission. These
assistants have all been professors or advanced students of the University.
Appropriations were made biennially and were partly contingent on co-
operation with the U. S. Geological Survey. The Act of 1907 appropriated
$1,800 “for a geological survey of the slate deposits in Arkansas in co-
operation with the U. S. Geological Survey.” The act of 1909 appropriated
$5,000 for the purpose of carrying on the work of the survey.

Three reports have been issued by the Survey under Prof. A. H. Purdue:
one is on the Slates of the State; another on Coal Mining in the State; and
the third is a preliminary report on the Water Powers (White River). The
av‘érag‘e annual cost of printing reports and maps for the last four years has
been $1,300. This was paid from the State printing fund.
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ing of tedious and not always complete replies, that the commissioner con-
cluded to publish a summary of the various reports, issued by the state and
obtained from the government, in which the mineral resources of Arkansas
are treated, in as convenient a form as the limited allowance for the printing
expense would permit.

At the outset of the undertaking it was not hoped to include in the
bulletin any new contributions to the geological literature of the state, but
as the work progressed much encouragement was received, especially from
those high in scientific authority, and as a result there has been obtained
information of the greatest value never before published. This new matter
includes chapters on Petroleum and Natural Gas, one by Doctor Branner
and another by Doctor Drake, the latter being accompanied by a map,
showing the favorable and unfavorable areas, such as will prove a useful
guide in the future for those who are in search of these minerals.

This material, with the additional matter condensed from the pre-
viously published reports, presents enough of the principal facts to give
the layman at least a fair idea of the extent, location and probable value of
any mineral known to be present in the state, and, fortunately, there has
been found room for a bibliography of Arkansas geology that will enable
anyone who is sufficiently interested to pursue the study through a con-
siderable list of books and repoi‘ts.

The collecting and assembly of this material has largely been work
of an editorial nature, for the problem was to select the more important

features of each report or paper and a.rrxngn it in i .m order, and by
the adéﬁhﬂ d W and r ce notes, lﬁ‘bm subject wm
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There is nothing that Arkansas needs so much as a new geological sur-
vey. Such information as a new survey would bring forth will serve to at-
tract capital and guide the forces that will develop the mineral resources of
the state. It would be a splendid thing if such a survey could be made while
the state has the opportunity to obtain the counsel and advice of such emi-
nent men as Doctor Branner and Doctor Drake.

Millions of dollars are being spent in prospecting for oil and gas in Ar-
kansas at the present time. If the state was doing what Oklahoma, Texas
and Louisiana are doing it would not only direct these energies to conserve
the capital of investors, but it would safe-guard the interests of the com-

monwealth in these great natural resources, the revelation of which will
enrich the state.

The meagre information contained in this synopsis of the geologic lore
of the state is the strongest argument for the need of an appropriation of a
sum sufficlent to establish and maintain a permanent geological corps for
the making of a thorough and accurate inventory of the state’s mineral
wealth, such as would benefit every county in the state. It should be the
duty of this survey to collect records of all deep well w and to co-
operate with the Federal government in completing a soil survey of the State
twm be helpful in the agricultural mn& o:'ammcm e

* Those who are not W&u ésg‘ '
armumm .
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DOCTOR JOHN C. BRANNER,
President Emeritus, Leland Stanford University, California;
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DR. BRANNER OUTLINES WORK FOR NEW

GEOLOGICAI. SURVEY.

Jim G. Ferguson, Commissioner
~““Mines, Manufactures and Agriculture

“am oft,e “asked what remains to be done on the geology
the Stﬁq ~ Arkansas. It is quite impossible to answer

- this question ponpﬂ!hms:yclv in a few words, but it may be
‘worth while to mention MW tbe ub}ecm that require
. fzrﬁt@tteﬁtwn' : g 7
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INCIDENTS IN THE HISTORY OF THE GEOLOGICAL
SURVEY OF ARKANSAS, and SOME CONCLUSIONS .
TO BE DRAWN THEREFROM.

By John C. Branner, Former State Geologist of Arkansas.

What I may here say stands in great need of indulgence, for my attach-
ment to the people of Arkansas and my interest in the welfare of the state
can scarcely turn round in the narrow space allotted to this brief paper.

Thirty-two years ago, I was appointed state geologist of Arkansas by
Governor Simon P. Hughes and entered upon the duties of that office June 24,
1887. I was reappointed by Governor Eagle in 1889, and again in 1891, and
held the office until 1893. During those six years the survey published
eighteen volumes of reports, sixty maps, and 6365 pages of text, at an ex-
pense to the state of about $100,000.

Though the work of the survey was far from complete when the or-
ganization was abolished by the legislature in 1893, and though some of the
most important of its reports were never published, and still others were
never even written, the people of the state seem to think the survey was
well worth while, that it was instrumental in directing attention to the val-
uable mineral resources of the state, in bringing in the capital necessary to
the development of several of these resources, and in increasing the value
of the taxable property of the state.

At the request, therefore, of the editor of the'Arkansas Gazette, I venture
to offer the people of the state the peneﬁt of a life’s experience in dealing
with mineral resources in various m of m woﬁd in order to' point the
way to turther dﬂe}opmmts ol thq puources d% Ai'ltuu
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In 1871-3 another survey was undertaken with W. F. Roberts, Sr., as
state geologist, and George Haddock assistant geologist. The only publica-
tion made by these geologists was a pamphlet of 63 pages by George Had--
dock. The state’s appropriation for the work was $15,000.

In 1873-4 the survey was continued under George Haddock, later under
W. C. Hazeldine, and still later under Arnold Syberg. Their appropriations
amounted to $19,628, but they made no report. It is to be noted regarding
these surveys that they cover a period of seven years, that they cost the
state $51,428 but that, with the exception of Dr. Owen’s reports, the work
was of no value. This fable teaches something worth keeping in mind in
connection with state geological surveys.

There followed a period of thirteen years in which the state was entirely
without a state geologist. In 1886 and 1887 there was great excitement
through the western part of the state, especially in Garland and Montgom-
ery counties, in regard to the supposed discovery of gold, and it seems quite
probable that the excitement, misleading as it turned out to be, led to the
prowsxons made by the leglslature of 1887 for a new state survey. In any
case the pohtlcal credit for the geological work done in Arkansa.s between

o{}&ﬁ‘? ing far the sq've
the commm.pes and t,lrrongh both
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THE LATE DOCTOR A. H. PURDUE,

Former State Geologist of Arkansas and at the time of his death
State Geologist of Tennessee.
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of proper scientific training, of sound judgment, and of upright principles.
When given the necessary funds to carry on his work, he should be allowed
to do that work in his own way, but he should also be given the cordial moral
and official support to which his position entitles him. For one of his first
duties is to protect the legitimate interests and the good name of the state
itself, and to do that effectively he must have the backing of those who are
in a position to give it to him.

When, after careful examination, it was found by the geological survey
in 1888 that the hundreds of so-called gold mines of Montgomery and Gar-
land counties were mostly worthless, or even fraudulent, the results were re-
ported to Governor Hughes. It was as disagreeable a piece of work as ever
falls to the lot of a governor or a state geologist. Did Governor Hughes
hesitate about what was to be done? Not the slightest. He simply asked:
“Are you sure of the correctness of your conclusions?’ “I am,” said I
“Then go ahead and publish them; I'll back you,” said he, and he did back
me against companies and interests capitalized for more than a hundred and
thirteen millions of dollars! e !

Some accounts of these matters were published iﬂ_ the Arkansas Gazette
of August 9, 1888, and up to the end of October of that year, and in the En-
gmem and Hlning Journal of New Yotk for Augu.st 18 and for October

p&the merwud buck o' %yxw the people must
the 1 m& ‘end




OUTLINES OF ARKANSAS GEOLOGY 19

cases these lands that were worth many thousands of dollars an acre on
account of the coal, were sold for ten to twenty dollars an acre because
the report of the state geologist on coal was never published. Prospective
buyers of such lands put their own experts in the field to ascertain the dis-
tribution of the coal, while they (the buyers) joined in the farmers’ chorus
for economy in state expenditures, and so kept from being published the
state report that would have shown the farmers the value of their own lands
which they were readily persuaded to sell for a small fraction of their real
value.

The duties of the state geologist cannot all be set down in black and
white. Some of them are obvious enough, but others are not so easily de-
fined. But too much should not be expected of him.

A geologist cannot find resources that do not exist; he can only point
them out when and where they do exist. But while he must devote himself to
a broad study, and to the setting forth of the state’s available resources, he
must necessarily do a good deal of what may be termed dead work, or work of
negative value. For it is quite as much his duty to determine what the state
has not as it is to determine what it does have. He should also be wise
enough to keep the organization and work of the survey out of politics and
out of religion, for the day he is expected to provide a position on the survey
for any one for any reason besides his fitness to do the work of the survey,
the value of the work will begin to decline.

With a single exception the young men who served as assistants during
my term of-office as state geologist were chosen solely because they were
capable of doing the work required of them. That one exception was a po-
litical roustabout who was taken on faith, and w%o was permitted to depart
in peace when he was found unable to do his work. Later he came to me
for subscriptions to political campaign funds, and when I explained that I
was in science, not in politics, he endeavored to prevent my reappointment
by Governor Eagle on the ground that I was politically off color. The gov-

frankly spoke to me about it, but when 1 told him I didn't know the
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to borrow money, it knows that it must open up its books, and if it wants
to interest capital in mines or in mineral resources, it must open up its geol-
ogy. The private corporation that can send its own experts into the field
and ascertain the values of lands justly regards the information thus gained
as its own private property, and the valuable lands may be bought up without
the owners knowing or suspecting what they are disposing of. But when such
work is done by the state geologist, the results belong to the state, and the
owners of the lands get the benefit of work that they could not afford to have
done at their own expense. It is also worth remembering that if a state
has mineral resources and doesn’t take the trouble to ascertain their extent

and importance, the rest of the world is justified in concluding that they are
without importance. B

The idea that one can advertise what he has, or even what he has not,
if he will only shout loud enough and use ink enough, is no longer true of
mineral resources. The people of Arkansas have had enough experience of
bogus mines to know that precise measurements and exact data are worth
vastly more than black-face type and questionable generalizations. And it
m-pu m the mepie will reamw&e sound and abundant seed they




GEOLOGY AND GENERAL TOPOGRAPHIC
FEATURES OF ARKANSAS.

By Hugh D. Miser

Published by Permission of the Director of the United States Geological Sur-
vey. The Information Compiled for Use in this Chapter Has Been
Taken from Many Reports, Some of Which Have Not
Been Published. The Reports that Have Been
Used are Listed at the End of the Chapter

TOPOGRAPHY.

The topogra;phlc features of Arkansas reveal considerable diversity and
may be grouped into several natural divisions which are briefly descrlbed
below

A line passing from a point near the northeast corner of the State in a
general southwesterly direction through Little Rock to Arkadelphia, Clark
County, and thence nearly due west through De Queen, Sevier County, di-
vides the State into nearly equal parts or halves. The southeast half of the
State is smmmm plain which is a part of a broad belt of country

known amamm mmsu- wmxmm in elevation
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The next higher plateau, known as the Springfield Plateau, is formed
by resistant cherty rocks of Mississippian age, and lies between the above-
indicated triangle and the north-facing escarpment of the Boston Mountains.
It is separated from the lower plateau by a sinuous escarpment which at-
tains a height of 400 feet near Eureka Springs, Carroll County. Much of
this pleateau is a gently rolling country but large parts of it are cut by
numerous canyon-like valleys. Most of its surface stands between 1,000 and
1,500 feet above sea level. -

The Boston Mountains overlook the Springfield Plateau from an ir-
regular north-facing escarpment 500 to 700 feet in height and many outlying
peaks of these mountains stand out on the Springfield Plateau. Most of the
southern slope of the mountains is less precipitous and passes off gradually
into the Arkansas Valley, though at many places it is marked by abrupt de-
scents and is broken by steep-sided canyon-like valleys. This mountainous
region has an average width north and south of about 35 miles, and extends
east and west a distance of approximately 200 miles, from the valley of
Neosho (Grand) River in Oklahoma eastward to the Coastal Plain near
Batesville, Ark. The mountain tops form a greatly dissected tableland.
which rises 2,200 feet above sea level and 1,700 feet or more above the flood
plain of Arkansas River, though a few remnants along the north side stand
2,300 to 2,400 feet above sea level. The mountains are rather rugged and
have steep slopes and sharp projecting spurs sswated by narrow ravines,
500 to i tm‘d-en The slopes, aro,.brom at W,_Pm-b vertical or




OUTLINES OF ARKANSAS GEOLOGY

DOCTOR N. F. DRAKE,

State Geologist of Arkansas.
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of the region and highest near the west border of the state, and they are
channeled by both deep and shailow valleys. Mena, in Polk County, Mount
lda, in Montgomery County and the southern part of the city of Hot Springs
are located in such basins. The piedmont plateau is known as the Athens
plateau, receiving its name from Athens, Howard County. It occupies a belt
of country about 15 miles wide, lying between the Ouachita mountains on the
north and the Coastal Plain on the south, and extending from near Arkadel-
phia, Clark County, westward into Oklahoma. When the plateau is viewed
from the crests of the mountains to the north is appears to be a practically
level plain ending abruptly against the mountains, but when it is crossed
very little level country is found; the rest is greatly dissected by narrow
crooked valleys of southward-tlowing trunk streams and by numerous east-
west valleys of small tributary streams. "The upland surface of this plateau
ranges from 400 to 1,100 feet above sea level, being lowest at its east end and
along its south side, and highest on the north side in Pike, Howard, and
Polk counties.

GEOLOGY
GENERAL FEATURES.

The several natural divisions of the State differ considerably nﬂ't ouly
in their \ﬁﬂace features but in the character and age of their rocks. !

‘w’xdmdroetrofm Ozark mm'm@
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beds is found everywhere in going in a northward or southward direction
across the region.

The Arkansas Valley lies between the southward monoclinal slope of
the Boston Mountains to the north and the uplift or anticlinorium of the
Ouachita region to the south and is thus a synclinal trough. The rocks of
the valley consist of 24,000 feet or more of sandstones and shales which con-
tain workable beds of coal over much of its western part. They are of Penn-
sylvanian age, though some of the oldest rocks exposed on the south side of
the valley are probably of Mississippian age. The strata like those in the
Ouachita Mountain region, were compressed at or near the close of the
Pennsylvanian epoch into east-west folds and have been faulted to some ex-
tent. but the folding has been less intense than that in the Ouachita region.
The anticlines are generally narrower and steeper than the synclines; there
is a tendency for the anticlines to be steeper on their north sides; and the
folding becomes more gentle toward the north. The structure bears a close
relation’ to the topography, the long narrow ridges indicating moderately
to highly inclined rocks. Buttelike mountains, such as Poteau, Sugarloaf,
and Magazine mountains, indicate practically horizontal rocks in synclinal
basins.

The sedimentary strata underlying the surface of the Gulf Coastal Plain
are chiefly clays, marls, sands, and gravels, and are of Lower Cretaceous,
Upper Cretaceous, Tertiary, and Quaternary ages. They lie in a nearly hori-
zontal position, though they have a general dip of 100 feet or less to the
mile to the south and southeast. They were deposited upon a fairly smooth
floor of Paleozoic rocks. This floor has been reached in deep wells at Nash-
ville, ‘Howard County, and at other places near the northwestern border of
the Coastal Plain, but over most of the southeast half of the State it has
been so doo_gly ]anied that it hs not been reachad in wells. The Cretaceous

uu?.; mim ig t bond.erof the State are more
ﬁi‘m Mmﬁﬁ Lmdaruenmethaas,wo
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tirely upon their relations to overlying and underlying rocks whose ages
have been determined by means of fossils. There are many minor and major
unconformities that break the succession of the rocks; and on account of the
geologic events that produced the unconformities many rock formations thin
out and are absent over large and small areas. The rocks in each of the
natural divisions of the State are briefly described below in the order of
their age, with the oldest first and the youngest last.

OZARK REGION.
ORDOVICIAN SYSTEM.

Jefferson City dolomite.—The Jefferson City dolomite is exposed in the
northeastern part of Marion County and in other counties farther east, and
so far as known is the oldest exposed formation in northern Arkansas. It
consists of at least 300 or 400 feet of gray dolomite and chert, in which a
few fossils have been found. f

Cotter dolomite.—The Cotter dolomite, 500 feet or more thick, is exposed
over large areas in many counties in the northern part of the State, but has
been studied in greater detail west of Baxter County than it has east of that
county. The thickest outcrops are in northern Boone County and other
counties farther east. Berryvﬂl'b Carroll County, and Cotter, Baxter County,
Mm whwh the tot‘mzmon takes its name q,re sﬂntted on the dolomite 'I‘he
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sandstone at places is as much as 40 feet thick and is well suited for the
manufacture of plate and ordinary glass. The lower part of the formation
is a sandy compact dark-drab magnesian limestone, known as the Sneeds
limestone lentil, and varies in thickness from a feather edge to 50 feet. It
is not as widely distributed as the middle and upper parts of the Everton.
The known exposures are in Marion and Newton counties. The limestone
receives its name from Sneeds Creek, in Newton County, on which i_t is ex-
posed.

St. Peter sandstone—The St. Peter sandstone—a formation which is
widely distributed in the upper Mississippi Valley—is exposed over large
areas in Carroll County and most of the other counties farther east. It and
the Kings River sandstone member of the Everton limestone are described
in the reports of the Arkansas Geological Survey as ‘“saccharoidal sand-
stone.” It is massive and friable, is white or cream colored, and varies in
thickness from a feather edge to 200 feet, being thickest to the south and
east. It is being quarried for glass sand at Guion, Izard County. Outcrops
of this sandstone occur in many of the picturesque bluffs along Buffalo and
‘White Rivers. ;

Joachim limestone.—The Joachim limestone, 0 to 150 feet thick, is ex-
posed in Newton County and all of the counties between it and Lawrence
County. It thins to the north and west and is therefore thickest in its most
eastern and southern outcrops. It is a drab-colored fine-grained, sparingly
fossiliferous magnesian limestone, and at many places it is sandy and con-
tains thin beds of sandstone which usually occur near the base.

Jasper limestone.—The Jasper limestone, 0 to 50 feet thick, is present,
so far as known, only in Newton County. It takes its name from Jasper,
the county seat, near which most of the exposures occur. It is a compact
bluish-gray, slightly fossiliferous limestone suitable for making lime, and it
affords a beautifui a,nd durable building stone, as is shown by buildings at
Ja.sper Chai were mcte-d ‘nth it. A bed of whlte sandstone, § to 20 feet

!'é u‘% ;hnme_r beds of similar
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Kimmswick limestone.—The Kimmswick limestone, 0 to 55 feet thick, is
exposed in Independence, Izard, and Stone counties and so far as known is
absent farther west. It is an even-bedded massive light-gray fine-grained
slightly fossiliferous limestone, but at places it is coarse grained and at
some places its uppermost beds are compact and grayish blue, thus resem-
bling the bulk of the Plattin limestone. Thin lenses and nodules of chert
are present at many places but are not sufficiently numerous to prohibit the
use of most of the limestone for making lime for which it is probably suit-
able.

The Kimmswick limestone constituted the lower part of “Polk Bayou
limestone” of many of the geologic reports on northern Arkansas, whereas
the Fernvale limestone, which overlies the Kimmswick, constituted the upper
part of the “Polk Bayou limestone.” In some of the earliest reports the
Kimmswick limestone was included in what was then called the St. Clair
limestone.

Fernvale limestone.—The Fernvale limestone, 0 to 125 feet thick, is
exposed over large areas in Independence, Izard, and Stone counties; small
outcrops occur near St. Joe, Searcy County; and one small outcrop is on
Little Buffalo River, a mile northeast of Jasper. The greatest thickness of
the limestone given above is in Penters Bluff near Penters Bluff station, in
Izard County, but the usual thickness at other places in the Batesville man-
ganese, iﬁsgrict in wluch Penters Bhiff Poeurs, is about 100 teet This lime-
su‘ne is coarse g:,:n' s qj}lf "Imervous is dark
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SILURIAN SYSTEM,

Brassfield limestone.—The Brassfield limestone so far as known is pres-
ent at only a few places; these occur between Duff and Tomahawk, Searcy
County, where it is several feet thick, but fossils that have been derived
from it through weathering occur in residual clays at the Montgomery mine,
5 miles east-northeast of Cushman, Independence County. It is a granular,
light-gray fossiliferous limestone and contains a small amount of glauconite.
This limestone has heretofore been included in the St. Clair limestone but
its lithology, fossils, and stratigraphic relations show that it is of the same
age as the Brassfield limestone of Kentucky and Tennessee.

St. Clair limestone.—The typical St. Clair limestone, 0 to 100 feet thick,
is exposed at many places in Independence, Izard, and Stone counties. It is
a coarse-grained pinkish light-gray, highly fossiliferous limestone and much
of it would make a valuable building stone. The greatest thickness, 100
feet, is at the Cason mine.

Lafferty limestone—The Lafferty limestone, 0 to 85 feet thick, is a
thin-bedded compact earthy, sparingly fossiliferous limestone, of which the
upper part is gray in color and the lower part red. The only known oc-
currence is an exposure 114 miles north of Penters Bluff station in Izard
County. The name of the limestone is taken from West Lafferty Creek which
is half a mile east of the exposure.

DEVONIAN SYSTEM.

Penters chert.—The Penters cﬁert, 0 to 91 feet thick, is exposed within
two small areas in Independence County, one being near Pfeiffer and the
other near Penters Bluff station from which the formation takes its name.
It is a couipact gray and bluish chert, though the upper part is dark colored
at places. No fossils have been discovered in the chert but its lithology and
stratigraphic relations indicate that it is of the same age as the Camden
chert of west-central Tennessee and the lower part of the Arkansas novacu-
lite of west-central Arkansas and southeastern Oklahoma. The Camden
qb«'t ‘as shown nm,m:m mmn Mmrnrk:o&ﬂ!ﬁ
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The Chattanooga shale in the reports of the Arkansas Geological Survey
is called “Eureka shale.”

CARBONIFEROUS SYSTEM.
Mississippian Series

Boone formation.—The Boone formation, 250 to 400 feet thick, consists
in the main of a series of cherty fossiliferous limestones and cherts that has
been known as the Boone chert, a name given to the series on account of its
wide distribution in Boone County. Below these over a large area in the
northern part of the State lies the St. Joe limestone member of the forma-
tion, a well-marked bed of gray or pink crystalline limestone, which is the
basal Carboniferous bed. It is easily recognized by its color, texture, and
its marked contrast with the beds that usually underlie it. This limestone
ranges in thickness from a feather edge to 100 feet and forms an almost un-
broken, though very sinuous outcrop from the vicinity of Mountain View,
Stone County, to the State line near Seligman, Mo., and is exposed in all of
the counties between that county and the western boundary of the State.

Where the cherts are interbedded with much limestone they form, on
decay, a fertile soil, such as is found over large areas in Boone, Benton,
Washington, and Madison counties. When comparatively free from lime-
stone beds the soil is generally too meager for agriculture and forms the
“flint hills” of central Independence County, of western Carroll and north-

coun‘ties and 'f' mt.erﬂredu orth ot Muuhali and southwect
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ville limestone member. The greatest areal exposure of the member is
near Hindsville, Madison County, from which it was named. The limestone
is gray, fossiliferous, and oolitic, is interbedded with thin beds of sandstone,
and includes at its base a chert-pebble conglomerate. It is suitable for
building stone and for making lime. The limestone for the columns at the
front entrance of the main building of the University of Arkansas, at Fay-
etteville, was quarried from this limestone on Brush Creek near Hindsville.

Fayetteville shale.—The Fayetteville shale, 10 to 400 feet thick, consists
principally of black or dark-gray carboneous shale, at many places thinly
laminated, and in general is thickest to the south. Near its base there is
generally a thin bed of hard, dark gray or blue fossiliferous limestone, while
its middle part commonly grades from a sandy shale to a true sandstone,
and where the sandstone phase predominates this portion of the formation
is distinguished as the Wedington sandstone member. The shale is well de-
veloped in the valley of West Fork of White River near Fayetteville, from
which town it is named, and the Wedington sandstone member is particu-
larly prominent southwest of Fayetteville, in Wedington Mountain, where it
attains a thickness of 150 feet—perhaps one-half the total thickness of the
formation there. The softness of the shale causes it to erode so easily that
its outcrop is usually marked by a valley, or by steep slopes. Where ex-
posed, the shale disintegrates readily and forms a black and fertile soil.
The composition of the unweathered shale renders it suitable material for
brick making. The shale heds are practically constant from the Oklahoma
line to the Gulf Coastal Plain near Batesville, but the sandstone thins out
at places.

Pitkin limestone.—The Pitkin limestone, 0 to 100 feet thick, is widely
~distributed over northern Arkansas, extending along the north side of the
Boston Mountains from Independence County to the western boundary of
the State. i thms out to the narm and is generally thickest in its most
:outhern mrﬁcﬂsﬁs “ﬁ‘ _exp ng m e of these mountains

on I _' o} in ‘a prominent es-
carpment. "@' M&w ‘the Boston Mountains in
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shale, and is known to vary in thickness from 80 to 300 feet. The Bloyd
shale is composed mainly of black clay shale, but partly of limestone which
occurs in two beds, the upper being known as the Kessler limestone member
and the lower the Brentwood limestone member. The shale is about 200
feet thick in southern Washington County and northern Crawford County
but from this part of the State it thins to the north and east and is known
to be absent in parts of Madison, Carroll, Boone, and Newton counties.

A coal bed, as much as 14 inches thick occurs in the Bloyd shale in
Washington County and has been worked on a small scale.

Winslow formation.—The Winslow formation makes the summit and
southern slopes of the Boston Mountains, except in the deeper ravines
where older rocks have been exposed. Rocks of this formation also occur
on the tops of the outliers immediately north of the Boston Mountains.

The formation consists of beds of sandstone and shale, with a few thin
local layers of limestone. The sandstone beds range in thickness from 3
feet to more than 50 feet. Cne of these beds, and in places two, near the
base of the formation, are conglomeratic, containing waterworn quartz peb-
bles of small size and form prominent bluffs along the mountain slopes.
These gritty beds at and near the base of the Winslow formation were
do&enbﬁd by the Arkansas Geelogu:al Ourvey in the re-port on Washmgton
Cmtr ,a: the “)!,J.Ilston&'
mw& of the formati
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sandstone but at the base there is a conglomerate with limestone and chert
pebbles that have been derived from the Collier shale. Clusters of quartz
crystals are found in fissures at numerous places and many are sold at Hot
Springs, Garland County, for museum specimens and for use as ornaments.
The sandstone is used as a building stone at Mount Ida.

The formation has not yielded any fossils but, for reasons which can
not be presented in this short paper, it is tentatively assigned to the Ordo-
vician system. -

Mazarn shale.—The Mazarn shale, 1,000 feet thick, takes its name from
its occurrence on the headwaters of Mazarn Creek in Montgomery County.
It is exposed at other places in this county and outcrops of it are known to
extend as far east as Blakely Mountain in Garland County. The outcrops
everywhere occur in valleys. The formation consists of shale and of small
amounts of limestone and sandstone. The shale is ribboned, consisting of
alternating black and green layers that split at an angle with the bedding.
Fossil graptolites of Lower Ordovician age have been found at a few places.

Blakely sandstone.—The Blakely sandstone, 0 to 500 feet thick, consists
of shale in alternafing black and green layers and hard gray sandstone. The
shale constitutes 75 per cent of the whole, but the sandstone, which pro-
duces high ridges, is the prominent feature. The ridges formed by this
sandstone extend in an east-northeastward direction from Womble, Mont-
gomery County, across Garland County, into Saline County. A group of
these ridges in Garland County is known as Blakely Mountain and from it
the sandstone has been named. The formation is absent at most placés west
of Womble and at probably all places north of that town. Graptolites of
Lower Ordovician age hayve been found in shale in the formation in Blakely
Mountain. Quartz crystals are found in ﬂssures in the sandstone but they
are not so numerous as they M‘e ul the C.rystg.l }bonntain sandstone.,
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outcrops of the Bigfork chert, and so far as known is absent in comparatively
small areas. It is a black graphitic shale; in parts it is siliceous and in others
clay shale. It has been prospected for roofing slate near Big Fork, Polk
County, and near Washita, Montgomery County. Graptolites are abundant
in the shale.

SILURIAN SYSTEM.,

Blaylock sandstone.—The Blaylock sandstone is exposed in a small area
near Bog Springs, Polk County, and in other, though not large. areas as far
east as the vicinity of Malvern. Along some of its most southern outcrops
it has an estimated thickness of 1,500 feet, but it thins so rapidly to the
north that it is not present 3 or 4 miles north of the places where it has the
above-estimated thickness. It is composed of fine-grained light-gray tou
dark-gray or green compact sandstone and buff to dark shale. Its areas of
outcrop are very rocky, occurring on mountain slopes and in narrow valleys.
One small collection of fossils, consisting entirely of graptolites, has beeu
obtained at the south base of Blaylock Mountain, in the southwest corner
of Montgomery County.

Missouri Mountain slate.—The Missouri Mountain slate, 0 to 300 fee.
thick, is exposed on or near high ridges from Polk County east to Pulaski
County, but is absent at places near Mount Ida. It is a red and green clay
slate but at places is dark colored. Thus far it has not yielded any fossils.
It. ha.a .bee.n extgnalvely ~prospected for oommelcud slate at several places
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bedded. The massive novaculite is usually dense, gritty, fine grained, homo-
geneous, highly siliceous, translucent on thin edges, and white with a bluish
tint, but where unweathered it is bluish gray. It has an uneven to conchoidal
fracture and a waxy luster like that of chaledony. Though the bulk of the
rock is white, much of it varies in shades of red, gray, green, yellow, and
brown, and in many places it is black. These shades are produced by iron
and manganese oxides and possibly in some places by carbonaceous matter.
The rock contains a little calcite, but exposures of the calcereous stone are
not common and have been found only in stream beds. Joints are numerous
and run in all directions, but the must prominent joints are normal to the
bedding. Many of them are filled by white quartz veins which are usually
so thin as to be inconspicuous. Slickensides along both joints and bedding
planes are common.

The middle part of the formation consists chiefly of intgrbedded nova-
culite and shale. The novaculite is similar to that in the lower massive part
of the formation, except that the common color is dark gray to black and that
the beds are much thinner, usually between 1 inch and 6 incheg thick. A con-
glomerate at the base of this division was observed at a number of places.
It consists of small rounded and subangular pebbles of novaculite in a sandy
and dense flinty matrix. The shale ordinarily observed is black, weathering
to a buff or brown color, but some of it is red.

The upper part of the formation ranges from about 20 to 125 feet in
thickness and is thickest along the southernmost exposures. It- consists
chiefly of massive, highly calcareous light-gray to bluish-black novaculite
which is so resistent that at some places where it and the accompanying
beds of the formation are not overturned it produces low ridges or knobs
on the slopes of the higher ridges. Some thin beds of ordinary dense chal-
cedonic novaculite like that so characteristic of the middle and lower parts
of the formation are also included. Fine lamination parallel with the bed-
ding is common. On weathering, the more calcareous rock loses its calcium
carbonate becomes white or cream- colored and porous a.nd soft enough to
recexve ‘impressions from the hmmer withé’ﬁt breaking.

Ndvuuﬂt{; from "vne lower wt of‘the formation is qm-ried on North
Mountain, Indian Mou cﬁm
ston:
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formation, and so far as known is not present except near Hot Springs. The
maximum thickness is 200 feet. The formation is composed of gray hard
quartzitic. sandstone, and at the base there is a conglomerate which is as
much as 30 feet thick. The pebbles are of all sizes up to 6 inches in diam-
eter and consist mostly of novaculite.

Stanley shale.—The Stanley shale is the surface rock in large and small
areas in Polk, Sevier, Howard, Pike, Montgomery, Clark, Hot Spring, and
Garland counties, in the southern part of Yell County, in the northern part
of Saline County, and in the west-central part of Pulaski County. Some of
the largest areas are intermontane basins like the one in which Mena is sit-
uated and the one in which the southern part of Hot Springs is situated,
whereas the other large areas form a part of the Athens plateau which
is south of the Ouachita Mountains, The thickness, as measured near Glen-
wood, Pike County, is 6,000 feet, and it is perhaps equally as great at all
other places.

The formation is composed of bluish-black and black fissile clay shale
and fine-grained compact greenish-gray or bluish-gray sandstone. Several
tuff beds, as much as 85 feet thick, occur near the base in Polk County. The
upper pa.rt of the formation in Arkansas has yielded a single collection of
phnt,s including some ferns. Some of the shale at the base has been altered
t;:); s'lat‘f and this has Peen Qeoe;pocted tor com.mercla.l slate in Polk, Mont-
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hard light-gray to brown sandstone and an equal or greater amount of black
clay shale. .
ARKANSAS VALLEY REGION.

CARBONIFEROUS SYSTEM.
Mississippian Series

Jackfork sandstone.—The Jackfork sandstone, as has been previously
stated, is composed of shale and a smaller amount of sandstone in its north-
ernmost outcrops in the Ouachita Mountain region, and it is doubtless repre-
sented by similar strata in some areas on the south side of the Arkansas
Valley.

Pennsylvanian Series

Atoka formation.—The Atoka formation comprises a considerable part of
the thick series of sandstones and shales that underlie the coal-bearing rocks
in the Arkansas coal field. This series of rocks was referred to in the pub-
lications of the Arkansas.Geological Survey as the “Lower or Barren Coal
Measures.” The uppermost formation in this series is known as the Atoka
formation and contains beds which are equivalent to part of the Winslow
formation of the Boston Mountains. The Atoka is estimated to be about
7,000 feet thick and is composed of sandstone separated by thick beds of
black clay shale. It has not yielded any fossils in Arkansas. The sandstones
form ridges and the shales underlie valleys and lowlands. Sandstone beds
in the formation supply the gas from the Massard Prairie gas field near Fort
Smith, the Coops Prairie ga.s ﬁeld near Mansfield, and the Kibler gas field
near Van Buren.

Hartshorne sandstone. —-The I-Iartshorne saadston-e lies at the base of
the productln coal-bearing rocks of the Arkansas coal field. It is known
to have a great areal extent, and is found cropping out around the edges
of the coal bearing rocks from the east end of the Arkansas coal field west-
ward into Oklahoma. It is 100 to 300 feet thick, and contains minor beds of
wmmmm important coal bed known as the

e top of the sandstone. maﬂ ot B
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The rocks of this formation, as well as the other rocks of the produc-
tive coal series, are all more or less folded, so that the shale and sandstone
outcrops depend on the character and direction of these folds and can
therefore be determined only after a study of the structure of the region.
It can be said, however, that the shale outcrops generally lie in the valleys
parallel to the ridges which are formed by sandstone.

GULF COASTAL PLAIN,
CRETACEOUS SYSTEM.

Lower Cretaceous Series

Trinity formation.—The Trinity formation is exposed in a belt, a few
miles wide, extending from a point near Delight westward across Pike, How-
ard and Sevier counties and thence into Oklahoma. It has a thickness of
over 600 feet at a locality 2 miles north of Center Point, Howard County,
and probably has a like thickness farther west in Arkansas, but it thins
out near the east border of Pike County. It consists predominantly of
clay but includes subordinate beds of sand, gravel, and limestone. The lime-
stone contains fossil oysters and other shells and occurs in two beds, the
Dﬁm# limestone lentil and the De Queen limestone member, both of which

are exposed in narrow belts. The De Queen limestone, the higher of the
two, is near the ‘middle of the formation. It ranges in thickness from a
!&a:herdadge to 72 feet, acmltl “outerop enuth from Plaster Bluff, near
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Washita group.—The Washita group consists of calcareous clays and
thin beds of limestone and is exposed over a small area in the northwest
corner of Little River County where it has a total thickness of over 250
feet.

Upper Cretaceous Series

Bingen formation.—The Bingen formation receives its name from the
village of Bingen, Hempstead County. Its area of outcrop is a belt, narrow
to the east and wide to the west, and extends in a west-southwestward direc-
tion from the vicinity of Clear Spring, Clark County, across Pike, Hemp-
stead, Howard, and Sevier counties. The formation ranges in thickness
from a feather edge to 580 feet, being thickest to the southwest. It is com-
posed of sand, clay, and gravel, and near Tokio and farther east contains
beds to which the name Tokio sand member has been applied. This mem-
ber is in fact the only part of the formation exposed east of Little Missouri
River and is the only.part that contains beds of quartz sand.

The gravel in the Bingen occurs in several beds. The southward slop-
ing plateau on which Center Point, Howard County, is located and a similar
plateau west of Lockesburg, Sevier County, owe their preservation and prom-
inence to these gravels. The thickest and also the most widely distributed
bed which is as much as 60 feet thick, is at the base. These different gravel
deposits resemble one another as well as those of the Trinity formation and
are well adapted for road making. They are composed of partly rounded to
well-rounded pebbles usually 1 inch or less in diameter, and most of the
pebbles are novaculite.

Among the other kinds of pebbles there are various types of igneous
rocks, which are similar to or identical with some of the crystalline rocks of
Arkansas. These are found in the basal part of the formation from the
vicinity of Murfreesboro westward.

A greenish cross- bedded arkomq: md gompoaed, of kaolinized teldspar
and a less Wt xc’n:,pthqp_ eg;g‘s 5 &?‘{& Qﬁ;gp‘mgq‘qest and north-
wsam% '§9P93 iﬂ
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Marlbrook marl.—The Marlbrook marl consists of blue, chalky, some-
what glauconitic marils, which are impure chalk at some places. The most
extensive outcrops of this formation are along the ridge which extends from
Marlbrook, the type locality in Hempstead County, to Saratoga, in southern
Howard County. It forms a stiff black soil. About 200 to 300 feet above the
base of this formation is a very chalky layer 20 to 50 feet thick, which has
been called the “Saratoga chalk marl” or the “Saratoga formation.” It is
exposed in the Marlbrook-Saratoga region at the town of Okolona, where it
is called “cistern rock;” at Dobyville, and on Little and Big Deciper creeks
in Clark County. The thickness of the Marlbrook marl ranges from 750 feet
at Texarkana to 50 feet or less at Arkadelphia.

Nacatoch sand.—Above the Marlbrook marl is a series of sandy beds
which are of vast economic importance to a strip of country along the Mis-
souri Pacific Railway between Arkadelphia and Texarkana, since they are the
source of the main water supply of that region. Like the other sandy beds
of the Cretaceous, at the outcrop they are distinguished with difficulty from
the surficial sands that mantle the region. However, the thousands of wells
which have been sunk to this horizon prove conclusively that the outcrop
of this bed produces the belt of sandy land which begins on Yellow Creek
south of Saratoga and extends, with interruptions of greater or less im-
portance, along the main drainage channels, through Washington, De Ann,
Garlandville, Nacatoch Bluff, and Keyton, md f‘mally reaches Quachita River
at High mm above Armhau | F ey >
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way. This absence of fossils, together with the fact that the Midway
(Eocene) formation, though commonly characterized by limestones, con-
tains dark-colored clays, makes the exact determination of the top of the
Cretaceous in this section particularly difficult.

The total thickness of the Arkadelphia clay, excluding the beds which
appear to be stratigraphically Eocene, is from 200 to 300 feet at Arkadelphia,
500 feet at Laneburg, 500 to 600 feet at Hope and Spring Hill, and 500 feet
at Texarkana.

TERTIARY SYSTEM.
Eocene Series

Eocene deposits, including in ascending order the Midway, Wilcox, Clai-
borne, and Jackson formations, 1,000 feet or more in aggregate thickness,
form the core of Crowleys Ridge; they are exposed in the uplands which
occupy much of south-central Arkansas, south of Little Rock; and they are
exposed in small areas along the western margin of the Coastal Plain from
Little Rock northeastward to the southern part of Independence County.
The formations of Eocene age are more or less similar in character, and
comprise sands, clays, marls, and some limestones and workable beds of
lignite. These beds dip gently to the southeast; they are all more or less
sandy; and but few of them are hard and consolidated. At the lignite mines
of Ouachita County, however, some of the sands are indurated to very com-
pact sandstones, and at some places in Crowleys Ridge they form the hard-
est of quartzites. At and near Piggott in Clay County, Benton in Saline
County, Malvern in Hot Spring County, Fordyce in Dallas County, Lester in
Ouachita County, and other places there are valuable deposits of potter’s
clay and fire clay. .

Pliocene (?) Series
Gravels and md.s WDH‘ of Pliocene age, occur in C!'owieys Ridge and
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MINERALS AND ECONOMIC
PRODUCTS.

METALLIFEROUS MINERALS.

Antimony

Since 1873 antimony has been mined intermittently in Sevier and How-
ard counties, near Antimony and Gillham. Thig field is believed to extend
westward into Oklahoma. With refernce to the antimony deposits John T.
Fuller, in a special report to the Bureau of Mines, Manufactures and Agri-
culture in 1913, made the following statement:

“The rocks of the antimony region are alternating thinly bedded sand-
stones and sandy or muddy shales, of Pennsylvanian and Mississippian age.
They are of a light-yellowish or drab color where exposed, and dark gray
to black where unweathered. The rocks have been thrown into very regu-
lar parallel folds running a trifle north of east. The folds are so close that
in many places the dip of the rocks approaches perpendicularity, and so
regular that the4trlke of tb.e rocks is aomeﬂnmmed to tell direction.

- quartz, stibnite, Jmeson
ite, ﬁthe, and e:lcito .
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Bauxite
HISTORICAL FOREWORD BY DOCTOR BRANNER.

The Arkansas bauxite deposits were discovered by me the last week in
June, 1887, at several places where they were then exposed along the turn-
pike running south from Little Rock ic Sweet Home, and a little more than
one mile south of where the road crosses Fourche Bayou. It is not to be
understood that the material was not known before that date. As a matter
of fact the bed of the turnpike near Sweet Home was mostly made of bauxite,
and one gentlpe;man afterwards mfo,rmed me that he and his brother had
driven _oxen gver “that stuff" forty years before

PrpeRt i) ..-~

i r’i'mds'n-;itmoﬁ u.wme, &1 Dr. W. Byrd Powell, publish-
_oe ‘at m. m}mam lldch, ‘mentions imx ohe author called “an ex-

rdaloids are small, resembling
m-h‘ﬁu Mio bauxite,
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Governor Eagle was first published in the Arkansas Gazette and in the Ark-
ansas Democrat of January 8, 1891. It was also reproduced in the third and
forth biennial reports of the Commission of Mines in 1894 and in 1896, and
abstracts of it were published in New York, Philadelphia and London.

I was a hopeful young man in those days, and I felt sure that the
world would want these valuable deposits, for I knew they were the first
considerable one of the kind to be found in America up to that time. But
the world went about its business the nnxt day very much as usual. Evident-
ly bauxite didn’t interest people. It was somewhat disappointing, especially
as there was considerable opposition to the continuation of the work of
the State Geological Survey, and it was hoped that the announcement of
the importance of the bauxite deposits might lead the Legislature to have
more confidence in the practical value of the survey’s work. The opposition

grinned, and remarked that Branner had discovered a mare’s nest. What
the Legislature thought about it I never knew.

Assuming that it would only require a remainder to some of the chemical
manufacturing companies to get them interested, I wrote to the Pittsburg
Reduction Works calling their attention to the deposits of bauxite awaiting
devekmment in Arkansas. The subject did not interest them. I then went
! m mmhme, New York, and personally spoke to the superintendent of the

'!'x‘oeﬂs Company about the matter. I pointed out the character
;mm exto&l and.toeembﬂjty of the de’posuts and the low
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In 1915 the output was more than 90 per cent of the total and has continued
at this rate to the present time.

The only operators of importance in 1920 are the Republic Mining and
Manufacturing Company of Little Rock; the American Bauxite Company of
Bauxite; the Globe Bauxite Company of Chemical Spur; and the Du Pont
Chemical Company of Wilmington, Delaware. ’

From a report on the “Occurrence and Origin of the Bauxite Deposits of
Arkansas,” by W. J, Mead, published in Economic Geology, Vol. X, No. I, Jan-
uary, 1915, is quoted the following:

“The major part of the production comes from what is known as the
Bauxite District, sometimes called the Bryant District, lying about 18 miles
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“The bauxite and associated clays are the products of surface weather-
ing of the syenite by normal processes of rock decomposition, and are in no
sense chemical sediments.

“Bauxite deposits occurring on the syenite surface have developed in
situ from the syenite.

“The deposits developed in situ from the syenite show evidence of
downward secondary concentration of alumina.

“Bauxite lenses occurring interstratified with the tertiary sediments
consist of material which has been removed from its place of origin by ter-
tiary streams.

“The texture of the kaolinized syenite has been essential to the altera-
tion of the kaolin in bauxite.

‘“The oolitic, or pisolitic texture of the bauxite has developed in place
from the granitic, or amorphous types of bauxite.”

Dr. Chas. W. Hayes of the U. S. Geological Survey in 1900 made a very
complete report on the bauxite deposits of Arkansas. In that report Dr.
some estimates on the quantity of ore in the Arkansas deposits,

- ﬂu.t t:he ‘areas represented, hﬂve not
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Al:0s Fe:0; Si0: Ti0z Loss on Ign. Moisture
57,14 3.86 7.15 2.26 29.59 1.63
57.14 3.86 7.15 2.26 30.77 9.81
59.75 2.37 4.78 2.25 30.85 1.50

Users of Bauxite
Aluminum Co. of America, Pittsburgh, Pa.
Booth Chemical Co., P. O. Box 203, Elizabeth, N. J.
Carborundum Co., Niagara Falls, N. Y.
Charles Lennig & Co. (Inc.), 112 South Front Street, Philadelphia, Pa.
Charles Taylor Sons Co., Cincinnati, O.
Columbus Waterworks, R. F. 5, Columbus, O.
Cumberland Waterworks, R. D. 3, Cumberland, Md.
Detroit Chemical Works, 238 Junction Avenue, Detroit, Mich.
E. I. du Pont de Nemours Powder Co., Wilmington, Del.
Erie Chemical Works, 31 Union Square, W., New York, N. Y.
Exolon Co., 156 Sixth Street, Cambridge, Mass.
General Abrasives Co., Niagara Falls, N. Y.
General Refractories Co., Trinity Building, New York, N. Y.
Harbison-Walker Refractories Co., Pittsburgh, Pa.
Jarecki Chemical Co., St. Bernard Station, Cincinnati, Ohio.
Laclede-Christy Clay Products Co., St. Louis, Mo.
Massillon Stone & Fire Brick Co., Massillon, Ohio.
Merrimac Chemical Co., 33 Broad Street, Boston, Mass.
Metropolitan Water District of Omaha, Omaha, Neb
Montclair Waterworks, Little Falls, N. J.
_ Norton Co., Worcester, Mass. (also Niagara Falls, N. Y.) :
B'll_i;ldm;, Phrlade.lyﬁil,» Pa

Pennsylvania Salt Hnjw!&chu'in 0., Widen:
s A s el eV
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Copper

“There is no record of copper ore production in Arkansas. although
scattering deposits have been discovered in several places and mined on a
small scale, principally in north Arkansas, at one place in Pulaski County
and in Polk County.”—John T. Fuller, Mineralogist, State Bureau of Mines,
Manufactures and, Agriculture, 1913.

Purdue reported the presence of chalcocite of steel-gray or blackish
type from Carroll county, and at the time of the compilation of this bulle-

tin it is reported that ore is being mined near Eureka Springs. Chrysocolla
is frequently found in cavities at the zinc mines. Aurichalcite is also com-
mon at many of the zinc mines, but always in small quantities.

Brlght green earthy and crystalline masses of malachite (hydrous cop-
per car‘bonate) are found in the Tomahawk copper mines, Searcy county.
Two assays of malachite from this loulity gave 39.48 and 39.57 per cent of
mehmc coppor ‘Small qu:ﬂtttfus ‘same maté'na.l were shipped from

in ,w' we,., i e:wnta:, the mining o{ these
3 Mvm md -sm vsam PR R td 2 v
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pure mineral might be worth, say, $90, but the market value of one ton of
the incrusted rock and mineral together, as saved in the form of ore at the
mine would be nothing, as the valuable portion could not begin to pay
the cost of separation. The copper product of this and similar mines has
cut no great figure in the claims made for its resources, but as all the other
material saved upon the dumps are worthless, some pains have been taken
to determine the amount of this metal contained in the copper-bearing por-
tions.

“As indicating the presence of metallic substances somewhere in the
neighborhood, the development of these Polk County mines has been use-
ful. Traces of gold and silver, nickel, cobalt, zinc and tin have been found
in the Silver World product and all these, except tin, in one or other of
the Worthington group of prospects. In the Silver World considerable man-
ganese also occurs. There is, therefore, reason to believe that some kind
of an ore belt runs through the region. From other indications and from
observations through the district, it is the writer’'s opinion that this is a
manganese tract worthy of further investigation. That there are, in the
region examined, any deposits of copper ore whic¢h can be worked profit-
ably for themselves alone, is, however, very improbable. Traces of copper
in quartz and other rocks may mean little or nothing, as pyrite often con-
tains very small percentages of this metal, and that mineral is widespread.”

- 3 .
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“Third—The auriferous deposition, if any has taken place, has been
spread over such vast areas as to dilute the whole to a condition of extreme
poverty.

“Fourth—There have been no special accumulations, even in cases where
such must have been formed, if gold had been present in the solutions from
which other metallic ores have been locally deposited.

“Fifth—At the time of the formation of the deposits in which gold is
being sought, the structural conditions were unfavorable to its accumula-
tion.

“Sixth—The proper mechanical, physical and chemical conditions have
often been present, yet gold is absent from those situations in which all of
these conditions have been most favorable to its retention.

“Seventh—There is one more reason for the unfavorable opinion ex-
pressed regarding the future of the gold mining industry in Arkansas. It is
the invariable absence of gold in the “float” and the sands and gravels, as
well as in the large number of secondary deposits, which have resulted from
the decomposition and degradation of the original accumulations. In some
of these, at least, the chances should be best of all, but in none of them has
gold been found in workable quantities.”

REFERENCES.

Branner, John C.—Annual Report of the Geological Survey of Arkansas
for 1888, Vol. I, Report upon the geology of western central Arkansas, with
especial reference to gold and silver, by Theo. B. Comstock, Little Rock, 1888.
; The so-called gold and silver mines of Arkamnsas. An official report to
Gov. S. P. Hughes. Arkansas Gazette, August 9, 1888.
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“Siderite, about Chalybeate Springs, at Kellogg mine, Pulaski County;
at Magnet Cove and in the higher sandstones of coal measures in Scott and
Franklin counties.”—J. C. Branner.

Turgite and goethite are also mentioned in the list of iron minerals,
their presence being noted in the manganese and iron belts.

REFERENCES.
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particularly in the United States, for three hundred years, from 1585 to 1885,
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1886, by G. F. Kunz. American Journal of Science, Vol CXXXIII, third series,
New Haven, 1887.

Iron Pyrites.

'I:he constantly increasing use of pyrites in the manufacture of sulphuric
acid may make available in the future the deposits which occur on the south
sl'ope of West Mountain, two miles west of Hot Springs, Garland County; in
. noa:t]u::n Polk county and at Qyjﬁw %’ﬂl Logan County.
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ma, Walnut and Waterloo mines; Pulaski County, Kellogg and McRae
mines; Sevier County, at Bellah mine, in Gulch shaft, New Discovery shaft,
near Conboy and elsewhere. Cerusite (lead carbonate) occurs in Howard,
Montgomery, Newton and other counties, with galena and coating it in
mines in northern Arkansas.”—Bulletin 624, U. S. Geol. Surv., Useful Minerals
of the United States.

Approximately 1,000,000 pounds of galena were shipped from the north
Arkansas field in the record year of 1917, as compared with a production of
48,000,000 pounds of zinc from the same mines.

Mine Production of Lead in Arkansas, 1907-1918%,
(Report U. S. Geol. Surv.)

QUANTITY, (SHORT TONS) VALUE

Year ¥ Ores Metal Ores Metal

DOLBE G, o iR - DL 155 120 $13,594 $173,082
A9VT SE sl P ERANS . S i Gl 474 282 47,593 1,364,964
LYLGETA R N e Co a3 30 272 28,097 1,826,420
LQABR Aot . T s o R 0 79 63 4,961 795,832
b3 7 SRR VN L A RN TS e 52 41 2,408 62,016
I e T T e Lt 23 18 : 1,179 53,536
) AR iy " 0 T 3 L - 2,180 103,224
1911 - m o Bam ] 80 64 4,321 75,696
1910 ___________________;_-___ 80 SHE Ny 3,714 107,362

19095t s o el T G S04 il e Db g s 1,800 52,080
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The ores are galena, sphalerite and smithsonite and the concentrates
produced are generally of high grade and free from or very low in iron or
lime. The sphalerite has frequently assayed 2 to 3 per cent above the price
basis of 60 per cent, metallic zinc content. The sphalerite and smithsonite
are shown by analysis to contain appreciable quantities of cadmium, espec-
ially in a yellow variety of smithsonite, known locally as turkey fat, which
shows as high as 0.8 per cent of cadmium.

REFERENCES.

Winslow, Arthur.—Lead and zinc deposits, Mo. Geol. Surv.,, VI and VII,
Jefferson City, 1894. (Contains bibliography.)

John C. Branmner.—Annual Report Arkansas Geologlcal Survey, Vol. V,
1892. Zinc and Lead.

Manganese

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

Durmg the world war when the supply of imported Brazilian manganese
was curtailed by a lack of shipping facilities and when increasing quan-
tities were needed by the government, H. D. Miser of the U. S. Geological
WMMMWMMMM manganese deposits
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vale limestone. As this limestone has been carried away in solution bould-
ers and fine particles of ore have been freed, and as erosion in the region
has proceeded the ore has settled by gravity or has been carried by streams
down the hillslopes until much of it now rests upon limestones that are
lower than the Fernvale.

“The high-grade manganese ores generally contain 45 to 52 per cent of
manganese though some of the ore shipped contains as much as 60 per
cent of manganese. Most of the ores contain from 3 to 8 per cent of iron,.
0.15 to 0.30 per cent of phosphorus, and 2 to 8 per cent of silicia. Some of
the ore shipped contains more than 0.30 per cent of phosphorus and a very
little contains 0.40 to 0.50 per cent of phosphorus. Most of the ferruginous

manganese ores contain 20 to 40 per cent of manganese, 8 to 20 per cent of
iron, and 5 to 26 per cent of silica. The phosphorus content is about the
same as that of the higher grade ores.

“An estimate of the quantity of available manganese ore of all grades
in this region, where mining is not preceded by systematic prospecting, is
difficult to make. Of the 180 deposits examined about half contain an esti-
mated available reserve of 200 tons or less. Only about one-third contains

about 1,000 or more tons and only a few contain more than 5,000 tons, though

certain of these, contain many thousand tons. A small number of prospects
and mines, however, were.’nt. visited, and these and the unexplored depos-

; -ﬁa lltt increase conmdeiwghe reserve, '1’54 depouts of the region per-
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“Besides these there are many small operators who work on their own
or leased land, or on contracts with the larger operators, and who sell their
ore to the larger operators.”

The Southwestern Arkansas Field.

Frequent attempts have been made to work the manganese deposits
of southwestern Arkansas, in Pulaski, Saline, Garland, Hot Spring, Mont-
gomery, Pike and Polk counties, the last efforts at development being made
during the world war, but mining has pn* proved permanently profitable.
Branner’s map of the Arkansas manganese deposits shows this field as “un--
workable.” From Vol. I, Annual Report, Arkansas Geological Survey 1890,
the following is quoted.

“The aggregate amount of manganese in the reglon is undoubtedly
large, but it is distribut2d over an extensive area, and in almost all places
it is hopelessly scdttered through tle rock in small nests and seams. If
these nests and seams were in sufficient quantities the rock might be crushed
and the ore concentrated by washing but the pockets containing them are
too small to permit the expense of raachinery. It is a popular idea that
the ore will increase in quantity at a depth, but there is absolutely no reason
to expect this, as such deposits are just as likely, and sometimes even more
likely, to become poorer at a depth than to improve. * * * =

“The value of the small quantities of ore that might be mined in Mont-
gomery and Polk counties, would be in the considerable percentage of
peroxide of manganese, or pyrolusite, tnat many of them contain. * * * *
The ores of Montgomery and Polk counties are generally, though not always,
too high in phosphorous, o far as the analyses at hand show, to be desirable
as a source of spiegeleisen and ferro-manganese.” e
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Silver

“There ére deposits of argentiferous ores in the state, some of which
are deserving of thorough examinations, although none of these have been,
as yet, extensively developed. Cn the other hand, a considerable amount of
mining work in a small way has been done in situations where there is no
possible chance of success, while assays of questionable value have induced
many to excavate in rocks which are even more certain to yield no silver
than to prove barren in gold. * * *

“What is most needed in the silver areas is exploration to greater depths;
in other words, development. Let us hope that this rather than the opening
of numerous new ‘prospects’ may characterize the near future. The success-

ful outcome of work in the deeper portions of two or three properties, that
will probably reward diligent prospectors, if the ore-bodies be clearly fol-
lowed, will give a greater impetus to mining 1ndustry than the uncovering
and exhausting of a large number of surface ‘bonanzas.” AN

NS =
“The mining for silver in Pulaski County has been fitful, and thus w‘
not profitable, but, as might be expected in the neighborhood of
the explorations have been somewhat thorough. There are in the
three districts, the immediate ‘environs of Little Rock, the Kellogg
area and the region about the McRae mine. T
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Silver Hollow Bluff on Buffalo River, Marion County.

Zinc

“The zinc ores of North Arkansas are found for the most part in rocks
of Ordovician age. This area is shown upon the geological map—not that it
is meant that it is all ore bearing, but that it is all worthy of attention in
this connection. The ores in the order of their importance, are sphalerite
(zine sulphide), popularly called “jack,” “rosin jack,” etc.; smithsonite (zinc
carbonate), and calamine (zinc silicate). In addition to these, there are sev-
eral minerals of zinc that are more or less abundant, but they do not occur
in sufficient quantities to entitle them to be looked upon as ores. The fol-
lowing conclusions seem to be warranted:

“The zinc was originally deposited in sedimentary beds, mostly of or-
ganic origin, in which much of it is still found.

“The growth of the erystals in the original bedded deposits took place
prior to the hardening of the enclosing silts.

“The position of the ores in the beds has been changed more or less
since they were originally deposited.

‘“The changes have been going on ever since the original deposition and
are still in progress.

“By means of such changes vertical and other fissures have been filled
with ores brought into them by circulating waters from above, from below
and from the sides.

“The position of the ores in the secondary deposits has been deter-
mined largely by those structural features that have gulded the undergreund
waters in their passage through the rocks.
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“In some cases the accumulations have taken place along synclinal
troughs, in other cases, in fissures along fault lines, and in still others in the
breccias formed along ancient underground water courses.

“The subterranean waterways have in many instances been closed by
the deposition of mineral matter and the water has been forced into other
channels.

“The carbonates and silicates are produced by the alteration of sul-
phide ores mostly in place.

“Much of the prospecting in the zinc regions has been done as intel-
ligently as it is possible to have it done. The people doing the work have
studied the rocks and the ores and have followed nature—the best possible
guide in such matters. In other instances the prospectors have come into
this region with long and valuable experience found elsewhere that would
have been of the greatest value where the experience was obtained, but here
it was simply misleading. The results have been unfortunate for every
one concerned.

“Many drill holes have been put down in the zinc region, but many of the
records are of no importance because the holes have been bored regardless
of the fact that the rocks penetrated are all exposed in the sides of the
hills near at hand.

- “It is necessary to say a word here in regard to what is called ‘going
down’—a much mooted question in this region. The theory that zinc ore is
to be looked for at considerable depths may be a perfectly correct one in
some regions. Whether it is correct in this north Arkansas region depends
on the precise location and the details of its geology. 9

“Inquiries are often mulo m nmm m’lta.in oe»c..ned rules laid down
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Boone U, County~M - Co.w ool Loniomn dttimildit erdmar Somn osut o i WAy 60,000
MonkeySENTTHME: FOoLU TR TOC S SN e Vel Sethes ) S0 T ra i S 60,000
Boa by M A O e £ = o /< Sl SHOTR o> Sl & d sy v AT 60,000
B IR Of Y e v e ot 2 e e R L S Wy e s 60,000
207715 ) N O]9 cecrmik M Sy 25 L e S Ml S N I Lot ) 120,000
WO aalley s e A A ey R 60,000
PR A IR G VWO T e e e o o Il T 150,000
B T R S O e e N i SN et e 60,000
(0 ¥\ 0 ST 2H Ry, | el D00 s = e Dt g ot s = v o Sy A SR S i 120,000
e = e g i et i S e 480,000
e ; 18,175,000

SEARCY COUNTY. i
30 8haplierd. M. o, .opinknnnimnsnsts cnme sty rsn it -.--8,800,000
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Era M. Co
Madison M. Co
W. J. Horsley _
Madison M. Co
Barham Brothers
C. E. Morris

L. T. Westrich _
Arkansas M. Co.__
J. E. Potts ____
Alberta M. Co
Polk Kendall

Totaless-Isiouiy e i e SRR TR A~ IR g

NEWTON COUNTY.
North Slope M. Co__
Bald Hill M. Co____
Hamilton & White
Eleventh Hour M. Co
Van Sicklen

-- 197,000
-- 48,000
58,000
70,000
110,000
33.000
- 60,000
- 60,000
60,000
50,000
70,000
70,000

...... 7,726,000

_----1,745,000
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*Allowance made for smelting loss. Value given for ore is that actually
received by the producer. Value of the metal is caluculated from the aver-
age sales price reported by the smelters.

Tenor of Arkansas Lead and Zinc Ore and Concentrates.

(Report U. S. Geol., Surv.)

1917 1918

Total Crude Ore, Short Tons.. . ___________ 203,600 37,000
Total Concentrates in Crude Ore, per cent:

Hiealatrars coplis tozo o smilh @ ol oo i e i 0.23 0.42

e D@}~ Ptmcmosiintd. ot o e oulAS RS L St sis ot 8.82 6.62
Metal Content of Crude Ore, per cent:

) BT Ut e S T8 | DD P ) A Ry e (T 19 32

ZANGCEE B . 20 L VS Tl ) padurist el it 3.70 2.86
Average Lead Content of Galena Concentrates____.__________ 80.5 77.4
Average Zinc Content of Sphalerite Concentrates,*________ 58.4 59.0
Average Zinc Content of Zinc Silicate and Carbonate,*______ 40.5 40,6
Average Value per ton:

Galena Concentrates __________ . __________ $100.41 $87.70

Sphalerite Concentrates ________________________ 63.13 53.07

Zinc Silicate and Carbonate .____________________ 38.15 37.70

*Includes some mixed carbonate and sphalerite.

The ores are galena, sphalerite and smithsonite and the concentrates
produced are generally of high grade and free from or very low in iron or
lime. The sphalerite has frequently assayed 2 to 3 per cent above the price
basis of 60 per cent. metallic zinc content. The sphalerite and smithsonite
are shown by analysis to contain appreciable quantities of cadmium, espec-
ially in a yellow variety of smithsonite, known ilgqal]],v as turkg—}y fat, wh‘ip;bl

v a_ﬁ,hlfgh‘,“a‘oﬁ pej'ﬂq]e%'?t?dp&m serneernoal Madgee ol T
e pholET s it songl hw- Wm”bn‘l Lo A% Yisg Ihesd
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NON-METALLIFEROUS MINERALS AND
ECONOMIC PRODUCTS.

Arkansite.

One of the rare minerals found in Magnet Cove, which has attracted
wide attention among students of geology, is Arkansite (Titanic acid or
Brookite). It is in the form of thick black crystals and is much sought after
by collectors of mineral specimens, but has no particular commercial value.
Its characteristics and geological significance is discussed in numerous
papers and publications of a scientific nature.

REFERENCES.

Shepard, Charles Upham.—On three new mineral species from Arkansas.
American Journal of Science, second series, Vol. LII. Arkansite, Ozarkite and
Schloromite, New Haven, 1846.

.~ Whitney, J. D.—Examination of three new mineralogical species, proposed
by Rev. C. U. Shepard. American Journal of Science, Vol. LVII, New Haven,
Describes briefly Arkansite, Schloromite (with analysis) and Ozarkite.
-N‘ rkansite, Ozarkite and Schloromite). Proceedings of the Boston Society
of Natural Science, Vol. III, Boston, 1851.
- Farther account of the Arkansite, American Journal of Science, Second
series. Vol. LVL. Chemical experiments upon Arkansite, New Haven, 1847.
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REFERENCES,

Hayes, ¢. W.—The asphalt deposits of Pike County, Arkansas. Engineer-
ing and Mining Journal, Dec. 13, 1902, Vol. LXXIV; also Bulletin No. 213, U. S.
Geol. Surv., Washington, 1903. Abstract, Mineral Industry, Vol. XI, New York,
1903.

Miser, Hugh D. and Purdue, A. H—Asphalt deposits and oil conditions in
southwest Arkansas. U. S. Geol. Surv. Bulletin 691-J, 1918.

Agricultural Marls and Chalk.
(Annual Report Ark. Geol. Surv., Vol. II, 1888.)

“No region of the world is more plentifully and conveniently endowed
with such valuable natural marls and chalks than Arkansas, nor is there
any region which could be so greatly benefited by their use. We have here
large areas of soil especially deficient in the very ingredients which are
so plentifully stored up in our marls. Many farmers endeavor to cultivate
soils which are pure commercial marls, in which there is entirely too much
lime, as in some of the black land regions, while others cultivate land utterly
deficient in lime, potash, etc., which might readily be supplied by using the
natural marls. Large tracts like the prairies east of the Missouri Pacific
Railway, * * * might be made the most fertile and profitable lands of the
state.

“It is very remarkable that in Arkansas, within a small triangular area
of thirty miles square between Washington and Murfreesboro and the White
Cliffs of Little River we have abundant supplies of at least four of these val-
uable kinds of marl, greensand, 1ime, chalk and gypsum with the reasonable
expectation that another year’s investigation would reveal the phosphates.
These facts alone, if properly utilized, will be of greater value to the state
than all the gold dug within the bcunds of Cym%g}u{m\,gq that state.

. S Jpshiom wprien Giky &del 108 OISR LY AL 50 IR
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Chalky or Lime Marls,
(Annual Report Ark. Geol. Surv., Vol. II, 1888.)

“The lime marls of the middle beds of the upper Cretaceous in Clark,
Hempstead, southern Howard and Sevier counties are of great variety in
composition, inexhaustible in quantity, and must be a source of great wealth
to the agricultural industries of this part of the state in the future. The
principal geologic horizons of these marls are the beds between Washing-
ton greensands and the White Cliffs chalk, including the Big Deciper, Gry-
phaea vesicularis and Exogyra ponderosa marls, at innumerable places wher-
ever these are the surface formations. The noted cretaceous black lands
are without exception, the immediate residue, or but slightly transported
debris, of these formations.

‘“The essential ingredients in all of these lime marls are calcium car-
bonate, usually in a chalky state of division, phosphoric acid and potash; the
accessory ingredients, which would be noted in comparison with the soil to
be treated, are sand and clay. Greensand is usually more or less abundant
throughout. In general, these lime marls possess, in addition to all the vir-
tues of greensand marls above described, a large and valuable percentage of
the torm. ot,lime kaown as calcmm carbonate.”

.

Gmeous Marls in Ch'eone county and Calcareous and shell marls in
Jefferson, Lonoke and St. Francis counties, in addition to the two localities
Mwm ang remtwi 31 m m. U, 5:.pm,swv,..,-
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Clay county, common brick made from red clay on Crowley’s Ridge at
Rector, Piggott and Pratt.

Cleburne county, alluvial clay used for common brick at Heber Springs.
Cleveland county, pressed brick made at Kingsland.

Columbia county, surface clays used for common brick at Magnolia ’aﬂd
‘Waldo. )

Craighead county, common and pressed brick made from clays of Crow-
ley’s Ridge at Jonesboro.

Cross county, loess and surface clay on Crowley’s Ridge used at Wymie.
Drew county, alluvial and leached buckshot clays used near Monticello
for common brick.

Faulkner county, buckshot clays used at Conway.

Garland county, alluvial and residual clays and Carboniferous shales
used for common red brick at Hot Springs.

Greene county, pressed and common brick made from reworked loess at
Paragould, and from loess at Gainesville.

Hempstead cqu?nty, surface clay used at Hope, Doyle and Spring Hill.
Hot Spring county, alluvial clay used for common and pressed brick at
Malvern; white plastic clay for white front and paving brick at Malvern.
Howard county, common brick clay at Nashville.
Independence county, red surface clay for common brick at Batesville.
Jefferson county, alluvial and surface elays used at Pine Bluff and Red-
field. . =
Lawrence couhty, surface clay used for common brick at Walnut Ridge;
yellow or reddish clay at Black Rock; resm'h‘al chf at Imbbden i
Lee county, red brick from loess 9{ CmWIey'p B,idgg, q,t Marian,na
Lincoln county, yellow tutbce ‘clay used tor common brick at Pa.lmyro.
I::oubh: mmg » mmmm m&w,mw ‘brick.
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Saline county, surface clays used at Benton.

Searcy county, residual clays used for common brick at Marshall and
Leslie.

Sebastian County, Carboniferous shales used at Fort Smith and Mans-
field for common and paving brick; alluvial clay near Fort Smith burns
light red, soft brick, re-pressed for front brick, uniform good color.

Sevier county, surface clay used for common brick near Delmar.

Union county, red surface clay used at Felsenthal.

Washington county, at Prairie Grove, common brick and draintile.

White county, argilliceous shales of Round Mountain suitable for sewer-

pipe and paving brick; surface clay mined at Beebe, Searcy and Judsonia
for common brick.

Woodruff county, surface clay used at Cotton Plant; common brick and
draintile, made from buckshot clay at New Augusta.
Yell county, alluvial and surface clay mined at Dardanelle.

Fire Clay.

Clark county, tire brick made‘ from Tertiary clay at Whelen Springs.
C{'gwford county, dxﬁmteqrated Ca.rhomfe.mus shales in vicinity of Van
Buren makes good yellow ware; used to line kilns at Fayettevﬂle
Hot Bpn‘ng county, fire ‘bndk mt& at’!dhl?em and Perla from Tertxary
LSAT u'\&—“-» L -
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Calhoun county, supply on Champagnolle Creek, Moro Creek and large
streams.

Clark county, Tertiary clays on Copeland Ridge and at Berringer mine
near Whelen Springs.

Clay county, Tertiary clays on Crowley’s Ridge near Piggott and Green-
way.

Cleveland county, near New Edinburg, Mount Elba and other places.

Columbia county, near Mount Holly and Magnolia.

Conway county.

Crawford county.

Dallas county, Tertiary clays abundant and of excellent quality along
streams.

4
Drew county.

Faulkner county, buckshot clays abundant over flood plains of streams.

Franklin county, strong dark-red earthenware residual clays abundant.

Garland county, residual clays from Paleozoic shales at Hot Springs and
on Cedar Mountain formerly used for pottery.

Grant county.

Greene county, Tertiary clays on Crowleys Rldge at Galnesvxlle, for-
merly used. i

Hempstead county, Tertlary clays ased tor jug ware, etc., at Spring Hill

Hot Spring county, at Perla Switch near Ma‘lvern burns lxght-cream col-
ored common: pottery. 3

Independence county, recfdiia)—ehys mm ﬁoor‘efi"' d s‘hale and Boone
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Tertiary Clays.
(U. S. Geol. Surv., Bulletin No. 351, by John C. Branner.)

“The Tertiary clays are the most important in the state. With their
accompanying sands, marls and organic deposits, they underlie a large part
of the state east and south of the Missouri Pacific Railway, south of Arkan-
_sas River. North of this and east of the Paleozoic hills the sediments are
chiefly Quarternary deposits, except Crowley’s Ridge, the lowest part of
which is Tertiary.

“Limonite hardpan, or buckshot, is found all over the low country for
50 miles or more west of Crowley’s Ridge. On the east of the ridge it is but
a narrow fringe along its base below Poinsett county ,but north of this county
it spreads over the whole region as a subsoil, in places rising to the surface
and varying in depth from 3 to 7 feet. It extends eastward to the alluvial
bottoms of the St. Francis. Along the Cache River in Greene and Clay coun-
ties much ot the land is made up of these slashes or buckshot soil.

Jiih W AART
“In the low, flat lands, commonly known as “slashes,” thin beds of
plastic clays are found at places where acidulated waters have leached the
iron from the soil. Some small potteries get their clays from such places.
-Themiy of available clays of this kind 1s uncertain, and most of the areas
_W(ﬁ‘ﬁ ‘l@uaads of the Creta-
of ite, ng not alluvial
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well-known Carboniferous shales of Akron, Ohio, and Cheltenham, Missouri,

are added:
Ft. Smith Akron, O. Cheltenham, Mo.

Silica (Si 02) —cccecaoeee - 58.43 60.05 54.92
Alumina (Alz:0a) sd.___za_3_ ___-__ 2250 20.00 22.71
Iron (Fe 2 0s)Sema. oot S8 o o o= 8.36 6.82 9.81
Lime (Ca: Q)issfaf S5 s8-8 = o _2 .32 52 .52
Magnesia (Mgnl)) 2oe e oo 1.14 .45 2.59
Potash (Ka Q)ie=tatarla. L _c_oon 2.18 1.79 3.16
Soda .l itmrm e BhE el 1.03 1.60 .62
Sulphul e ety = Scangtf o 4 Lor o .16 1.95 —_—
Loss .ony/Ignitiony ol 2 oo st d 0 6.87 6.96 5.88
100.20 100.99 100.21 -
SOl 2 aled dadabiscn - s 25.72 29.12 2.04
Water at 110° — 115° C. 3.37 1.25 2.69

“The clay shales of Sebastian county are wide-spread and the beds are
of great thickness. The shales of this region break up or decompose under
the influence of the weather, forming plastic clays. Such clays are available
for the manufacture not only of paving brick, but of sewer pipe and pottery.

“The abundance of excellent raw materials, the proximity of the deposits
to the coal and gas fields and ample transportation facilities have encouraged
development, giving the county high rank in the output of clay products.” '

Loess For Brick-Making.

(U. S. Geol. Surv Bulletin No. 351, by J"ohn 0 Branner)

“The loess constltutes the upper 30 to 90 Iqe ‘h}gher portlons of
Crowley’s Rldge ,trom postqtﬁce m. Qn

Hel ?h ﬂ A v W
T:l:nia(;e:g'xq = i ﬁs‘ “a)f‘i ‘St'-mﬁ,,ita p;am?; ;ﬁ;;!smw
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be valuable for the manufacture of press bricks, fire bricks, sewer pipes
and similar uses. The clay is light gray in color and contains but little grit.
The analysis is as follows:

Silica
Alumina
Iron (ferric) oxide___

Magnesia -
Potash
Phosphoric Acid
Loss on Ignition

Pottery Cléys.
(U. 8. Geol. Surv., Bulletin No. 351, by John C. Branner.)

- “The common pottery clays of Pulaski, Hot Springs, Saline, Clark, Hemp-
stead and Miller counties, and those in other of the southeastern and eastern
counties of the state, are all of sedimentary origin and of Eocene or lower
Tertiary age. They were laid down in nearly horizontal beds, which gen-
erally dm@owari the southeast at a low angle, so that beds that outcrop at or

negr_t;lw lj’aE?O
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-1

(1]

is of good quality. In northern Arkansas the Eureka shale is present in
large quantities.”
Kaolin.

Depos‘its of kaolin occur at many places and in a variety of formatiouns.
The best known deposits are those of Saline county, near Benton from which
the famous Niloak (a reversed spelling of kaolin) pottery is made. The
beauty and popularity of these wares is due as much to the skill of the
artists as to the quality of the material from which the pottery is made,
though the texture of the clay and its colors are important factors in ceramic
art. No two pieces of this pottery are alike in arrangement of color. Two or
more shades are employed, usually a blue and a brown, in interesting rota-
tion and accidental pattern. No less attractive are the truly artistic designs
by which the clay is shaped into vases, bowls, urns and all manner of mick-
nacks, such as ornament the library table or mantle.

Doctor Branner in his report says:

“The kaolins found in Saline county are of three varieties: (1) a com-
pact variety, derived from the feldspathic rocks by decomposition, (2) ‘a piso-
litic variety, found associated more or less intimately with the bauxite
deposits, and (3) a clay-like variety of sedimentary origin, found at Benton.”
The report indicates extensive deposits in this locality.

In the same report Doctor Branner speaks of the extensive deposits of
kaolin in Pike county as follows: “The Pike county kaolin is different in
physical characters from any other kaolin thus far found in the state. * * *
The largest area found in any one body covered about 10 acres, No expos-
ures of feldspathic rock are within 50 miles of the deposit. * % * * The greatest
depth at which the kaolin was found was 25 feet. * * * An analysis of a sam-
ple of Wl&:!ﬂm Wmm,;a Yo S8 .m 'Iu‘vgv'i b S
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During the latter part of 1909 and the early part of 1910, under the direc-
tion of the State Geological Survey, H. D. Miser, began the work of collecting
samples of clay and making the necessary observations as to the thickness,
extent, covering, character, etc., of the deposits for the publication of a
complete report. Eighty-seven samples were collected from the different
parts of the state and transported to the University of Arkansas but these
samples were never tested and further work on the clay report was sus-
pended due to the veto, by the Governor, of the appropriation made by the
Legislature of 1911 for the maintenance of the survey.
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Branner, John C.—A bibliography of clays and the Ceramic Arts, 451 pages,
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Fitzhugh, G. D.—The Portland cement materials of southwestern Arkan-
sas. Engineering Association of the South. Transactions, Vol. XV, 1905.

Hill, Robt. T. Crxtlcism of the paper of J. C. Branner on “Cement De-
posits of Arkansas.” 'Transactions of the American Institute of Mining En-
gineers, Vol. XXVIL ;

Chalk.

(See Limestone for Lime, Cement Materials and Agricultural Marls.)

“The chalk deposits of the state, so far at least as the Geological
Survey has been able to outline them, are confined to Little River county. It
is highly probable, however, that similar or more or less modified deposits
may be yet found in adjacent counties along the northeastern extension of the
outcrop. The chalk is exposed at and about the village of Rocky Comfort
and at and about White Cliffs Landing on Little River. The most extensive
exposures are thcr)sér about Rocky Comfort where the chalk and black soil
derived from its decomposition cover an area of about twenty square miles.
The chalk and/ the chalky limestones extend further north and further east
than they are represented, * * * but they are covered in those directions by
superficial post-tertiary deposits of clay, gravel and sands to depths which
would probably render thelr handling unprofitable. Even the derived black
soil is itself too thick in many places to admit of removal. The area over
which the chalk is actually exposed and without c(?verinz about Rocky
Comfort is estimated to be only about 900 acres.

“The value of this chalk is hard}y api)reciotod at the presont tlme.

When we consider that ‘chalk is a my M m ,and W(mo do-es not
require grmdmg u d,o th
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GEOLOGICAL SURVEY OF ARKANSAS, COAL MINING. PLATE 1t
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Oudlime map of the Arkansas coalfield.

Coal.

° Beneath the beds of the Arkansas River, extending westward from
Russellville to the state line there are extensive deposits of coal. The
law provides that all mineral deposits under the bed of the stream belong to
the state and, in a case from Ft. Smith involving the right of certain
persons to take sand frcm the river wfthout compensation to the state, this
law was upheld by the United States Supreme Court thus permanently estab-

\g the state’s title to mineral dzposits underlying the Arkansas River.
former S eclogist, these river bed coal
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ment of the manufacturing resources of the state, for, while the geographic
position of the field is favorable for the shipment of fuel to the southern
states in which marketable coal is scarce or entirely absent it must be re-
membered that this advantage is offset to a large extent by competition of
the Mississippi River traffic, making the eastern coal more accessible to the
Gulf ports than Arkansas coal.

The installation of electrical equipment for the mining of coal by ma-
chinery has proved successful in this field and will no doubt revolutionize
the system of mining, producing a better quality of coal and reducing the loss
from waste, thereby conserving one of the state’s most valuable resources.
This together with the establishment of more equitable freight rates to the
northwestern coal markets, is proving helpful to the coal mining industry in
Arkansas.

So far as now understood, the combustible matter of the coal was
originally formed by plants of ancient kinds, growing in swamps, such as
those of southern Louisiana or eastern Virginia. By falling into water,
the vegetable matter was preserved from ordinary decay and soon changed
into a condition resembling peat. After a certain time this peaty material
was covered, generally by mud, as sometimes now happens to similar de-
posits in the delta of the Mississippi. Additional sediment was washed in
as the country was more or less gradually submerged, until the original
vegetable matter of the Arkansas coal was covered by some thousands "of
feet of mud and sand. This mud and sand in the course of time changed

respectively to shale, which the miner calls ‘slate,’ and to sandstone. While
covered in this way, the peat also crnngbd to coal.

- v " & - gLy
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been completely changed to coal, but has only reached the stage of lignite,
which contains so much water that it is not now commercially valuable for
direct burning, although the beds are very thick, and used to a slight extent
for making gas.

Since the coal was buried, the reglon has been raised and lowered at
different times. During this process, the rock layers including the coal
seams, which were originally practically flat, have been gently folded up
into anticlines and down into synclines. As a result they are now seldom
level, but have a dip or ‘pitch’ occasionally as much as 18 degrees from the
horizontal, but generally less than 6 or 7 degrees or 10 feet in 100 feet.

While the region has been above the sea, the original rocks of the
coal-bearing formation have been attacked by weather and streams, until
much of the country has been reduced to about the level of the Arkansas
River by the wearing away of some thousands of feet of rocks. The present
surface is below the higher part of the old anticlines of the coal beds. Con-
sequently, much of the coal has been carried away by erosion. Since the land
surface is hilly, the broad line, along which the main coal seam cuts the
surface, or the ‘outcrop’ is very irregular, although most of the coal is now
in the synclines or ‘basins’ as they are called by the miners. Some of the
highest mountains in the field, such as Sugarloaf, Poteau and Magazine,
are immediately over these basins.

Extent of the Coal Supply.

The Arkansas coal field lies in the valley ot the Arkansas River between
the western border of the state aqd Russellvnlle * It has roughly the shape
of a Roman capital L. with its base along the Oklahoma line. It is about
33 miles wide and 60 miles long, but it is only in the eastern and western
parts of this area that l;‘he Hartshorne coal 1s plobably thick enough or
sufficiently free from pl-rtmeks to be of oconomlc lm')ortance Still, some
300 to 320 square im)es will probably contain coal which may be mined. In
is over 8 feet thick,

,‘1165) -Lﬂw&awmu ern}glﬁf 7 g_d‘ e it |
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the Hartshorne seam. The amount of this faulty coal has been guessed at
in placing the ultimate recovery of the coal at the low figure of 80 per cent.

Attention should be called to the fact that the largest part of the
unmined area of thick Hartshorne coal lies beneath Sugarloaf and Poteau
mountains. These tracts constitute by far the largest portion of the Arkan-
sas coal reserves, estimated above. Unfortunately, most of this coal is under
from 1,000 to 3,000 feet of rock and can not be profitably mined until the
price of coal is largely increased.

Heating Value of Arkansas Coal.

The coals in the eastern part of the field have about seven to nine
times as much fixed carbon as volatile combustible matter, and are rated as
semi-anthracite. These are sold for domestic use at but little below the
price of the Pennsylvania anthracite. Those in the western part of the
field contain but three to six, generally five, times as much fixed carbon as
volatile combustible, and the coals are bituminous. They are less smoky
than most bituminous or soft coals.

The heating value of the coal, which lies between 13,700 and 14,700
British thermal units, and its specific gravity (average 1.35) place it among
the best coals in the United States. Its moisture and ash are also low, but
it contains a little more sulphur than other high grade coals. This sulphur,
combined with iron as pyrite or ‘fool’s gold’ often occurs as large nodules or
layers, which t he miners call sul,phur hall§ or ‘sulphur bands These are
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Phoenix Coal Company o e --Arkoal
Bonanza Smokeless Coal Company oo eene Bonanza
O P Woodson Coal " Company - So=famess & swete ok RIS L RS Montreal
Greenwood Ridge Coal Company____ . Montreal
Jim Lee Coal Company ______ o memee Montreal
GOWe, JacksonnEoal @ om D amy s s T L TN Midland
Mamia Coal Eompairys s == s F e e e S S s SRS T Jenny Lind
T D Se 6 A= GO G O P Ay L e e Midland
Trantham ACoal =@ ompany 4 == - St s S e LY IO Ly AR, Midland
WA GaeEormack-Conis Company 22 —=aai it ey s Sl = ST ST Burma
Robinson Coal Company .- -_o—ooooo—ocoo———_-_.__-Midland
Security Coal Company = Ao st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>