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DEPOSITS OF MANGANESE ORE IN THE BATESVILLE
DISTRICT, ARKANSAS.

By Huer D. Miskr,

LOCATION.

The Batesville manganese district is in the southern part of the
Ozark region, a short distance west of the Mississippi embayment of
the Gulf Coastal Plain, mostly in Independence county but partly in
Sharp, Izard and Stone counties, in north-central Arkansas. (See
fig. 1.) It forms an east-west belt, 4 to 8 miles wide, extending from
the Ball mine, 2 miles east of Hickory Valley, westward to Guion,
a distance of 24 miles. The town of Batesville, from which it is
named, is 2 miles south of its southern border. The manganese-
bearing area and some of the surrounding region are shown on the
accompanying map (PL I, in pocket).

INVESTIGATION AND ACKNOWLEDGMENTS.

The field work on which this report is based was done by the writer
in March, April, May, and June, 1918, in accordance with the plan of
the United States Geological Survey to obtain information regarding
the quantity, location, character, and extent of the manganese-ore de-
posits in the United States and to encourage the production, so that
as much shipping as possible could be freed from use in the importa-
tion of foreign ores in order to carry troops and supplies to Europe
during the war. The writing of the present report was completed in
November, 1919. '

A brief preliminary report entitled, “ Manganese in the Batesville
region, Arkansas,” was published in September, 1918, as a press
bulletin of the United States Geological Survey. A longer prelim-
inary report was published November 15, 1920, as Bulletin 715-G
of the United States Geological Survey. An abstract of a paper on
the manganese deposits of the Batesville district that was presented
April 23, 1919, before the Geological Society of Washington was
published July 19, 1919.* A paper on hausmannite in the Batesville

! Washington Acad. Sci. Jour,, vol. 9, No. 13, 1919.
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district, by J. G. Fairchild and the writer, was published January
4,1920.2

The writer desires to acknowledge his indebtedness to the fol-
lowing members of the United States Geological Survey: E. F. Bur-
chard, under whose direction the present investigation was conducted,
for advice during both the field and office work; D. F. Hewett, who
spent several days in the Batesville district in the fall of 1917, for

i
:l<\

i |'.; ~Fort Srith,
)
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Ficure 1.—Index map of Arkansas showing the location of the Batesville manganese-ore
district.

advice in planning the field work and for many suggestions during
the progress of the office work; E. O. Ulrich, for the examination of
fossil collections and for much information regarding the age and
relations of the rock formations of the Ordovician, Silurian, and
Devonian systems; G. H. Girty, for the study of fossil collections
from the Boone chert of Carboniferous age and a statement con-
cerning them; W. T. Schaller and E. S. Larsen, for mineralogic

2 Washington Acad. Sci. Jour., vol. 10, No. 1, 1920.



BIBLIOGRAPHY. 3

determinations; and R. C. Wells and Chase Palmer, for chemical
analyses of rock and mineral specimens.

W. R. Crane, of the Bureau of Mines, has contributed a chapter
on the mining and preparation of the ores, which appears on pages
§6-103, and he has supplied several of the photographs from which
illustrations have been made. .

Acknowledgment is also due to the residents in the Batesville
district for their uniformly courteous treatment and to the following
persons for information: W. H. Denison and J. S. Baker, of Cush-
man, Ark.; J. F. Kennard, R. S. Handford, E. C. McComb, J. C.
Shepherd, and N. A. Adler, of Batesville, Ark.; J. F. Barksdale, of
Anderson, Ark.; W. H. Beatty and C. S. Blair, of Birmingham,
Ala.; W. C. Gordon, of Iron Mountain, Mich.; William Trebilcock,
of North Freedom, Wis.; A. O. Ihlseng, of New York City; Rex
Robor; G. A. Adkins; and Captain Vance.

Reports by D. D. Owen, William Elderhorst, E. T. Cox, R. A. F.
Penrose, jr., J. C. Branner, J. F. Newsom, T. C. Hopkins, H. S.
Williams, Gilbert Van Ingen, A. H. Purdue, E. O. Ulrich, E. C.
Harder, D. F. Hewett, G. H. Girty, D. E. Woodbridge, Tom Shiras,
and others have been freely consulted and drawn upon. Most of the
reports on the Batesville district are listed in the bibliography, which
follows, and others are referred to at different places in the report.
Special mention should be made of the monographic report by Pen-
rose on the uses, ores, and deposits of manganese, published in 1891.
Both the text of this report and the accompanying geologic map were
constantly used by the writer in his field and office work. It is re-
ferred to at many places in the present report, and parts of it are
quoted.

BIBLIOGRAPHY.

The following list includes papers treating of the manganese de-
posits of the Batesville district and some of the more important pa-
pers on the geology of the district.

1858.

OweN, D. D., First report of a geological reconnaissance of the northern coun-
ties of Arkansas, pp. 3741, 136, 138.

The geology of a part of the Batesville district is briefly treated, and the
manganese deposits on Lafferty Creek are described.

ELDERHORST, WILL1AM, Chemical report of the ores, rocks, and mineral waters of
Arkansas: First report of a geological reconnaissance of the northern
counties of Arkansas, pp. 161-169.

Gives analyses and descriptions of manganese ores.

Cox, E. T., Report of a geological reconnaissance of a part of the State of
Arkansas: First report of a geological reconnaissance of the northern
counties of Arkansas, pp. 216-222.

Describes the geology of Independence County and the manganese deposit
on the property of Martin Cason, on which the Cason mine was later opened.
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1886.

HArvEY, F. L., The minerals and rocks of Arkansas, 32 pp., Philadelphia.
Mentions the existence of pyrolusite, braunite, psilomelane, and wad in
Independence County but gives only a brief general description of them.

1891.

" I'’EnROSE, R. A. F., Jr., Manganese—its uses, ores, and deposits: Arkansas Geol.
Survey Ann. Rept. for 1890, vol. 1.
Describes every manganese region in North America known at that time.
‘'he manganese deposits and.geology of the Batesville district are described
in great detail. The report is accompanied by a map showing the distribu-
tion of the rock formations and the location of the manganese mines and
prospects.

—— The origin of the manganese ores of northern Arkansas and its effect on
the associated strata (abstract): Am. Assoc. Adv. Sci. Proc., vol. 39, pp.
250-252.

Discusses the manganese ores of the Batesville district.

1893.

Hopxixs, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann.
Rept. for 1890, vol. 4.

The limestones of northern Arkansas, including those of the Batesville
district, are described in great detail. The report is accompanied by a
geologic map, which is similar to the one that accompanies the report by
Penrose.

1894,

Wwiniams, H. S., On the age of the manganese beds of the Batesville region
of Arkansas: Am. Jour. Sci., 3d ser., vol, 48, pp. 325-331.
Discusses the age of the manganese-bearing rocks.
PENROSE, R. A. F., Jr., The superficial alteration of ore deposits: Jour. Geology,
vol. 2, p. 306.
One paragraph is devoted to a discussion of the origin of the manganese

deposits of the Batesville district.
1895.

WiLLiams, H. S., On the recurrence of Devonian fossils in strata of Carbon-
iferous age: Am. Jour. Sci., 3d ser., vol. 49, pp. 94-101.
Discusses the Carboniferous rocks of the Batesville district.

1897.

BraNNER, J. C., The phosphate deposits of Arkansas: Am. Inst. Min. Eng.
Trans., vol. 26, pp. 580-598. ’
The phosphate deposits that are described include those of the Bates-
ville district.
1898.

WELLER, STUART, The Batesville sandstone of Arkansas: New York Acad. Sci.
Trans., vol. 16, pp. 251-282. :
Reviews the literature on the formation, describes fossils recently col-
lected from it, and discusses its correlation from the paleontologic and
stratigraphic ‘data.

ST
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1900.

WiLLiams, H. S., The Paleozoic faunas of northern Arkansas: Arkansas Geol.
Survey Ann. Rept. for 1892, vol, 5, pp. 268-362.
This paper gives much information on the correlation and the faunas
of the rock formations.
1901.

VAN INGEN, GILBERT, The Siluric fauna near Batesville, Arkansas, I: School
of Mines Quart., vol. 22, pp. 318-329. Columbia Univ. Geol. Dept. Contr.,
vol. 9, No. 76, pp. 318-329.

Describes the Cason shale and St. Clair limestone and discusses their
geologic relations. Briefly describes the manganese deposits. Includes
a bibliography.
—— The Siluric fauna near Batesville, Arkansas, II: School of Mines Quart.,
vol. 28, pp. 33-74. Columbia Univ. Geol. Dept. Contr., vol. 9, No. 76, pt. 2.
Describes the characters of the various fossil species from the St. Clair
limestone,
1902.

BRANNER, J. C.,, and NEwsoxM, J. F., The phosphate rocks of Arkansas: Arkansas
Agr. Exper, Sta. Bull. 74, pp. 61-123.

The phosphate deposits of the Batesville, district, most of which are
in the Cason shale, are described fully., The following statement is made:
“Throughout much of the region * * * manganese has been mined
or prospected for, and as the phosphate rocks generally overlie the man-
ganese the latter mineral may frequently serve as a guide to the prospector
for phosphate rock.”

1904,

UrricH, E. O., Determination and correlation of formations [of northern
Arkansas] : U. S. Geol. Survey Prof. Paper 24, pp. 90-113.
Discusses the correlation of the rocks of northern Arkansas, including
those of the Batesville district.

1907.

Purbur, A, H., Developed phosphate deposits of northern Arkansas: U. S. Geol.
Survey Bull. 315, pp. 463473,
The developed phosphate deposits which occur in the Cason shale on
Lafferty Creek, on the western edge of Independence County, are described,
The geology of the phosphate region is also described briefly.

1909.

Harper, E. C,, Manganese deposits of the United States: U. S. Geol, Survey
Bull. 380, pp. 267-270.
A preliminary report.
1910.

HARDER, E. C., Manganese deposits of the United States, with sections on foreign
deposits, chemistry, and uses: U. S. Geol. Survey Bull. 427, pp. 102-118,
127, 269-270.

Describes briefly the geology and manganese ores of the Batesville dis-
trict. The general relations, forms, origin, and commercial importance and
production of the ores are discussed. Analyses of the ores and descriptions
of several mines are given.

104569—22——2
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1911.

GirTY, G. H,, The fauna of the Moorefield shale of Arkansas: U. S. Geol, Survey
Bull. 439, 148 pp., 15 pls.

Gives systematic descriptions of the fossils and discusses their strati-
graphic position and the nomenclature and correlation of the formation in
which they occur.

1915,

Girry, G. H, Fauna of the so-called Boone chert near Batesville, Arkansas:
U. S. Geol. Survey Bull. 595, 45 pp., 2 pls.
Describes collections of fossils from the upper part of the Boone chert
and discusses the correlation of the chert.
—— Fauna of the Batesville sandstone of northern Arkansas: U. S. Geol. Sur-
vey Bull. 593, 170 pp., 11 pls.
Describes the fauna of the Batesville sandstone and gives its relations
to other faunas.
1917.

SHIRAS, ToM, Manganese mining in Arkansas: Eng, and Min. Jour,, vol. 104,
No. 25, pp. 1079-1080, Dec. 22,
The history of the Batesville district, the manganese ores, and the
methods of mining are brleﬁy treated.
Hewerr, D. F., Manganese output in Arkansas district affected by labor short-
age: Eng. and Min. Jour., vol. 104, No. 21, p. 931, Nov. 24.
Discusses briefly the occurrence and character of the manganese ores,
the production of ore in 1918, and mining conditions in the Batesville dis-
trict.

1918.

SHiras, ToMm, Manganese washing plant of the Eureka Company, Arkansas:
Eng. and Min, Jour., vol. 105, No. 17, p. 778, April 27.

The washing plant of the Eureka Manganese & Mining Co. at the Mont-

gomery mine is described and the quantity of ore treated is given,
WoobBrIiDGE, D. E,, The Arkansas manganese field : Eng. and Min. Jour., vol. 106,
No. 15, pp. 669-670, Oct. 12.

Describes briefly the geology and ore deposits of the Batesville district
and gives a full discussion of the economic possibilities and mining condi-
tions in the district.

Harper, E. C., Manganiferous iron ores: U, 8. Geol. Survey Bull. 666-EE.

Describes briefly the low-grade manganese ore of the Batesville district
and gives analyses and production by years of this kind of ore.

BATESVILLE-CUSHMAN MANGANESE FIELD, Batesville, Ark,: Batesville Board of
Trade, 30 pp.

Describes the topography, manganese deposits, and methods of mining in
the Batesville-Cushman field. Parts of the reports by Harder (1910) and
Penrose (1891) and of the press report by the present writer (1918) are
quoted.

1920.

Harper, E. C., and HEwerT, D. F., Recent studies of domestic manganese de-
posits: Am. Inst. Min. Eng. Trans., vol. 63, pp. 3-50.
The ore-forming minerals, stratigraphic relations, genesis, production,
composition, and reserves of the manganese ores of the Batesville district
are discussed.
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HISTORY AND PRODUCTION.

The manganese ore deposits of the Batesville district have been
worked at times since 1849 and have yielded both high-grade and
low-grade manganese ores. Most of the work on the deposits of high-
grade ore has been done during two periods of activity, one begin-
ning in 1885 and ending in 1898, and the other beginning in 1915
and ending at least temporarily in November, 1918, when the demand
for domestic manganese ores greatly decreased. Most of the work
on the deposits of low-grade ore has been done since 1904. By far
the greater part of the high-grade manganese ore produced during
the first period of activity was mined at the Southern mine, and the
greater part of the low-grade ore was produced by the Cason mine.

The early history and production of the Batesville district is sum-
marized as follows by Penrose:?

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

For over 25 years after Col. Martin’s first shipments occasional small quanti-
ties of manganese were mined in the Batesville region. The ore shipped during
this period was mostly if not altogether used for chemical purposes and not in
the manufacture of steel, which to-day consumes the whole production of
Arkansas. A few hundred tons would probably include the total quantity pro-
duced up to 1868. In that year Mr. William Einstein, of St. Louis, made the
first shipment of manganese from Arkansas for steel purposes. It was sent to
Messrs. Schoenberger & Co., Juniata Iron Works, Pittsburgh, Pa. The ore was
shipped by barge down the White River, thence to the Mississippi, and up the
Ohio to its destination. The total guantity amounted to 10 tons, which was
sold at Pittshurgh for $30 per ton. At that time, however, the production of
steel in the United States was very small compared with its present manufac-
ture, and the demand for manganese was correspondingly less than at
present.

For 12 years after Mr. Einstein’s shipment little or no mining was done in
the Batesville region. The test of Mr. Einstein’s ore is said to have proved a
success, but the comparatively small demand for manganese at that time was
mostly supplied from Virginia, Georgia, and foreign sources. Moreover, there
was still no means of railway transportation in the State, and it was not until
1871-1872, when the St. Louis. Iron Mountain & Southern Railway was extended

S Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol. Survey
Ann. Rept. for 1890, vol. 1, pp. 104-107, 1891.
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south from the Missouri line to Little Rock, that shipping facilities were ob-
tained. Iven then Newport was the nearest railway point, and it was 35 to 40
miles distant from the manganese region. The ore had to be shipped by barge
-to that place and there transferred to cars. It was not until 1886, when the
Batesville branch line was extended to the manganese region, that the ore
could be shipped all the way by rail.

In 1881 Mr. BE. H. Woodward, representing the Ferro-Manganese Co., started
operations in Arkansas. -Mr. Woodward had already become identified with
the Georgia manganese region and was well known in all the other manganese
localities of the Appalachian Mountains. He bought and leased tracts of land
in the Batesville region and from then until 1887 mined intermittently, ship-
ping altogether probably about 5,000 tons or more of ore. A large part of this
came from the Southern, the Turner, the Trent, and the Montgomery mines.

At the time Mr. Woodward begafl his operations the demand for manganese
for use in steel was rapidly increasing, and the output of his mines, representing
as it did the first systematic production of manganese in the Batesville region,
found a ready sale.

In October, 1885, the Keystone Iron & Manganese Co., of Pennsylvania,
acquired large tracts of land in the Batesville region. They commenced opera-
tions on the Southern Hill and have worked continuously ever since. They are
the largest operators in the region and have probably mined over a half of the
ore that has been shipped from Arkansas. Their total production since they
commenced work until December 31, 1890, has been 18,111 tons.

In the same year (1885) the St. Louis Manganese Co., of St. Louis, Mo., was
organized and commenced work in the region of Cushman and elsewhere. They
mined up to September, 1890, 1,700 tons of ore. About the same time the
Missouri FFurnace Co., of St. Louis, acquired manganese lands in the Lafferty
Creek district, but their work has been limited. The total output up to Sep-
tember 1, 1890, was a little over 500 tons. Besides these companies others
commenced operations at or near the same time, but their production has been
small. Among them were the American Manganese Co., the White River Man-
ganese Co., the Arkansas Manganese Co., and the Blair Mining Co., as well as
others. N

The extension, in 1886, of the Batesville branch'of the St. Louis, Iron Moun-
tain & Southern Railway from Newport through Batesville to Cushman has
greatly facilitated the transportation of the manganese ores and has opened up
mining localities which would, otherwise have been inaccessible. In 1888 Messrs.
Abbot & Ring, of Chicago, opened up properties on Polk Bayou. Later the firm
was changed to Skinner & Abbot, and in 1889 it was again changed to John B.
Skinner & Co. Mr. Skinner has erected a large washer on Sullivan Creek, and
energetic arrangements are now being made for the extensive mining and treat-
ment of the manganese ores of that part of the Batesville region. The produc-
tion of these firms from April 20, 1889, to June 26, 1890, was over 700 tons.

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

Correct figures of the total amount of manganese mined in the Batesville
region are difficult to get, except since the time the ore has been shipped by rail.
The records of the ore shipped by barge down the White River before the rail-
way was extended to Batesville were either not kept at all or have been lost.
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It is probable, however, that the total amount of manganese shipped from the
Batesville region from the time mining was first begun until December 31, 1890,
does not exceed 35,000 tons and is between that and 30,000 tons.

The Keystone Manganese & Iron Co., as stated by Penrose, began
work at the Southern mine in 1885. The company operated this mine
almost continuously until 1898 and produced from it between 30,000
and 35,000 tons of high-grade manganese ore, which is almost one-
half of the total output of this class of ore for the entire district.
During parts of the period from 1885 to 1898 this company operated
other mines also, among which were the Polk Southard, Turner,
Cason, George, Henley, @ A. Wilson (Lone Star), and J. A. Reves
mines. It mined and shipped 3,500 to 4,000 tons from the Polk
Southard mine, 3,000 tons or more from the Turner mine, and several
hundred tons or less from each of the other mines.

The Cason mine was operated by the Keystone Manganese & Iron
Co. about 30 years ago, but it produced very little ore until 1904.
Beginning in that year the mine was operated almost continuously
until November, 1918; by various firms and persons, among whom
were the Frisco Ore Mining Co., Batesville Manganese Co., and
W. H. Denison. The total output from 1904 to 1918, inclusive, has
been approximately 61,321 tons. A statement of the production by
vears is given on page 12.

The Martin Manganese & Mining Co., of Roanoke, Va., operated
the Polk Southard, Club House, Rowe Field, Blue Ridge, Cummins
Hollow, and Shaft Hill mines in 1909 and 1910, after which these
mines laid idle until 1915. From 1915 until November, 1918, these
mines were operated more or less continuously by the Independence
Mining Co., of which E. C. McComb, of Batesville, Ark., is owner
and manager.

W. H. Denison, of Cushman, Ark., has not only operated man-
ganese mines in recent years but has acted as sales agent for the
Independence Mining Co., the Eurcka Manganese & Mining Co.,
R. S. Handford, N. A. Adler, and most of the other producers in
the Batesville district. In 1905 he operated the. Meeker mine on
a small scale, and in 1916, 1917, and 1918, he operated various other
mines, among which were the Kimbrough, Martin No. 2, Brooks
Hill, Kimmer, Roseborough, Southern, Shaw, McConnell, Roach,
Cason, and Turner. During parts of these years he and J. I'. Barks-
dale, of Anderson, Ark., operated the George, Johnson Hill, Sand
Fleld Manganese Field, Rummer Rough, and Barksdale mines and
the mine of the United Phosphate & Ohemlcal Co.

The Cushman Manganese Co., which is a firm consisting of three
members, W. H. Demson R. S Handford, and J. F. Kennard
operated the Rogers mine in 1917 and 1918, and the Page and Wren
mines in 1918.
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The Eureka Manganese & Mining Co., of Cushman, Ark., of
which W. H. Denison is president and W. H. Beatty is manager,
. began the operation of the Montgomery mine in May, 1917, and it
mined, milled, and shipped about 3,600 tons of manganese-ore con-
centrates during 1917 and 1918. The ore was concentrated in a
washing plant that was erected by this company at the mine.

N. A. Adler, of Batesville, Ark., operated the Adler and Searcy
mines in 1916 and 1917, and he, together with W. H. Denison, did
some work in 1916 at the Club House mine and the W. A. Chinn
cut. The production made at the Searcy mine by Mr. Adler during
these years was 1,175 tons. - -

Mines operated by R. S. Handford, of Batesville, Ark., during
parts of 1916, 1917, and 1918 included the Pittman, Harvey, Ellen
Clark, Klondike, and Rogers mines, and during parts of these years
he, together with J. J. Skelton, operated the Skelton Hill, Verna,
and Hankins Hollow mines. Besides being a member of the Cush-
man Manganese Co., he was a partner with J. C. Shepherd in the
erection and operation of a small washing plant at the Button pros-
pect, in 1918.

The Marqua Mining Co., of Granite City, I1l., operated the Mount
Etna, Grubb Cut, Lassiter, and Izard mines in 1917 and 1918 and
did some work at the Tosh Hill, Section Eight, and Section Thirty-
four prospects. The production of this company during these years
was 1,182 tons of high-grade manganese ore and 460 tons of low-
grade ore. All the above-mentioned properties belong to William
Einstein, of St. Louis, Mo., who leased them to the company.

J. C. Shepherd, a zinc operator in the Rush district of northern
Arkansas, together with other persons leased and purchased several
properties in the Batesville district in 1918. The Waco Manganese
Co., a firm of which he is a member, erected a washing plant on the
T. S. M. Patterson tract, 4 miles south of east from Cushman, and
operated it for a short time in the fall of 1918. Mr. Shepherd and
R. S. Handford built a small washing plant at the Button prospect
and operated it for a short time in 1918. Mr. Shepherd and R. A.
Baker mined and shipped several carloads of manganese ore from
the Sis Clark mine in the last half of 1918. Mr. Shepherd and

J. R. Wilson operated for a short time a small washing plant at the
~ Ball mine and had partly erected a larger plant in November, 1918,
on which work was stopped because no market for the ore could be
found after that time. Mr. Shepherd leased or purchased the
W. W. Allen mine in the spring of 1918 and erected a washing plant
near it. He was succeeded by the Leader Mining Co., of which he
became president. The operation of the washing plant was begun
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by this company in September, 1918, but it continued for only a
short time.

The Oklahoma-Arkansas Oil & Mining Co., of Holdenville, Okla.,
leased the Searcy mine from N. A. Adler in the spring of 1918, but
it was soon succeeded by the Bill-Jim Mineral Co., of Holdenville,
OKkla., which erected a washing plant at the mine. The mine and
washing plant were, however, not operated by the last-named com-
pany, but later in 1918 Logan Rives leased the mine and operated it
and the washing plant for a short time. Mr. Rives also operated
the George and Ellen Clark mines for a few months in 1918.

J. A. Welch leased the Roach mine from the Manganese Develop-
ment Co. in 1918 and had partly erected a washing plant when man-
ganese mining in the district was stopped, owing to the termination
of the World War. :

The Oklahoma-Kansas Mining Co., of Miami, Okla., purchased, in
1918, the Schlieper and Denison mines and erected a washing plant
at the Denison mine. The plant was completed about the time when
the armistice with Germany was signed and has not been operated.

The United States-Canadian Manganese Co. purchased the Weaver
tract, 45 miles north-northwest of Pfeiffer, and after some prospect-
ing had been done it erected a washing plant which was practically
completed in November, 1918.

The Standard Manganese Co., of Chicago, I11., operated the Cutter .
mine in 1918 and erected a washing plant near East Lafferty Creek
in which to separate the manganese ore from the inclosing clays. The
production by this company was very small.

S. B. McConnico, of Chicago, Ill., did considerable prospecting on
Bell Hill, 4} miles east of Cushman, in the spring of 1918, and the
tract that he had prospected was leased by him and other persons,
who organized the Liberty Manganese Co., of Chicago. The con-
struction of a washing plant by this company was well advanced in
November, 1918, when work on it was stopped.

The United States Steel Corporation through its subsidiary com-
panies, the Tennessee Coal, Iron & Railroad Co. and the Oliver Iron
Mining Co., made several borings with diamond drills in the Bates-
ville district in 1918 to find bodies of manganese ore like that in the
Cason shale which is worked at the Déﬂbson mine. No such bodies
were discovered. The records of most of the borings are given on
pages 42-45.

Other companies and individuals who have been operators or pros-
pective operators in the Batesville district from 1915 to 1918 include
the following: Ozark Manganese Co., of Superior, Wis.; Magnolia
Mining Co., of St. Louis, Mo.; Stone County Mining Co., of Red
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Stripe, Ark.; Loyalty Mining Association, of Holdenville, Okla.;
Polk Bayou Mining Co., of Batesville, Ark.; Manganese Develop-
ment Co., of Chicago, Ill.; National Manganese Co.; Vance Mining
Co., of Batesville, Ark.; Ozark Mining Co., of Batesville, Ark.;
Everton Mining & Development Co.; Anderson Manganese Co.;
W. A. Hamer, of Sandtown, Ark.; Henry Clark, of Cave City, Ark.;
D. E. Woodbridge, of Duluth, Minn. ; E. W. Buskett, of Joplin, Mo.;
Walter Denison, jr., of Cushman, Ark.; W. A. King, of Mount
Pleasant, Ark.; T. M.-Tate, of Anderson, Ark.;.T. F. Shell, S. W.
Deener, I. J. Matheny, and Ernest Neill, of Batesville, Ark.; W. E.
Barnes, J. R. Martin, W. C. Collie, Jim Wolford, W. T. Gray, George
Brewer, and H. H. Anderson.

The production of manganese ore and ferruginous manganese ore
in the Batesville district by years, from 1849 to 1921, inclusive, is
given in the accompanying table, which is compiled mainly from
Mineral Resources, published by the United States Geological Sur-
vey, but partly from other sources.

Manganese and ferruginous manganese ores produced in the Batesville district,
Ark., 1849-1921, in long tons.

Manganese | Ferrugin- Manganese | Ferrugin-
ore (3t5 per | ous man- ore (35 per| ous man-
cent or ganese ore cent or | ganese ore
Year. more of | (10 to 35 per Year. more of (10 to 35 per
mangan- |centof man- mangan- |cent of man-
ese).e ganese). ese).a ganese).
1849-1867
1868
1881

82,716

74,482

¢ The figures for production of m(a.nganese ore for 1910 and previous years perhaps in-
clude a small amount of ore carrying less than 35 per cent of manganese.

GEOGRAPHY.

RELIEF.

The Batesville district is on the southern edge of the Ozark Pla-

teau, south of which lie the Boston Mountains.

and the mountains are subdivisions of the Ozark region.

Both the plateau
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The district here described is rough, but the relief is not great.
Many narrow valleys trench all parts of its plateau surface, so that
very little level land remains. The lowest elevation, which is less
than 250 feet above sea level, is on White River near Batesville, and
the highest, 950 feet, is on Pine Mountain. The streams flow in
channels that are generally 100 to 400 feet below the crests of the
hills and ridges. The hill slopes are steep, and there are many bluffs
adjacent to the streams, especially on the outer sides of the stream
bends. (See Pl II, 4.) Of the bluffs along White River (see PL
III, A and B) the largest and most picturesque is Penters Bluff,
which is about 1 mile long and about 400 feet high. The small
number of level tracts and the more gentle slopes are mantled with
residual soil or with wash from higher ground. Rock outcrops are
common in most parts of the district but are especially abundant on
the steeper slopes.

The Batesville district is not a single plateau but comprises parts
of three plateaus which are separated by low and very sinuous escarp-
ments. These plateaus from south to north are the Batesville,
Springfield, and Salem plateaus. The middle one of these, the
Springfield Plateau, stretches from east to west through the center
of the district. It is 8 to 10 miles wide, and on or near its north
border Gid, Mount Pleasant, Sandtown, and Hickory Valley, are
situated, and on or near its south border Sulphur Rock, Moore-
field, and Batesville are situated. Although this plateau is exten-
sively dissected, many of the interstream areas, which are hills and
narrow finger-like ridges, are flat topped and in any view that shows
the sky line of the country are seen to be remarkably uniform in
height. The surface of the plateau, however, is not level, but slopes
to the south from about 25 feet to about 50 feet per mile. The
highest points on its north border are from 700 to 900 feet above sea
level, whereas most of those on its south border range from 500 to
600 feet above sea level. The plateau is formed by the resistant
Boone chert, though a part of it, lying north of Sulphur Rock and
Moorefield, is underlain by the Moorefield shale and Batesville sand-
stone. The general southward slope is due to the dip of the Boone
chert in this direction. Most of the manganese deposits occur in
the valleys and on and near the crests of the hills within this plateau
area; none have been found south of it and very few north of it.

North of the part of the Springfield Plateau described above lies
another plateau that is known farther north and west as the Salem
Plateau. The Salem Plateau is separated from the Springfield
Plateau by a low, sinuous escarpment, known farther west as the
Eureka Springs escarpment. The surface of the part of the Salem
Plateau within the Batesville district has about the same elevation
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along the north border of the district as the north border of the
Springfield Plateau—that is, about 750 feet above sea level—but it
slopes southward so that near Hickory Valley, Sandtown, Mount
Pleasant, and Gid it is 100 to 200 feet lower than the adjacent border
of the Springfield Plateau. This surface has been formed on the
St. Peter sandstone, a resistant formation, and its southward slope
is due to the southward dip of this sandstone. Many valleys trench
this plateau, and many hills, composed of rocks that are younger
than the St. Peter sandstone, rise above its general surface near
Cave City and Mount Pleasant. Manganese deposits have been
found at a few places on this plateau.

A small plateau, to which the name Batesville is here applied, lies
south of and higher than the Springfield Plateau. Its largest area
lies between Oneal and White River Junction, and smaller parts
of it lie south of the Missouri Pacific Railroad between Batesville
and Sulphur Rock. The eastern part of the town of Batesville is
on one of these smaller parts of it. This plateau has been
formed on the Batesville sandstone. It stands from 100 to 200 feet
above the south border of the Springfield Plateau and from 500 to
650 feet above sea level. In the largest area the surface of the
plateau slopes to the south, which is the direction of the general
dip of the Batesville sandstone.

The three plateaus in the Batesville district do not represent three
peneplains but three structural plains, whose formation and preserva-
tion are due to the resistant rock formations that underlie them.
The occurrence of gravels of Upper Cretaceous or Tertiary age on
many of the highest hills on both the Salem and the Springfield
plateaus east of the longitude of Cushman suggests that these gravel-
covered hills may mark the elevation of a former peneplain now
thoroughly dissected, but perhaps most if not all of the hills in the
vicinity of and west of Cushman are lower than the level at which
this peneplain stood. This supposed peneplain truncated the edges
of the resistant rock formations on which the plateaus were later
formed by erosion. The relation of the peneplain to the plateaus and
to the Boston Mountains, which are just south of the Batesville dis-
trict, is shown in figure 2. The peneplain is probably of Upper
Cretaceous or early Tertiary age, but further field studies over a
much larger part of the southern Ozark region than the Batesville
district and over the adjoining parts of the Gulf Coastal Plain will
be necessary before its age can be determined accurately. .

DRAINAGE.

The drainage of all parts of the Batesville district empties into
White River, the largest stream in the district. Cura and Dota
creeks enter Black River, which enters White River outside the dis-
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trict, and the streams north and north- , 3
east of Cave City enter Strawberry g 3
River, which joins Black River. White ¢
River is navigable above Guion at the
west, end of the Batesville district, and a
series of three dams and locks have been
built by the United States Government
to aild navigation. One of these is just
below Batesville, the second is at Earn-
harts, and the third is at Walls Ferry
station. Next to White River the largest
streams of the area are West Lafferty,
East Lafferty, Spring, and Sullivan
creeks and Polk Bayou, the last of
which is really a creek and not a bayou.
Many of the creeks are perennial and are
supplied with water from springs in all
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Mooreficld, and Batesville and thence
follows the left bank of White River to
and beyond the western limit of the dis-
trict. Short branches of this railroad
extend to Pfeiffer and Cushman. A
spur formerly ran from the mouth of
Lafferty Creck to the village of Phos-
phate, but both the spur and the village
have long been abandoned.

Public and secondary roads reach all
parts of the district, but only a few of
them arc maintained in good condition, g

PLATEAU.

SALEM

kg TR S Y

SALEM PLATEAY T T T T RFEW
2727777077

1,0

bt
(241

B, Cross section about 1% miles west of Cush-

10 Miles
The position of the Cretaceous or Tertiary peneplain is not known, but it was probably about 300 feet above Cushman.
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FiGURD 2.—Generalized north-south profile sections through the Batesville district, showing the plateaus described in this report, the Boston Moun-
man.
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although limestone, broken chert, and gravel suitable for road build-
ing are at hand in many places. Owing to the roughness of the
country the roads follow very few of the lines of sections or town-
ships. . '

The district is adapted to general farming, fruit-growing, and
grazing, and agriculture is the chief occupation. Lumbering is also
important. The mining of manganese ore has, however, at times
been one of the most important industries. A limestone quarry at
Pfeiffer that furnishes a high-grade building stone has been in op-
eration for many' years, and limestone has been quarried at other
places for building stone and for making lime. Sandstone has been
quarried for local use as a building stone, and a quarry at Guion has
yielded glass sand.

GEOLOGY.

ROCK FORMATIONS.
GENERAL FEATURES.

All the rocks of the Batesville district that have been exposed or
penetrated by wells are of sedimentary origin. They comprise sand-
stone, shale, limestone, chert, and some beds of gravel and sand. They
are of Ordovician, Silurian, Devonian, Carboniferous, Cretaceous ( ?),
and Quaternary age. They are graphically represented in the gen-
eralized sections in Plate IV, and their names and sequence together
with their stratigraphic positions as determined by different geol-
ogists are shown in the correlation table opposite this page.

ORDOVICIAN SYSTEM.

ST. PETER SANDSTONE AND OLDER ROCKS.

The St. Peter sandstone is the surface rock over most of the area
that is represented on the map (Pl I) by the pattern designated as
St. Peter sandstone and older rocks. Most of the rocks below this
sandstone are drab-colored magnesian limestones, but some are sand-
stones, and they crop out on West Lafferty, East Lafferty, and Sul-
livan creeks and Polk Bayou. They were penetrated to a depth of
1,615 feet in the well at the Southern mine, the log of which is given
on pages 45, but their greatest observed thickness, 210 feet, is on
the west slope of Pine Mountain. Future studies will be required
to group the beds below the St. Peter sandstone into formations, and
many or all of the groups thus determined will doubtless be found
to be equivalents of rock formations to which names have been as-
signed in other parts of the Ozark region. Some of the lowest beds
reached in the above-mentioned well may prove to be of Cambrian
age.
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in southwestern Missouri but so far as known are not represented in northern Arkans:
his Fern Glen limestone of northern Arkansas as
the United States Geological Survey places all be

Boone chert.

b Probably absent in the Batesville district.

¢ Confused with sandstone at the base of the Boon

in the Cason shale.

@ The beds doubtfully assigned to the Chattanoo
¢ Penrose is the only geologist who has described

ville district, but he included them in the Boone chert.

J The shale of the Batesville district here called Chattanoa
typical Chattanooga and also older than the Chattanooga of n

as. @ regards

‘lging below the Boone chert, but the accepted usage of
of Kinderhook age (inclu&.mg the Fern Glen) in the
¢ chert and at some places confused with sandstone

are a part of the Cason shale.
e Chattanooga shale and Penters chert of the Bates-

is said by Ulrich to be older than the
orthern Arkansas outside the Batesville

district, The Chattanooga of the Batesville district is regarded by him as of the same age as the Genesee

shale of the northern Appalachian region, which belongs in the lower part of the Upper Devonian.

typical Chattanoolg)a an
by him in the Carbo:

The

the Chattanooga of northern Arkansas outside the Batesville district are placed

niferous system.

g The Lafferty limestone has not been described by other geologists it appears not to have been observed
before the present investigation. o .
4 1In a previous paper (Am. Jour. Sci., 3d ser., vol. 48, pp. 325-331, 1894) Williams restricted the name
St. Clair to the “ Polk Bayou limestone and applied the name ‘Cason limestone’’ to the &

limestone.

ical St. Clair

corrected by him in 1900, in the above-mentioned report of the Arkansas Geological Survey.

§ A term provisionally ap%lied by Tlrich (Geol. Soe. America Bull.
the upper part of a considerable thickness (100+feet) of Silurian ¢

beds corresponding to the typical St.

Clair.

and so far as known is not exposed in Arkansas. 5
7 Occurrences of the Brassfield limestone were discovered by Tlrich several years ago at places between
Duff and Tomahawk Ark.; none were known in the Batesville district before 1918.
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limestone supposed to include

Okla.

(Face p. 16.)




U. S. GEOLOGICAL SURVEY BULLETIN 73t PLATE II

A. VIEW LOOKING DOWN POLK BAYOU, 4} MILES NORTH OF BATESVILLE,
SHOWING A BLUFF ON THE OUTSIDE OF A BEND IN POLK BAYOU.

The bluff is composed of the Plattin limestone. Photograph by W. R. Crane.

B. VIEW LOOKING NORTH AT PENTERS BLUFF STATION, SHOWING CHARAC-
TERISTIC OUTCROPS OF PLATTIN LIMESTONE ON THE HILL SLOPE.

Manganese ore ready for shipment is shown on platform near railroad.
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BULLETIN 734 PLATE III

A. BLUFF OF ST. PETER SANDSTONE NEAR B. VIEW OF A BLUFF ON WHITE RIVER LOOKING
BROTHERS SPUR, ON THE MISSOURI WEST -NORTHWEST FROM A POINT 1 MILE
PACIFIC RAILROAD, 3 MILES WEST- NORTHWEST OF GUION.

NORTHWEST OF GUION. The bluff is composed of the Joachim and Plattin lime-

stones.



U. 8. GEOLOGICAL SURVEY BULLETIN 73t PLATE 1V
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GENERALIZED SECTIONS OF THE PALEOZOIC ROCKS EXPOSED IN THE BATESVILLE DISTRICT.



U. 8. GEOLOGICAL SURVEY BULLETIN 734 PLATE V

A. PINNACLES OF ST. PETER SANDSTONE, KNOWN AS HOODOO ROCKS, ON SUL-
LIVAN CREEK, 5 MILES EAST OF CUSHMAN.

Photograph by W. R. Crane.

B. HILL SLOPE ON EAST SIDE OF SULLIVAN CREEK, 5} MILES NORTH OF BATESVILLE.

Shows outcrops of the Joachim and Plattin limestones.
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A. BLOWING CAVE ON EAST SIDE OF POLK
BAYOU, 3%} MILES NORTH OF BATES-
VILLE.

The bluff at whose base is the entrance to the cave is
composed of the Kimmswick limestone. The
ledges above the bluff are composed of the Fernvale
limestone.

BULLETIN 7384 PLATE VI

B. BLUFF ON WHITE RIVER JUST NORTH OF
WALLS FERRY STATION, SHOWING BOONE
CHERT RESTING UNCONFORMABLY UPON
PENTERS CHERT.

The basal bed (limestone) of the Boone thins out to the
left. View looking north.
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The St. Peter sandstone is exposed over large and small areas in
the northern part of the Batesville district, the largest ones being
near Mount Pleasant, Sandtown, and Cave City. It is the oldest
formation with which the manganese ores are associated, though
they do not occur in the sandstone but in residual clays and in recent
stream wash lying upon it. The thickness of the sandstone varies
from place to place, and as erosion has cut through it to the under-
lying limestones at only a few places in the area examined by the
writer few opportunities were afforded for measiring its entire
thickness. The thickness is 200 feet on the west slope of Pine Moun-
tain, at least 75 feet 11 miles west-northwest of Williamson, 125 feet
in the vicinity of Cushman, as shown by the log of the well at the
Southern mine, and 120 feet in the vicinity of Sandtown. The
sandstone of which the St. Peter formation is composed is massive
and is either white or cream-colored on fresh surfaces but brown on
much of its exposed surface, owing to the oxidation of included
pyrite. It consists of well-rounded, medium-sized, transparent
quartz grains, cemented by a small amount of calcium carbonate. It
becomes friable on weathering, in places shows lamination, cross-
bedding, and ripple marks, and in the many bluffs formed by its
outcrops it presents fluted surfaces. (See Pls. ITI, 4, and V, 4.)

JOACHIM LIMESTONE.

The Joachim limestone is exposed as narrow bands on the slopes
of the hills over much of the area here described. It represents
the lower part of the “Izard limestone,” so called in previous geo-
logic reports on this part of northern Arkansas. Its thickness
ranges from 20 to 150 feet, the minimum being found at a locality
1} miles west-northwest of Williamson and the maximum at the
mouth of Blowing Cave Creek, but at most places the thickness is
between 40 and 100 feet. 4

The formation consists almost entirely of drab-colored fine-
grained magnesian limestone, whose rather massive beds crop out
on the hill slopes as rough ledges. (See Pl. V, B.) The lower-
most beds are very sandy and at a few places are interbedded with
thin layers of cream-colored sandstone. The sand grains in both the
limestone and the sandstone are well-rounded translucent quartz
grains, like those that make up the St. Peter sandstone. Fossils
are very meager; the writer observed only a few Cryptozoa and a
single Orthoceras in the lower part of the limestone, at a locality
near the mouth of Blowing Cave Creek.

Residual clays and other surficial materials not only partly conceal
the limestone, but at many places extend down into subsurface chan-
nels, some of which were formed by the widening of fissures along
joints. Among these materials at some localities there are masses of
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manganese ore. A small quantity of sphalerite (zinc sulphide) has
been found in the limestone by the roadside about half a mile north

of Cave City.
PLATTIN LIMESTONE.

The Plattin limestone is the surface rock over a large part of
the Batesville district. Its area of outcrop is in an irregular
eastward-trending belt, in parts of which the limestone is still
concealed by younger rocks, and in other parts it has been completely
eroded, so that older rocks are exposed. In this belt it is not only
exposed in many bluffs, but ledges and loose boulders of it abound
on the hill slopes. (See Pls. II, 4 and B; III, B; V, B, and
XYV, B.) Many areas where the Plattin limestone and the Joachim
limestone are exposed have an exceedingly rugged surface and are
locally known as “roughs.” The thickness ranges from 128 feet to
240 feet, the minimum being at a locality three-fourths of a miile
northwest of Guion and the maximum on Polk Bayou between the
mouths of Sullivan and Cave creeks. The thickness at most places
is about 200 feet. The Plattin limestone is even bedded and occurs
in both thin and thick layers. Most of it is dove-colored or grayish
blue, though a few thin beds are buff. It is compact and has a con-
choidal fracture, and its texture is homogeneous, except that it con-
tains many minute cavities filled with colorless calcite crystals. At
places it has yielded a few fossils.

Lithographic stone has been found in the Plattin limestone at a
few localities. The following paragraph concerning it is abstracted
from Hopkins’s report:*

Certain layers of the Plattin limestone are so fine grained as to
appear like lithographic stone of good quality, but thus far the search
for such stone has not been successful. The most promising locality
is on West Lafferty Creek, where lithographic stone was obtained
from layers 2 to 4 inches thick which aggregate about 2 feet in total
thickness. The greater part of this stone was worthless on account
of the fine crystalline particles scattered through it.

The limestone has been burned for lime one-half mile west-north-
west of Williamson, but the kiln had been abandoned before the
time of visit. Several caves have been made in the Plattin limestone
by solution-'along fissures. Some of these are on Cave Creek, but the
most noteworthy of them is Blowing or Farrell Cave, 1 mile west of
Cushman, which has been formed largely in the Plattin limestone
but partly in the overlying Kimmswick limestone.

The limestone itself does not contain any manganese ore, but
residual clays and stream wash that overlie the weathered edges of
the limestone or that fill subsurface cavities, channels, and hollows,

¢ Hopkins, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann. Rept. for
1890, vol. 4, pp. 111-112, 1893.
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many of which were formed by the widening of fissures along: joints,
contain much of the richest manganese ore of the Batesville district.
(See Pls. XII and XV, B.) _

In the earlier geologic reports on this part of Arkansas the Plattin
has been described as the “Izard limestone,” but the “Izard” as it
was defined included not only the Plattin but also the Joachim lime-
stone. The contact between the Joachim and Plattin limestones
wherever it was observed by the writer, is even, but according to
Ulrich these two formations are separated by a stratigraphic break,
which he says is partly represented farther west in Arkansas by the
Jasper limestone. He says also ®: “ So far as known the Plattin lime-
stone corresponds to the Platteville limestone of the upper Mississippi
Valley and to the Lowville limestone of New York. Hence the break
‘between the Plattin and Joachim limestones is represented in the last-
named regions by the Stones River and Chazy limestones, which are
approximately 2,000 feet thick.”

EKIMMSWICK LIMESTONE.

The Kimmswick limestone is exposed in very narrow belts on the
hill slopes in much of the manganese-bearing area. Like the under-
lying Joachim and Plattin limestones it contains no manganese ore,
but residual clays that overlie its surface or that extend downward
into solution channels in it contain manganese ore at many places.
Its thickness ranges from 12 to 55 feet, the minimum thickness having
been measured at a locality three-fourths of a mile northwest of Guion
and the maximum at the O’Flinn prospect, 2 miles northwest of
Pfeiffer. The following measurements show its thickness at other
places in the Batesville district: On the hill north of the mouth of
Cave Creek, 48 feet; on Polk Bayou, at the mouth of Prairie Creek,
30 feet; on the south slope of Blue Ridge, 13 miles northeast of Cush-
man, 25 feet; on East Lafferty Creek, at the abandoned village of
Phosphate, 20 feet; in the saddle one-half mile east of Penters Bluff
station, 22 feet ; and at the northwest end of Penters Bluff, 40 feet.

The Kimmswick limestone is an even-bedded massive light-gray
fine-grained limestone, but at some places it is coarse grained, and
at others its uppermost beds are compact and grayish blue, thus re-
sembling the greater part of the Plattin limestone. (See P1. VI, A.)
Although it is generally fossiliferous identifiable fossils have been
obtained at only a few places. Most of the fossils are white and
- chalky and are thus lighter in color than the other parts of the lime-
stone. Thin lenses and nodules of light and dark colored chert are
present at many places and are more numerous in the upper part of
the limestone than in the lower part. The lowest bed on West Laf-
ferty Creek contains much quartz sand and on weathering, by which

5 Personal communication,
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the calcium carbonate is dissolved out, forms a porous brown sand-
stone. Exposed boulders and ledges of the limestone abound through-
out a large part of its belts of outcrop, and in places their weathered
surfaces are rough and knotty.

The Kimmswick limestone overlies the Plattin limestone and is in
turn overlain by the Fernvale limestone, and although the exposures
examined by the writer indicate that the contacts between them are
even, each of these limestones, according to Ulrich, who has studied
their fossil and stratigraphic relations over a much wider area than
the writer, is separated from the next by an unconformity.

The correlation table opposite page 16 shows that the limestone to
which the name Kimmswick is now applied was included in the
lower part of the St. Clair limestone of Penrose® and in the lower
part of the St. Clair marble of Branner and Newsom,” and that it
constituted the lower part of the Polk Bayou limestone of Williams
and some later writers.® Ulrich® was the first geologist to recognize
the limestone here described as being the same as the Kimmswick
limestone of Missourt.

FERNVALE LIMESTONE,

The Fernvale limestone is the surface rock on the hill slopes in
much of the manganese-bearing area. It is, in fact, the source of
most of the manganese ore that has been produced in the Batesville
district. Although some minable ore occurs in the limestone, espe-
cially in its uppermost beds, the greater part of the minable ore that
is derived from the rock occurs in residual clays, which lie on not only
this limestone but also the Kimmswick, Plattin, and Joachim lime-
stones. The ore in the clay and in the limestone consists of masses
of manganese oxides. The masses in the clays range in weight from
less than 1 pound to 22 tons, and they have been set free from the
limestone by the solution and removal of the calcium carbonate. - The
oxides have been derived from manganese-bearing carbonates by
superficial weathering and do not extend below the permanent
ground-water level. The ores in or derived from the Fernvale lime-
stone are fully described under the heading “Ore deposits” (pp.
59-69). ‘ :

¢ Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol. Survey
Ann, Rept. for 1890, vol. 1, 1891,

7 Branner, J. C., The phosphate deposits of Arkansas: Am. Inst. Min. Eng. Trans.,
vol. 26, pp. 580-598, 1897. Branner, J. C., and Newsom, J. F., The phosphate rocks of
Arkansas: Arkansas Agr. Bxper. Sta. Bull. 74, pp. 61-123, 1902,

8 Williams, H. 8., The Paleozoic faunas of northern Arkansas: Arkansas Geol. Survey
Ann. Rept. for 1892, vol. 5, pp. 268-362, 1900. Ulrich, E. Q., Determination and correla-
tion of formations [of morthern Arkansas]: U. S. Geol. Survey Prof. Paper 24, pp. 90-
118, 1904. Harder, E. C., Manganese deposits of the United States, with sections on
foreign deposits, chemistry, and uses: U. 8. Geol. Survey Bull. 427, pp. 102-118, 1910.

? Ulrich, BE. 0., Revision of the Paleozoic systems: Geol Soc. America Bull, vol. 22,
p. 421, pls. 27 and 28, 1911.
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The Fernvale limestone ranges in thickness from a feather edge to
125 feet, thé maximum thickness occurring at Penters Bluff. It is
about 100 feet thick at most places in the area here described, but it
thins westward so that it is only 28 feet thick -at a locality three-
fourths of a mile northwest of Guion, and it thins out to the east
less than 1 mile southwest of Hickory Valley. Farther east it is ap-
parently absent. The following thicknesses were measured at other
localities: On the south point of the hill one-fourth of a mile west of
the Cason mine, 25 to 80 feet; on Polk Bayou, 24 miles north of
Batesville, 100 feet; on the south point of the hill north of the
mouth of Cave Creek, 85 feet; on the south slope of Blue Ridge, 13
miles northeast of Cushman, 65 feet; at the Club House mine, half
a mile north of Cushman, 95 feet; on East Lafferty Creek, near
the site of the abandoned village of Phosphate, 100 feet; and in Han-
Iins Hollow, 1} miles northeast of Penters Bluff station, 115 feet.

The Fernvale limestone consists almost wholly of limestone. The
other constituents are the manganese ore and a small quantity of
chert. The limestone is coarse grained, massive, and cross-bedded.
Its exposed ledges are friable and have rough surfaces, and on some
steep slopes thin slabs break off parallel with exposed surfaces that
are at high angles to the bedding. The color is dark gray, but the
unweathered parts of the limestone as well as some of the weathered
parts have a pinkish cast. Parts of the limestone, especially the up-
permost beds, are very dark gray or brown, owing to iron and manga-
nese oxides that are more or less unlformly disseminated through the
rock. A few fossils occur in all parts of the limestone, but they are
most numerous in beds near the top and near the base. The follow-
ing analyses show the composition of the limestone:

Analyses of the Ferntvale limestone.

Manganese (M) .. oo et ettt et e
Ferric oxide (I‘can) ..
Alumina (AlaOs)..oooiiiiiiiiii i .
bllxca (8i09)...... e e e e eae et ena e eae et aeaaaateaaeaaaaanaaans

D 10 1Y (070 D P
Magnesia (M 0) ...........................................
Potash (K30). cen
Soda (NagO)............
Phosphoric acid (P30s).
Water (H:0)...........
Carbonic acid (COs). . .
Loss on ignition (CO., ete. ) ...............................................

.

a Computed from Mn30y, 5 Computed from MnOs,.

1. From Hanhkins Hill, near the head of Hankins Hollow, 13 miles northeast of Penters
Bluff station. R. N. B:ackett analyst. Penrose, op. cit., 180.

2. From_ the Brooks Hill mine, 13 miles east-southeast of Cushman, R. N. Brackett,
analyst. Hopking, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann.
Rept. for 1890, vol. 4, p. 217, .

‘-? Trom lower Polk avou R \1 Brackett, analyst. Hopkins, T. C., idem.
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At some places the limestone contains nodules and thin lenses of
gray and brown chert and many irregular masses of bréwn chert,
some as much as several feet in. their longest dimensions. Many
such nodules and masses have been freed from the limestone by
weathering, so that they are now more numerous in the residual
clays than in the limestone. They are found in the manganese-
bearing clays at many of the mines and prospects, one of the most
noteworthy occurrences being at the Southern mine. There, as well
as at other places, the chert contains much drusy quartz and many
doubly terminated quartz crystals, half an inch or less in their
longest dimension, which are now found on the waste dumps. Many
of the crystals are transparent, but most of them are brown from the
presence of minute inclusions of manganese oxide. The chert is
porous, and much of it contains casts of fossils. The presence of
most of this chert in residual clays several miles from any known
occurrence of the unaltered limestone indicates that the limestone
once existed at these localities, though all its constituents except the
insoluble chert and clay have been removed.

Although exposures of the Fernvale limestone are numerous,
especially in bluffs and on steep slopes, it is concealed over much
of the Batesville district by its own residual clay and by clays and
fragments of chert derived from younger rocks. Most of the clay
that is residual from the limestone is sticky, and the prevailing colors
are red and chocolate-brown, but in places some of it is yellow.
These clays and the other surficial materials overlie the irregular
surface of the unweathered limestone, in which underground hollows
and channels 50 feet or more deep have been formed by solution.
(See figs. 4, 5, and 17.) Such channels and hollows, as well as the
limestone pinnacles and horses that separate them, are well dis-
played in open cuts at the Cummins Hollow and Club House mines.
Some of the channels are straight and represent widened fissures
along joints. A few caves and sink holes also have been formed in
the limestone. One of these caves is on the W. K. Tate place, 23
miles north of Penters Bluff station; another is at the Harvey mine,
just east of Penters Bluff station; a thlrd is a blowing cave in Han-
kins Hollow, 1} miles northeast of Penters Bluff station; a fourth is
at the Club House mine, half a mile north of Cushman; and a fifth,
known as the Searcy cave, is just east of the Searcy mine, 33 miles
north-northwest of Pfeiffer. . Manganese ore has been mined in the
caves at the Harvey and Club House mines. ‘

The Fernvale limestone, as stated in the description of the Kimms-
Wipk"vlimestone, rests unconformably upon that limestone and it is
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unconformably overlain by the Cason shale and where the Cason
is.-absent by younger formations. The upper surface of the Fern-
vale is irregular, containing channels and fissures, some as much as
2 feet deep, that are filled with the materials of the succeeding de-
posit, which is usually conglomeratic or earthy, but at a few places
the fissures contain a gray oolitic limestone.

The Fernvale in the Batesville district is the oldest formation of
Richmond age. The Richmond deposits are placed in the Ordovician
system by the United States Geological Survey, but they are placed
in the Silurian system by Ulrich. The Fernvale was included in the
St. Clair limestone of Penrose,’® in the St. Clair marble of Hopkins,
Branner, and Newsom,* and in the upper part of the Polk Bayou
limestone of Williams and other geologists.*? It was first identified
by Ulrich*® as being the same as the Fernvale limestone of middle

Tennessee.
CASON SHALE,

The Cason shale received its name from its occurrence at the Cason
mine, 3 miles north-northeast of Batesville. This shale and the Fern-
vale limestone just described are the manganese-bearing formations
of the Batesville district. The manganese ores in it consist of
manganese oxides, which occur as irregular masses, as thin seams and
ledges, and as “ buttons ” hoth in the residual clays and in the unde-
composed shale. Iron oxides occur in the same forms. The original
form of the manganese in the shale was a carbonate, and the forms of
the iron were a carbonate and a sulphide. The ores are fully de-
scribed under the heading “Deposits in the Cason shale and its
residual clay,” beginning on page 57.

The Cason shale is generally present in the vicinity of Cushman,
Penters Bluff station and Williamson, and along East and West
Lafferty creeks and their tributaries, but it is absent along most of
the course of Polk Bayou and at most places farther east. It appears
to be absent in the vicinity of Guion, although the rocks in that part
of the district were.not studied in as great detail as they were farther

east.

10 Pém-ose, R. A. F., jr., op. cit.

11 Hopkins, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann. Rept. for
1890, vol. 4, 1893. Branner, J. C., op. cit,, pp. 580-598. Branner, J. C., and Newsom,
J. F.,, op. cit., pp. 61-123,

12 Williams, H. 8., op. cit., pp. 268-362. TUlrich, E. O., Determination and correlation of
formations [of northern Arkansas]: U. 8. Geol. Survey Prof. Paper 24, pp. 90-113, 1904,
Purdue, A. H., Developed phosphate deposits of northern Arkansas: U. 8. Geol. Survey
Bull. 315, pp. 463-473, 1907. Harder, E. C., op. cit,, pp. 102-118, 1910.

18 Ulrich, E. O., Revision of the Paleozoic systems: Geol. Soc. America Bull,, vol. 22,
p. 421, pls. 27 and 28, 1911,
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The shale is thin, at no place exceeding 123 feet in thickness, but
its residual clay at the Montgomery mine is 20 feet or more thick,
suggesting that the shale at that locality was probably more than
124 feet thick. A bed of shale 22 feet thick and an underlying bed
of phosphate rock 1 foot thick which were found in a drill hole in
the NE. 1 SE. } sec. 25, T. 14 N, R. 6 W., are doubtfully called Cason
shale. Thicknesses that were measured at other localities are as
follows: O’Flinn prospect, 24 miles northwest of Pfeiffer, 3 feet or
more ; Cason mine, 0 to 10 feet; Blue Ridge mine, 1} miles northeast
of Cushman, 8 feet or less; Club House mine, half a mile north of
Cushman, 4} feet; Meeker mine, half a mile west of Cushman, 6 feet
more or less; Frazier prospect, 2 miles west by south of Cushman,
about 10 feet; I'. M. Barnes prospect, 3 miles west-southwest of Cush-
man, 11-12 feet; S. W. Weaver mine, 3} miles west-southwest of
Cushman, 24 feet; Martin No. 2 mine, 4 miles west-southwest of
Cushman, 3 feet or more; Kimbrough mine, 4 miles west-southwest
of Cushman, 3 feet or more; Button prospect, 13 miles east-southeast
of Penters Bluff station, 0 to 4 feet; Hinkle mine (one of Pittman
mines), 1} miles northeast of Penters Bluff station, 2 feet ; abandoned
phosphate mine on west side of Lafferty Creek, 1} miles southeast of
Penters Bluff station, 10 feet 11 inches to 12 feet 5 inches;!* north-
west end of Penters Bluff, 1 foot; bluff just south of Penters Bluff
station, a few inches; and C. L. Sanders prospect, half a mile west
of Anderson, 3 feet. ‘

The Cason shale is composed mainly of shale but partly of sand-
stone and phosphate rock. Not only does the proportion of these
constituents and of the manganese and iron minerals vary from
place to place but their character also varies considerably, so that
not many sections of the formation made at distant or even near-by
places would be the same.

The shale is greenish gray, platy, and calcareous and contains
more or less quartz sand and phosphatic material. Several pieces
of the shale were tested for phosphate, and it was found in them
all, indicating that at least a small quantity of it is probably present
in all the shale. At.a few places the phosphatic material occurs as
small pebbles, some of which are almost 1 inch in their longest
diameter. The shale in most of its exposures has been affected con-
siderably by weathering, so that at such places it is yellow or brown,
but at the Cason mine most of it, as it was revealed in the workings
at the time of examination, was red. Only a small part of the shale
there retains its greenish-gray color.

A bed of sandstone, attaining at places a thickness of several feet,
is generally present west of Polk Bayou wherever .the formation

# Purdue, A, H,, op. cit.,, p. 469, 1907.
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occurs. This sandstone is greenish gray, brown, or yellow; it con-
tains quartz grains and more or less phosphatic material, which
occurs in the form of fragments of shells or of grains and pebbles
1 inch or less in their longest dimension, some well-rounded and
some angular, and it is known as “ phosphate rock ” on account of
its content of phosphorus. It is exposed as ledges on the hill slopes,
and blocks of it lie on the slopes below the exposed ledges. The
ledges are a great aid to prospectors for manganese ore because the
ore is always found below them. A specimen of the sandstone that
was collected in Lafferty Hollow contains numerous grains of
glauconite. :
Microscopic study of thin sections of the sandstone and shale
by E. S. Larsen and the writer revealed the presence of small grains
of zircon, but it failed to reveal any volcanic ash or feldspar, which
Wolff, who studied a few thin sections, concluded might be present.?®
~'The supposed volcanic ash, as suggested by Hayes,® who studied
similar material in central Tennessee, was found to be phosphate;
the supposed feldspar appears to be fragments of phosphatic shells
“that show curved light and dark colored bands under crossed nicols
in.the microscope. -
Although phosphate is Wldely distributed in the Cason shale, it
has been mined in commercial quantity at only a few places in the
"vicinity of the abandoned village of Phosphate. The mines have
‘not been worked for. several years. The developed deposits were
. described by Purdue,” and deposits in' all parts of the Batesville
district were described by Branner and Newsom.!®

* The section at the principal phosphate mine, which is on Lafferty
Creek 13 miles southeast of Penters Bluff ‘station, is given below.»®

Section at phosphate mine 13 miles southeast of Penters Bluff statiomn.

St. Clair limestone.
[Cason shale:] Ft. in.

Brown to black shale——— o ___ 2
Low-grade manganiferous ivon ove____ . __________ 1 3
Green to dark clay shale _ e 1 2
High-grade phosphate _Z______ - _ 436
Manganiferous iron ore___________.____.___ 2
Low-grade phosphate _______________________________ 4

Polk BayQu [Fernvale] limestone.

16 Penrose, R. A. F., jr., op. cit., pp. 127-128, 170, 594.
38 Hayes, C. W., The Tennessee phosphates: U. 8. Geol. Survey Seventeenth Ann., Rept.,
pt. 2, p. 522, 1896,

17 Purdue, A. H,, op. cit,, pp. 463-483, 1907,

18 Branner, J. C., and Newsom, J. F., op. cit.

1 Purdue, A. H., op. cit.,, pp. 469-470.
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The two phosphate beds mentioned in the above sectlon are de-
scribed as follows by Purdue:*®

It is only the upper of the two phosphate beds that is now quarried for
commercial purposes. This is a compact, homogeneous, light-gray rock with
a specific gravity of about 3. At a distance it has the appeara‘nce of vol-
canic tuff. The color is due to small white particles that are thoroughly
mixed with dark-gray material. The white particles appear to the unaided
e'ye and under the magnifier as if they might be small fragments of bones.
The dark-gray material is made up of particles of varying size, some so
small that they can be seen only with the magnifier, others a quarter of an
inch in diameter, These particles are more or less angular, some of them
strikingly so, making the stone distinctly conglomeratic in appearance. The
‘stone emits an earthy odor. In order to determine whether the gray
particles are really fragmentary material or concretions and also to ascer-
tain the nature of the white fragments, a specimen was submitted to Dr.
Albert Johannsen, of the United States Geological Survey, for microscopic
examination, who reports as follows:

“The thin section is made up chiefly of organic remains, perhaps frag-
ments of bone, in a cement of calcite, with very little 'of an isotropic, deep-
purplish mineral, having an index very much less than Canada balsam—
probably fluorite. The sections show no concretions; the calcite seems to
be a filling between the fragments of bone.”

A small portion of rock at the outer edge has been leached of lime by
surface waters and when freshly quarried is dark colored. This is called
by the quarrymen ‘“black phosphate.” It contains a considerable amount
of water, to which the color is attributable, and is richer in phosphate than
the remainder of the bed.

The lower bed is similar to the upper one, though darker in color, more
compact, and not conglomeratic so far as observed. The darker color is due
to the smaller amount of the white materigl and possibly to a larger amount
of iron or manganese or both. It has a greenish tinge, which is suggestive
of glauconite. This bed becomes very ferruginous in its upper part and
is * * * geparated from the bed above by a thin layer of manganiferous
iron ore. :

The following analyses of specimens of the rock were made in the laboratory
of the United States Geological Survey. No. 1 was a specimen taken from the
lower bed; Nos. 14-18 were specimens from the bed now being worked.

Analyses of phosphate rock from Arkansas.

Equivalent
Phosphoric
No. Where taken. acid in calcli]:g;
(P:0y). |BESR
(Caa(POq)s).

Per cent. | Per cent.
14 | dinchesfromtop of bed. . ..oooiviiiiii i 25. 86 56.45

15 | Middle of Ded. .. oo oo ettt e et raaie e aaa e 27.24 59. 46
16 | 8inchesfrom bottom ofbed. . .. cooiiiiiiii i 27.40 59. 81
17 | ‘““Black phosphate" F 32,60 71. 06
18 | Composite sample. . . 29.18 63.70

1] Fromlower Ded .. oo veiieiieeeeieeeaenitnaneracraansuaannecnonanennnn 13. 46 29,38

The Cason shale rests upon the Fernvale limestone everywhere in
the Batesville district except at the Ball mine, where it apparently

» Purdue, A, H., op. cit,, pp. 469-470.
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rests on the Kimmswick limestone, though both the Kimmswick and
the Cason at that locality have completely disintegrated to clay.
The contact between the Fernvale and the Cason is irregular. This
fact together with the thinning out of the Fernvale in the vicinity
of Hickory Valley indicate that an unconformity separates the Cason
shale from the underlying rocks. This means that a period of emer-
gence and erosion preceded the deposition of the materials that now
constitute the Cason shale. The fossils, according to Ulrich, indi-
cate that this shale was deposited in shallow marine water. The
conclusion that it was deposited in shallow water is supported by the
conglomeratic character of parts of the formation.

The Cason is overlain at some places by the St. Clair limestone,
but the occurrence of fossils of the Brassfield limestone in residual
clays above the altered Cason shale at the Montgomery mine shows
that the Brassfield once overlay the Cason shale at that locality. The
Brassfield, according to the fossils, is older than the St. Clair. This
fact and the apparent absence of the Brassfield at other localities in
the region seem to indicate that an unconformity separates the Cason
from the St. Clair, but the contact between the Cason and St. Clair
wherever it is revealed is even and does not suggest an unconformity,
because there is no abrupt change in the character of rocks. The un-
conformable relations of the Brassfield limestone to underlying rocks
of the Richmond group in southwest-central Tennessee suggest that
the Brassfield and the Cason in the Batesville district may also be
separated by an unconformity, but further work will be required to
decide this matter. In much of the Batesville district all the Silu-
rian and Devonian rocks, including the St. Clair limestone, are absent,
and the Boone chert, of Carboniferous age, rests unconformably upon
the Cason shale.

Except for “buttons,” which are numerous at a few localities,
fossils are comparatively rare in the Cason shale. The “buttons”
are flattened concretion-like masses half an inch to 1 inch in their
longer diameter and from a quarter to half an inch thick and are
stated by E. O. Ulrich * to be fossils belonging.to the genus Géirva-
nella, which is a form of algal growth. They were once spherical
or nearly so and were composed mainly of calcium carbonate and
partly of manganese carbonate, but they have been flattened by
pressure. As they are revealed in the rock outcrops and in the
residual clays most of them have been replaced by manganese and
iron oxides. The unaltered “ buttons” are greenish gray, the partly
oxidized “buttons” are red, those of manganese oxides black, and
those of iron oxide red. Many of them show concentric banding,
and many contain centers of chert and earthy material. They lie
parallel with the bedding of the shale and are more or less uni-

20 Personal communication.
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formly disseminated through the shale and its residual clay. Their
most noteworthy occurrence is at the Cason mine, which has been
the largest producer of low-grade manganese ore in the district.
(See P1. X, 4.) There “buttons” composed of manganese oxides are °
so numerous that the residual clay itself has been mined and shipped
without treatment, and much of the shale has been quarried and
shipped as ore. The average manganese content of these ores has
been about 20 per cent. Only a part of the shale at this mine, how-
ever, contains “ buttons ” of manganese oxides; the rest of it contains
“buttons” of which the principal constituents are manganese and
calcium carbonates. This is in fact the only locality in the district
where the carbonate buttons have been discovered. Analyses of the
carbonate and the oxide “buttons,” also an analysis of shale thai
incloses the buttons at this mine are given on pages 139 and 140.

The other known occurrences of “ buttons ” of manganese oxides are
at the Montgomery, Adler, Johnson Hill, and Ball mines and at the
Button and O’Flinn prospects. Buttons of iron oxide were observed
by the writer at two of the Pittman mines, at the mine of the United
Phosphate & Chemical Co., at the Breeden prospect, and at the W, T.
Gray mine.
 The Gérvanella, according to Ulrich, are similar to Gérvanella
richmondensis, a species which is found in beds of the Richmond
group in Indiana. They and the other fossils, together with the
relations of the Cason shale to the underlying and overlying rocks,
indicate that the Cason is the next to the oldest formation of Rich-
mond age, the Fernvale limestone being the oldest. The Richmond
group, as previously stated, is placed in the Ordovician system by the
United States Geological Survey and in the Silurian system by
Ulrich.

The Cason shale, as shown in the correlation table opposite page
16, was included in the St. Clair limestone by Penrose.”* Williams,*
the first geologist to define the Cason as a separate formation, placed
it in the Silurian system. The shale is exposed at many mines and
plospects and descuptlons and several sections of it in these ex-
posures are given in the descriptions of the mines qnd prospects,
beginning on page 103.

SILURIAN SYSTEM.
BRASSFIELD LIMESTONE.

Fossils of the Brassfield limestone occur in the residual clays of
this limestone at the Montgomery mine, 6 miles east by north
of Cushman. These clays overlie the weathered ore-bearing Cason

= Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol. Survey
Ann, Rept. for 1890, vol. 1, 1891.

22 Williams, H. S., On the age of the manganese beds of the Batesville region of Arkan-
sas: Am, Jour. Sci., 3d ser.,, vol. 48, pp. 325-331, 1894.
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shale. The fossils, some of which are illustrated in Plate VII, 4,
have been found in the clays and on the picking belt by which the
manganese-ore concentrates were conveyed to the ore bin. They
have been preserved as casts of the interior walls and have been
entirely replaced by manganese oxide. According to Ulrich they
consist of gastropods (Cyclonema daytonense), brachiopods (7'riple-
ctaortont), algal forms (Girvanella), and cephalopods of. the genera
Cycloceras and Orthoceras. The Brassfield limestone at this locality
has been entirely decomposed, leaving only its residual clay and the
above-mentioned fossils.

There may be a few exposures of the undecomposed limestone in
the Batesville district, but none were discovered by the writer. In
fact, the only known exposures of the Brassfield limestone in the
southern Ozark region were discovered by Ulrich ** at three locali-
ties in the Yellville quadrangle, which is west of the Batesville dis-
trict. There the limestone, specimens of which were examined by
the present writer, is granular, light gray, and fossiliferous and con-
tains a small amount of glauconite. Its lithologic character as shown
by the specimens is very similar to that of the Brassfield limestone in
southwest-central Tennessee, where it has been studied by the writer.

ST. CLAIR LIMESTONE.

The St. Clair limestone is exposed in several small areas in the
Batesville district but is absent over most of it, and as would be
expected from the irregular distribution of the limestone its thick-
ness varies considerably from place to place. The greatest thick-
ness, 100 feet, was measured on the south point of the hill just west
of the Cason mine.

The easternmost occurrence of the St. Clair is in the wagon road
almost 1 mile north of Hickory Valley. The limestone is exposed
at several places along Miller Creek, from 1 to 2 miles north-
northeast of Pfeiffer, one of the places being St. Clair Spring, from
which the limestone receives its name. The measured thickness of the
exposed beds at that spring is 35 feet, but not all the beds appear
to be exposed, so that the actual thickness is perhaps 40 feet or more.
The limestone is well exposed in a small area near the Searcy Cave,
3 miles north-northwest of Pfeiffer; it is 50 feet thick on the hill
slope just north of the cave. It is exposed in a small area at and
near the Cason mine, where it attains a thickness of 100 feet; also
near the Champlain prospect, 24 miles north of Batesville, where
it is a few feet thick; and at another locality, about half a mile
farther east, where it is 12 feet thick. Fifty feet of the limestone
crops out near Big Spring without the base being revealed. The

2 Ulrich, E. O., Revision of the Paleozoic systems: Geol. Soc. America Bull., vol. 22, p.
558, 1911.
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limestone is generally present in the vicinity of Walls Ferry station,
Penters Bluft’station, Phosphate, Anderson, and Williamson, and it
was observed at a few places in the vicinity of Guion. The thick-
ness in this part of the Batesville district is at most places 10 to 15
feet and nowhere was a thickness of more than 18 feet measured.

The St. Clair limestone has a pinkish light-gray color and is coarse
grained, but at its upper part is bluish gray and fine grained at a
few places and the lowermost beds are shaly. The bulk of it closely
resembles the Fernvale limestone, but its lighter color is one of the
features that distinguishes it from the Fernvale. It consists of
massive beds which generally protrude through the surficial material
on the hill slopes. In the western part of the Batesville district
large blocks of it have broken loose from the parent ledges and are
now found on the slopes for some distance below them.

An analysis of a sample of the St. Clair limestone from St. Clair
Spring is given by Hopkins.?* Although a few feet of the Fern-
vale limestone, which was included in the St. Clair by him, is ex-
posed near the spring the boulders and ledges of the St. Clair are
far more numerous than those of the Fernvale. The sample there-
fore was probably collected from the St.-Clair limestone. The
analysis follows:

Analysis of St. Clair limestone from St. Clair Spring.

[R. N. Brackett, analyst.]

Lime (CaQ) o ___________ — — -- 54.70

Manganese oxide (Mn02) - e .26

Iron oxide (Fe,0p) oommmmommm .19

Silica (810,) ool .54

Alumina (ALO,) e e .18

Magnesia (MgO)!

Potash (K,0) & .18

Soda (Na,0)

Loss on ignition (CO, ete.) oo _____ 43.35
100. 00

Fossils, which include brachiopods and trilobites, are very numer-
ous at most localities. Pebble-like Gérvanella 1 inch or less in
diameter, which are. found in the lowermost beds, are perhaps
the most interesting fossils because they contain more or less man-
ganese. They are more numerous and are better exposed at the
Cason mine than elsewhere. (See Pl. VIII, B, ¢.) The unweath-
ered Géirvanella are gray and show concentric structure; they con-
tain a mixed carbonate, of which calcium, iron, and manganese are
the bases; and according to the analysis on page 137 they contain

2% Hopkins, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann. Rept. for
1890, vol. 4, p. 217, 1893.
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5.94 per cent of manganese, whereas the unaltered limestone that
incloses them contains only 1.52 per cent of manganese, which is
also probably in the form of a carbonate. The Gérvanella that are
in the weathered parts of the limestone have been oxidized and
replaced by manganese and iron oxides (see Pl. VIII, 4), and those
that ave in the shaly beds at the base of the limestone have been
flattened by pressure like those in the Cason shale.

The St. Clair limestone is of Niagaran age and is stated by
Ulrich,?s who has recently studied its fossils, to be of approximately
the same age as the Rochester shale of New York or the Laurel
limestone of Tennessee, Kentucky, and Indiana.

The St. Clair is younger than the Brassfield limestone and hence
overlies it, but as the Brassfield is not known to be exposed any-
where In the Batesville district the stratigraphic relation of these
two limestones was not determined. At many places the St. Clair
rests upon the Cason shale; at others it rests upon the Fernvale;
and at a locality 1 mile north of Hickory Valley it rests upon the
Kimmswick limestone.

The next youngest formation is the Lafferty limestone, of Sllurran
age, of which only one small area of outcrop is known. In some
other parts of the Batesville district the St. Clair is overlain un-
conformably by the Penters chert, of Devonian age, and in some
by the Boone chert, of Carboniferous age.

The St. Clair, as it was defined by Penrose? and by Hopkins,*
included the Kimmswick limestone, the Fernvale limestone, the
Cason shale, and the St. Clair limestone as it is now defined. The
name St. Clair was restricted by Williams > to the uppermost of these

four formations.
LAFFERTY LIMESTONE.

The Lafferty limestone is exposed near the crest of the north point
of a hill at the Tate Spring, 14 miles north of Penters Bluff station
and about half a mile west of West Lafferty Creek, from which it
receivesits name. The deep hollows on either side of the above-men-
tioned point unite to the north, and the wet-weather stream ‘which
receives their run-off joing West Lafferty Creek a short distance
southwest of a small store.

The limestone, as measured by an aneroid barometer, is 85 feet
thick. It is even bedded, compact, and earthy and on weathering
becomes platy. The upper 20 feet is gray; most of the rest is red,
but part of it is gray. A few fossils are present. Ledges of this

% Qral communication.

2 Penrose, R. A. F., jr.,, op. cit,, pp. 124-128,

21 Hopkins, 1. C., op. cit., pp. 212~252, ’

28 Williams, H. S The Paleozoic faunas of northern Arkansas: Arkansas Geol. Survey
Ann, Rept. for 1892, pp. 281 et seq., 1900.



32 MANGANESE ORE IN THE BATESVILLE DISTRICT, ARK.

limestone abound on the hill slopes, and very little surficial matevial
overlies it. '

The Lafferty limestone conformably overlies the St. Clair lime-
stone and is in turn overlain by the Boone chert, of Carboniferous
age. The absence of the Lafferty limestone in other parts of the
Batesville district, combined with the fact that the Penters chert and
Chattanooga shale of Devonian age are absent at this locality, shows
that the Boone chert rests unconformably upon the Lafferty lime-
stone. The St. Clair limestone is stated by Ulrich*® to be approxi-
mately of the same age as the Laurel limestone of Indiana, Kentucky,
and Tennessee. The Laurel in southwest-central Tennessee is suc-
ceeded by the Waldron clay, the Lego limestone, the Dixon limestone,
and other rocks of Silurian age, the oldest being named first and
the youngest last. Of these the Dixon is a red earthy limestone.
The suggestion is made by Ulrich that the Lafferty limestone may be
equivalent, in part at least, to the Dixon limestone. The few frag-
mentary fossils that were collected from the Lafferty have been ex-
amined by him, and he says that their evidence does not militate
against the correlation that he has proposed.

The Lafferty limestone was probably not observed by the other
geologists who have worked in the Batesville district, or if observed
it was not recognized as being a distinct formation from the typical
St. Clair limestone.

DEVONIAN SYSTEM.

PENTERS CHERT,

The Penters chert is exposed within two small areas in the southern
border of the Batesville district. One of these is from 1 to 2 miles
north of Pfeiffer and the other extends from Penters Bluff station
southward to a point 2 miles south of Walls Ferry station. Future
study in the region will doubtless reveal other areas or extensions of
the present, known areas, as an exhaustive study of the formation
was not attempted during the investigation for this report.

The formation receives its name from Penters Bluff station, near
which the best known exposures of the entire formation occur.
Between that place and Biltmore switch it forms vertical or nearly
vertical bluffs. The upper part of the formation is excellently ex-
posed in bluffs at and near Walls Ferry station. (See Pl. VI, B.)
Exposures of chert ledges were observed near Pfeiffer, but the greater
part of the formation is there concealed by surficial material, which
consists mainly of chert fragments.

The formation ranges in thickness from a feather edge to 91 feet,
the maximum having been found in a drill hole in the NE. 1 SE. 1

2% Oral communication.
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sec. 25, T. 14 N., R. 6 W. It was found to be 883 feet thick in a drill
hole in the SW. } NW. 1 sec. 24, T. 14 N, R. 6 W., and 62 feet thick
in a drill hole in the northeast corner of the NW. 1 SE. } sec. 26, T.
14 N, R. 6 W. It is 20 to 25 feet thick in the vicinity of Penters
Bluff station. ,

The Penters chert is composed mainly of massive dense chert that
breaks with a conchoidal fracture, but it contains a small quantity
of gray fine-grained limestone at and near the base. The color
of most of the chert is light to bluish gray, but that of the upper
part is black wherever it is overlain by the Chattanooga shale.” These
colors are not everywhere restricted to different parts of the chert,
for in some places parts of it are banded and mottled. On hill slopes
the chert breaks up into gray angular fragments that are very
hard.

A bed of breccia as much as 6 or 7 feet thick occurs at the top
of the chert in some places. It consists of angular blocks of chertof
large and small sizes that have been firmly cemented together by
an earthy material in which there are grains of quartz sand and fine
particles of chert. It is not sharply separated from the bedded chert
below, for traces of bedding that it shows become more and more
distinct toward the base. Not only are the massive blocks in the
breccia tilted at high angles but the unbroken beds of the formation
themselves are flexed to some extent and are inclined as much
as 40° from the horizontal at a few localities. The breccia, in fact,
represents the surficial part of the formation that had become frac-
tured and more or less weathered on an old land surface which ex-
isted before the submergence preceding the deposition'of the Chatta-
nooga shale. The flexing is probably due to the settling of the beds
to fill solution cavities in the underlying St. Clair limestone. That
the beds were flexed during a land stage following the deposition of
the siliceous material of which the Penters chert is composed is shown
by the fact that the overlying formations—the Chattanooga shale of
Upper Devonian age and the Boone chert of Mississippian age—do
not partake of the flexing but rest upon the upturned edges of the
Penters chert.

No fossils have been discovered in the Penters chert, so that its
correlation and the determination of its age are based upon its litho-
logic character and its relations to the underlying and overlying for-
mations. This chert rests upon the St. Clair limestone, which repre-
sents a part of the Niagara group, of middle Silurian age. The
contact between these two formations was nowhere observed, being
concealed by surficial material ; but the absence of the Lafferty lime-
stone, which also represents a part of the Niagara group, indicates
that the Penters chert and St. Clair limestone are separated by an
unconformity. The Penters chert is unconformably overlain by the

.
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Boone chert, of Mississippian age, near Penters Bluff and Walls
Ierry stations and possibly at places near Pfeiffer, but at some places
near Pfeiffer it is overlain unconformably by the Chattanooga shale,
of: Upper Devonian age. The existence of an unconformity at the
top is shown by the fact that the shale rests in a nearly horizontal
position upon beds that are not only greatly fractured but that are
more or less contorted. (See Pl. VI, B.) : »

The Penters chert, being underlain by rocks of middle Silurian
age and overlain by rocks of Upper Devonian age, could be of upper
Silurian, Lower Devonian, or Middle Devonian age. Ulrich suggests
that it is possibly of the same age as the Clear Creek, a cherty lime-
stone of southeastern Missouri and southern Illinois, and of the same
age as the Camden chert, of west-central Tennessee. Both the Clear
Creek limestone and the Camden chert have been shown by their.
fossils to be equivalent to at least a part of the Oriskany group of
Lower Devonian age, of the northern Appalachian region.?* The
lower part of the Arkansas novaculite (a variety of chert) of west-
central Arkansas and southeastern Oklahoma has not yielded any
fossils in Arkansas, but it is correlated with the two formations just
named. It therefore appears that the Penters chert and the lower
part of the Arkansas novaculite are of the same age.

Space can not be spared here for a discussion of the stratigraphic
relations and lithologic character of the Clear Creek limestone and
Camden chert and the lower part of the Arkansas novaculite; but so
far as known none of their features militate against the correlation
of the Penters chert with these formations.

The chert to which the name Penters is herein applied was ob-
served by Penrose ** and was described by him as a part of the Boone

chert.
CHATTANOOGA SHALE,

A few exposures of the Chattanooga shale have been observed
near the village of Pfeiffer; in other parts of the Batesville district
it is absent or is not exposed. It is exposed on the Simpson White
place in the SW. $ NW. 1 sec. 24, T. 14 N, R. 6 W, 11 miles north of

2a Since the above statements were written two reports—one by C. O. Dunbar and
another by T. E. Savage—discussing the age of the Clear Creek and Camden formations
have been pljblished. Dunbar (Stratigraphy and correlation of the Devonian of western
Tennessee : Tennessee Geol. Survey Bull. 21, 1919) concludes that the Camden chert at
the type locality, Camden, Tenn., is of Onondaga age and not of Oriskany age. Further-
more, he has identified and named certain formations that had previously been included in
the Camden chert. The oldest of these formations (named by him the Decaturville chert)
he regards as of Helderberg age; the next (his Quall limestone) as of Oriskany age; and
the youngest (his Harriman chert) as of Oriskany age. Savage (The Devonian formations
of Illinois: Am. Jour. Sci., 4th ser.,, vol. 49, pp. 169-182, 1920) agrees with Dunbar's
determination of the age of the typical Camden chert and therefore says (p. 175), ‘‘ The
Clear Creek chert is now referred to the basal portion of the Ulsterian (Onondaga) series.”
~ % Penrose, R. A. F., jr., op. cit,, pp. 131-133. i :

4
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Pfeiffer, on the E. A. Silberstein tract 2 miles north-northwest of
Pfeiffer and at one other near-by locality. The best exposures are
on the Simpson White place. At these localities only parts of the
shale are exposed, so that the entire thickness could not be measured.
The shale was, however, found in a drill hole in the northeast corner
of the NW. 1 SE. } sec. 26, T. 14 N., R. 6 W, half a mile west of
Pfeiffer, where it is 38 feet thick, and it was found. in a drill hole in:
the NE. 1 SE. % sec. 25, T. 14 N, R. 6 W., half a mile east of Pfeiffer,
where it is 22 feet thick. Records of these drill holes are given on.
page 44. The shale, as shown by the records of the drill holes and
as revealed at the surface at the above localities, is underlain by the
Penters chert and overlain by the Boone chert.

An occurrence of the shale was observed in the N. % sec. 28, T.
14 N., R. 6 W. There 3 feet of the top of the shale is exposed and
although the lower part is not exposed, it apparently rests upon the
Fernvale limestone. Penrose®! reports an occurrence of the shale:
in an old prospect pit in the north part of sec. 33, T. 14 N., R. 6 W..
Slabs of the weathered laminated shale were found in a recent drill
hole in the NW. 1 SW. % sec. 34, T. 14 N., R. 6 W. A record of this
drill hole is given on page 43. Penrose®* also says the shale “ was.
opened for a depth of 20 feet without reaching the bottom ” in the.
NW. }sec. 15, T.14 N, R. 5 W.

The shale is black; it contains a small quantity of pyrite; it is:
platy, splitting into large thin slabs of uniform thickness; and the.
freshly broken parts give off the odor of petroleum. The black
color has caused some people to think that the shale contains coal,
but prospecting has failed to discover any. Lenses and irregular-
masses of sandstone, which are described on pages 38-39, occur at the
base of the Boone chert at several localities. They may represent
the Sylamore sandstone, which is the basal member of the Chatta-.
nooga shale farther west in Arkansas; but as they are small and
widely scattered and are not overlain at any place by black shale,
they are regarded by the writer as representing an initial deposit of
the Carboniferous period.

A few fossils that have been procured by the writer from the shale-
have been determined by Ulrich as belonging to the species Schizo-.
bolus truncatus. This shell was originally found in the Genesee
shale of New York. It is now known from many places between that
State and Arkansas, and according to Ulrich all its known occur-
rences are of the same age. The Genesee shale, hence presumably
also the shale to which the name Chattanooga is here applied, be-
longs in the lower part of the Upper Devonian. Ulrich maintains.
that the shale under discussion is older than the typ1cal Chattanooga

31Peno1se R. A. I, jr., op. cit, p. 133
82 Idem, pp. 132—133
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shale, which he places in the Carboniferous system, and is older
than the Chattanooga at other places in Arkansas, which he also
places in the Carboniferous system.

The Chattanooga shale rests upon the Penters chert at most locali-
ties and is separated from it by an unconformity, the evidence for
which was discussed in the description of the Penters chert. The
shale is overlain by the Boone chert and is separated from it by a
stratigraphic break or unconformity, which is indicated by the ab-
sence of the Chattanooga shale over most of the Batesville district.

As has been mentioned above, Penrose observed the shale, but
he described it as a part of the Boone chert.

CARBONIFEROUS SYSTEM.
BOONE CHERT.

The Boone chert, as the name implies, consists predominantly of
chert, but it contains also limestone, sandstone, and shale. It is the
surface rock over a larger area in the Batesville district than any
other formation, and owing to its wide distribution and its resistance
to weathering this rock and the débris derived from it are found at
most localities.

The largest area of outcrop is an irregular westward-trending belt
7 miles or less in width, on or near whose north border Hickory
Valley, Cushman, Anderson, and Guion are situated, and on or near
whose south border Pfeiffer, Batesville, and Oneal are situated. All
parts of this belt are trenched by numerous deep narrow valleys, and
many of the intervening hills or ridges reach a common elevation,
which decreases toward the south—the direction in which the Boone
chert gently dips. This belt is therefore a dissected southward-
sloping plateau. The culminating points on its north border are 700
to 900 feet above sea level, whereas those on the south border are gen-
erally 500 to 600 feet above sea level. Although the Boone chert is
the surface formation over most of this belt, many valleys have been
cut deep enough to reveal some of the underlying rocks, and at
Childress Mountain younger rocks overlie the Boone. North of this
belt the Boone chert has been almost completely eroded, but a few
hills are capped by it. Many hills in the vicinity of Cave City,
Sandtown, and Mount Pleasant are capped by its loose fragments
and by its fractured layers that settled as the underlying limestones
were removed by solution.

The thickness of the Boone is not known, but it is at least 300 feet
and may be as much as 400 feet.

The relative proportions of chert and limestone vary both verti-
cally and horizontally, but most of the limestone that is free from
chert is found near the middle of the formation. The limestone is
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gray, compact, and very pure and ranges from fine to coarse grained.
Most of the beds are massive and range in thickness from 1 to sev-
eral feet. An even-bedded, fine-grained, light-gray limestone in beds
2 feet 10 inches to 6 feet thick is being quarried and dressed at
Pfeiffer for use as a high-grade building stone. (See Pl. IX, 4.)
The thickness of the limestone suitable for this purpose there is 40
feet. A similar though cross-bedded limestone has been quarried for
building storie 2 miles north-northeast of Batesville, but the presence
-of chert nodules in parts of it caused the quarry to be abandoned. A
gray crinoidal limestone has been quarried at Denieville and burned
into lime, but the presence of many layers and lenses of chert in the
limestone proved to be harmful and perhaps caused the quarry to be
abandoned. A drill is said to have passed through 135 feet of lime-
stone in the middle of the north part of sec. 9, T. 13 N., R. 7 W., with-
out reaching the bottom of the bed.** This is the greatest reported
thickness of limestone in the Batesville district.

A few feet of brown crinoidal limestone is exposed in a manga-
nese-ore prospect on the C. L. Sanders farm, in sec. 27, T. 15 N, R.
8 W., half a mile west of Anderson. This limestone is at the base
of the Boone and overlies what appears to be the Cason shale, of
Ordovician age. The writer believes it is. the St. Joe limestone,
which is a widespread, prominent member of the Boone chert farther
west in Arkansas, in nertheastern Oklahoma, and in southwestern
Missouri. Several feet of a similar limestone was observed on the
Alex Fults place, in the NW. 1 sec. 33, T. 15 N., R. 9 W., about 13
miles south of Guion, and this is also believed to be an occurrence
of the St. Joe limestone member of the Boone. At other places in
the Batesville district the basal beds of the Boone include sandstone,
shale, and earthy gray crinoidal limestone, but at most localities the
basal beds are chert or cherty gray limestone. None of these beds
are similar lithologically to the St. Joe limestone, although they may
be of the same age.

Chert occurs in all parts of the formation and is the principal rock
in the upper and lower parts. The vertical transition from beds of
limestone to beds composed wholly or mainly of chert is everywhere
gradual—by increase of the one and decrease of the other. In some
layers of limestone the chert occurs in widely separated nodules; in
others some of the nodules are united; in still others the chert is a
sheet or lens in the middle of the layers. At many places it forms
successive layers without limestone. The chert where unaffected by
weathering is dense, hard, compact, and brittle, has a more or less
perfect conchoidal fracture, and is white or light gray, but at

3 Hopkins, T. C., Marbles and other limestones: Arkansas Geol. Survey Ann. Rept. for
1890, vol. 4, p. 103, 1893.

104569—22——4
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some places it is blue, green, or black and has the waxy luster of
chalcedony:

When the formation weathers the limestone is carried away in
solution, leaving only its residual clay, whereas the chert becomes
more or less porous and much fractured and forms a stony surficial
material over most of the Batesville district, even in areas where
limestones older than the Boone are exposed. A few caves and many
subsurface channels have been formed not only in the limestone of
the Boone but also in the underlying limestones, and the chert has
settled into them. In places one and in others as many as three
limestone formations have been entirely removed except for their
clays, and these clays are still overlain by the Boone chert that has
settled far below its original position. This settling of the chert,
which is well displayed at some of the manganese mines and at the
limestone quarry 2 miles north-northeast of Batesville, has been grad-
ual, so that the layers have been bent and fractured and dip at high
or low angles in all directions. The maximum extent of settling is
at least 250 feet and at places may exceed 300 feet.

Girty 3¢ states that black calcareous shale and shaly limestone,
aggregating a thickness of 30 feet, occur in the upper part of the
formation, near Ruddells Mill on Spring Creek, 2} miles west of
Batesville.

Lenses and irregular masses of white, gray, yellow, and brown
sandstone, composed of well-rounded translucent quartz grains, oc-
cur at the base of the Boone chert at several localities. There is a
possibility that this sandstone is the Sylamore sandstone member of
the Chattanooga shale, of Devonian age, but its small and widely
separated areas of distribution lead the writer to believe that it was
an initial deposit of the Carboniferous period, during which the
materials that later formed the Boone chert were laid down. Ul-
rich®® accords in this interpretation of the origin and age of the
sandstone.

The observed occurrences of this sandstone are as follows: There
are two masses of white to brown sandstone on the west side of
Polk Bayou, 1} miles south of Blowing Cave. As they are isolated
they were probably formed by the sand washing into solution pockets
in the underlying Fernvale limestone. A few feet of thin-bedded
brown sandstone that contains small chert pebbles underlies the
Boone chert on the hill slope one-fourth of a mile south of Big
Spring. A mass of gray sandstone 40 feet long east and west and
25 to 30 feet thick is exposed on the north slope of a hill, about
one-eighth of a mile east of Penters Bluff station. The sand that

# Girty, G. H., Fauna of the so-called Boone cliert near Batesville, Arkansas: U. 8. Geol.
Survey Bull. 595, p. 9, 1915.
% Qral communication.



U. S. GEOLOGICAL SURVEY BULLETIN 73¢ PLATE VII

A. FOSSILS REPLACED BY MANGANESE OXIDE; FROM THE MONTGOMERY
MINE.

1-3, Triplecia ortoni; 4, 5, Cycloceras sp.; 6, Cyclonema daytonense. Four-fifths natural
size. Species determined by E. O. Ulrich. Photograph by R. S. Bassler.

B. PEBBLES OF MANGANESE ORE FROM A GRAVEL BED IN A SMALL
STREAM 1} MILES EAST OF CUSHMAN.

One-half natural size
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FOSSILS FROM THE CASON MINE.,

A. Girvanellas (replaced by iron and manganese oxides) on the weathered surface of St.
Clair limestone. Natural size.

B and C. Girvanellas in fragments of limestone from the lowermost beds of St. Clair
limestone. Natural size.
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A. LIMESTONE IN BOONE CHERT AT THE QUARRY OF THE PFEIFFER STONE CO.
AT PFEIFFER.

B. LARGE IRREGULAR MASSES OF MANGANESE ORE IN RESIDUAL CLAY NEAR
THE SURFACE AT THE OZARK MINE.

The hammer held by the man is resting on one of the masses. Photograph by W, R. Crane.



U. 8. GEOLOGICAL SURVEY BULLETIN 731 PLATE X

POLISHED SPECIMENS OF MANGANESE ORE FROM THE BATESVILLE DISTRICT.

A. Fragment of red shale from the Cason shale at the Cason mine, showing buttons of girvanellas
that have been replaced by manganese oxide (light gray).

B. Porous manganese ore with buttons of girvanellas from the Montgomery mine.

C. Slab of manganese ore from the Wildcat prospect showing an intimate mixture of hausmanuite
and psilomelane in a roughly zonal arrangement and a radiating mass of white barite at the
center. The light steel-gray mineral and the black mineral immediately adjacent to the
barite are psilomelane; the rest of the black mineral is hausmannite.

D. Manganese-bearing carbonate from Fernvale limestone at the Harvey mine, showing its
partial replacement by black manganese oxide.

All specimens are natural size.
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A. TOP VIEW.

Two-thirds natural size.

B. EDGEWISE VIEW.

Two-thirds natural size.

BUTTONS (GIRVANELLAS) OF MANGANESE OXIDE FROM THE MONTGOMERY MINE.
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makes up the mass was apparently deposited in a solution cavity in
the St. Clair limestone. Not only was sand deposited in the cavity,
but small fragments and large blocks of the Penters chert were
washed or fell into it and were more or less mixed with the sand.
The top of the sandstone mass occurs at the same height. on the hill
slope as the contact between the Penters and Boone cherts. A
lens of sandstone a few feet thick and 100 feet or more long lies
between the Boone and Penters cherts in the bluff one-fourth of a
mile south of Penters Bluff station. The sand grains at this locality
are not confined to the lens but extend downward into the Penters
chert, in which they are distributed along joints and bedding planes.

Two feet or less of red and greenish-gray calcareous shale occurs
at the base of the Boone in places along Cave Creek. This shale, as
it is revealed in most exposures, has weathered to a yellow shaly clay.
A specimen of Conularie was found in this shale at the W. A. Chinn
cut near Cave Creek. A :

Fossils are scarce in the Boone chert in the Batesville district, in
marked contrast to their abundance farther west in Arkansas, but
the few that have been found show that it belongs to the Mississippian
series of the Carboniferous system. One small collection was ob-
tained from a limestone bed in the lower part of the formation, about
1 mile southeast of Big Spring. These specimens have been studied
by Girty, who says that the fauna represented by them may be re-
lated to the typical faunas of the Boone chext but that it appears to
fall in better with the fauna of the Ridgetop shale and that of the
lower part of the Fort Payne chert in the southeast corner of the
Waynesboro quadrangle of southwest-central Tennessee. The fol-
lowing species in the collection have been tentatively identified by
Girty : Productus setiger?, Spirifer subequalis, Spirifer arkansanus,
Pseudosyrinz aff. P. keokuk, and Reticularia pseudolineata.

Girty,* who describes the lithologic character and fauna of a chert
member 200 to 250 feet thick at the top of the Boone, thinks that the
chert member is younger than the typical Boone chert of Boone
County, Ark., and that it deserves to be regarded as a distinct forma-
tion in the Batesville region. The above-mentioned collection of fos-
sils is the only evidence at hand concerning the age and correlation
of the part of the Boone below the chert member. The relations
of the chert member to the underlying beds were not determined by
Girty, and no opportunity to study it was afforded the present
writer during the investigation of the manganese deposits. The
writer therefore believes that this chert member should be included
in the Boone chert until further field evidence is obtained to support
Girty’s suggestion that it be regarded as a distinct formation.

" Op. cit., pp. 5-23.
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The Boone chert rests upon the following formations at different
places and is separated from them by an angular unconformity:
Kimmswick limestone, Fernvale limestone, Cason shale, St. Clair
limestone, Lafferty limestone, Penters chert, and Chattanooga shale.
The unconformity between the Boone and Penters cherts is very
conspicuous in the bluffs along the left bank of White River from
Penters Bluff station to a locality about 2 miles south of Walls Ferry
station. (See Pl. VI, B.) The Boone chert is overlain by the
Moorefield shale which, like the Boone, is of Mississippian age.

MOOREFIELD SHALE.

~ The Moorefield shale is exposed over large areas lying east and
west of Batesville. As these areas are south of the manganese region
the Moorefield is only briefly described here. The thickness of the
formation is not definitely known, but it apparently ranges from
100 feet or less to more than 250 feet. The formation consists of
black and greenish shale, a few limestone concretions, and a lime-
stone phase several feet thick at the base, which has been called
“ Spring Creek limestone.” The fauna of this limestone and of the
overlying shale has been described by Girty in Bulletin 439 of the
United States Geological Survey.

BATESVILLE SANDSTONE AND YOUNGER ROCKS OF CARBONIFEROUS AGE.

The Batesville sandstone is exposed over rather large areas at
Batesville and in areas east and west of that place, but as all these
areas are south of the manganese-bearing district, only a brief
description of the sandstone is here given. The present writer ob-
served the sandstone at only a few places, and for this reason he
quotes the following description of it from Penrose:3?

“Overlying the Fayetteville [Moorefield] shale, is a sandstone formation with
lenticular beds of gray, black, or brown shale. This formation lies on both sides
of the White River, reaching to the area of thoe Fayetteville [Moorefield] shale
and the chert hills on the north, and, on the south, disappearing under the over-
lying rocks at the foot of the Boston Mountains. It is well developed at the
town of Batesville and has been named, by the State geologist, the Batesville
sandstone. It consists of a brown or buff colored, fine-grained sandstone, gen-
erally soft though sometimes hard. It splits easily along the lines of bedding,
in slabs varying from a few inches to 3 or 4 feet in thickness, and is extensively
worked for structural purposes * * * in Batesvillee The shales in the
sandstone occur as lenticular deposits, often ending very abruptly, though
sometimes traceable for several miles. They and the sandstones appear, in
many places, to be mutually replaceable. 'The thickness of the Batesville
sandstone is very changeable, varying from 20 or 30 feet to almost 200 feet.
One mile east of the town of Batesville, on the bluffs of Blue Creek, it shows
a thickness of 170 feet, and, as it is still at the foot of the bluffs, it is prob-
ably thicker.”

8 Penrose, R. A. F., jr., Manganese—its ores, uses, and deposits : Arkansas Geol. Survey
Ann. Rept. for 1890, vol. 1, p. 139, 1891,
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The fauna of the Batesville sandstone has been described in detail
by Girty in Bulletin 593 of the United States Geological Survey.

The Fayetteville shale and Pitkin limestone, of Mississippian age,
and rocks of Pennsylvanian age are widely exposed in and near the
Boston Mountains, south of White River, but none of them are pres-
ent in the manganese-bearing district.

) UPPER CRETACEOUS OR TERTIARY GRAVELS.

Worn pebbles of chert occur on or near the crests of the highest as
well as some of the lower hills near Cushman and Mount Pleasant
and east of these villages. At some places they form a surficial
gravel bed a few feet thick, at others they occur in pockets several
feet thick in the residual clays of limestones, and at others they are
disseminated through pockets of yellow and red sand in residual
clays. The pebbles are 5 inches or less in their longest dimension and
are fairly or well rounded. They rest upon all the rock formations
from the St. Peter sandstone to the Boone chert, inclusive, although
most of them have obviously been derived from the Boone chert.
The occurrence of the pebbles on and near the tops of the hills over
the east two-thirds of the Batesville district indicates that the present
patches of gravel are only the remnants of a widespread gravel bed
that formerly covered much of the Batesville district and that has
since been almost entirely eroded. Furthermore, the occurrence of
some pockets of gravel and sand in the residual clays of limestones
indicates that they were deposited in solution channels in the un-
altered limestones. The gravels were deposited upon a nearly level
surface, whose altitude is probably attained by some of the highest
hills on which the gravels are found, but many if not most of the
remnants of the gravel bed have settled by gravity or have been
carried by streams below the original position of the bed. The
settling took place as the underlying limestones were decomposed by
the removal of the calcium carbonate in solution while the present
valleys of the region were being carved. The evidence at hand in-
dicates that some of the lowest remnants, although they are now on
the crests of hills, are 200 to 300 feet below the >upposed elevation
of the original gravel bed.

The age of the gravels is by no means definitely known, and a
study of them over a much larger area than the Batesville district
will be necessary before any satisfactory conclusion can be reached.

Extensive deposits of gravels are described by Stephenson and
Crider * as occurring at and near Grandglaise and Newark, Ark.
Some of those gravels are of Upper Cretqceous age, but most of them
are believed by Stephenson and Crider *° to be of late Pliocene age.

8 Stephenson, L. W., and Crider, A. F., Geology and ground waters of northeastern
Arkansas: U. 8. Geol. Survey Water-Supply Paper 399, pp. 37-39, 96-97, 1916, '
® Idem, pp. 97-100.
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The younger gravels have not had sufficient study to determine their
age with certainty, but they are probably not younger than Tertiary.
The gravels in the Batesville district are without doubt remnants of
one of the gravel beds farther east, and their age, so far as it can now
be determined, may be either Upper Cretaceous or Tertiary.

QUATERNARY SYSTEM.
TERRACE DEPOSITS AND ALLUVIUM,

A few small patches of terrace deposits, which consist partly of
rounded chert pebbles and partly of surficial loam, occur along the
large and small streams in the area here described and lie from 50 to
100 feet or more above the streams.

The larger and most of the smaller streams flow in flat-bottomed
valleys and are bordered by flood plains, the widest of which are
those of White River. Although gravels and cobbles make up a
large part of the valley filling, the surface is usually covered with
rich loam and sand, and most of it makes good farm land. Most of
the gravels and cobbles were derived from chert fragments, but
some of them from sandstone. Alluvial cones, composed largely of
angular chert fragments, are present at the mouths of many small
hollows in the areas where the Boone chert is the surface rock. The
flood plains of Polk Bayou and West and East Lafferty creeks are
generally underlain by sand that has been derived from the St. Peter
sandstone, and for this reason travel on the roads along these streams
is generally difficult. . :

WELL RECORDS.

The well records given below describe in detail the rocks passed
through by the drills. The first seven are records of holes that were
drilled in 1918 by the United States Steel Corporation through its
subsidiary companies, the Tennessee Coal, Iron & Railroad Co. and
the Oliver Iron Mining Co. The records were.compiled by the
writer during his examination of .the drill cores.

Record of drill hole No. 1 inthe NW. 3 SW. } sec. 34, T. 1} N, R. 6 We

.[Elevation of top of drill hole 600 feet above sea level.]

. . Thick-
Age and formation. ness, Depth.
Feet. | Feet.,
Chert fragments derived from the Boone chert........ 28 28
N Grayehert... ... ... ... ..ol e 13 41
Gray chert and cherty ﬁne—%rained gray limestone...... 7 48
Cherty fine-grained gray limestone; contains some 2 30
Carboniferous. | Boone chert. pyrite, .

Fine-grained gray limestone; contains angular chert 1 Al

fragtmgnlts and thin layers of greenish glauconite-like

material.

a For exact location, see fig. 10.
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Record of drill hole No. 1 in the N, 3 ST¥. 1 sec. 34, 1. 14 N., R. 6 W—Contd.

Thick-

Age and formation. N ness. | Pepth.
) ) . Feet. | Feet.
Silurian St. Clair lime- | Fine-grained gray limestone; some pink crystals are 8 59
. stone. scattered through it.
Coarse-grained pinkish-gray limestone................. 47 106
Pinkish-gray coarse-grained limestone; pinkish color 55 161,
ié;ld_arker than that of the overlying beds of the St.
. air.
Fernvale lime- | Gray ! ne-grained limestone with a slightly pinkish 5 166
stone. cast.
Coarse-grained pink limestone.. . 9 175
Coarse-grained pink limestone: contains thin layers of 9 184
Ordovician. compact bluish-gray limestone.
Fine-grained light-gray limestone..................... 23 207
Coarse-grained limestone that is darker gray than the 3 210
Kimmswick o erlying beds.
limestone. Fine-grained and coarse-grained gray limestone........ 5 215
Fine-grained and coarse-grained gray limestone with 11 226

a pinkish cast.

Record of drill hole No. & in the NW.  SW. % sec. 84, I'. 1} N., R. 6 W@

[Elevation of top of drill hole about 500 feet above sea level.]

Thick-

ness. Depth.
Feet. | Feet.
Chert fragments and gray elay. .. ... .. i e 62 62
Laminated gray clay and chert fragments; one grain of sphalerite one-eighth of an inch in
diameter was observed in the clay. Laminations in the clay show that it dips at high
84 L RN 20 82
Chert fragments in gray siliceousclay....... ... 23 105
Gray and brown laminated clays; contains some pyrite. .. ........cooiiiiiiiiiiiit.., 10 115
Sandy Clay. . ..o 11 126
Chert fragments in gray clay. .. .. ... it iee i 7 133
Chert fragments in gray laminated clay; contains small erystals of pyrite............... 9 142
Laminated, fine-grained gray siliceous earthy rock that appears to be weathered shale.
The inglinntion of the laminae in the drill cores shows that some of them dip as much >8
3T 1 160
The same rock as the above e t it is lighter gray and contains pyrite 12 172
Yellowish dark gray coarse-grained limestone (Fernvale); contains pyrite............ . 10 182
Greenish-gray granular limestone (Fernvale); contains pyrite; inclined laminac or bed-
ding planes suggest that these and the overlying beds of limestone are not in place.... 17 199
Limestone like that above and sandy gray clay. .. 12 211
Laminated sandy gray clay.................c.... . 10 221
Coarse-grained dark-gray limestone (Fernvale). . ... .....oiiii ittt iiiieneann.. 10 231
Laminated sandy gray clay;the inclination of the laminae shows that some of themdip as
much as 60°. ¥‘ossi sin the clay indicate that it is a weathered phase of the Chattanooga
shale of Devonian age. ... ... eiiiie it e eereeeieeaans 15 246
Laminated sandy gray clay; some of the laminae dip as much as 40°; pyrite, green chloritic
material, and drusy quartzare present. .. ... ... ... i i i 15 261
Dark-gray coarse-grained limestone (Fernvale); contains pyrite and layers of gray clay.. 11 272

¢ Jor exact location see fig. 10.

The materials penetrated by this drill hole consisted mainly of clay,
which was washed out of the hole by water during the drilling. The
firmer materials described above were obtained as a core and repre-
sent only a small part of those that were penetrated. Their charac-
ter and relations suggest that probably none of them are in place.
They have apparently settled into an old solution channel in the
Fernvale limestone. (See fig. 11.) The chert fragments were de-
rived from the Boone chert, and some of the laminated clay was de-

rived from the Chattanooga shale.
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Record of drill hole in the SE. } SW. 3 sec. 28, T.14, N., R. 6 W.

hick-
Age and formation. ’I;mlscsl.‘ Depth.
Feet. | Feet.
Surficial chert fragments derived from the Boone chert. 120 120
s Gray Chert. ... ..oveiiiiiiiiiiiiaiiieiiannnaennnns 33 153
Carboniferous. | Boonechert. | pposphatic THmestons. . . .oonnomsoon oo 1 154
: Gray coarse-grained limestone..........cc.oveeenennn.n 4 158
Ordovician. Fem&?éehme Rusty gray coarse-grained limestone. .. 22 180
stone. Light to dark gray coarse-grained limestone 21 201
Record of drill hole in the NE. 3 SE. } sec. 25, T. 14 N., R. 6 W.
Age and formation. ’l;)hgscsl." Depth.
Feet. Feet.
Chert débris.....c.ouveiueanennnans e eeeeareaeaaas 10 10
. gray Earg cgert. e 10 20
: ray hard chert, calcareou: 49 69
Carboniferous. | Boone chert. Fine-grained gra limestone. . 2 n
Gray calcareous fossiliferous shal 1 72
Chagltlgiooga Platy black fossiliferous shale. . ........coveeenennnn... 22 94
Devonian. G d bluish flint, butitis dark at top and part
ray and bluish flint, butitis dark at top and parts
’ Penterschert. of it show banding and mottling. P P 91 185
Platy grayish-black shale.................iccoceveiaan. 22 207
Ordovician (?). | Casonshale (?) | Dark-colored fossiliferous phosphate rock contains 1 208
: some pyrite. .
. Kimmswick | Light-gray fine-grained limestone; contains a small
Ordovician. limestone. quantity of chert near its top. 20 228
Record of drill hole at the northeast corner of the NW. } SE. } sec. 26,

T.1} N, R. 6 W.

Age and formation. 'I;ﬁi:sk Depth.
Chert débris, derived f th f underl Fee. | Feel.
er ris, derived from weathering of underlying
Boone chert. 38 38
Chalky chert; calcareous in parts 52 90
Carboniferous. | Boonechert. | Blue flint 13 103
Gray fine-grained limestone; cherty in parts......... 22 125
ChACtAN00ER | Blac ghale. .. c.vnveneemreneemeaneeneeneeseeeeneneas 8| 163
Devonian. - - - -
Penters chert. Gr;g'r tchert and flint becoming dark-colored in upper 62 225
¥ el Dar)\;;grayAcoarse—lrrraxfrtid llmestlone tparts of }t arg,
. ernvalelime-| rusty sample of the rusty limestone was foun
Ordovician. stone. by Chase Palmer, of the U. S. Geological Survey, to a 248

contain 5.82 percent ofmanganese.




GEOLOGY.

Record of drill hole in the STV, 3 NW. 2sec. 2}, T. 14} N, R.6 W.

45

Age and formation. 1;1hé‘s‘gk' Depth.
Feet. | Feet.
Surficialmaterial.............ooiiiiiiiii il 3% 33
Cl;ztg.]znooga Fossiliferous black shale........ccoevneneeneenvnnannn. 5 8}
. Gray and bluish-black dense, very hard flint. There 48% 57
Devonian, areafew thinlayers of graylimestone.
. Penters chert. | Graychertand flint.................coiviiiiiinnnnnnn 33 920
Gray fine-grained impure limestone with some pyrite 7 97
and black phosphate rock.
Cason shale (?)| Gray and red shale 5 102
. Gray fossiliferous granular limestone; rusty in most
Ordovician Fernvalelime-| parts. A sample of rusty limestone which was
: stone. analyzed by Chase Palmer, of the U. 8. Geological 33 135
- Survey, was found to contain 1.48 per cent of man-
ganese. '
Record of drill hole in the NW. 3 NE. } sec. }, T. 13 N, R. 6 W,
Age and formation. 'l;he.;csk- Depth.
Feet. Feet.
Surficial chert fragments derived from Boone chert. .. 98 98
) Kﬁﬁgtsgﬁg"k Medium-grained light-gray limestone.........c.c...... 15 13
Ordovician, -
Plattin lime-
stone. Compact dove-colored limestone............coeeeeee... 35 148
Record of the well at the Southern mine.®
[Elevation of top of well, 645 feet above sea level.]
Thick-
ness. | Depth.
o Feet. | Feet.
Detritus [fragments of chert and limestone buried in residualclay]...................... 50 50
Izard limestone [Joachim and Plattin limestones) S . 240 290
Sandy limestone [Joachim limestone]. ...t 10 300
Saccharoidalsandstone [St. Petersandstone]......................oo.ill 125 425
Interbedded gray limestones and sandstones, with calcareous sandstones. ....... .. 45 470
Massive gray and brown limestone with disseminated grains ofsand.................... 38 508
Massive gray limestone with disseminated grains ofsand (82feet) running into a chocolate-
brown limestone with similarly disseminated grains of sand (15 feet) 97 605.
Slightly calcareous gray sandstone. . .. .....ocooviiiiniiiiiniranennannn 9 614
Highly calcareous ﬁray FL3:0 416 K170 1 - R Y 82 696
Massive chocolate-brown and gray limestone................. ..ol 19 715
Massive gray limestone. . .....ccueiinn i aiieiiriiiiietteaiciaerraacaaaranaas . 70 785
Massive gray limestone, harder than thelast........ ... o .ol ioiiiiiiiiaiiiy 115 900
Slightly sandy gray limestone (4 feet) passing at its bascinto a white sandstone (51 feet).. 55 055
Sandy dark-gray lmestone. .. ... cvuuuieeiiieireniiiiiiiieeiiasinaieaeneesnasancannns 45 1,000
Fine-grained calcareous: graK sandstone, becoming coarser at the base...... [ R 130 1,130
Massive gray limestone with disseminated grainsofsand.......cocoveeviieiiciinaennaans 25 1,155
Fine-grained white saDASTONe. . ... ...iit ittt iiae it aiieetnaerenanenes 25 1,180
Sandy gray limestone running into fine-grained white sandstone........................ 20 1,200
Massive chocolate-brown Hmestone. ..........cooeeiiieeiiiieiiiaienreeaeeseanuaeasneenes 75 1,275
Massive gray limestone with disseminated fine graing of sand. 75 1,350
Massive gray limestone with disseminated coarse grains of sand 30 1,380
Massive gray limestone. . ... “ee 30 1,410
Fine-grained white sandstone..................coooeeen, 20 1,430
Massive gray limestone with dis ated grains of sand 45 1,475
Fine-grained calcarcous gray sandstone. .. 55 1,530
Fine-grained calcareous white sandstone . 140 1,670
Shaly gray limestone with thin strata of green shale, passing atits base into a shaly calca-
reous Sandstone (2 feet) .« oiooiiin i et iaciieiieaeeiiieaaes .. 52 1,722
Very fine grained calcareous gray sandstone with thin strata of black shale. . 203 1,925
Creamy-gray limestone to the base of boring..... et e eeeiisaeaeiaareneenaneaeaay 115 2,040

a Penrose, R. A. F., jr., op. cit., p. 118.

I
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STRUCTURE,
GENERAL FEATURES.

The strata in the Batesville district, which must have been de-
posited in a nearly horizontal position, have undergone little de-
formation. The general doming of the beds in the Ozark region
has given those of this area a slight dip to the south, whith is dis-
guised at several places by minor folds and a few normal faults.
Most of the minor anticlinal flexures form small irregular domes,
and the synclinal flexures form irregular basins, but they are re-
ferred to simply as anticlines and synclines in this report.

The folding and faulting in this district affect all the strata,
including those of Mississippian age, and therefore took place late
in the Mississippian epoch or at a later date. Not only was the
faulting probably contemporaneous with the folding, but the fault-
ing and folding were probably contemporaneous with like movements
that took place near the close of the Carboniferous period in other
parts of the Ozark region. There is some evidence, however, that
one if not more of the present folds of the Batesville district were
begun about the close of the Ordovician period.

FOLDS.

Many small folds were observed during the present investigation,
and many others can doubtless be discovered if a better topographic
map than the one at present available can be had. A few folds
that are sufficiently pronounced and those that are intimately asso-
ciated with important manganese deposits receive special mention
below.

An anticline whose axis lies along the crest of the ridge north of
the Cason mine (fig. 10) extends northeastward for at least 1}
miles from this mine. A small area of outcrop of the Plattin lime-
stone half a mile northeast of this mine is on the crest of the anti-
cline.

The rocks at the Cason mine (fig. 10) lie in a shallow syncline
which is a minor cross fold on the southeast side of the anticline
just mentioned. The axis of the syncline trends northwest. The
St. Clair limestone and Cason shale in the West cut, which is on
the west side of the syncline, dip 15° to 20° NNE., and in the
North cut, which is on the east side of the syncline, they dip at
about the same angle to the southwest.

A broad eastward-trending syncline lies about 1} miles north-north-
east of Cushman, and in it are the Blue Ridge, Southern, Grubb Cut,
Rogers, Wren, Polk Southard, and Turner mines. (See Pl. XII.)
The Blue Ridge, an east-west ridge which is capped by the Boone
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chert, is on or near the axis of the syncline. On the south side of
the syncline the St. Peter sandstone and Joachim limestone are
revealed in an anticline in the southern part of sec. 3, T. 14 N,
R. 7 W.,, and on the north side they ave revealed in two anticlines
just north of Turner Creek, in secs. 33 and 34, T. 15 N, R. 7 W.

The axis of a shallow east-west syncline half a mile wide passes
through Anderson. The oldest exposed formation in this syncline
is the St. Peter sandstone, and the youngest exposed east of Anderson
is the Fernvale limestone. The Earl Collie, Sand Field, Manganese
Field, Ruminer Rough, and Barksdale mines and the Caraway pros-
pect are in this syncline.

The St. Clair limestone is exposed on the crest of a low anticline
just south of Big Spring, and the Fernvale limestone on the crest
of one just east of Walls Ferry station and another 1% miles south
of that place.

A small syncline lies in the NW. 4 sec. 35, T. 15 N, R. 6 W_, near
the E. W. Roach prospect, 1} miles east-northeast of Sandtown.
The surface in this vicinity is gently rolling, and although most of
the surface is underlain by the St. Peter sandstone the Plattin and
Joachim limestones underlie a nearly circular area about 500 feet in
diameter and dip at high angles toward its center. The limestones,
therefore, lie in a funnel or saucer shaped syncline. The Plattin
limestone, in the center of the syncline, is brecciated in places and its
outcrop occupies a circle 250 feet in diameter. Outside this circle the
Joachim limestone is exposed in a narrow belt, and outside this belt
the St. Peter sandstone is exposed. A syncline similar to the one just
described lies about half a mile north of the E. W. Roach prospect,
but the Joachim limestone is the only limestone that is present in it.
A third saucer-shaped synchne lies 1 mile north of Hickory Valley.
The St. Clair limestone is exposed at and near its center, and the
Kimmswick and Plattin limestones are exposed outside the area of
the St. Clair. Another syncline of this type lies 2 miles east-north-
east of Hickory Valley, and there is another 23 miles northeast of
this village. The Plattin limestone outcrops in nearly circular areas
at the centers of both synclines. The synclines just described are
apparently similar in shape to some that are near Rolla, Mo., and
that are mapped and described by Lee*® as “structural sinks” and
“filled cave structures.” He ascribes their synclinal structure to the
sagging and falling in of the strata that formed the roofs of caves.
Further study of the saucer-shaped synclines in the Batesville district
may show that they had the same origin as those in Missouri.

There are several monoclinal folds, among which is one at the
abandoned village of Phosphate and farther southwest, where the

4 J.ee, Wallace, The geology of the Rolla qnadl.mé,le Missouri Bur Geology and Mines,
vol, 12, 24 ser., pp. 64-68 and geologic map, 1913,
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strata dip to the south or south-southwest; for a distance of several
miles southeast of Cushman the strata dip to the southwest, toward
Big Spring; the strata between Cura Creek, near Hickory Valley,
and Sullivan Creek, to the west, have a general south-southeast dip.

FAULTS.

Faults are rare in the Batesville district, only seven being known,
and all are normal faults. Although no exposures were found show-
ing the angle of dip of the fault planes, their dip is probably high at
all places. : '

The longest fault extends in an east-northeast direction for a dis-
tance of 7 or 8 miles from a locality about 2 miles north of Bates-
ville; it passes just south of the Cason mine (figs. 10 and 11), also
passes just south of Pfeiffer, and probably terminates about 1 mile
porth of Sharps Cross Roads. The downthrow is on the south side
and is perhaps 400 feet throughout much of the length of the fault.
The strata just north of the fault at the Cason mine dip 15°-20° S,
and similar dips in this direction were observed on the north side of
the fault for a distance of 1 mile farther northeast.

The next longest fault extends east-northeast for 4 miles from
Ruddell’s Mill, which is 24 miles west of Batesville. The fault was
not traced by the writer as far west as Ruddell’s mill, but the occur-
rence of the fault at that place is indicated on one of the geologic
maps (Batesville sheet) that accompanies volume 4 of the Annual
Report of the Arkansas Geological Survey for 1890. The downthrow
is on the south side of the fault and is probably 100 feet or more.
The same geologic map indicates another fault that extends west-
northwest from a point about half a mile southwest of Ruddell’s
Mill. The downthrow is on the south side. This fault was not
studied by the writer, and its location as shown on Plate I is taken
from the map mentioned above.

A northeastward-trending fault 1 mile long lies 23 miles north-
northwest of Cushman. The downthrow, which is on the southeast
side, is about 200 feet near the northeast end of the fault and 50
feet near the southwest end.

A fault trending east by north passes through Penters Bluff sta-
tion and extends eastward as far as West Lafferty Creek; it probably
crosses White River west of the station. How far the fault extends
into Stone County has not been determined. The downthrow is on the
south side and is about 250 feet at the station, but it gradually de-
creases to the east. The oldest exposed formation on the north
side of the fault at the station is the Plattin limestone, whereas
the oldest on the south side at that place is the Fernvale limestone.
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- Two short parallel faults 250 feet apart, having an eastward trend,
occur on Polk Bayou 4% miles east-northeast of Cushman. The
Joachim and Plattin limestones are exposed in the belt between the

" faults, whereas the St. Peter sandstone is exposed both north and

south of the belt. The rocks in this belt have settled about 100 feet.
(See fig. 18.) ‘
ORE DEPOSITS. |

MINERALS OF THE ORES.

General features—The manganese ores of the Batesville district
consist of oxides, six of which, psilomelane, hausmannite, braunite,
manganite, pyrolusite, and wad, have been identified. Although
these minerals may be found separately, two or more are generally
mixed in the same deposit, and at. a few places they are associated
with ferruginous manganese ores and with small quantities of brown
and red oxides of iron. At some places the ferruginous manganese
ores predominate. Psilomelane is the most abundant manganese
mineral, but hausmannite, braunite, and wad constitute a consider-
able part of the ores.

The identification and naming of the manganese minerals is based
largely on the table in a report by Fermor ** on the manganese de-
posits of India. In general if the mineral is uncrystallized or
amorphous and has a hardness greater than 4 it is classed as psilome-
lane. If it issoft and shows no signs of crystalline structure nor of
the compact firm amorphous structure of psilomelane it is classed as
wad. If it is crystalline and can not be scratched with a brass pin
but can be easily scratched with a knife it is classed as manganite,
whereas if it can be easily scratched with a brass pin and if it black-
ens the fingers it is classed as pyrolusite. If it is crystalline and can
be scratched with difficulty with a knife it is considered to be
braunite or hausmannite. Braunite has a brownish-black streak and
yields gelatinous silica when a solution of it in hydrochloric acid is
evaporated, whereas hausmannite has a chestnut-brown or reddish-
brown streak and yields no gelatinous silica when a hydrochloric
acid solution of it is evaporated. Many oxides of manganese that
have been found in the United States and. in other countries have
not been adequately studied, and some of these are doubtless included
among the oxides in the district under discussion. There is, there-
fore, a possibility of errors in identifying some of the manganese
oxides.

4 Fermor, L. L., The manganese-ove deposits of India: Geol. Survey India Mem., vol,
37, nt. 1, pp. 228~-229, 1909, ?
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The chief minerals in the Batesville district, including the man-
ganese oxides that have been identified with a fair degree of cer-
tainty, ave described below.

Psilomelane—Psilomelane is black or steel-blue, is amorphous,
breaks with a conchoidal fracture, and at a few places shows botryoi-
dal surfaces. It has a specific gravity of 3.7 to 4.7 and commonly
has a hardness of 5 to 6.5, so that a steel knife blade scratches it with
difficulty if at all. Although its chemical composition may be repre-
sented by the formulas MnO,.(Mn, K, Ba)O.nH,0 and H,MnO,,
the composition is not definite, as the percentage of manganese
ranges from 50 to 57, and as the amounts of minor accessory constitu-
ents, such as iron, barium, potassium, and water, show a wide range.
This is the most abundant manganese mineral in the Batesville dis-
trict. Three analyses of it are given below:

Analyses of psilomelane from the Batcsville district.

Manganese protoxide (MnO)
Oxygen (0)....ooooveeennn.. .. . 3
Ferric oxide (Fe:03)......... . - . L9890 ).l
Alumina (AlsOs) .- A .

Lime (Ca0)....
Baryta (BaO)..
Magnesia (MgO)
Potash (K:0)... ..
Soda (Nag0)-.........ceen
Phosphoric acid (P205)....
Sitica (SiOg). ... .......... .
Water (HaO) - oottt e ettt e e e caaa e aaaaan

100. 655 99. 850

6 Very slight trace.

1. Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol. Survey Ann. Repr.
for 1890, vol. 1, p. 145, 1891. R. N. Brackett, analyst. Specimen for analysis “from Cave Creek, 9 miles
north of Batesvilley Independence County.”

2, 3. Owen, D. D., First report of a geological reconnaissance of the northern counties of Arkaunsas, pp.
161-163, 1858, William Elderhorst, analyst. Specimens for analysis from ‘‘the msain manganese mine
2 miles above West Fork of Lafferty Creek, Independence County.”

H ausmannite.**—Hausmannite is a brittle steel-gray mineral, hav-
ing a chestnut-brown or reddish-brown streak and a submetallic
luster. It is finely to coarsely granular but locally crystalline, is
translucent on thin edges, and has an uneven fracture, a perfect
basal cleavage, and a hardness of about 5.5. It is weakly magnetic,
as some of the finely powdered mineral may be picked up by a mag-
net. The crystals, which appear to be small octahedra, cover cavi-
ties in the massive mineral. The chemical composition is expressed
by the formulas Mn,0, and MnO.Mn,O,. Chemically pure haus-

4t The occurrence, physical and optical properties, and chemical composition of the
hausmannite in the Batesville district have been fully described by the writer and J. G.
Fairchild in a paper that was published in the Journal of the Washington Academy of
Sciences, in vol. 10, No. 1, 1920.
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mannite would contain 72 per cent of manganese. Next to psilome-
lane it is the most abundant manganese mineral in the Batesville
district. It has heretofore been classed as braunite. The accom-
panying analyses represent the composition of two samples of haus-
mannite, one being from the W. T. Gray mine and the other from
the Club House mine. The samples were carefully prepared in
order to free them as far as possible from a little psilomelane which
they contained. Polished surfaces showed the presence of psilome-
lane as fine disseminated particles and as veinlets too minute to be
observed by a pocket lens on a rough, fractured surface; more psi-
lomelane was seen in sample No. 1 than in sample No. 2.

Analyses of hausmannite from the Batesville district.

[J. G. Fairchild, analyst.}

1 2
Manganese protoxide (MnO) . .....oeiiiiiiiiiiiei i iceieraanns e eeeieeseaaaann 91.38 90. 40
Oxygen (0)..ceuriiiieniiinannnnnnn. 7.78 8.87
Iron o'(xde (Fe03)........ ...| None } .48
Alumina (Aana) e ...] None
Silica (Si0y)...... ...| None. .10
Lime (CaO)...... ...| Trace.. Trace.
‘\Iagnesxa (M 0).. ... Trace Trace.
Baryta BaOg) ............. .26 None.
Total L7 6 110 S .62 1.03
100. 04 100. 88
Manganese (Mn) 70.76 70. 00
Specific gravity at 15.5° C 4,836 4,778

@ A trace of iron.
1. Sample from W. T, Gray mine.

2. Sample {from Club House mine.

Penrose ** gives an analysis of a mineral from the Batesville dis-
trict whose description accords rather closely with that of hausmann-
ite, but the analysis corresponds to the formula Mn,O,. He therefore
considered the mineral to be a silica-free braunite. Although a min-
eral corresponding to the formula Mn,O, is possible, the present
writer believes that the sample analyzed consisted largely of haus-
mannite but contained a little psilomelane. This belief is based upon
the following facts: 1. Of the many specimens of hausmannite studied
in the present investigation not-one was found that was entirely free
from psilomelane, and this is apparently the only mineral with which
it is intimately mixed. 2. It is practically impossible to separate the
hausmannite from the smallest particles of psilomelane, except per-
haps with the aid of a microscope. The analysis given by Penrose
follows:

4 Penrose, R. A. F., jr., op. cit., pp. 148149,
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Analysis of braunite [?) from the Batesville district.

[R. N. Brackett and W. A. Noyes, analysts.]

Manganese protoxide (MnO) ____________________________ 87. 47
Oxygen (O) oo o 9.62
Ferric oxide (Fe:O0s) acomm o . © .44
Alumina (AleOs) oo .11
Lime (CaO) . . .34
Baryta (B&0) oo .48
Magnesia (MgO) - [ Trace.
Potash (K.OQ) __ o~ .10
Soda (NawO) oo .05
Phosphoric acid (P2Os) —ooemm .25
Silica (8i02) oo .18

99. 04

Braunite—DBraunite is a brittle steel-gray mineral having a
brownish-black streak, a submetallic luster, and a hardness of 5.5 to 6.
It is weakly magnetic. Some of it has a granular texture, but the
greater part is crystalline. Its crystals are small and numerous and
are octahedral. The composition is usually expressed by the formula
3Mn,0,.MnSiO,. The percentage of manganese in chemically pure
braunite ranges from about 63 to 66. Some silica—from 7 to 10 per
cent—is always present, which indicates that it is chemically com-
bined. It appears as a gelatinous residue when hydrochloric acid
" containing braunite in solution is evaporated. - An analysis of
braunite follows:

Analysis of braunite from the Batesville district.*

[William Elderhorst, analyst.] .

Manganese pi‘otoxide (MnO) oo 75. 386
Oxygen (O) oo 7.979
Ferric oxide (Fe:0s) oo 3.623
Cobalt oxide (CoO) oo Trace.
Lime (CaO)_ - ________ e 1.833
Magnesia (MgO) - . 192
Silica (S103) - o 9.968
Water (HO) o e o 1.295

100. 176

Manganite—Manganite (Mn,0,.H,0) is a brittle steel-gray
granular or crystalline mineral with a dark-brown or nearly black
streak. It has a hardness of 4 and therefore can be scratched with a
knife but not with a brass pin. Manganite crystallizes in the
orthorhombic system and the crystals are generally bladed, wedge-
shaped, or needle-like. It contains 62.4 per cent of manganese and
10.3 per cent of water. The specific gravity ranges from 4.2 to 4.4.

4 Owen, D. D, First report of a geological reconnaissance of the northern counties of
Arkansas, pp. 164-165, 1858.
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Although it is present at a number of localities in the Batesville dis-
trict it forms a very small part of the manganese ores. Nodules
from some of the deposits are made up of alternate layers of
psilomelane and radiating crystals of manganite.

Pyrolusite—Pyrolusite (MnO, generally with a httle H,0) is a
grayish-black to jet-black mineral, having a crystalline or granular
structure and a black or bluish- black streak It has a hardness of
2 to 2.5, and can therefore be scratched with a brass pin. Much
«of it crumbles between the fingers and blackens them. The specific
gravity is about 4.8. It contains 63.2 per cent of manganese. It has
been generally regarded as derived from manganite by the loss of
water. Pyrolusite occurs at few localities and in small quantity.

Wad.—Wad is a dark-brown to black very soft earthy mineral,
which is commonly considered to be an impure hydrous oxide of
manganese. It is associated with more or less iron, silica, alumina,
and water. It is present at many localities in the Batesville district
and at some of these places it exceeds in quantity the higher-grade
manganese minerals. During the last few years, when there was a
demand for low-grade ores, considerable wad was shipped from the
district. Most of the wad that has been shipped contained from
20 to 30 per cent of manganese. Dendrites, branching mosslike
growths of wad, are common along joints in the Boone chert where
it is associated with manganese deposits and along cracks and on
fossils in the St. Clair limestone.

Other manganese minerals—A pink crystalline manganiferous
calcite (manganocalcite) occurs in a lenticular horizontal vein 1 inch
thick and 2 feet long near the top of the Cason shale at the Cason
mine. The same mineral was observed in the ore deposit in the top
of the Fernvale limestone at the W. A. Chinn cut. A brown manga-
nese-bearing carbonate occurs at the Harvey mine near Penters
Bluff station, at one of the Pittman mines on West Lafferty Creek,
and at the Cason mine. An analysis of a partly oxidized sample of
this mineral, from the Harvey mine, is given on page 60. An analysis
(p. 137) of the fossil girvanellas in the lower part of the St. Clair
limestone at the Cason mine indicates the presence of manganese
carbonate in them. A brown translucent manganese silicate, which
thus far has not been identified, was found in a tunnel 30 feet long
in a hollow on or near the south line of sec. 16, T. 14 N., R. 6 W.
This tunnel is mentioned on page 129 as one of the openings of the
Adler mine.

Iron owides~Iron oxides, which probably comprise several hy-
drous sesquioxides of iron, are associated with the manganese ores
at many localities. Of these limonite (2Fe,0,.8H,0) and hematite
(Fe,O,) are the most abundant. But as the mineralogic species of

104569—22——5
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the iron oxides found in each deposit have not been determined these
oxides are called in this report simply brown or red oxides of iron,
according to their color. The hematite at a few localities has a
foliated or micaceous structure and part of it is soft and unctuous.

Ferruginous manganese ore—The ferruginous manganese ores are
generally more or less intimate mixtures of poorly defined oxides
of manganese with oxides of iron in various proportions. The iron
oxides are usually limonite and hematite. The manganese is gener-
ally in the form of psilomelane, though braunite, manganite, and
wad are common at some places. The content of manganese ranges
from 10 to 35 per cent or more. The higher grades are used in
making spiegeleisen and ferromanganese and the lower grades in
making high-manganese pig iron.

Barite.—The manganese ores at a number of places contain barite
but not in sufficient quantity to injure their value. Most of the
barite consists of tabular crystals 3 inches or less in their longest
dimension or of coarsely granular aggregates embedded in the masses
of manganese oxides. (See Pl. X; €.) These crystals and aggre-
gates are generally colorless or white, but specimens of ore from
the Cummins Hollow and Johnson Hill mines were observed that
contained amethyst-colored barite. Some of the barite contains
manganese oxides- that have partly replaced it. Tabular-shaped
cavities were observed in specimens of ore at the Grubb Cut and
Hunt Hollow mines. They were once probably occupied by barite
that has since been removed by solution. At the McConnell and
Page mines and the Fortune and Eliza Patterson prospects the
barite occurs as white hairlike crystals, one-tenth of an inch or less
in length, that line cavities in the ore. Barite was also observed
associated with manganocalcite in a small pocket in the top of
the Fernvale limestone at the W. A. Chinn cut and with the same
mineral in a small vein near the top of the Cason shale at the Cason
mine. :

Chert and quartz—Although chert fragments and pebbles occur
in parts of the ore-bearing clays at most localities in the Batesville
district, they are found in the masses of manganese ore at only the
Roach, Chapel Hill, McGee, Hawkins, and Story mines and at a few
other localities. Some masses of porous chert in the ore-bearing clay
contain drusy quartz, and doubly terminated quartz crystals -were
found on a few of the old mine dumps where such chert had been
placed. These crystals are most abundant at the Southern mine.
There they are half an inch or less in their longest dimension, and
although many are transparent most of them are brown from the
presence of minute inclusions of a manganese oxide. Grains of
quartz sand occur in some of the ore-bearing clays and at some places
lanses of such sand overlie or occur in the ore-bearing clays, but at

\
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only a few places are sand grains embedded in the ore. The, princi-
pal mine, part of whose ore is sandy, is the Ball mine.

Phosphate rock—Phosphatic sandstone and shale, beds of high-
grade phosphate rock, and phosphatic pebbles are associated with
much of the manganese ore in the Cason shale and have been de-
scribed under the heading “Cason shale” (pp. 24-26), but some
details will be given in the descriptions of the manganese mines:
and prospects.

Calcite—Calcite in fine particles is disseminated through some:
of the ore. As a rule it represents simply the part of the Fernvale:
limestone that has not been replaced by the manganese ore. Veins:
of calcite a fraction of an inch thick are in the ore-bearing part of
the Cason shale at the Cason mine. A piece of manganese ore 3%
inches in its longest dimension that was found on the dump at the
L. J. Weaver mine is coated with a layer of calcite one-sixteenth of
an inch or less thick. A mass of onyx marble was encountered in a

cave partly filled with manganese-bearing clay at the Club House
mine; it is described on page 214.

Other minerals—Specimens of the Cason shale that were found
at the Cason mine by D. F. Hewett, of the United States Geological
Survey, show films and crystals of arsenopyrite.

Minute quantities of galena (PbS), the largest piece the, size of a
man’s fist, were found in the lower part of the St. Clair limestone at
the Cason mine while this limestone was being quarried from above
the Cason shale. The galena observed by the writer occurred in
cavities formed by the solution of fossil girvanellas and in fine veins
in the parts of the limestone that contain the girvanellas. Galena
has been found in the Montgomery mine also, and a specimen of it
weighing a few ounces was given to the writer. Part of the galena in
the specimen had been changed to greenish-yellow pyromorphite:
(PbCl)Pb, (PO,), and was embedded in manganese oxide.
~ Pyrite occurs in small quantity at the Cason mine in the green and
partly reddened parts of the Cason shale and in the beds of the St..
Clair limestone that immediately overlie the Cason shale.

Relations of the manganese minerals—The masses of manganese-
oxides are generally irregular in shape and have rough surfaces; at.
only a few places are they nodular or botryoidal and smooth..
Although most of the masses that are mined are in clay some are in
limestone, shale, chert, and sandstone, and there is much evidence to-
show that the manganese oxides have replaced all these inclosing
materials. Only a small part of the oxides have replaced clays; the:
greater part of them are a residue from the decomposition of lime-
stone and shale. The oxides have also partly replaced some of the-
coarsely granular barite.
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Manganiferous calcite (manganocalcite), which has been found
in limestone and shale at a few places, has replaced parts of these
rocks. The occurrence of manganese oxides as a coating on masses of
manganese-bearing carbonates and of thin veins of oxides in such
masses is proof that the oxides represent oxidized portions of the
carbonates. (See Pl. X, 7).) These relations suggest that all the
manganese oxides of the Batesvﬂle district have been derlved from the
oxidation of manganese-bearing carbonates.

The oxides generally occur mixed. Almost every specimen that
has been examined contains two oxides, the following combinations
being the most common: psilomelane and braunite, psilomelane and
hausmannite, and psilomelane and manganite. Braunite lines cavi-
ties in psﬂomelane and occurs as more or less porous granular aggre-
gates. Hausmannite is generally disseminated as large and Sm‘ll]
grains through compact psilomelane. Specimens are common that
show a gradation from psilomelane with a few fine grains of haus-
mannite scattered through it to a coarsely granular hausmannite
containing only a small quantity of psilomelane. Braunite is gen-
erally if not entirely confined to manganese deposits that were formed
by the replacement of limestone and shale. One specimen was studied
that showed thin seams of psilomelane cutting hausmannite and
earlier psilomelane.

Some hausmannite occurs in the Fernvale limestone as a replace-
ment material, but most of it is found in clay as residual masses that
have been set free by the decomposition of the limestone. It appears
to be.absent from deposits formed by the replacement of the Cason
shale and residual clays. This seems to show that a smaller supply
of oxygen was available in the limestone than in the shale and clays,
for hausmannite contains a smaller percentage of oxygen than the
other manganese oxides that are present in the district.

Some of the nodules of oxides in which psilomelane and manganite
are present are made up of concentric layers, in which the manganite
has the form of radiating needles.

TYPES OF DEPOSITS.

GENERAL FEATURES.

The workable manganese and ferruginous manganese deposits of
the Batesville district may be grouped into the following five types,
partly according to the rock formations and clays in which they
occur and partly according to their origin:

Deposits in the Cason shale and its residual clay.
Replacement deposits in the Fernvale limestone.
Residual deposits derived from the Fernvale limestone.

Replacement deposits in clay.
Transported deposits in stream gravels.
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Most of the ore-bearing clays are residual from the Fernvale lime-
stone and the Cason shale, but some are residual from the Joachim,
Plattin, and Kimmswick limestones. 'The deposits in the Cason shale
and in the clays have yielded the greater part of the production of
the district. The ores in the clays and those in the stream gravels
are in masses ranging in weight from less than 1 pound to 22 tons.
Most of these masses have simply been freed by weathering from the
rock formations named above and have settled by gravity or have
been washed by streams to their present positions. At most mines
and prospects only one type is represented, but at some two types
and at a few three types are present and have yielded ore in com-
mercial quantities.

DEPOSITS IN THE CASON SHALE AND ITS RESIDUAL CLAY.

Manganese and ferruginous manganese ores are widely distributed
in the Cason shale. The deposits have been worked at a number
of places and have yielded most of the ferruginous manganese ores
and a considerable part of the manganese ores that have been pro-
duced in the Batesville district. The Cason shale is generally
present in the vicinity of Cushman and farther west. East of
Cushman it is absent at most places, but the ore deposits in that area
are larger and contain a higher manganese content and a lower iron
content than the deposits farther west. The shale is thin, at no place
exceeding 12} feet in thickness, but its residual clay is 20 feet or
more thick at the Montgomery mine, suggesting that the shale at
that locality was probably more than 121 feet thick.
~ The ores consist of iron and manganese oxides, which are in
places more or less intimately mixed. The manganese oxides are
mainly psilomelane and braunite, and the iron ox1des include both red
and brown oxides. These minerals occur as irregular masses, as thin
horizontal seams and beds, and as “buttons,” which are flattened
concretion-like masses about an inch in their longest diameter.

The “buttons” are stated by E. O. Ulrich* to be fossil girvan-
ellas which are an algal growth. They were once spherical or
nearly so and were composed principally of calcium carbonate but
partly of manganese carbonate, and they have since been flattened
by pressure and have been replaced by manganese and iron oxides.
(See Pl. X, A.) They lie parallel with the bedding of the shale
and are more or less uniformly disseminated through the shale and
its residual clay at some localities. The most noteworthy occurrence
of the manganese “buttons” is at the Cason mine, which has pro-
duced more low-grade manganese ore than any other mine in the
district. They are so numerous that the “button ”-bearing residual

4 Oral communication.
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clay of the Cason shale has been shipped without any treatment,
and in recent years much of the “button ”-bearing shale has been
quarried and shipped as ore. This ore has averaged about 20 per
- cent of manganese. Only a part of the shale at that mine contains
“buttons” of manganese oxide; the rest contains red and gray
“buttons” composed largely of manganese-bearing calcite. - Various
stages in the transition of gray carbonate to red carbonate “buttons”
and the replacement of the red “buttons” by manganese oxide are
well displayed in the cuts. (See fig. 12, p. 141.)

Other noteworthy occurrences of “buttons” of manganese oxide
are at the Montgomery mine and the Button prospect, and a com-
paratively small number of them were observed at the Adler mine,
O’Flinn prospect, Johnson Hill mine, and Ball mine. At all these
workings the “ buttons ” are in clays, except at the O’Flinn prospect,
Button prospect,and John-
son Hill mine, where some
of them are in shale.  (See
PL XI)

Considerable prospect-
ing has been done recently
by means of diamond
drills to discover other
areas of “button ”-bearing
Cason shale, but none have
been found. The records
of the drill holes are given
on pages42-45. There ap-
pears to be very little chance of finding new deposits of such shale
by any method of prospecting.

“ Buttons ” of red jron oxide were observed in the residual clay of
the Cason shale at two of the Pittman mines, at the mine of the
United Phosphate & Chemical Co., at the Breeden prospect, and at
the W. T. Gray mine. .

The irregular masses of ore are generally porous and have rough
surfaces, but those that have a botryoidal shape are usually smooth.
Such masses constitute most of the ore at the Ball mine and much of
it at the Montgomery mine. The lenses and beds are shaly and
porous at most places and are parallel with the bedding of the shale.
Three localities at which they occur are the Meeker and Blue Ridge
mines and the F. M. Barnes prospect. Although they occur in dif-
ferent parts of the shale, they are most common in the base. At some
places it is nearly or quite impossible to distinguish the ledge in the
base of the Cason shale from a nearly horizontal replacement deposit
of ore that occurs at places in the top of the Fernvale limestone.

o
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Fircure 3.—Sketch showing occurrence of manga-
nese ores at Montgomery mine. (After Harder.)
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Some of the masses, lenses, and beds just described occur in sand-
stone but most of them in shale and clay, and the manganese
“oxides constituting them have replaced parts of the country rock, as
1s shown by the occurrence of sand grains, pebbles of phosphate rock,
and irregular areas of shale, clay, and sandstone in the ore. Not
only do these materials occur in such ore, but “ buttons ” of manganese
oxide were observed in lenses and masses of ore at the Ball, Cason,
and Montgomery mines, showing that manganese oxides have re-
placed some of the clay and shale through which the manganese “ but-
tons ” were scattered. (See fig. 3 and Pl. X, B.)

The occurrence of manganese-bearing calcite disseminated through
those parts of the Cason shale at the Cason mine that have been
least affected by weathering suggests that all the manganese oxides
in the deposits described above have been formed by the oxidation
of the carbonate. This suggestion is supported by the occurrence
in the Fernvale limestone of manganese-bearing calcite that has
yielded at least some of the manganese oxides in that limestone and
its residual clays. If this interpretation is correct, the oxidation of
the manganese-bearing carbonates is perhaps superficial, and the
oxides may not extend below the ground-water level of the district.

REPLACEMENT DEPOSITS IN THE FERNVALE LIMESTONE.

The occurrence of manganese minerals in the Fernvale limestone
is discussed as follows by Penrose: ¢

The manganese, as seen in the $t. Clair [Fernvale] limestone, exists in the
same or almost the same chemical and physical condition as in the clay that
now incloses it in the various manganese localities—that is, it occurs as oxides
in bodies of different sizes. It is very probable that the manganese originally
existed in the limestone in the form of a carbonate and was subsequently oxi-
dized into its present condition. Possibly this oxidation may be only superficial,
and below the water level of the country the ore may still retain its carbonate
form. Small quantities of the carbonate sometimes exist in a finely dissemi-
nated state in the limestone, even on the surface, but practically all the manga-
nese in the limestone, as now seen in surface exposures, is in the oxide state,
and the disseminated carbonate is insignificant in comparison with the larger
masses of oxides. )

It is very possible that, in some cases, the manganese oxide in the limestone
may be in a different stage of oxidation from that in the clay and may there-
fore represent a different mineralogical form of oxide; but in many cases at
least the ores in both positions seem to represent the same oxide or oxides.
Very often the ore in the limestone containg small inclusions of more or less
pure crystalline calcite; while where the ore occurs in the clay the inclusions
have sometimes been leached, leaving hollow cavities which give the ore a honey-
combed appearance. The cavities are often partly filled with red, yellow, or
dark-brown clay, representing the residual product of the calcite. Sometimes,
however, especially in the more compact ore, the calcite remains in its original
form, even when the ore has been freed from the limestone for a long time.

e Penrose, R. A. F,, jr, Manganese—its uses, ores, and deposits: Arkansas Geol. Survey
Ann. Rept. for 1890, vol. 1, pp. 167-168, 1891,
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The shape of the ore bodies in the limestone varies considerably in different
places but always conforms in a general way to the bedding of the rock. The
ore occurs as irregular lumps and masses, often connected by thin layers of
the same material; as lenticular bodies, a few feet to several yards in length;
as flat masses or small concretions lying in the planes of bedding of the rock;
as small disseminated particles and nodules the size of small shot; and, in some
places, in so fine a state of division as to form a dark chocolate-brown coloring
matter. This last form sometimes occurs in thin layers in the rock and some-
times as a finely disseminated material, giving the dark-brown color often seen
in the limestone. When considerable quantities of it are present the rock often
loses part of its highly developed crystalline structure and presents a dark,
earthy appearance. The larger masses of ore occur both in this dark-colored
and in the light-colored rock. In the latter case they are usually associated
with more or less red clay, either in the form of a thin coating around the -
masSes of ore or as films between layers of ore.

Since the above paragraphs were written by Penrose several open-
ings have been made in the Batesville district that reveal the pres-
ence of manganese-bearing calcite. The discovery of this calcite,
together with evidence that much if not all of the manganese oxide
in the Fernvale limestone and its residual clay is derived from it,
supports the statement by Penrose given above, namely, that the
oxidation of the manganese-bearing calcite is possibly only super-
ficial and that the manganese may still retain its carbonate form
below the water level of the country. The most noteworthy occur-
rence of manganese-bearing calcite is in the uppermost beds of this
limestone at the Harvey mine. This calcite is a fine to coarse-grained
mineral which has entirely replaced parts of the limestone, and which
has been partly oxidized and replaced by manganese and ferruginous
manganese oxides. (See Pl X, D.) A small quantity of the oxide-
bearing carbonate has been quarried and shipped as a low-grade ore.
A few boulders of ore that were mined near the surface appeared
to consist entirely of manganese and ferruginous manganese oxides,
but when they were broken open they were found to contain cores
of the unoxidized carbonate. An analysis of a sample of this car-
bonate that was partly oxidized follows:

Analysis of mangenese-bearing carbonate at the Harvey mine.

[R. C. Wells, analyst.]

Manganese (Mn) 35. 50
Iron (Fe) - . el 8.54
Silica (SiO.) 1.51
Alumina (Al:Qs) 2.06
Lime (CaO) — 10. 60
Magnesia (MgO) .96

Although the sample for the analysis was partly oxidized, the
chief constituents as indicated by the analysis and by the presence
of only a small quantity of iron and manganese oxides in the sample
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are manganese, iron, and calcium carbonates, which are chemically
combined. The mineral is here regarded as manganiferous calcite.
This or a similar mineral occurs in the Fernvale limestone at one of
the Pittman mines and at the W. A. Chinn cut.

The manganese oxides and the manganese-bearing carbonate gen-
erally occur in the upper part of the Fernvale limestone and they
are by no means uniformly distributed through this part of the
limestone. At only the following places have the oxides been found
in sufficient quantity in the limestone for such parts of the limestone
to have been shipped as ore: One of the Pittman mines, the Club
House mine, the Henley. mine, the Adler mine, the W. A. -Chinn cut,
and one of the Walter Chinn prospects. None of the deposits at
these localities have yielded more than a few hundred tons of man-
ganese-bearing limestone that was found profitable to work. Other
localities where masses of manganese oxides were observed in the
Fernvale limestone are the A. R. Chinn, Simmons, Champlain, and
Williamson-Gulley prospects and the Searcy, Rutherford, Roberts,
Cutter, Verna, Hankins Hollow, and Cummins Hollow mines.

RESIDUAL DEPOSITS DERIVED FROM THE FERNVALE LIMESTONE.

General features.—The manganese deposits derived from the Fern-
vale limestone are more numerous than those of any other type and
- have yielded by far the greater part of the output of high-grade
manganese ore from the Batesville district and have also yielded a
considerable part of the output of low-grade ore. Furthermore,.
they contain the largest reserves of available ore in the district.
The largest known deposit of this type is that at the Southern
mine, which has produced 36,500 tons of ore. Other deposits of’
this type that have yielded a production of about 400 tons or more:
are at the W. T. Gray, Searcy, G. A. Wilson, Roberts, Denison, Sis.
Clark, Brooks Hill,y Grubb Cut, Rogers, Polk Southard, Turner,
Lass1ter, Club House Shaft Hll] Hankins Hollow, Cummms Hol-
low, Ruminer Rough, and Manganese Field mines.

The manganese ores consist entirely of masses of oxides and they
occur in residual clays that overlie not only the Fernvale limestone
but also the Joachim, Plattin, and Kimmswick limestones. These
masses in their shape and in the character of their component min-
erals are like the masses of manganese oxides in the Fernvale lime-
stone that have been described above. In fact, they were once em-
bedded in this limestone, and after they were set free from it by the-
removal of the calcium carbonate they settled by gravity or were
washed by streams to their present position. On account of their
scientific interest the ores transported by streams will be described
separately. They are of minor commercial importance.
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Manganese-bearing clays—The manganese-bearing clays are a
residue from the decomposition of not only the Fernvale limestone
but also the Joachim, Plattin, and Kimmswick limestones. Most of
the clays were derived from the Fernvale limestone, which at many
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FIGURE 4.—Section along line A—B on figure 8, illustrating the occurrence of the ore deposit at the Searcy mine.

a, Boone chert; b, St. Clair limestone; ¢, Fernvale limestone; ¢, Kimmswick limestone; e, Plattin limestone;

f, manganese-bearing clay.

places has been entirely decomposed, so that
the clays there rest upon the lower limestones
or upon their residual clays. The decomposi-
tion of the Fernvale limestone is in part de-
seribed as follows by Penrose :*°

Throughout the manganese region all stages of
decomposition of the limestone and all stages of
erosion of the residual products can be seen. Some-
times the limestone is exposed in its full thickness
and shows no sign of decomposition. This is
especially true along its extreme southerly outerop,
where it rises from under a heavy, protecting cap
of chert. But to the north it has succumbed more
and more to decomposing infiluences and has finally
disappeared altogether, leaving nothing but the
residual clay and ore, the skeleton, as it were, of
the original limestone formation. As long as the
limestone has remained intact, the massive chert,
which overlies it, has protected it to a greater or
less extent from decomposition. But as soon as the
dissolving action has set in the residual clay sinks
down and allows the overlying chert to settle down
on it. In this way the chert bed is shattered and
broken, allowing the free percolation of surface
waters and greatly accelerating the decomposition
of the limestone. The more carbonate of lime that
is dissolved from the limestone the more the chert is
undermined and broken and the faster the remain-
ing limestone is decayed.

The decay of the limestone begins at the top of
the bed, and generally in places where it crops out
on the sloping sides of ravines. These, being the
most exposed points, are attacked first, and thence
the dissolving action spreads back into the hill and
under the chert.

The decay of the Fernvale limestone has
formed subsurface hollows and channels in
it, and these have at places been widened so
much that only narrow pinnacles or “ horses”
of the unaltered limestone separate them.

(See figs. 4 and 5.) Such channels and hollows as well as the pin-
nacles or “horses” are well displayed in open cuts at the Cummins
Hollow and Club House mines. Some of the channels are straight
and represent widened fissures along joints. A few caves and sink-
holes also have been formed in the limestone. A cave is in it on the

4 Op. cit., pp. 175-176.
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W. K. Tate place, 23 miles north of Penters Bluff station ; another is
at the Harvey mine; a third is a blowing cave in Hankins Hollow; a -
fourth is at the Club House mine; and a fifth, known as the Searcy
Cave, is just east of the Searcy mine. Manganese ore has been dis-
covered and mined in the caves at the Harvey and Club House mines.
At many places the whole of the Fernvale limestone has as
previously stated been decomposed and its residual clay in such
Places rests upon the irregular surfaces of the Joachim, Plattin, and
Kimmswick limestones in which subsurface hollows and channels
as much as 75 feet deep occur. (See Pl. XII.) Analyses of dark
chocolate-brown Fernvale limestone and of its chocolate-brown resi-
dual clay, samples for which were obtained frem a pit on the William
Martin tract (see description of Hankins Hollow mine on pp. 231-
233),were given by Penrose to show the chemical changes in the decay
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Fireure 5. —Sketch section at Club House mine, showing the occurrence of manganese ore

in the Cason shale, in the Fernvale limestone, and in residual clays that lie in channels
in the limestones. Cb, Boone chert; Oc¢, Cason shale; Of, Fernvale limestone; Ok,
Kimmswick limestone; Op, Plattin limestone. Black spots and heavy lines at base of
Cason shale represent manganese ore.
of the Fernvale limestone.*® These analyses and the chemical changes
computed by him are as follows:
Analyses of the Fernvale limestone and its residual clay end loss of constituents
in the decay of the limestone.
[R. N. Brackett, analyst.]

Percentage | Percentage
of constitu- | of constitu-
ents of the | ents of the
limestone | limestone
saved in | lost from
the clay. | theclay.

Limestone. Clay.

Manganese oxide (MngOy) ..ol 4.30 14.92 42.41 57. 59
Ferric oxide (FesOs)..ooueeneetnareii i iiaaenne. 2.33 1.98 10. 44 89. 56
Alumina Alea) .............................. 4.16 30.18 88.65 11.35
Lime (Ca0). ce et 44.51 3.89 1.07 . 98.93
Magnesm(\{ (0 T .30 . 26 10. 62 89.38

Potash % ................................. .35 .96 33.63 66. 37
Soda (Naa S .16 .61 46.74 53. 26
Water (H20)........ 2.25 10.72 58,37 41,63
Carbonio acid (COg). 33.88 None. None. 100. 00
Phosphoric acid (P30 3.02 2.53 10. 24 89.76
Silica (SiO3) 4.10 33.55 100. 00 None.

99.36 99. 60

4 Op. cit,, pp. 179-184.
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The manganese-bearing clays vary in thickness, owing partly to
the irregular surface of the limestones upon which they rest and
partly to the extent of the decomposition of the limestones. They
may therefore vary greatly in thickness at one mine. They are
usually thin where the chert capping has been entirely removed. At
most places they are only a few feet thick but exceptionally they
attain a thickness of 80 feet. Abundant outcrops of limestone in an
ore-bearing area indicate that the ore-bearing clays are in relatively
small quantities. At such places the clays are confined almost en-
tirely to subsurface channels and pockets in the limestone.

The clays are generally red or chocolate-colored but in places are
yellow. They are usually sticky when wet, and they become friable
when dry, so that most of the clay that adheres to the masses of
manganese ore crumbles and falls off the ore before it is shipped.
Slickensides in the clays are numerous and are described as follows.
by Penrose :*°

The gradual and irregular sinking of the clay has caused numerous faults
and joints in the deposit, running in all directions both in straight and in
curved lines. The faces of these disturbances are deeply scored, showing
distinct marks of striation (slickensides) and a bright, highly glossy surface.
When the clay is red, the slickensides are often of a brilliant crimson color;
and when it is brown they are of a very highly polished black or dark-brown
color. . Sometimes manganese in solution has been carried into these joints
and has been deposited as a thick black film or sheet.

Besides manganese ore the clays contain loose undecomposed masses
of limestone and fragments of chert, which is residual from the
Kimmswick and Fernvale limestones, and its surficial portions con-
tain chert fragments that have been derived from the Boone chert
and chert pebbles that have been derived from the gravel bed of
Upper Cretaceous or later age which once covered much of the dis-
trict but which has been almost completely eroded. At the South-
ern mine and a few other localities the chert is drusy and small
doubly terminated quartz crystals are associated with it.

Manganese ores—The manganese ores of this type are, as pre-
viously stated, a residue from the weathering of the Fernvale lime-
stone, having been set free from it by the removal of the inclosing
‘calcium carbonate through solution. This source is shown by (1)
the similarity of the shape of the masses of ore in the clay to those of
the manganese oxides in the limestone, (2) the occurrence of the same
manganese oxides in the same relations in both the clay and the
limestone, and (3) the presence of casts of fossils in some of the ore
that is in the clay. Some of the masses of fossiliferous chert that
have been derived from the weathering of the Fernvale limestone

4 Penrose, R. A. F,, jr,, op. cil,, p. 187.
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have been partly replaced by manganese oxides and the casts of their
fossils are preserved in the ore, but the purity of much of the ore
‘that shows casts of fossils together with the absence of fossiliferous
chert at most places indicates that much of the fossil-bearing ore
has not replaced fossiliferous chert but fossiliferous limestone. The
chert may have been replaced before it was set free from the limestone
oor afterward. No evidence bearing on this point was observed.
Penrose says:

The distribution of manganese ore in the clay, as would be expected from its
unequal distribution in the limestone, is irregular and is the principal cause
-of the uncertainty in mining it. In some places, though rarely, it is evenly
distributed throughout a large body of clay ; but in most places it is in numerous
pockets surrounded by clay containing no ore. These pockets vary greatly in
character: Sometimes they are comparatively solid bodies, separated only by
thin filmg or seams of clay and containing from 50 to 500 tons or more of
ore; sometimes they consist of large and small masses of ore embedded to-
gether in greater or less quantities in certain places in the clay; at other times
they are composed of small nodules or graing (called “ wash dirt” or “shot
ore” by the miners) disseminated throughout the clay. The mass of these
pockets of *“ wash dirt ” contain from 5 to 25 per cent of manganese ore. Some:
times large areas of clay contain little or no ore, just as large areas of the
original limestone often hold enough insoluble material to form a clay bed
Yyet contain no manganese. '

As the bodies of ore in the original limestone tended in a general way to fol-
low the almost horizontal bedding of the rock and often had an oblong, flat
shape, it would be expected that they would retain something of that shape in
the residual clay. In most cases, however, the horizontal position has been
considerably disturbed by the unequal decay of the limestone, and the flat
bodies of ore have been broken into angular fragments, or crushed together in
a shapeless, shattered mass. Sometimes the fragments of ore have been sep-
arated in the unequal sinking of the clay and have been carried to different
depths. Where the ore originally existed in the limestone as separate nodules
the same agencies have tended to scatter them, thus still further dividing the
deposits as they originally existed in the limestone. This action has undoubt-
edly, in many places, caused a more general distribution of manganese in the
clay than was the case in the St. Clair [Fernvale] limestone. Of course the
aggregate amount of ore has not been increased, but the original pockets have
been broken up and separated. ]

In some places, however, where the decaying limestone has retained a com-
paratively even surface, the pockets of ore preserve their general horizontal
position. Such is the case at the Southern mine, near Cushman, where, though
the ore bodies sometimes pitch at high angles, a characteristic mode of occur-
rence is as almost horizontal pockets, gently undulating and of variable thick-
ness.

It is also a noteworthy fact that, where the surface of the St. Clair [Fernvale]
limestone has been worn into the domes and peaks, * * * the clay and its
accompanying ore have a distinet dip, pitching away from such protuberances
on all sides. This feature is a natural consequence of the sinking of a soft,
plastic clay on an uneven surface, and the knowledge of it will prove of value
in the practical mining of the ore. When a body of ore is found in the clay

&% Penrose, R. A, F., jr., op. cit., pp. 184-1886.
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at or near the surface of one of these limestone peaks its dip will be found
to conform more or less closely to the angle of slope of the surface of the lime-
stone.

The manganese ores consist mainly of the hard oxides, psilomelane,
hausmannite, and braunite, with braunite in the least quantity, and
of the soft oxide, wad. .The hard oxides occur mostly as irregular
masses but partly as slabs and nodules, and their masses range in
size from fine particles to boulders that weigh as much as 22 tons or
more, though boulders so large are rare. (See Pl. IX, B.) The
wad occurs as irregular bodies of large and small size and as lenses
and beds, and masses of hard oxides are distributed through many -
of them. |Some deposits contain two or even three different grades
of ore. The larger masses generally contain a higher percentage of
manganese and a lower percentage of iron than the finer particles.
This means that the lump ore is, as a rule, higher in grade than the
wash ore. The first-grade ore at some of the mines is hard and com-
pact and contains 50 per cent or more of manganese ; the second grade
is porous, light, and soft, though firm, and contains 30 to 35 per
cent of manganese ; and the lowest or third grade is light, earthy, and
soft and contains 20 to 25 per cent of manganese., At some places
there is as much of the second grade as of the first grade and twice
as much of the third grade as of the other two grades combined. The
character and relative proportions of the several grades of ore, how-
ever, differ in different deposits.

Much ore of the highest grade produced in the district—that with
55 per cent or more of manganese—has been obtained from areas
(called “roughs”) over which outcropping boulders and ledges of
the Joachim and Plattin limestones abound, but in such areas the
manganese-bearing clays are in comparatively small quantity. Such
ore is farther from its source than most of the ore in the region, and
the chert covering has been entirely removed from above the ore-
bearing clays. In consequence of this the ore has been more easily
attacked by weathering than most of the ores and has lost its more
porous soft parts either by erosion or solution or both processes,
so that only the hardest and most compact parts remain. Some of
the occurrences of these high-grade ores are at the Denison, Hankins
Hollow, Cummins Hollow, Johnson Hill, Ruminer Rough, Manga-
nese Field, Barksdale, Sand Field, and Earl Collie mines. Analyses
of this grade of ore are given on page 83.

The capping of the deposits—The clays containing this type of
deposits are capped at many places by the Cason shale, by the Boone
chert, and by gravels and sand.

Where the Cason shale is present its shaly parts and the phos-
phatic sandstone that it contains in much of the western part of the
district have been broken up during the decomposition of the Fern-

@
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vale limestone, and as stated by Penrose,” they have in places “ been
disintegrated into a more or less sandy clay and mixed with the
other residue from the limestone; in other-places they have not as
yet been entirely decomposed and are associated with the clay as
soft, earthy, honeycombed, and partly disintegrated masses com-
monly known .as ocher.” Although this weathered shale overlies
the manganese-bearing clays at places it is in turn generally over-
lain by the Boone chert, but this chert in most of the eastern part of
the Batesville district rests directly upon the manganese-bearing
clays, the Cason shale being absent there except in small areas.

The Boone chert and the weathered Cason shale overlie the man-
ganese-bearing clays at many places not only where the Fernvale
limestone has been partly or entirely decomposed but at many places
where the Iimmswick limestone has heen completely decayed, and
even at places where a part or all of the Plattin limestone has been
decayed. They have therefore at many places settled far below their
original position. (See figs. 4 and 5 and Pl. XTI.)

This persistence of the chert as a capping material is due to its re-
sistant nature as compared with that of the limestones, which are
more easily attacked by ground waters than is the chert. Concern-
ing the thickness of the chert capping Penrose swys :52

The thickness of the chert formation in the manganese region, where it is
seen unaffected by weathering, varies from 125 to over 200 feet; but where the
St. Clair [Fernvale] limestone has completely decayed and the chert has been
let down upon the residual clay, it never has even the lesser thickness and usually
does not exceed 30 to 60 feet. Sometimes the chert has been locally turned on
end in the subsistence that it has undergone, and in sinking shafts in such
places it has occasionally been found necessary to go down over 60 feet before
reaching ore-bearing clay. This depth, however, does not represent the actual
thickness of the chert bed, as the shaft is not sunk at right angles to the strati-
fication, but obliquely to it, and therefore the thickness is exaggerated. Possibly
not 50 feet from such a place the chert may be more nearly horizontal, and
another shaft may pierce less than half this thickness of the rock before
reaching the clay. Such occurrences are common at the Southern mine, where:
the thickness of the chert capping, as estimated by shafts, varies from less than
10 to over 60 feet.

The amount of the settling of the chert is equal to the thickness of’
the limestones that have been removed minus the thickness of the
residual clays that separate the chert from the undecomposed lime-
stones. The lowest limestone upon which chert-covered clays rest
is the Joachim limestone. The thicknesses of the Plattin, Kimms-
wick, and Fernvale limestones, parts or all of which have been re-
moved, are not uniform, so that it is necessary to determine the thick-
ness of these limestones at or near each locality to be considered.

& Penrose, R. A. F., jr., op. cit., p: 175.
82 Jdem, pp. 191-192.
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Even then the amount of settling can only be roughly approximated
at most localities. Beds of the Boone chert have settled 75 feet or
more at places at the Club House mine, at least 150 feet at the Polk
Southard and Turner mines, and at least 250 feet at the Lassiter
mine, but at no place have they probably settled more than 300 feet.

Durlng the settling of the beds they have been shattered, faulted,
and bent, so as to conform with the irregular surface of the under-
lying limestones, and they now dip at angles which range from a

(I} 1I“,$‘
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F1GURE 6.—The Grubb cut. The rock in the center is a pinnacle of Fernvale limestone.
The manganese-bearing clay surrounds the pinnacle and occupies the foreground. The
clay is overlain by the bent, shattered layers of the Boomne chert that dip away from
the pinnacle. (After Penrose.) )

few degrees to 60°. (See figs. 6 and 20.) These displaced masses of
«chert are known by the miners as “ flint bars.”

Surficial beds, composed of well-rounded chert pebbles and quartz
.sand, not only overlie the ore-bearing clays at some places but they
.actually occur as lenses and irregular masses in the clays at a few
places, as at the W. T. Gray mine. These lenses and masses are
‘known as sand bars and gravel bars and were probably formed in
underground channels in limestones that have since decomposed,
Jeaving their residual clays in which the gravels and sand are now
found. The sand and gravels have been derived from beds of Upper
‘Cretaceous or later age, which once covered much, if not all, of the
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Batesville district, and which have since been almost completely
eroded. Much of the sand and gravel has settled or has been carried
by streams below its original level.

REPLACEMENT DEPOSITS IN CLAYS,

Manganese deposits formed in clays by replacement of the clays
by manganese minerals introduced by ground ‘waters are not numer-
ous and their aggregate tonnage is not great, though in some depos-
its there are probably 10,000 tons or more of ore. The original
source of the manganese in such deposits was probably the Cason
shale or the Fernvale limestone, but at all localities where this type
of deposits occurs these formations have been completely decom-
posed, and if any residue remains it is clay.

The clays in which these deposits occur contain more or less sand
and chert pebbles and fragments, and as some of the clay inclosing
. them has been replaced by manganese ore, these materials are pres-
ent in much of the ore. Furthermore, the replacement of much of the
clay has not been complete, and irregular areas of clay are included
in parts of the ore. The ores are low-grade ferruginous manganese
ores, the manganese content usually being 35 per cent or less and
the iron, silica, and alumina contents high. They occur in large ir-
regular masses and as veins several feet in their longest dimension
and in small masses many of which are nodular or botryoidal and
have smooth surfaces. The larger masses at most places are com-
posed mainly of a soft, earthy, compact black wad but partly of
psilomelane, manganite, and iron oxide, and are cut by many joints,
whose faces are black and show deeply striated slickensides. The
smaller masses contain a larger proportion of psilomelane and man-
ganite. The deposits of this type examined by the writer include
those at the McGee, Hawkins, Chapel Hill, Montgomery Hill, and
Roach mines and at the Cochran, Eliza Patterson, E. W. Roach, Jeff
Weaver, and Pool prospects.

TRANSPORTED DEPOSITS IN STREAM GRAVELS,

Some of the hard, compact masses of manganese oxides that have
been set free by the decomposition of the Fernvale limestone and
Cason shale have been transported by streams and have been laid
down in gravel beds. Deposits that have been formed in this way
accur in the beds of wet-weather streams that drain hollows on whose
hill slopes the manganese-bearing clays and loars are exposed at the
surface or they occur in alluvial cones at the mouths of such hollows.
One deposit—that at the Sand Field prospect—is on a terrace stand-
ing about 100 feet above East Lafferty Creek, but the terrace is per-

104569—22——86,
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haps a remnant of an old alluvial cone. Such deposits that have
been worked have been formed by small streams, and the ore in them
has not been transported far from its sources, but much ore from the
same sources has doubtless found its way into the larger streams and
has been carried out of the district. The reason why no workable
deposits occur in alluvial material along the larger streams is that
most of the.areas drained by them contain little or no manganese
ores, whereas the small streams drain areas that contain ores in com-
paratively large quantities. At some localities where most of the
ove-bearing clays have been removed more ore has been found in
stream wash than elsewhere.

The best example of a manganese-bearing alluvial cone is at the
Pittman mine at the mouth of Cummins Hollow ; another fairly good
example is at the mouth of Hankins Hollow. Manganese ores have
been mined from the beds of small streams in hollows at the Hankins
Hollow, Cummins Hollow, Johnson Hill, Pugh, Adler Hollow, Earl
Collie, and McConnell mines, and at the O’Gilsby and Rudolph
prospects.

The manganese ore consists of hard, compact masses, which have
been partly rounded by abrasion and which range in size from fine
pebbles to cobbles weighing 30 pounds, though at the Sand Field
prospect the occurrence of boulders weiovhing 1,000 pounds is re-
ported. (See Pl VIL, B.) The Pittman mine,at the mouth of Cum-
mins Hollow, has produced 200 tons of ore, which exceeds the output
of any other deposit of this type. The market,ed ore there as well as
that at the other places here named consisted of high-grade lump ore.
The wash ore, which includes the finer pebbles, is usually a ferrugi-
nous manganese ore. The high percentage of iron is due to the occur-
rence of small pebbles of iron oxides mixed with those of manganese
oxides.

OTHER OCCURRENCES OF MANGANESE MINERALS.

Manganese minerals occur in small quantity in the Boone chert,
in the St. Joe limestone member of the Boone chert, and in the
St. Clair limestone.

‘The most important occurrence of manganese in the St. Clair
limestone is at the Cason mine. There the unweathered, pebble-like
masses (Gérvanella) that are in the lowermost beds contain a mixed
carbonate composed of calcium, iron, and manganese carbonates.
According to the analysis on page 137, these masses contain 5.94 per
cent of manganese, whereas the unaltered limestone inclosing them
contains only 1.52 per cent of manganese, which also is probably in
the form of a carbonate. In the weathered parts of the limestone the
Girvanella have been oxidized and replaced by manganese and iron
oxides (see PL. VIIL, 4),and there are also thin films and dendrites
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of manganese oxide. Yellow and brown clays that fill some crevices
_in the lowermost beds contain concretions the size of buckshot of
manganiferous iron oxide, and in the west part of the mine a red
clay that is residual from the St. Clair limestone contained a mass of
manganese oxides a few inches in diameter. The occurrence of this
mass beside a boulder of limestone in place suggests that the lime-
stone is the source of the manganese.

The St. Joe limestone member of the Boone chert at the Alex
Fults prospect contains psilomelane, which is disseminated through
parts of it as minute irregular-shaped particles and as larger masses
some of which are a few inches in their longest dimension. This
limestone, at the C. L. Sanders prospect, contains a lenticular mass
of manganese oxide a few inches thick, which extends upward into
it from the weathered Cason shale. This limestone is present om
the western edge of the Batesville district in places only but is not
differentiated from the Boone chert on the geologic map (Pl I).

The occurrence of manganese in the Boone chert, which overlies
the ore-bearing clays at most localities, is described as follows by
Penrose : 5

Wherever the chert overlies or is mixed with the manganese-bearing clay it
is almost always more or less stained with manganese, which usually occurs
as a thin layer, coating the loose fragments or permeating the cracks of the
rock. Such layers are often so numerous that the chert presenty a network
of intersecting black lines. An examination of the chert formation where it
is solid gnd overlies the undecomposed limestone shows that it is free from
thig stain, but wherever it is broken and overlies the ore-bearing clay it invaria-
bly contains more or less black discoloration. It seems more than likely, there-
fore, that this manganese did not originally belong in the chert formation but
that it was brought there. It was probably derived in solution from the under-
lying ore deposit by capillary action and deposited in crevices of the brokem
chert. The existence of such crevices would greatly facilitate capillary action,
and it is a noticeable fact that the amount of manganese in the chert increases
as the contact with the clay is approached.

In many fragments of chert the manganese solutions have permeated the en-
tire mass and have changed parts of it into an opaque, black material. These
permeationy seem to follow the most pervious portions and run into them im
the form of “stringers” or irregular masses. Subsequent disintegration has
often removed the part that was not impregnated, leaving masses of a highly
siliceous manganese ore of a stalactitic, botryoidal, or mammillary form.

< FORMS OF THE ORES.

The manganese ores occur in several physical forms, two or more
of which may be represented at a single mine. Brief descriptions of
these forms follow :

Shapeless porous to compact masses which have rough surfaces. These
range in size from minute particles to boulders that weigh many tons. This is
the most common form. (See Pl. IX, B.)

s Penrose, R. A, F., jr., Manganese—its uscs, oves, and deposits: Arkansas Geol. Sur- -
vey Ann. Rept. for 1890, vol. 1, pp. 196-197, 1891.
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Tabular masses or slabs. They range in weight from a fraction of a pound
to several tons, and in size from small thin plates to slabs 2 to 5 feet thick,
4 to 10 feet wide, and 20 feet long.

Nodular or kidney ore and smooth botryoidal masses. This form is most
abundant in deposits that have been formed in clays by the replacement of the
¢lays by manganese oxides.

Breccia ore, composed mainly of chert fragments but partly of chert pebbles
cemented together by manganese oxide. This form is usually confined to the
deposits that have been formed in clays by the replacement of the clays by
manganese oxides.

Flattened pebble-like masses called “ buttons,” about 1 inch in their longest
-diameter. These are confined to the Cason shale and its residual clays as at
the Cason and Montgomery mines. (See Pls. X, 4 and B, and XI,)

Lenses and ledges parallel with the bedding of the inclosed rocks. Where
they occur in residual clays they or their fragments lie more or less parallel
with the bedding of the rocks, which is preserved in the clays at some places.
{See fig. 3, p. 58.)

Fossil ore. Although Girvanella (“buttons”) are common in the manganese
ores and the casts of other fossils are found at a few places, well-preserved
specimens of other fossils that have been replaced by manganese ore are rare.
TFossil gastropods, brachiopods, and cephalopods thus replaced have been found
at the Montgomery mine. A photograph of some of them is given in Plate
VII, A.

The names used by the miners to designate the several physical
forms of the ores are as follows:

“Lump ore,” ‘“nugget ore,” ‘“boulder ore.”” These terms are applied to
masses of ore that are large enough to be separated from the clay by hand
picking. ‘“Lump ore” is the most common of these terms. -

“Wash dirt.” This means ore-bearing clay whose particles of ore are too
small to be hand picked.

“Wash ore.” This term is applied to the smaller masses or particles of ore
that require washing to separate them from the ore-bearing clay.

“Shot ore.” This means small fragments or nodules of ore the size of
mustard seed or a little larger. ‘

“ Button ore.” Such ore consists of flattened pebble-like masses about 1
inch in their longest diameter, like those at the Cason and Montgomery mines
and at the Button prospect.

“Branch ore.” This means both large and small masses of ore that are
mixed with sand and pebbles in the beds of small streams.

OUTCROPS OF THE DEPOSITS,

The manganese ore itself, regardless of the type of deposit to
which it may belong, is exposed at most places where it is present.
The exposures generally consist of fine particles and large masses
of ore lying loose on the hill slopes and in the beds of small streams,
and the quality of such ore is usually the same as that below the
surface. At places where the ore is not exposed its presence may be
indicated by exposures of reddish-brown or chocolate-colored clays
and by the occurrence of manganese and iron stains in and on chert
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that overlies the ore-bearing clay. At a few places only the iron
oxides with which the manganese ores are associated are revealed on
the surface. -

The brown loamy soil that overlies the manganese-bearing clays is
usually very fertile where it does not contain too many chert frag-
ments, and it supports a good growth of white oak, hickory, walnut,
and other hardwoods.

RELATIONS OF THE DEPOSITS TO ROCK STRUCTURE.

Although most of the manganese deposits bear no definite relation
to the structure of the rock formations, several of them, including a
few of the largest deposits in the district, occur in synclines. Per-
haps future studies, aided by better topographic maps than the pres--
ent Batesville map used in the field by the writer, will show that:
many more of the deposits bear certain relations to the rock structure..

The Southern, Grubb Cut, Rogers, Wren, Polk Southard, Turner;
and Blue Ridge mines are in a single syncline; the Barksdale, Ru-
miner Rough, Manganese Field, Sand Field, and Earl Collie mines
are in a single syncline; the W. T. Gray mine is in a syncline; and
the Cason mine is in a syncline. All these synclines are shallow, and
except the one at the Cason mine they all trend easterly ; the syncline
at that mine trends northwesterly, These are only a few of the mines:
of the district; but the fact that the aggregate production of both:
high-grade and low-grade ores from the mines that are in synelines
is more than twice the combined production from all the other mines
and prospects has led the writer to believe that the occurrence of
large deposits in synclines is not accidental but that the synclines
have been favorable places for the accumulation of the ores.

How and when the ores were accumulated in these synclines are
undetermined questions, though some facts are known that may aid
in their solution. The ore deposits at the mines mentioned above are
in the Cason shale or they are residual from the weathering of this
shale and the Fernvale limestone, especially the topmost beds of the
limestone. Part of the accumulation of these deposits has doubtless:
taken place in comparatively recent times by the diversion of man-
ganese-bearing solutions toward the bottoms of the synclines be-
fore the present valleys of the district were carved by erosion.. But
most of the accumulation was probably effected before the materials:
that formed the Boone chert of Carboniferous age were laid down.

The deposit at the Cason mine is in the Cason shale, and the areal
extent of both the deposit and the shale are practically the same, so-
that the presence of the Cason shale at this locality certainly has:
determined the occurrence and size of the ore body. The materials
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that form this shale were either laid down in a small embayment
of the sea or eroded from the adjoining areas before the St. Clair
limestone above the Cason shale was laid down.

The other deposits here mentioned were derived from the weather-
ing of the Fernvale limestone. The Cason shale, apparently the
original source of the manganese, overlies this limestone at some
of these localities and at others it has been almost completely eroded
during the carving of the present valleys of the district. During the
transfer of the manganese from the Cason shale to the Fernvale
limestone the manganese-bearing solutions were perhaps diverted
toward the synclines. That this transfer of much of the manganese
of the district from the shale to the limestone took place before the
deposition of the materials forming the Boone chert seems to be
proved by the occurrence of manganese ores in the Fernvale lime-
stone and its residual clays in parts of the district from which the
Cason shale was eroded before the Boone chert was deposited. It
is not certainly known that the synclines containing the deposits
here mentioned existed at that time, but as the one at the Cason
mine was then in existence it seems plausible that others had already
been formed. Further flexing of the rocks in these folds has, how-
ever, taken place later. The accumulation of the ores is more fully
treated under the heading “ Origin of the ores” (pp. 75-81.)

RELATIONS OF THE DEPOSITS TO SURFACE FEATURES.

The manganese ores occur at all elevations from the base of the
hills to their crests or from about 300 to about 800 feet above sea
level, and although much of the ore, which consists of oxides, has
settled by gravity or has been carried by streams to its present posi-
tion most of it remains at or near the level where the oxides were
formed. With a few exceptions, of which the most notable is at the
Cason mine, the ores occur in the residual clays of the Cason shale
and of the Fernvale and lower limestones. If the Cason shale and
the Fernvale limestone, which are the sources of the ore, contained
originally more or less manganese at most localities in the district,
it follows that the greater the quantity of the clays they yielded
through weathering the more numerous and the larger would be the
manganese deposits. This is true at many places, although most of
their clays as well as most of the ore they originally contained have
been eroded from the region. The greatest quantities of ore-bearing
clays that are still preserved in the district are on and near the
summits of even-crested hills, many of which mark the approximate
elevation of a former though now dissected peneplain of Upper Cre-
taceous or Tertiary age.
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ORIGIN OF THE ORES. !
PREVIOUS VIEWS.

The views of the origin of the manganese ores of the Batesville
district are not numerous. They are briefly outlined in the following
paragraphs:

Owen* the first geologist to describe the ores, described them as
occurring in veins in the “ cavernous sub-Carboniferous limestones,”
but he said nothing concerning the source of the manganese.

Penrose,®® who made a detailed examination of the deposits about
30 years ago, concluded that the manganese was derived from the
pre-Cambrian rocks of the St. Francis Mountains region of Missouri
and that it was carried southward from this region by surface waters
and laid down either in shallow sea water near shore or in coastal la-
goons and swamps contemporaneously with the calcareous and detrital
material that formed the Fernvale limestone and Cason shale. He,
however, did not distinguish the Fernvale limestone and Cason shale
as separate formations but included them in his St. Clair limestone,
which has since been divided by H. S. Williams and E. O. Ulrich into
the Kimmswick limestone, Fernvale limestone, Cason shale, and St.
Clair limestone, the oldest being named first and the youngest last.
The name St. Clalr as now used is thus restricted to the beds above
the Cason shale. Penrose held the opinion that the manganese was
probably deposited as a carbonate or possibly an oxide. The present
ore deposits in the clays are stated by him to have been derived from
his so-called St. Clair limestone by its recent decay and by the re-
moval of its more soluble parts, thus setting free the masses of ore.
He concluded that the original form of the manganese in the rocks
was, as previously stated, probably that of a carbonate and that the -
manganese was subsequently oxidized into its present condition,
although at the time of his investigation no defigjte proof of this
was available either in the rock exposures or in the mines and pros-
pects. He furthermore expressed the opinion that ¢ this oxidation’
may be only superficial, and below the water level of the country the
ore may still retain its carbonate form.” %

Van Ingen®" visited the region in 1896 and in his description of
the Cason mine says:

The manganese seems to be here in the original form in which it was accumu-
lated inclosed in a mud or clay that was probably the residual soil resulting

5 Owen, D. D., First report of a geological reconnaissance of the northern counties of
Arkansas, pp. 39 136, 1888.

8 Penrose, R. A. F., Jr., op. cit.,, pp. 156 et seq.

5 Idem, p. 167.

57 Van Ingen, Gilbert, The Siluric fauna near Batesville, Ark., I: School of Mines
Quart., vol. 22, pp. 324-325, 1901 ; Columbia Univ. Geol. Dept. Contr., vol. 9, No. 76, pp.
324-325, 1901.
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from the subaerial erosion of the Ordovicic limestone. Such erosion took
place during a portion of late Ordovicic and early Siluric time, when the Ordo-
vicic limestones already deposited had been elevated above sea level. * * *
The manganese ore found in place in the Cason shale at the Cason mine proved
to be nonmarketable because of its high percentage of contained phosphorus,
which fact caused the abandonment of the workings there.® The marketable
ore, on the other hand, seems to be in all cases restricted to the recrystallized
ore, which after erosion has been accumulated in the lower portions of the
residual clay that fills depressions in the eroded Ordovicic limestone. Residual
clays filling depressions in the Siluric [St. Clair] limestone alone were, on the
other hand, found to be lacking in manganese ore. It is only when the erosion
has been so long continued as to have formed hollows below the level of the
Cason shale and the drainage has been of such nature as to permit of little
transportation of the eroded material that the marketable nonphosphorus-bear-
ing ore is found recrystallized and forming large irregular masses in the resid-
ual clay. * * * It is the author’s opinion that the [Cason] shale was
formed during a period of terrestrial conditions, but whether the place of depo-
sition was upon land, in fresh water, or in seacoast swamps or deltas, can not
at present be determined.

Harder visited several of the mines in 1908 in connection witl his
investigation of the important manganese districts of the United
States. He agreed with Penrose as far as the original source of the
manganese and the accompanying sediments is concerned.”® He
did not, however, accept Penrose’s idea that most of the ores as
they now occur were derived from the decomposition of limestone
beds, but he thought they were derived directly from the Cason
shale. He concluded that the manganese was deposited in the oxide
form in the Cason shale and that it was reconcentrated * during two
subsequent land stages—first, during the late Silurian and Devonian
partial emergence, and second, during the post-Paleozoic erosion
of the Boone chert.”® He held the view that the reconcentration
during the first period took place on shallow areas or even land
masses that separated deep embayments of the sea in which the St.
Clair limestone was laid down. Concerning the second period of
Jreconcentration, he says:% “Erosion has resulted in a concentration,
partly mechanical and partly chemical, of the ores in the ore-bearing
layer [Cason shale] and in the residual clays on the hill slopes below
it. ”

Woodbridge,** who spent several weeks in the Batesville district
in 1918, says: “ Throughout the greater portion of that part of the
district of economic value the Cason shale and the Fernvale lime have

88 This mine, as stated elsewhere in this report, has been worked in recent years, although
the ore is of low grade.—H. D. M.
© ® Harder, BE. C., Manganese deposits of the United States with sections on foreign
deposits, chemistry, and uses: U. S. Geol. Survey Bull, 427, pp. 117-118, 1910.

e Jdem, p. 118. - :

& Woodbridge, D. B., The Arkansas manganese field : Eng. and Min. Jour., vol, 106, No.
15, pp. 669670, October 12, 1918,
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decayed into a series of siliceous clays, and in these clays is the man-
ganese that has been freed from those rocks and left as a minable
residuum.”

RESULTS OF PRESENT INVESTIGATION.

The present investigation has yielded considerable material that
bears on the origin of the manganese deposits of the Batesville dis-
trict. The conclusions of the present writer are based not only upon
the information obtained by him but also upon the results obtained
by other geologists who have worked in this and other manganese-
ore districts in the United States. They differ in some features from
the earlier views and are presented in the following paragraphs:

The Cason shale was probably the local source of all the manga-
nese, although most of the present ores have been derived duectly
from the we athermg of the upper part of the Fernvale limestone.
The reasons for this assumption are (1) the widespread occurrence
of manganese ores in the Cason shale, (2) the almost complete ab-
sence of manganese minerals in rocks that overlie this shale, and (3)
the presence of an unconformity at the base of the shale. This shale
was an initial deposit on an old land surface, and the conclusion that
considerable manganese was concentrated in such a deposm accords
with the conclus1on of G. W. Stose regarding the origin of much of
the manganese ores of Tennessee and Virginia.

The manganese that was deposited with the sediments forming the
Cason shale was, as stated by. Penrose and Harder, perhaps brought
from a land mass of pre-Cambrian igneous rocks in the St. Francis
Mountains region, whose southern border is 85 to 90 miles north-
northeast of Cushman, Ark. That these rocks contain manganese
is shown by a number of analyses® of them, by the occurrence of
piedmontite (a manganese-bearing epidote) in the granite porphy-
ries,®® and by the occurrence of manganese ores in them.®* The man-
ganese ore at a deposit on Cuthbertson Mountain, near Arcadia, Mo.,
which was examined in 1918 by the present writer, appears to have
been formed in a quartz porphyry, although it now occurs in resid-
ual clays associated with masses of the unaltered rock. Cambrian
and Ordovician limestones were also doubtless exposed on the land
area from which the manganese is supposed to have been derived,
but the few analyses® that have been made of them indicate that

63 Winslow, Arthur, Lead and zinc deposits: Missouri Geol. Survey, vol. 7, p. 479, 1894,
Haworth, Erasmus, The crystalline rocks of Missouri: Missourl Geol. Survey, vol. 8, pp.
140, 181, 213, 1895. Washington, H. S., Chemical analyses of igneous rocks: U. S. Geol.
Survey Prof. Paper 99, pp. 533, 871, 1917.

6 Haworth, Erasmus, op. cit., pp. 190-192,

o Pumpelly, Raphael, Preliminary report on the iron ores and coal fields : Missouri Geol.
Survey, pp. 20-26, 1873. Nason, F. L., A report on the iron ores of Missouri: Missouri
Geol. Survey, vol. 2, pp. 20, 94, 95, 1892.

& Winslow, Arthur, op. cit., p. 480.
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as a rule they contain a much smaller percentage of manganese than
the igneous rocks.

Geologists generally believe that the former land area in the St.
Francis Mountains region on which the manganese became concen-
trated in residual material existed while the calcareous materials
that later formed the Joachim, Plattin, Kimmswick, and Fernvale
limestones were being deposited. These limestones were formed over
extensive areas in southeastern Missouri and southern Illinois, which
are in the eastern part of the Ozark region, and in northern Arkan-
sas, which is in the southern part of the Ozark region. This land
area supplied very little detrital material to the sea while these lime-
stones were being laid down, and for this reason rocks on it must
have undergone considerable decomposition, so that it became cov-
ered by a heavy mantle of residual material, in which manganese
minerals were present. A period of erosion followed the deposition
of the Fernvale limestone, so that a mantle of residual material
was formed on the surface of this limestone, as well. The eastern
and southern parts of the Ozark region were later submerged, and
the residual material that had gathered on the St, Francis Moun-
tains land mass and on the Fernvale limestone was swept into the
sea and laid down on the uneven surface of the Fernvale limestone
and on lower limestones where the Fernvale had been removed. This
material formed the Cason shale.

It is necessary to assume that conditions in the Batesville district
were more favorable for the deposition of manganese than else-
where in the Ozark region. The Cason shale is widespread, occur-
ring at places in Arkansas as far west as Jasper, Newton County,
and the Maquoketa shale, at least in part the equivalent of the Cason
shale, occurs in southeastern Missouri and southern Illinois.” Yet the
only manganese deposits of commercial importance in this entire
region are those of the Batesville district, which occur in the Cason
shale or have been derived from it, and those in the St. Francis
Mountains, which are in igneous rocks or in clays that overlie Cam-
brian limestones near the igneous masses. The conglomeratic char-
acter of the Cason shale and the occurrence of a shallow-water fauna
in it indicates that it was deposited in shallow water.” This con-
clusion agrees with that drawn by Purdue ® from his study of phos-
phate dep051ts that also occur in the Cason shale. The manganese
in the Cason shale was perhaps deposited in coastal lagoons where
the manganese-bearing waters that flowed from the St. Irancis
Mountains land mass would have stood exposed to the evaporating
action of the atmosphere. This view was first proposed by Penrose ¢

¢ Purdue, A. H., Developed phosphate deposits of northern Arkansas: U. 8. Geol. Survey

Bull, 315, pp. 471-472, 1907.
% Penrose, R. A. F,, jr., op. cit., pp, 590-591.
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and the same view was proposed by Dale ®® to explain the origin of .
manganese deposits in Newfoundland, which resemble closely the
deposit at the Cason mine.

The manganese was probably deposited in the Cason shale as a
carbonate. The best evidence for this belief is found at the Cason
mine, where a manganese-bearing calcite occurs in the parts of the
shale that have been least affected by weathering. This calcite, as
indicated by analyses on page 140, is present not only in the fossil
girvanellas but also in the shaly matrix that incloses them. This
occurrence is fully descrlbed under the heading “ Cason mine,” on
pages 139-142.

Afterthe deposition of the Cason shale the materials that formed the
Brassfield, St. Clair, and Lafferty limestones of Silurian age, the Pen-
ters chert and the Chattanooga shale of Devonian age, and the Boone
chert and other formations of Carboniferous age were laid down.
Most of these formations are separated by unconformities, showing
that deposition was interrupted by periods of emergence and erosion,
and that during those periods some of the formations named above
were partly or entirely eroded from large or small areas in the Bates-
ville district.

During one or more of the periods of erosion prior to the deposi-
tion of the Boone chert of Carboniferous age much of the manganese
- was transferred from the Cason shale to the upper part of the Fern-
vale limestone, where it was apparently deposited as a carbonate
replacing the limestone. This is shown by the occurrence of manga-
nese ores in the limestone and its residual clays at many places
from which the Cason shale had been removed by erosion before
the Carboniferous period and is also shown by the occurrence in this
part of the limestone of manganese-bearing calcite from which it is
believed that the present manganese oxides in the limestone and its
residual clays were derived. During this transfer the manganese was
perhaps concentrated into bodies of large and small size, for the
irregular distribution of the present ore bodies shows that it could
not have been uniformly distributed through the limestone.

Erosion reduced the region to a peneplain during the Cretaceous
or the Tertiary period, and although this peneplain has been for the
most part destroyed its approximate elevation is marked by many
even-crested hills of the manganese-bearing region. The decay of
the Fernvale limestone and of the Cason shale and the formation
of much of the manganese-bearing clays, as well as the oxidation and
a large part of the reconcentration of the manganese minerals in the
Fernvale and in the Cason, the writer believes took place during or

6 Dale, N. C., The Cambrian manganese deposits of Conception and Trinity bays, New-
foundland : Am, Philos. Soc. Proc., vol. 54, p. 442, 1915,
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soon after the period in which the above-mentioned peneplain was:
produced, although these processes have operated to some extent.
down to the present time.

The hypothesis that conditions are especmlly favorable for the
decay of rocks and the concentration of manganese minerals in a.
region of Jow relief, such as that occurring on a peneplain, was first
proposed by Hewett ¢® in his description of several manganese mines.
in Virginia and Maryland, and it has been accepted and applied by
other geologists.™

The manganese carbonate was probably not changed to the oxide
until the last period of reconcentration, for the relations of the
oxides to the manganese-bearing carbonate in the Cason shale at the-
Cason mine and in the Fernvale limestone at the Harvey mine, at.
one of the Pittman mines, and at the W. A. Chinn cut indicate that
the oxidation of the carbonate is only superficial. Synclines, as.
pointed out on pages 73-74, have been favorable places for the
accumulation of manganese minerals. The bedding planes and the-
upper surface of the Fernvale limestone have perhaps guided the-
manganese solutions laterally from the sides of the synclines into.
their lower parts. This limestone, as previously stated, was exposed
on an old land area before the mud and other materials that later-
formed the Cason shale were deposited, and the porosity of its upper -
exposed part was perhaps increased by weathering at that time.
Such an increase in porosity, if it took place, may also have facili-
tated the circulation of the manganese solutions toward the synclines .
and may have favored the more .general occurrence of the man-
ganese ores in the upper part of the limestone than in its lower -
part.

Very little, if any, of the manganese-bearing carbonate or the -
oxides was deposited in fissures in the Fernvale limestone and Cason
shale; they replaced parts of these formations, including beds of -
limestone, shale, and sandstone. The fossil girvanellas, which are
very numerous in the Cason shale at a few places, were especially -
subject to replacement by manganese oxides and at places by iron
oxides. All stages of their replacement by manganese 0X1des are, -
displayed at the Cason mine.

Most of the masses of ore that are now in clay have been set free -
by decay from the Fernvale limestone and Cason shale. Such masses -

® Hewett, D. I.,, Some manganese mines in Virginia and Maryland : U. S. Geol. Survey
Bull. 640, pp. 43-47, 1917.

7 Hewett, D. F., Stose, G. W., Katz, F. J,, and Miser, H. D., Possibilities for manganese
ore on certain undeveloped tracts in the Shenandoah Valley, Va.; U. S. Geol. Survey Bull, .
660, pp. 281-282, 1918.,

Stose, G. W., Miser, H. D., Katz, F. J., and Hewett, D. F., Manganese deposits of the --
west foot of the Blue Ridge, Va.: Virginia Geol, Survey Bull. 17, p. 54, 1919.
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have settled more or less below their original position, and some of
them have been transported by streams. At only a comparatively
few places have the manganese oxides replaced residual clays.

CHEMICAL COMPOSITION.,

The manganese ores may be grouped as to composition into two
general classes—high-grade ores and low-grade or ferruginous ores.

Most of the high-grade ores contain from 45 to 52 per cent of man-
ganese, though some carloads that have been shipped averaged as
much as 60.80 per cent. They generally 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
silica. Some of the ore that has been marketed contained more than
0.30 per cent of phosphorus and a very little contained 0.50 per cent
or more. As it is usual to specify that the phosphorus content of ores
to be smelted shall not exceed 0.25 per cent, some of the ores com-
‘tain more phosphorus than the maximum specified content just men-
tioned. Phosphorus is in fact the most harmful ingredient in the
ores of the district, but as it is not uniformly disseminated it can gen-
erally be avoided in mining. In places more phosphorus occurs in
the associated material than in the ore itself, and it can therefore be
largely eliminated by properly preparing the ore for the market. At
some places the silica content exceeds 8 per cent, which is the maxi-
mum amount usually accepted by buyers without deducting a pen-
alty, but at some of these places the silica can be materially lessened
by properly treating the ore. During the last few years, when the
demand for domestic manganese ores was especially great, much
ore was shipped from the Batesville district that contained very
high percentages of both silica and phosphorus.

The two analyses given below show the approximate average com-
position of 231 carloads of high-grade ore shipped in 1917 and of
165 carloads shipped in 1918, and they represent the average com-
position of the greater part of the high-grade manganese ore that
was shipped during these years. They were computed from the
available analyses, supplied by W. H. Denison, of carload ship-
ments that contained 35 per cent or more of manganese. The com-
putation consisted in adding together percentages of each constitu-
ent in the analyses of the carload shipments and then dividing the
sums by the number of carload shipments in which each constituent
was determined. The analyses used in the computation do not
include any shipments from the Montgomery mine in 1917, but all
the shipments from this mine in 1918 were included. This accounts
in part for the high percentage of phosphorus in the ore that was



82 MANGANESE ORE IN THE BATESVILLE DISTRICT, ARK.

shipped in 1918, for the ore from that mine has averaged approxi-
mately 0.40 per cent of phosphorus.

Approzimate average composition of high-grade manganese ores shipped from
the Batesville, Ark., district in 1917 and 1918.

1 2

Manganese (Mn). 47,60 45.72
Iron (Fe)....... e5.77 b 5.59
Phosphorus (P c.24 d.36
Silica (SiO9)...... €6.79 /8.68
ATUming (Alg03) c.ueeeunuiiieiiiii it iii et iaa e eeaeeeaaearanaaensaaaranaaaenann 92.98 [.eovnnnnns

o Iron was determined in 194 cars. e Silica was determined in 135 cars.

b Iron was determined in 125 cars. / Silica was determined in 130 cars.

¢ Phosphorus wes determined in 193 cars. ¢ Alumina was determined in. 125 cars.

@ Phosphorus was determined in 91 cars.
1. Average of 231 carloads shipped in 1917.

2. Average of 165 carloads shipped in 1918,

Most of the low-grade or ferruginous manganese ores contain 20
to 35 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 high-grade ores.

The chemical composition of the marketed ores, which as noted in
the preceding paragraph differ widely in quality, is directly depend-
ent upon several factors, of which the following are some of the most
important: The character and number of the manganese minerals;
the compactness and size of the masses of ore; and the presence of
impurities such as iron oxides, phosphorus-bearing material, clay,
limestone, quartz sand, and fragments and pebbles of chert. The
quality of the marketed ores therefore depends in part upon the
care used in their preparation. '

The highest grade ores of the district consist of compact or nearly
compact very hard masses, from about 1 pound to several hundred
pounds in weight, of psilomelane and hausmannite, with a smaller
quantity of braunite. Such high-grade ores occur at the Ruminer
Rough, Manganese Field, Sand Field, Johnson Hill, Earl Collie,
Barksdale, Cummins Hollow, Hankins Hollow, and Denison mines,
and at a few other mines and prospects. The first analysis given
below represents the approximate average composition of 39 car-
loads of lump manganese ore from the above-named mines and the
second represents the composition of 250 tons shipped from the Cum-
mins Hollow mine in 1918. Most if not all of this ore was hand
picked. “ Wash ore ”—pieces that weigh a fraction of a pound—is
also present at these mines. . It generally has a higher percentage of
iron than the “lump ore,” because it contains many small particles
of iron oxide which can not be profitably separated from the manga-
nese minerals. '
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Average composition of the highest grade of manganese ore produced in the
Batesville district.

Manganese (Mn)
Iron (Fe)........
Phosphorus (P)
Silica (Si0s)...
Alumina (AlgOs)
MOESEUT. - - iereeeeeiuneaeaeccnetesrtsrentenseosonneseacnsnsanassnascsransnssnn

& Iron was determined in 34 cars. ¢ Silica was determined in 32 cars.
*b Phosphorus was determined in 28 cars. 2 Alumina was determined in 11 cars.

1. Average composition of 39 carloads from different mines.
2. Composition of 250 tons from the Cummins Hollow mine.

The most common type of high-grade ore, analyses of which are
given below, is like the bulk of the ore at the Southern, Grubb Cut,
Rogers, Turner, Polk Southard, Wren, Lassiter, Club House, Searcy,
Ozark, Brooks Hill, and other mines. The ore at these mines occurs
as loose masses, ranging in size from small fragments (* wash ore )
to larger masses (“lump ore”), some of which weigh several tons.
The masses are generally compact, irregular in shape, and black on
weathered surfaces but have a bright luster on fresh surfaces.
They are composed mainly of black and steel-blue psilomelane and
fine to coarse grained hausmannite, which may or may not occur in
equal proportions, and they contain some braunite. Tests at some
places show that the “wash ore” and “lump ore” occur in equal
proportions. '

Analyses of the most common type of high-grade mangamese ore produced in
the Batesville district.

...| 47.927| 48,183 53.685 49.41

Phosphorus (P, 197 255 . 186 b.21
Silica (Si0y)... 3.220 2.985 2.400 ¢5.52
Aluming (Als0g)....vivinniiiiiiiiiiiieiiiiii e eeee e e 32.91
Moisture 6.490 7.179 4.220 |......... .
e Iron was determined in 55 cars. ¢ Silica was determined in 28 cars.
b Phosphorus was determined in 53 cars. @ Alumina was determined in 23 cars.

1. Analysis by A. S. McCreath of 5 cars of washed ore from the Southern mine.

2. Analysis by A. S. McCreath of 3 cars of washed ore from the Southern mine.

3. Analysis by A. S. McCreath of 15 cars of lump ore from the Southern mine.

4, Approximate average com})osition of 56 cars of lump ore from the Rogers, Polk Southard, Southern,.
Ozark, Searcy, and Brooks Hill mines.

"I'he “ wash ore” at any mine generally contains at least a few per
cent less manganese, and at some mines it contains more iron, phos-
phorus, and silica than the ¢ lump ore.”

There are many classes of ore that have a lower content of man-
ganese than those just described. Among them are the deposits at

the Montgomery, Ball, and Cason mines. The ores at these mines.



84 MANGANESE ORE IN THE BATESVILLE DISTRICT, ARK.

are dissimilar and are also unlike any ores found at other deposits.
Their composition as well as the composition of the ores at many
other mines is discussed under the heading “ Mines and prospects”

(pp. 103-265).

The most complete analyses of manganese ore from the Batesville
district that are available were supplied to the writer by E. C, Mec-
Comb and are given below. - They are analyses of carload lots of ore
from the Southern, Polk Southard, and Turner mines, the ores of
which are similar and were mixed before they were shipped. In ad-
dition to the constituents that are usually determined they show
appreciable amounts of lime, magnesia, and barium and traces of

nickel, copper, and arsenic.

Detailed analyses of manganese ore from the Southern, Polk Southard, and

Turner mines, Batesville district.

Manganese (Mn).
Iron (Fe).......
Phosphorus (P). .
SIHCA (S102) ... e eceeirreiotaeneeraniaseeenneceeasnnnoraannnens
Alumina (AlgOs) ........................
Lime (C80). .. .cocueriiiinnn ittt eeaaee
Magnesia (MgO)....... ..
Nickelous oxide (NiO)
Barium oxide (BaO)
Copper (Cu)......
Arsenic (As)..
Combined water
MOISEUT®. « v vevreeceeieetcaeetcaeaaesteienectecananacanansen

1 2. “Wash ore" from the Southern and Polk Southard mines.

3, 4. “Lump ore” from the Southern, Polk Southard, and Turner mines.

Many analyses of carload shipments of both high-grade and low-
grade ores are given in the descriptions of the mines and prospects
(pp. 103 et seq.), and analyses of a few samples are given, if analyses
of carload shipments from particular mines and prospects are not

available.

\

COMMERCIAL USES OF THE ORES,

The ores from the Batesville district have been used for making
ferromanganese, spiegeleisen, and high-manganese pig iron.
little if any ore has been found suitable for chemical uses, because
the amount of manganese peroxide is, as a rule, less than 80 per
cent—the minimum usually required for such purposes—and it is
not likely that commercial quantities of chemical ore will be dis~
covered. Penrose™ states that the dark-brown manganiferous clay
. at the Brooks Hill mine has been successfully used in St. Louis in

the manufacture of artificial brownstone and colored bricks.

Very

Similar

clays occur at other localities. They could be used to produce the

7t Penrose, R. A. F., jr.,, Manganese—its uses, ores, and deposits: Arkansas Geol. Survey

Ann, Rept. for 1890, vol. 1, p. 251, 1891,



ECONOMIC POSSIBILITIES. 85

spots of some varieties of speckled bricks and could be mixed with
-red-burning clay for brown bricks and with buff-burning clay for
gray bricks.

ECONOMIC POSSIBILITIES.

Little manganese ore 1s now (1922) being mined in the Batesville
district, but, as stated under the heading “ History and production,”
the output of manganese ore was 82,716 tons from 1849 to 1921, in-
clusive, and that of ferruginous manganese ore for the same period
was 74,482 tons. Mining in the district was especially active during

" the World War, when the restriction of imports of foreign ores caused
a great demand for domestic ores, for which very high prices were
paid. -

The manganese deposits of the Batesnlle district were examined
by the writer in the spring and summer of 1918, during the period
of increased activity, and as a result of his examination the follow-
ing statement concerning available ore reserves was issued: 2

An estirpate of the quantity of available manganese ove 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 contained an estimated available
reserve of 200 tons or less. Only about one-third contain 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
not visited, and these and the unexplored deposits may increase considerably
the reserve. The deposits of the region perhaps include at least 250,000 tons
of available ore containing 40 per cent or more manganese and 170,000 tons of
available ore containing less than 40 per cent manganese.

The above estimates show a greater quantity of available high-
grade manganese ore than of low-grade ore, although in reality the
total quantity of low-grade ore exceeds that of the high-grade ore.
In making these estimates several factors, including the follow-
ing, were considered: 1. The cost of mining and preparing many
of the low-grade ores would not be much less than that for the high-
grade ores. 2. As the low-grade ores generally have a very high
silica content and a low iron content, the market for them is limited.

It is impossible to make any estimate of the ore that can be mined
and marketed at a profit under normal or nearly normal conditions,
when the ores command much lower prices than they did during the
World War. The comparatively high cost of production of the
ores and the high percentages of phosphorus and silica in some of
them will retard manganese mining, though the district can doubt-
less produce some ore under normal cond1t1ons in the future as it
has at times in the past. The quantity, however, will probably be
considerably less than the estimates given above.

72 7J. 8. Geol. Survey Press Bull,, Sept., 1918,
104569—22 7
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Whenever conditions again cause an abnormal demand for do-
mestic manganese ores increased production in the Batesville dis-
trict will doubtless result.

LIMITS OF THE ORE-BEARING AREA,

The deposits that have been developed and have produced man-
ganese ore in commercial quantity lie in an irregular belt 4 to 8 miles
wide extending from Lafferty Hollow, near Williamson, eastward
to the Ball mine, 2 miles east of Hickory Valley, a distance of 20
miles. (See PL. 1) Cave City and Mount Pleasant are in the north
border of the belt, and Hickory Valley, Pfeiffer, the Cason mine, "
Cushman, and Walls Ferry are in its south border. Manganese min-
erals have, however, been found in small quantity as far west as
Guion. In this belt the Fernvale limestone, one of the ore-bearing
formations, is apparently thicker, and the Cason shale, the other
ore-bearing formation, is present in larger areas than they are else-
where in the southern part of the Ozark region. Although man-
ganese ore is not present in these formations or in their residual
clays everywhere in the above belt, it occurs in commercial quantity
only in those areas where one or both formations or their residual
clays are present. At many places, as in the vicinity of Cave City,
Sandtown, and Mount Pleasant, the ore-bearing residual clays have
escaped erosion, although the Fernvale limestone and Cason shale
have been entirely decomposed, but these clays occur only in areas
where either one or both of the Joachim and Plattin limestones have
not been eroded. It is therefore useless to look for large quantities
of manganese ore in areas where the St. Peter sandstone and lower
formations are exposed.

The Fernvale limestone and Cason shale have a general though low
southward dip, and in this direction they pass beneath rock forma-
tions of Silurian, Devonian, and Carboniferous age. None of these
younger rocks contain manganese ores, and no workable deposits will
probably be discovered by deep drilling in the Fernvale and Cason
where they are overlain by younger rocks, because the evidence, as
pointed out elsewhere in this report, indicates that the manganese
has been concentrated into minable deposits only at and near the
surface.

MINING AND PREPARATION OF ORES.
By W. R. CraNE, of the Bureau of Mines.

INTRODUCTION.

The urgent demand for manganese ore in the United States during
the prosecution of the war greatly stimulated its production and en-

. couraged a wide and careful search for workable deposits, which re-
sulted in the discovery of new localities as well as the revival of
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interest in old districts. Extensive prospecting and development
work was done in such well-known areas as the Cartersville district
in Georgia, the Batesville district in Arkansas, and in many large
areas in Virginia, Tennessee, Alabama, North Carolina, South Caro-
lina, and in several of the Western States.

The manganese oves of the Batesville district, as explained by Mr.
Miser on pages 56-70, vary greatly in their character and in their
mode of occurrence. Considerable care should therefore be taken in
the operations of prospecting, developing, and mining them. De-
posits that have been located and give promise of having a fair
amount of ore must be developed and mined so as to safeguard the
operations against irregularity and uncertainty in the extent of the
ore. The form of the ore deposits determines the methods employed
in mining, and likewise the character of the ores mined determines the
methods of preparing them for market, the variation in quality and
the uncertainty in quantity being necessarily kept in view throughout
the work.

METHODS OF MINING.

The mining of manganese ores may for convenience be divided
into three general operations—prospecting or testing, development,
and mining.

Testing by shafts, wells, and pits—The method of prospecting
usually employed in the Batesville district is testing by shallow pits
and ditches. Deep pits or wells are not as much used for testing as
in other districts, owing probably to the relatively thin cover lying
on the slopes. Notable exceptions to this practice are found in the
testing done by wells and shafts at the Shaft Hill, Grubb Cut, Rogers,
and Southern mines, and to a less extent at other places scattered
throughout the district. Before actual testing is begun it is desirable
to obtain as much information as possible concerning the presence
of manganese. It is doubtful whether any serious attempt should
be made to test a property that has no signs of manganese above
ground. Nodules and fragments of ore almost invariably lie upon
the surface if manganese is present in any quantity worth attention.
If manganese is found on the surface of the property one or more
wells or test pits should be sunk, and if the results are encouraging
or satisfactory other pits should be put down.

Owing to the irregular form of manganese deposits, it is particu-
larly desirable to dig a sufficiently large number of pits to demon-
strate that ore occurs throughout the area prospected. Pits should
not be placed farther apart than 50 feet, and closer spacing is gen-
erally preferable but is seldom practiced, owing to the great cost,
especially when deep holes are necessary.

!
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It is just as important to know the thickness of a deposit as to
know its lateral extent, consequently the test pits or trenches should
not terminate when the deposit is reached or simply penetrate it
for a foot or more; the test is not complete until the deposit has
been entirely passed through, unless the deposit is of exceptional
thickness. The number oi the pits and their arrangement on the
surface give the area covered, and with the mfounatlon from such
tests av ’lll'lble it is possible to make 4 more or less definite calcula-
tion regarding the probable amount of ore on the property.

Test-pit work is usually done by contract, the pmce being 40 cents
to 50 cents per linear foot for pits 30 to 36 inches in diameter; test-
ing has been done also under normal conditions by day lfnbor at
a cost of 25 cents per foot.

Churn drills have been employed for a few tests of manganese-
bearing ground in the Batesville district, but the danger of “salt-
ing” the test holes through rubbing the bit on pieces of manganese
exposed on the walls renders this method of testing unsatisfactory.
However, if proper precautions are taken by casing the holes as
drilled good results can be obtained. '

In testing by pits or holes it is common practice to throw the
material taken out into piles indiscriminately about the holes. No-
opportunity is afforded at a later date, as is often desired, to ex-
amine the material removed in the order of its removal. It is much
more satisfactory to place each lot taken from the hole in a sepa-
rate pile, thus forming a row of small piles, the first lot taken out
being next to the hole. Even though the material was scattered
somewhat it would afford a more or less legible record for years after
the testing was done.

If the cover is slight the deposit may be exposed by shallow holes
and trenches, and owing to the comparatively small amount of work
required much ground can be tested at a small cost.

Trenches as well as the deeper pits are usually employed as open-
ings for the removal of ore should a workable deposit be discov-
ered, and the work of testing is thus merged into that of mining.
Prospecting by whatever method employed is seldom completed
before mining is begun, and this overlapping often leads to unneces-
sary work and expense. It is well to keep the various operations
separate, so far as possible, until the time when each has served its
full purpose.

Where the thickness of the overburden and the depth of the man-
ganese-bearing deposit together are known to be 50 to 100 feet
shafts should be sunk, which will serve both as a means of testing
the deposit and for developing and working it should it prove satis-
factory. In firm ground shafts of rectangular section are employed
and are as a rule lined with hewed or sawed frames and split poles
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or with plank. Shafts differ, therefore, from test pits in size and
shape, the more common sizes being 4 by 4 feet and 4 by 5 feet. ,

The cost of lining shafts ranges from $1.50 to $2 a foot, and the
cost of sinking and lining together is about $3.50 to $4 a foot, all
the work being done by day labor. In some localities shaft sinking
is contracted for at $1.25 a foot unlined and $2 a foot linad, the
lumber being furnished.

Development work.—After the prospecting has been completed the
next step toward production of ore is to develop the property by
making cuts, driving drifts or tunnels, and sinking shafts or in-
clines through which to remove the ore.

If there is little or no overburden present the deposit may be at-

tacked by simply digging into the bank or digging a trench directly
into the deposit, the trench serving in a way as an exploratory open-
ing; subsequent cutting away of the walls of the trench develops
the open cut. Should there be considerable depth of cover on the
deposit 1t may be necessary to employ drifts or tunnels in the devel-
opment work, and in certain localities where the deposit extends
downward and it is neither desirable nor possible to begin the de-
velopment opening at a lower point, an incline or slope may have
to be employed. Several open cuts may be connected by one or more
drifts, through which all ore must be handled.
_ Deposits situated on sloping ground are developed to advantage
by drifts and tunnels, but on level or nearly level ground shafts are
employed. The shaft is then the connecting opening between the
surface and the deposit, which provides a means of ingress and egress
to men, a flue for ventilation, and a passage for the handling of the
ore.

From the foot of a shaft drifts are run on the deposit, and owing
to the usual irregularity of the deposits the drifts are also very ir-
_ regular as to direction followed. As the shaft is the development
opening connecting the deposit with the surface, so the drift nsed
in connection with the shaft is the development passage within the
deposit. Owing to the ease and the small expense of sinking shafts,
many miners consider it better practice to sink them at short dis-
tances apart rather than to employ long drifts, which may have to
be supported. A group of shafts, connected by drifts run at differ-
ent levels, facilitates the movement of air currents and the handling
of ore, as each shaft is usually provided with a windlass.

The one essential for all development work, regardless of whether
it is open-cut work or underground mining, is that the horizontal
passages must be kept level. Otherwise water may accumulate in
them, but the most important consideration is that of handling
the ore, which can not be readily done 1f the passages are not prac-
tically level.
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Open-cut work.—Although some steam shovels have been used in
the district, yet by far the greater part of the work of taking out
ore is done by hand. Several mines are operating with plows and
scrapers, and a number of hydraulicking operations are planned.
Mining by pick and shovel, the loosened material being loaded into
wheelbarrows, wagons, or cars or fed direct to sluices, is the most
common method of working manganese-bearing clays or gravels.
(See PL XIII, €.) Quarrying methods are resorted to when the
deposits occur in the hard, unaltered Fernvale limestone and Cason
shale. The clay and manganese are loosened by pick and bar, the
larger pieces of mineral are sorted out, and the bulk of the clay is
either sent to the washing plant or deposited on the spoils bank.
The ore removed from solution cavities in limestone is usually hand
picked, and all fines are discarded with the associated clay; other
deposits situated at some distance from an available water supply
are treated in like manner. The mining and -hand picking of ores
is commonly spoken of as “dry mining ” and is largely employed in
'some parts of the dlstrlct, particularly at Blue Ridge, Rowe Field,
and Brooks Hill mines.

Owing to the extreme irregularity in thickness of the deposits,
none of which has any great depth, any attempt at systematic mining
is soon abandoned, and the cuts develop into irregular openings ex-
tending into hillsides. Boulders in the clay and bosses and pinnacles
of the bed rock increase very materially the irregularity of the work-
ings and obstruct the handling of the excavated materials. Trouble
from this cause interferes most with the larger steam-shovel opera-
tions.

Should the testing show that the dep051t does not lie in such a posi-
tion as to be advantageously mined at the point where development
work must begin it may be reached by drifts, but preferably by
narrow open cuts, through which all excavated raterials must be
handled. The open cut proper is then formed by enlarging the devel-
opment cut when the deposit has been reached.

The method of mining the ore from the Fernvale limestone and
Cason shale differs considerably from work in clay deposits because
the ore-bearing material consists of ledges of hard rock that require
drilling, bl‘lstmg, and considerable pick and bar work. After the
: ovelbmden composed of soil, clay, and fragments of rock has been
removed the ore-bearing ledges are loosened by small charges of
dynamite, and the manganese ore is then broken up by sledges, is
hand picked, and placed in stock piles. In most localities in the
western part of the district where such ore is mined it is necessary
to remove a bed of phosphate rock that lies immediately above it.
The phosphate rock is not discarded but is placed to one side in the
expectation that it will have a commercial value at some future time.
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A. FEEDING WASH DIRT INTO SLUICE FROM BRIDGE AT CUTTER MINE.

Photograph by W, R. Crane.

B. WASHING MANGANESE ORE IN SLUICE ON WEST LAFFERTY CREEK.

The ore being treated is from the Adler Hollow mine. Photograph by W. R. Crane.

C. HAND MINING BY PICK AND SHOVEL IN OPEN CUT AT CUTTER MINE.
Photograph by W. R. Crane.
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A. WASHING AND CONCENTRATING PLANT AT MONTGOMERY MINE.
Photograph by W. R. Crane.

B. SHOVEL OPERATING IN OPEN CUT AT MONTGOMERY MINE.

The ladder is leaning against a “horse’ or pinnacle of limestone.
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A. MODERN WASHER AND CONCENTRATOR AT DENISON MINE.
Photograph by W. R. Crane.

B. CLAY-FILLED SOLUTION CAVITY IN PLATTIN LIMESTONE AT DENISON
MINE.

The clay contains manganese ore and has been partly removed from the cavity. Photograph
by W. R. Crane.
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A. PINNACLE OF PLATTIN LIMESTONE OVERLAIN BY A BED OF MANGANESE-
BEARING CLAY AND THIS IN TURN BY NON MANGANESE-BEARING CLAY
WITH CHERT FRAGMENTS, IN NORTH CUT AT POLK SOUTHARD MINE.

The manganese-bearing clay rests directly on the limestone and is therefore farther from the surface
at the pit than it is on the crest of the pinnacle. Photograph by W. R. Crane.

B, VIEW AT OZARK MINE, SHOWING MANGANESE-BEARING CLAY LYING BETWEEN
FOLDED AND SHATTERED LEDGES OF BOONE CHERT AND FERNVALE LIME-
STONE.

Photograph by W. R. Crane.
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The covering of phosphate rock has probably protected the under-
lying ledges of ore to a certain extent, and, although the ore may be
somewhat more difficult to mine, on the other hand, it is less contami-
nated with clay, silica, and other impurities and requires less hand
cleaning and sorting than ore that is otherwise situated.

The extreme irregularity of the limestone surface upon which the
manganese ore lies prevents any attempt at systematic mining of the
deposits in the limestone and shale.

Steam-shovel work is necessary if a large tonnage must be moved,
as where a washing plant or concentrating mill is operated in con-
nection with a mine. The only mines using steam shovels in the sum-
mer of 1918 were the Montgomery and Polk Southard, the former
having one and the latter two shovels, (See Pl. XIV, B.) There
were four other steam shovels in the district, and preparations were
being made for installing several others. It is unnecessary to explain
here the method of operating a steam shovel, as the clays, gravels,
and chert fragments ordinarily encountered in the deposits are easily
worked. It is, however, desirable to mention the one condition pe-
culiar to the district, which will determine whether or not steam
shovels can be employed; this is the irregularity of the bedrock.
Steam shovels must operate on level ground, which they can not
have where masses of rock, attached and unattached, together with
pinnacles of relatively small section, extend vertically into the clay
beds from a few feet to 25 or 30 feet. It is evident that only on the
more extensive deposits can steam shovels be employed to advantage,
and on these only until the irregularities of the bedrock are en-
counitered. It is possible, of course, to extend the use of the shovel
by blasting out the small irregularities, but the point is soon reached
where the expense of blasting combined with the handling of the
broken rock prevents its continuance. -

Sluicing methods.—Sluices have been employed in the Batesville
district as a means of handling ore alone and not as a method of
mining, but a number of rather extensive operations have been
planned in which hydraulic giants would be used for loosening and
disintegrating the wash dirt and at the same time furnishing wqter
for transporting the material to a washing plant. (See Pl XIII B.)
Such an opemtlon was planned by R. L. Dennison, an engineer for
the Sand Field, Manganese Field, Ruminer Rough, and Barksdale
mines near Anderson. Mr. Dennison is installing the plant and
plans to hydraulic the clay, rock fragments, and manganese into a
settling basin, the ore being removed from the basin by a conveyor,
which would deliver it to a sluiceway. The partly cleaned ore
would be discharged into logs at the foot of the sluiceway, passing
which it would be hand picked, sized, and jigged preparatory to
marketing. The character of the deposit and the lay of the ground
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on the property favor the installation of such a plant, supplemented
- with an ample supply of water near by and a proposed branch line
of railroad on the property should insure the production of manga-
nese at a low cost per ton.

Undoubtedly unexpected obstacles will be met, possibly requiring
a material change in the method projected. Celtfun difficulties can
be anticipated; thus it is not readily imagined how by the ordinary
operation of a hydraulic giant clay and heavy masses of rock and
ore can be removed from deep channels and solution cavities in lime-
stone nor how the larger masses of rock and ore can be collected
and discharged from the settling basin. Enormous quantities of
water would be necessary to remove from the basin the great volume
of clay and other material washed into it, and it is doubtful if there
is a sufficient supply available.

Miscellaneous methods—Grab buckets of the orange-peel type
have been employed to a small extent, both in sinking shafts and
excavating in open cuts, but have been discarded as unsuited to the
work. Grab buckets were employed for a short time in shaft work
at the Southern mine; also on a convéying line in open cuts at the
Polk Southard mine.

Underground mining.—All underground work in manganese mines
is done by drifting, the ore or wash dirt being mined at the face of
the drifts. Operators plan where possible to run the development
opening so as to reach the deposit at its lowest point in order that
the work of mining may be carried on overhead rather than under-
foot; where this is not possible both overhand and underhand work
must be done.

Should the ore body extend above the opening drift it is mined by
running another drift above the first one, the sets of the upper
drift being supported by those below. In some places lagging must
be employed to properly supp01t the clay backs and walls of the
drifts. This method of removing ore extending above the drifts
may be continued to a height of several sets, the limit being five
to seven, above which there is serious danger of collapse of the backs.
and walls. ' _

If the ore body extends downward below the level of the opening
drift it would be the safest practice to run a drift below the opening
drift, placing the posts of the sets of the undercutting drift directly
under the sills of the drift above.

In small, irregular deposits it is possible to remove all the
ore to the height of 7 or 8 feet by drifting, but in wider deposits it
is necessary to widen the face by skirting along the sides of the
first drift run. When it becomes necessary to employ supports for
drifts the side or skirting drifts are likewise provided with jamb
sets. which are ordinary sets placed at the side of the sets of the
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opening drift. An ore body equal in width to six or eight sets can
readily be mined by the employment of jamb sets.

The cost of drifting ranges from $1 to $1.50 per foot, untimbered ;
the cost of driving and timbering drifts is $2.50 to $4 per foot,
depending on whether the timber can be cut on the property or must
be purchased. The price paid for timber varies considerably, but
ranges from about 10 to about 15 cents apiece for both sets and
lagging.

Drainage, ventilation, lighting, etc—Other operations incident to
mining, such as drainage, ventilation, lighting, and handling, are
usually as simple and crude as are the methods of mining and ordi-
narily present no serious or complicated problems.

The looseness of deposits of residual clays readily permits the
escape of water, which causes much trouble in most mining work.
Rarely is any trouble caused by the accumulation of water in under-
ground workings for manganese in this district, but in open-cut
work the bottoms of the pits often become choked with mud puddled
by work done upon them. During wet weather water may collect
in the pits, and unless they are self-draining it must be pumped out.
As a rule much if not all of the trouble arising from accumulations
of water can be obviated by proper methods of prevention, such as
the use of intercepting ditches above and beyond the walls of the
open cuts.

Ventilation is usually a matter of small concern, owing to the
small scale of the operations. The practice of connecting under-
ground workings so as to have openings at different levels, thus
"providing conditions favorable for natural ventilation, usually solves
the problem of keeping the air fit to work in. When the workings
become more extended some positive means of bringing air into them
must be adopted, such as “sails” and furnaces, and in still more
extended workings rotary blowers could be used to advantage.

Candles and acetylene lamps are commonly employed in under-
ground work; in open cuts no artificial lighting is necessary, except
when work is done at night. Acetylene flare lights have been used
to advantage in large-scale open-cut operations, but it is doubtful
whether there will ever be any great need for such equipment.

Handling materials—Handling excavated materials is an impor-
tant part of the mining operations, and is done by various methods.
In open-cut work the excavated materials are largely handled in
wheelbarrows on plank runways. Wheelbarrows are used in all
small operations, and occasionally they are handled on fairly steep
grades by two men, one pulling by a rope and the other pushing. It
is needless to say that such a method of conveyance is both inefficient
and expensive. '
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Cars are employed in many fairly large hand-operated open cuts
and are used exclusively in connection with steam-shovel work, being
moved by hand and by mules and in workings by engine and cable.

Owing to the common practice of following deposits downward
‘within the pit, considerable depth of open-cut work often results,
‘which requires the waste and wash dirt to be hauled up slopes of
various grades. A level approach and entrance to the open cut should
be maintained if the location of the deposm does not absolutely pre-
vent this.

Sluices are used in a few workings for moving wash dirt from
the pit to the washing plant. When the wash dirt handled contains
a fair proportion of coarse ore or rock the sluice serves as a very
efficient cleaning device and .at the same time handles the material
at a small cost. Wooden box sluices of V or square section are com-
monly used, and a pipe line delivers carrying water to the upper or
feed end. The sluices may be fed by shovel or by scrapers operating
on bridges built across the pipe line. (See PL. XIII, 4.)

The cost of producing manganese during 1918, although it varied
considerably, particularly with respect to labor and supplies, was
between $12 and $15 per ton for the bulk of the ore f. 0. b. cars at
the shipping point. In certain localities as high as $35 and $40 a
ton has been paid for mining alone.

PREPARATION OF MANGANESE ORE,

GENERAL FEATURES.

The methods employed in cleaning and concentrating manganese.
ores-and the scale of the operations depend largely upon the size and
character of the deposits worked. The ore-bearing clays are more
largely worked than the Fernvale limestone and Cason shale and
produce all of the ores that are washed and otherwise treated imme-
diately after their removal from the workings.

The deposits in the Fernvale limestone and Cason shale may be
composed of hard ore or of soft or wad ores and may be of consider-
able size. The deposits of wad are generally of low grade and
present rather unusual problems in washing and concentration; as
yet no serious attempt has been made to utilize them commercially.

The principal difficulty met with in planning the treatment of ore

~or wash-dirt coming from the ore-bearing clays is the uncertainty
of a regular and uniform output from the mines. Next in impor-
tance to the features of the supply is the character of the manganese
ore and the proportion of ore to waste, such as clay, sand, iron
oxide, etc. The kind of ore best adapted to washing and concentra-
tion is the nodular or pebble form of small size, following which in
ease of treatment is the granular form, which is usually of conven-
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ient size for log washing and subsequent jig work. The kidney,
dornick, and massive ores require reduction before they can be suc-
cessfully treated by logs and on the picking belt, but owing to the
size of the masses and the purity of many of them, it is often pos-
sible to make a high percentage extraction prior to treatment in
logs and jigs.

Owing to the variable conditions mentioned, there is a tendency to
limit the equipment for treating manganese to a minimum both
with regard to kinds and number of parts employed, and irrespective
of the desirability of a small equipment. Poor and imperfect clean-
ing and excessive losses of ores usually result from the curtailment
of equipment. This curtailment is not always due to a wish to limit
the first cost but more often to a lack of definite knowledge regarding
proper methods of treating manganese ores, which leads to the fol-
lowing of a previous practice, however poor it may be. It is there-
fore very important that the layout of a standard plant which incor-
porates all useful and desirable parts of the best practice to be
found in the country be given here.

The preparatlon of manganese ores consists of two distinct opera- ‘
tlons—(l) dry mining, (2) washing and concentration.

e

" DRY MINING.

Dry mining is not a method of taking ove out of the ground. It
is a method of cleaning the ore, and consists of screening the wash
dirt as it is mined. Not all wash dirt is adapted to dry mining, as
certain clays are wet and sticky and some occur in large masses,
making their separation from the mineral by screening practically
impossible. Dirt that can be best treated by dry-mining methods is
dry and granular, breaking up readily and separating from the
mineral with little or no effort. ]

The dry-mining method is far from satisfactory at best, and is
scarcely ever employed in operations of much size, except as a tem-
porary expedient, as in the preparation of ores prior to the erection
of a washing plant. In small-scale operations, carried on where the
deposits are small or by parties who have not enough funds to
equip the mine properly for economical extraction and preparation
of the ore, such a method may be permissible. Further, deposits
situated at considerable distance from a water supply may require
dry mining if they are to be worked at all, but in any case the
method is wasteful, the loss of fine ore frequently amounting to 25 to
35 per cent of the recoverable mineral in the bank.

On the other hand, the high-grade manganese occurring in solu-
tion cavities can be cleaned by hand with or without screening, but
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in such deposits the bulk of the ove is of fair size; however, even
under the most favorable conditions considerable loss results.

The percentage of manganese in the wash dirt is the controlling'
factor in dry mining. Dirt having less than 10 per cent of mineral
can not be successfully separated by screening unless the bulk of
the mineral is of large size.

WASHING AND CONCENTRATION.

The principal considerations affecting the employment of washing
and concentrating methods in the treatment of manganese ores are
the quantity of wash dirt available, the percentage of manganese in
the dirt, and the water supply. No plant should be erected until
the available supply of ore has been determined within reasonably
close limits; failure to test a property adequately before erecting
a plant shows lack of good judgment and business acumen. Al-
though ore may be mined and hand picked under certain conditions
of occurrence, even when the proportion of ore to clay is 1 to 50,
or 2 per cent, yet the excavation must be done on a large scale by
mechanical means and the bulk of the ore must be in fairly large
masses. Log washers and jigs can not readily treat materials that
are leaner than 1 to 35, and preferably they should be 1 to 10, or
10 per cent, which is a fair average for wash dirt treated.

The design of a plant for the proper treatment of any mineral
must be based upon the following points: The nature of the mineral
and its physical characteristics; its mode of occurrence, the associ-
ated minerals and inclosing rock formations; the practice previously
followed, if there has been any; and of somewhat less though of
considerable importance, the local conditions, such as lay of ground,
water supply, and timber for construction and other purposes.

The manganese ores in a district may differ widely in character,
and considerable difference may be noted in ores from openings on
the same property. The mineral may be dense and hard, or porous
and hard, or porous and soft. The specific gravity also varies con-
siderably, ranging from 3.5 to nearly 5; the average for the greater
part of the mineral treated is between 3.5 and 4. The small rounded
or granular pieces can be treated without difficulty, but fine material
and large masses require special treatment.

The minerals associated with manganese are chert and iron oxide,
principally limonite; barite occurs rarely. As the oxides of iron
and manganese have nearly the same specific gravity it is practically
impossible to separate them mechanically, consequently it is com-
mon practice to hand pick the ore coming from the finishing appa-
ratus when a product low in iron is desired. As a rule, however, no
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attempt is made to separate the small amount of iron present in ores
coming from the ordinary manganese deposit. "'The specific gravity
ot compact chert is about 2.60-2.65, but much of the chert that occurs
with manganese deposits, particularly the sands resulting from the
- decay of limestone and other formations, is rough and porous and has
a specific gravity of 1.8 to 2. It is evident, then, that the average
specific gravity of manganese is about twice that of chert, the prin-
cipal impurity that must be separated from it, which is ample to
allow of clean and rapid separation.

Existing practice in the treatment or cleaning of manganese ore
has a wide range, from fair to very bad, but as a whole it would fall
in the lower part of the range. New plants are modeled after those
that are operating, apparently on the assumption that because a
plant is in operation it must be doing good work, which is often far
from being true. However, the essential principles of a prevailing
practice -are very likely to be sound and particularly adapted to
the special conditions in the district and are therefore worthy of care-
ful consideration and adoption, at least in part.

The practice of cleaning manganese ores followed in the Batesville
district can hardly be considered standard except in its general out-
line, which is the use of grizzlies, log washers, screens, and picking
belts, with a growing tendency toward employing jigs. Rarely, how-
ever, are plants constructed for and fully equipped with the apparatus
that has proved satisfactory in operation on manganese ores, and a
number of plants are operating with the irreducible minimum of
equipment, namely, a log washer and screen or hand jigs alone.
The practice is very simple and may be outlined as follows:

Wash dirt to 1:

1. Grizzly, size 5 by 6 feet, 10 to 14 railroad rails spaced 4 inches: Oversize,
waste rock thrown on dump, lump ore reduced by sledging to size that will
pass through grizzly to 2; undersize to 2. ]

2. Double log washer, 28 feet long, slope 1 inch to 1. foot: Discharge to 3,
overflow to 4.

8. Revolving screen, 6 feet long by 30 inches in diameter with three-fourths
inch perforations: Oversize to 5; undersize to 6.

4, Waste bank. )

5. Picking belt, 22 feet long by. 24 inches wide: Ore to 7; waste to 4.

6. Harz jig, 4 cells, size of cells 82 inches by 42 inches: Gate discharges to 7;
hutches to 8.

7. Kinished ore bin.

8. Harz jig; 2 cells, size of cells 28 inches by 36 inches: Gate discharges to
7: hutches to 7; tails to 4.

A similar equipment, somewhat more specialized, was employed
at the Eureka Manganese & Mining Co.’s plant at the Montgomery
mine, but certain changes have been made in it, including particu-
larly the addition of several Harz jigs. The mill as remodeled has
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not been operated, so that the flow sheet given below represents the
work done during the summer of 1918. (See P1. XIV, A.)

Wash dirt to 1: '

1. Grizzly, railroad rails spaced 4 inches: Rock to dump; manganese lump

reduced by sledge, goes with undersizes and clays to 2.
2. Log washer, 30 feet long, slope 1 inch to 1 foot: Discharge to 3; overflow

to stream.
3. Jacketed screen, 73 feet long by 4 feet in diameter; two sections of screen-

ing surfaces, first one-sixteenth inch mesh, second one-half inch mesh: Oversize
of one-sixteenth inch section to one-half inch section, undersize to 4; oversize.
of one-half inch section to 5, undersize to 6.

4. Settling boxes: A low-grade highly siliceous product is obtained.

5. Picking belt 30 feet long by 28 inches w ide: Rock to dump; manganese

to 7.
6. Richards pulsating jig, size 12 by 12 inches: Hutch product to 7; overfiow

to 4.

7. Finished ore bin.

More than two jigs are seldom employed in the washing plants
for manganese ores, and in many plants only one jig is used. Re-
volving screens or trommels are commonly used, but flat screens arve
occasionally employed; in either case it is the exception to find more
than one size of opening used, which ranges from three-quarters of
an inch to 1} inches. The wide range in the size of the material fed to
the jigs from such screens renders good separation next to impossible.
Few of the products of the jigs are clean; the greater part require
extensive hand picking to complete their preparation, which could
be obviated by simply rerunning the hutches of the rougher jigs
Fairly clean products could then be made on the second or cleaner
jigs. If only one jig is employed little or none of the jig products
is suitable for market. Fairly close sizing would make a great im-
provement in the work done by the jigs and would reduce the ex-
pense of preparing the ores by eliminating hand picking.

Probably a dozen hand jigs have been in operation in the district
at different times, but with them as with the power jigs incomplete
separation of waste materials was the almost universal rule owing
to little or no attention being paid to sizing of the feed.

One of the best equipped and most modern plants in the district
is at the Denison mine. (See PL. XV, 4.) ,

Manganese ores can readily be cleaned by washing and jigging
and with only slight change in the present practice. The flow sheet
of a plant properly arranged, which can, therefore, be called a stan-
dard plant, is given below:

Wash dirt'to 1:

1. Grizzly, 2 to 4 inch spaces between bars: Oversme rock to 2, manganese

by sledge to 3; undersize to 3.
. Rock dump.



MINING AND PREPARATION OF ORES. 99

3. Log washer, double log, 20 to 30 feet long, slope 1 inch to 1 foot: Discharge-
to 4; overflow to 5. ’

4. Revolving screen, cylindrical or conical, perforation or mesh one-half inch,
and three-sixteenths inch: Oversize, everything above one-half inch to 6; un-
dersize, one-half inch to three-sixteenths inch to 7; under three-sixteenths.
inch to 8. )

5. Mud or settling pond.

6. Picking belt: Rock to 2; manganese to 9.

7. Rougher jig, four cells.: Gate discharges to 9; hutches, first to 9; second,.
third, and fourth to 10.

8. Sand jig, three cells: Gate discharges to 9; hutches to 9 or 10.

9. Finished ore bin.

10. Cleaner jig, three cells: Gate discharges to 9; hutches to 9 or 11.

11. Shaking table: Finished product to 9; tails to 5.

A standard washing plant, equipped as indicated in the above flow-
sheet, may be called a single washer or unit and has a capacity of 40:
to 50 tons of finished ore per 10 hours. By a single washer is not.
meant a single log, but a single washer with double logs. Although:
single logs do good work, yet in such a plant as that outlined above
a double log should be employed. An increase in the capacity of
such a plant, aside from a small increase that might be gained
through crowding, would require a doubling, trebling; or quadru-.
pling of most of the equipment listed, and would effect a correspond--
ing increase in the volume of wash-dirt treated.

The sizes of the various machines of a standard plant are indi--
cated in the flow sheet, and their adjustments and the sizes of the
screens required for the proper operation of the plant are given.
below.

The number of revolutions of logs ranges from 12 to 15 per min-
ute. The amount of water required ranges from 50 to 75 gallons per-
minute. The capacity is 40 to 50 tons per 10 hours. The horsepower:
required to drive the logs is between 20 and 25.

The number of revolutions of screens ranges from 15 to 20 per-
minute, being approximately the same for cylindrical and conical
screens of 36 and 48 inches diameter.. The power required for driv--
ing varies somewhat with the feed and the size of material handled
but is about 1 horsepower. The capacity of the screens of the sizes.
given rahges between 45 and 55 tons per 10 hours for the smaller
and 50 to 75 tons for the larger. The length of screen for the ordi--
nary material treated should not be less than 60 inches nor more than
72 inches, unless a larger number of sizes is desired, in which case it
might be better to shorten the separate screening surfaces than to.
unduly increase the length of the whole screen.

The sizes of picking belts that are commonly employed and have
proved satisfactory for the usual range of work done are from 30
feet long by 18 inches wide to 50 feet long by 30 inches wide. The-
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speed of the picking belt ranges from 50 to 60 feet per minute. The
capacity is limited by the character of the work done. If the material
sorted is largely ore, and the waste rock is fairly coarse, the capacity
is large; also if the percentage of ore is small and the individual
pieces are large. On the other hand, if the ore and waste are about
equal in amount and there is a wide range in sizes, the capacity may
be small. Occasionally two picking belts are used,one for the coarse,
the other for the finer materials, but this practice is not desirable.

The following data are necessary for the proper adjustment and
operation of jigs: :

Specifications for jigs.

Width (inches). Length (inches).

Size of sieve compartments. .........coieiiiiiiiiiiiiiiiiaaaaan 20-24 ' 30-38

Size of plunger compartments...... e e aaaa, 18-22 30-38
Ist cell. | 2d cell. | 3d cell. | 4th cell.
Size of sieve openings, in fractions of an inch:
Rough'er Jig e i 3 3 ¥ It
Sand jig...... 7 o5 3 3
Cleaner jig . 5 5 % 3
Len%th of stroked jigs, in inches:
ougher jig 13 13 1} 1}
Sand jig.... 1 % %
Cleaner jig. 1 1 3 i
Number of strokes per minute:
Rougher Jig. .ooui i e it eaa e 150 150 150 150
N T S O 200 200 200 200
Cleaner Jig. .. oeeuiiiiiiiiieii ittt lnn 200 200 200 200

Power for 4-cell jig, 2.5 to 3.0 horsepower.

Power for 3-cell jig, 2.0 to 2.5 horsepower.

Hydraulic water pipes, main pipe 2 inches, branch pipes 1 inch.

Amount of water used per jig, 350 to 400 gallons per minute.

Height of tailboard or dams, 3} to 44 inches. .

Slope of bed (sieve) should not exceed 1 inch to length of bed; for heavy mineral bed should be level,
Slope should be against movement of mineral.

Drop between tailboards or dams, 1inch.

Height of gate discharge above bed, 2 to 24 inches, which must be varied to suit conditions and character
of material treated.

Jigs must be fed regularly to enable them to work at full or large
capacity ; therefore jigs receiving the feed directly or indirectly from
logs usually do unsatisfactory work, for’ the feeding is irregular and
does not permit the maintenance of a bed of uniform depth. Fur-
ther, the feeding of mixed materials, part sandy and part clayey,
also renders it difficult to keep a full bed; clayey ores, as they tend
to clog the jig beds, are preferably cleaned by trommels and jets of
water. .

If the plant is suitably arranged practically all the materials
treated may be handled by gravity, but in some circumstances eleva-
tors are advantageous, for although increasing the cost of equipment
and the expense of operation they make it possible to have more of
the apparatus on the same level and therefore more accessible. Ele-
vators are particularly useful in handling the hutches from the
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rougher and sand jigs to elevate them to the cleaner jig. Should it
be found desirable to employ a shaking table for reworking the
hutch products from the cleaner jig, an elevator should be used to
convey them also. ° ,

It is doubtful whether tables can be used to advantage in the prep-
aration of the usual run of manganese ore, as outlined above. There
is, however, a well-defined field for them in treating certain ores,
such as the low-grade deposits in the Cason shale and the ores in
which fragments and pebbles of chert are embedded.

Largely because of an inadequate supply of water, a number of
attempts have been made to clean manganese ores by dry methods.
Probably the most extensive and elaborate equipment is that of the
Manganese Development Co. installed at the Southern mine. It is
proposed to separate the ore from the clay and rock fragments by
passing the material, as excavated, through a revolving drum, in
which it is thoroughly dried and the clay is pulverized. On being
discharged from the drum the fine material is removed by a revolv-
ing screen, which is a continuation of the drum, and the coarse man-
ganese and waste then pass to a picking belt, where final separation
is made. The smaller sizes of ore are to be treated on hand jigs.
‘T'his plant has never been operated on a commercial scale, hence no
definite statement can be made regarding its practicability.

The water supply for manganese washing and concentrating plants
is of considerable importance. Many of the workable properties
are at considerable distance from an available supply. Water is
usually conveyed from the pumping plant to the washer by a line of
3-inch to 4-inch pipe, which is sufficiently large for a standard plant.
The conservation of water by passing it through settling or im-
pounding ponds usually solves the problem of water supply where
the quantity of living water is small. Once a plant has been put in
operation the addition of 25 per cent of the total consumption not
only provides for the loss by wastage but supplies the needed amount
of clean water for those parts of the process that require it.

GENERAL SUMMARY OF CON'IPIIO’I;}:ONS AFFECTING CONCENTRA-

The same care that has been shown to be necessary in prospecting
and mining should be exercised in planning the erection of a wash-
.ing or concentrating plant, and the factors that have to do with suc-
cessful operation must be duly considered.

The principal considerations affecting the cleaning of ores include
the character and grade of the ore, the recoverable percentage of
mineral, the relative values of crude and cleaned ore, and the basis
upon which royalty is paid.

104569—22——8
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In addition to the clays and other waste materials considerable
silica is associated with manganese ores. The silica may be “ free”
or “attached ”; the former can be readily removed by washing oper-
ations, but the latter is attached to or embedded in the ore and can
be separated, if at all, with difficulty.

High-grade ores, particularly if they come from the mine in large
masses, and soft ore, as wad, should receive the minimum amount of
treatment that will effect proper cleaning. Low-grade ores usually re-
quire much more treatment than the high-grade ores, and the amount
of effort and consequent expense required to increase the value de-
pend largely upon the constituents responsible for the diminished
grade. Soft ore, or wad, although of high grade is difficult to clean
without great loss, due to fines, and the difficulty is increased when
much fine sand is mixed with the clays and ore.

‘The recoverable percentage of mineral in the wash dirt depends
largely upon the character of the material. As a rule the larger the
pieces of ore and the higher the grade the more readily is the sepa-
ration from wastes effected, owing probably to the smoothness of the
surfaces. Nodular and button ore of small and fairly uniform size
is readily washed and jigged, but fragments broken from large masses
and rough particles, resulting from the decay of limestone and possi-
bly from the partial solution of the manganese, are very difficult to
clean satisfactorily. Certain clays are readily broken up and sepa-
rated from the manganese, whereas others become pasty.on the addi-
tion 6f water and adhere tenaciously to the particles of mineral.

/The relation between the value of crude ore and that of cleaned
ore may be the deciding factor in determining whether or not a con-
centrating plant should be erected. A considerable tonnage of low-
grade ores was shipped from the Batesville district during 1917 and
1918 and sold at a low price, simply because there was a market for it.
It is a question whether such ores could not have been raised in grade
by concentration so as to bring a price that would warrant the erec-
tion of a concentration plant. The question was not answered by a
trial, because of the uncertainty as to the extent of the deposits and
the period in which schedule prices would be maintained. It was
not deemed advisable to go to any considerable expense on a venture
that was largely experimental, especially as no assurance could be
had regarding the future market.

The grade of ore upon which royalties are assessed has been the
cause. of considerable trouble in different districts, but in the Bates-
ville district during 1918 royalties were paid on all ores coming
within the schedule, unless otherwise specified. In future high-orade
ores only will be subject to royalty charges
~ Careful mmmg of high-grade ores in well-tested propertles will
be necessary in future operations in the district. The material mined
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will require either close hand picking or concentration in well-
designed plants in order to produce a high-grade ore, low in silica
and phosphorus. With a dependable output of such ore the man-
ganese industry may be continued for many years.

MINES AND PROSPECTS.

Byv HucHE D. MISER.

SHARP COUNTY,

' M’LEOD PROSPECT.

The McLeod prospect is on the southeast slope of a ridge on the
C. C. McLeod tract, 33 mif®s northeast of Cave City. It comprises
two very small pits which have been dug in surficial materials con-
sisting largely of chert fragments and pebbles. Both pits reveal
brown iron oxide, and in addition to this oxide one pit reveals a
small quantity of manganiferous iron oxide. Iron oxide also crops
out at a few places on the slope. The crest of the ridge at this locality
is capped by a bed of chert fragments and pebbles, which are doubt-
less nnderlain by clay, and the clay is in twrn underlain by the St.
Peter sandstone or the Joachim limestone.

MOBLEY PROSPECT.

The Mobley prospect, not visited by the writer, is on the Mary
Mobley tract, 44 miles east of Cave City. S. O. Johnson, who has
done some prospecting on the tract, says that he has tqken a few
tons of low-grade manganese ore out of the openings. . Johnson
at the time when the writer conferred with him (May 18, 1918) was
planning to do further work.

COCHRAN PROSPECT.

The Cochran prospect is on the Powell Cochran estate, 33 miles
northeast of Cave City. Two pits—one 12 feet deep and the other
4 feet deep—were dug in 1916 in red manganese-bearing clay on the
north slope, near the crest of a ridge. The total depth of the clay
“was not determined as neither of the pits was dug entirely through
it. The occurrence of an outcrop of the Joachim limestone in a
gully somewhat lower on the slope and 100 yards northwest of the
pits indicates that the clay rests upon this limestone. The St. Peter
sandstone, which underlies the Joachim limestone, is exposed on the
steep slope, at the north edge of the field that lies north of the
pits.
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The ore was not observed in place in the clay, as the pits
had caved badly at the time of visit (May 17, 1918), but on the
dumps a considerable quantity of light earthy manganese oxide in
fine angular fragments was seen. No analyses of the ore are avail-
able, but it probably contains a high percentage of silica and alu-
mina and a low percentage of manganese.

M. A. ALDRIDGE PROSPECT.

The M. A. Aldridge prospect is three-fourths of a mile west of
Cave City and is on the M. A. Aldridge tract, which comprises the
SE. 1 SW. 1 and the SW. } SE. } sec. 18, T. 15 N, R. 5 W. It con-
sists of two very small pits, Whlch have been xecentlv dug in clay
on the gentle west slope of a hill. Fragments of brown iron oxide
and a small quantity of manganese oxide were observed on the dumps
at the time of visit (May 16, 1918). Although most of the man-
ganese oxide is intimately mixed with the iron oxide some is free
from it. The thickness of the clay has not been fully determined.
It probably overlies the Plattin limestone, of which there are no
exposures near the pits but there are some in the vicinity. -

K. D, ALDRIDGE PROSPECT.

The K. D. Aldridge prospect is on the K. D. Aldridge tract in
the NW. 1 SW. £ sec. 18, T. 15 N, R. 5 W, 1} miles west of Cave
City. Work was done at this locality in 1917, and 15 to 20 tons
of “lump ” manganese ore is said to have been shipped. The open-
ings consist of a few pits and cuts as much as 12 feet deep, near the
top of a gravel-covered hill. After they pass through a few feet
of gravelly loam they enter a red clay. The manganese ore in-
cludes porous to compact psilomelane and soft brown earthy wad,
which were found in both small and large fragments from the sur-
face to the bottoms of the openings. The total depth of the clay .
has not been determined, as none of the openings passed through
it and reached the underlying limestone, which is probably the Plat-
tin limestone,

The presence of fossil casts in some pieces of the manganese ore
suggest that it is a residue from the decomposition of a fossiliferous
limestone—presumably the Fernvale limestone—which may once
have occurred in this part of the region but which has since been
decomposed and eroded, leaving its more resistant components. This
assumption is supported by the: occurrence at this locality of boul-
ders and fragments of porous brown chert like those found in the
residual clay of the Fernvale limestone farther southwest in the
Batesville district.
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MATLOCK MINE. )

The Matlock (usually pronounced Medlock) mine is on land owned
by Boyd Matlock, in the SE. } sec. 13, T. 15 N., R. 6 W., 1} miles
west of Cave City. It has been operated by several lessees, beginning
in 1916, but most of the work on it has been done by George Brewer.
Altogether 200 tons of “ lump ” manganese ore have been mined and
hauled to Pfeiffer, a distance of 10 miles, whence it was shipped.

The workings, which are pits and cuts as much as 18 feet deep,
have been dug here and there over several acres in a field that is on -
and near the crest of a low eastward-trending ridge. They penetrate
a dark-red manganese-bearing clay, whose superficial parts contain
chert fragments and pebbles. The clay is overlain in places by
pockets, known as “ bars,” several feet thick, some of which are com-
posed almost entirely of chert fragments and others of sand and
chert pebbles. The chert fragments were derived from the Boone
chert, which once occurred over all this part of the region, but
which has long since been entirely eroded, leaving only small areas
of fragments, which have settled below the original position of the
formation. The pebbles.-were derived from an extensive gravel bed
of Upper Cretaceous or later age, which, like the Boone chert, has
been completely eroded, except in small areas.

The red clay rests upon a sticky yellow clay, and this in turn
rests upon the Plattin limestone, which is exposed in a near-by gully
and which is said to have been struck in some of the openings. The
yellow clay is a residue from the decay of the Plattin limestone, but
the occurrence in the red clay of fragments and boulders of porous
chert like those that occur in the residual clays of the Fernvale lime-
stone farther south and southwest shows that a part of the red clay
at this locality is a residue from the decay of the Fernvale limestone.
Not only this limestone but the Kimmswick limestone and much of
the Plattin limestone have been removed, leaving only their insol-
uble components; and while this process was going on the resistant
Boone chert, which overlay the limestones, gradually settled below
its original position. '

The manganese ore consists mainly of psilomelane and hausmann-
ite, which are more or less intimately mixed, and it occurs as both
fine particles (“wash ore”) and large masses (“lump ore”), which
are found in leads and pockets in different parts of the red clay from
the surface to the bottoms of the openings but usually in greatest
quantity near the chert and the sand and gravel bars. Some of the
boulders and fragments of porous chert in the clay have been partly
replaced by manganese oxide. Although the “wash ore” observed
on the dumps occurs in considerable quantity, only the “lump ore”
has been mined. /The largest yield thus far (May 16, 1918) obtained
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from any single pocket is said to have been 30 tons. Ore has been
found over several acres, but the openings show that it occurs in
greatest quantity in about 2 acres. Like some of the chert in the red
clay, it is presumably a residue from the decomposition of the Fern-
vale limestone. The ore that has been shipped is said to have aver-
aged about 48 per cent of manganese. The following analysis is of
a cquoad of ore shipped from this mine in 1914 to the Tennessee
Coal, Iron & Railroad Co.:

Analysis of manganese ore from the Matlock mine.

Manganese (Mn) - e 45. 84 -
Iron (Fe)_.___ — e 4.77
Phosphorus (P) oo e .19
Siliest (8102) w oo oo 3.40
Alumina (ALOs) oo . L 2.73

STORY -MIXNE.

The Story mine consists of a number of openings in the NE. 1 NE.
sec. 24 and the SE. } SE. § sec. 13, T. 15 N, R. 6 W., 1} miles west
of Cave City. It was formerly owned by J. G. Story but is now
owned by a firm in Chicago. It was first operated by W. H. Denison
and H. H. Anderson, beginning in 1916, and was later operated by
Henry Clark. The total production before the time of visit (May
17, 1918) was 150 tons of ore, which is said to have averaged 48 per
cent of manganese. The ore was hauled to Pfeiffer, a distance of 10
miles, whence it was shipped. :

One of the main openings is a cut 25 feet long, 15 feet wide, and
10 feet deep, which has been made in a field on the west slope and
near the crest of a hill in the NE. } NE. { sec. 24. It reveals chert
fragments, derived from the Boone chert, on its south side and red
clay on its north side. Manganese and brown iron oxides, more or
less intimately mixed, occur in both large and small masses in the
clay and in the cherty material. Much of the material contains chert
fragments, Other though smaller openings show similar ore for
a distance of one-eighth of a mile east of this cut. The ore at
all these openings would be classed as a manganiferous iron ore
or ferruginous manganese ore. It is not a residue from the decom-
position of the Fernvale limestone and Cason shale, as are most of
the manganese ores of the Batesville district, but it has apparently
been formed rather recently in the clay and chert débris. The depth
and extemt of the ore-bearing clay and chert have not been fully
tested. Although no limestone is exposed in the vicinity the clay
and chert probably overlie the Plattin limestone or Joachim lime-
stone. :
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Many pits and cuts as much as 15 feet deep have been made in
an area of about 3 acres, in a field on the crest of a very low, well-
rounded hill, in the SE. } SE. } sec. 13, just north of the openings
described above. They have been made by means of picks, shovels,
plows, and scrapers in a red clay and red sandy clay and in red
sand in which there are a few chert fragments and boulders. Chert
pebbles and fragments are present in the surficial parts of the clays.
The manganese ore consists of hausmannite and compact steel-blue
psilomelane and occurs as fine particles (“wash ore”) and as boul-
ders, some weighing as much as 1,000 pounds, in the clays from the
surface to the bottoms of the workings, but the greatest quantity of
“ wash ore” was taken from the bottom of the largest cut. The ore
that has been shipped included only the larger masses, which could
be freed from the clays by hand picking. The firm that had pur-
chased the property was planning at the time of visit to erect a
washing plant to recover the “ wash ore.”

Like the manganese ore at the Matlock mine and the K. D. Al-
dridge prospect the ore at the openings just described is a residue
from the decomposition of the Fernvale limestone. A few frag-
ments of porous ferruginous chert derived from the Fernvale lime-
stone occur at this locality. The depth and extent of the ore-
bearing clays have not been fully determined. Only one opening
is reported to have passed through the clays and encountered the
underlying limestone, which is either the Joachim limestone or the
Plattin limestone.

INDEPENDENCE COUNTY,

JACKSON PROSPECT.

The Jackson prospect, not visited by the writer, is on the W. M.
Jackson farm in the northwest corner of sec. 19, T. 15 N, R. 5 W,
1% miles west of Cave City. A pile of about 500 pounds of manga-
nese ore, which had been taken in 1916 from three small pits, was
examined at Mr. Jackson’s house. It consisted of irregular-shaped
fragments, some weighing several pounds, of hausmannite and steel-
blue psilomelane. '

WOODYARD PROSPECT.

The Woodyard prospect, not visited by the writer, is on the
Thomas Woodyard tract in the NE. } sec. 19, T. 15 N, R. 5 W,
half a mile or more southwest of Cave City. It consists of two very
small openings, which are said to show manganese ore.
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BALL MINE.

The Ball mine is on a tract of land owned by Warren Ball, which
comprises the NE. 1 NE. 1 sec. 4 and the NW. 2 NW. % sec. 3, T. 14 N,
R. 5 W. It is half a mile south of Cura Creek, 2 miles east of the
village of Hickory Valley, and 6 miles northeast of Pfeiffer. It was
operated from 1914 to 1916 by Henry Clark, who hand sorted and
shipped only the “lump ore,” and it was next operated by the Ozark
Mining Co., which installed a small washing plant. In 1918 the
mine was re-leased to Shepherd & Wilson, who operated the small
washing plant that had been erected by the Ozark Mining Co. The
various lessees are reported to have mined and shipped before the
time of visit—May 18, 1918—65 carloads of manganese ore. By
November, 1918, Shepherd & Wilson had partly completed a 250-ton
washing plant. equipped with jigs and crushing machinery, but the
‘ lack of market for do-
" mestic manganese ores
at that time soon
stopped work on the
! property.

The manganese ore
has been mined in
large open cuts as
much as 30 feet deep

FIGURE 7.—Sketch section in a part of the Ball mine,

illustrating the occurrence of the ore-bearing clay bed. OVEI al area of 1%

The dashed lines 1:epresent the probable fo.rmer ex- gcres on a genﬂe south-

tent of the ore-bearing clay. a, Non ore-bearing clay;

b, ore-bearing clay. east slope. It occurs

in a bed several feet
thick composed of clay, sandy clay, and friable sandstone. Some of
these materials are red or yellow, but most of them are brown. This
bed has been derived from the weathering of the Cason shale. It is
shown by the openings to be fairly continuous in the worked area,
and although it once lay in a nearly horizontal position, it now dips
at different angles at different places (see fig. 7) but in general dips
to the southeast, toward the base of the hill. The manganese-bearing
bed is underlain by yellow ocherous clay, which contains a few thin
beds of soft friable sandstone and lenses of chart as much as 18
inches thick. These underlying beds are presumably derived from
the weathering of the Kimmswick and Plattin limestones, which are
exposed on the hill slope between the mine and Cura Creek half a’
mile to the northeast. . ,

In consequence of the decomposition and partial removal of the
limestones, the overlying Cason shale and higher beds have settled
below their original positions. The manganese-bearing bed is in
places overlain by a bed a few feet or more thick composed of red
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and yellow clays in which angular chert fragments and boulders
are embedded. These overlying materials have been derived by
weathering from the Boone chert, which caps many of the hills in
the vicinity of the mine, and they have settled below the original
position of the Boone chert. Some fragments of ferruginous’ chert
found near the base of these overlying materials contain well-
rounded pebble-like masses (Gérvanella) about an inch in diameter,
and they look as if they might represent a silicified phase of the basal
bed of the St. Clair limestone, which at places, as at the Cason mine,
contains such masses.

The manganese ore occurs as thin lenses and veins and as small
masses which are rather uniformly disseminated through the weath-
ered Cason shale, much of which it has replaced. Manganese oxides
have partly replaced also some of the chert both above and below
the Cason shale. Most of the ore is psilomelane, but part is manganite ;
some of it has a botryoidal form; and a small part of it contains
grains of quartz sand. At the west end of the main cut it contains
enough iron to be classed as a manganiferous iron ore. A few “but-
tons” of manganese oxide like those at the Cason and Montgomery
mines, also a few “buttons” of iron oxide, are found here and there
in the weathered Cason shale. The outlines of similar-shaped “ but-
tons ” were observed in some masses of psilomelane; the psilomelane
in these masses has replaced the parts of the Cason shale adjacent to
the “buttons.” Tests are said to show that the concentrates obtained
from the ore-bearing material on the dumps, from which the “lump
ore ” has been hand picked, bear the ratio of 1 part of concentrates
to 4 parts of this material, and that the concentrates obtained from
ore-bearing material as it comes from the mine bear the ratio of
1 to 8. The marketed manganese ore is stated to have had an
average manganese content of 38 per cent and an average iron con-
tent of 8 per cent; but the silica content, as is indicated by a few
analyses given below, is high. The treatment of the ore in the new
plant, which is equipped with jigs and crushing machinery, was
expected to reduce materially the silica content. The analyses given
below are of carload lots of manganese ore shipped from this mine.
The first seven analyses are of ore mined in 1917 by the Ozark
Mining Co. and shipped to the Tennessee Coal, Iron & Railroad Co.,
and the others are of ore mined by Henry Clark.

Analyses of manganese ore from the Ball miine.

1 2 3 4 5 6 7 8
Manganese (Mn).......cooeeiennnn.n. 33.51| 36.79 | 19.85| 20.53 | 19.26 | 38.83 | 12.87 44,24
Iron (Fe)eeeeo.ounne ... 6 6.14 { ... . ]oeeennn. 12.27 4,04 | 17.82° '3.80
Phosphorus (P).... e BE .13 IS /3 PR .22 1 . 3 U
Silica '(Si02) .......................... 3 2013 |oeveneei]iennnnnn 41. 55 9,56 |oeeeneii]eeeannns
Aluminag (Al30g) eenvereerniinnnnnns J 887|874l 4.98 PR PR R
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Analyses of manganese ore from the Ball mine—Continued,

/ 9 10 11 12 13 14 15 18

Manganese (MN)...oeeennnnennnnnn. 44.24 | 43.01 | 38.42 | 37.41| 37.10| 38.30 | 38.30 36.10

Tron (Fe)aueeuneiennenaeeeiaiiannn, 3.90 ........ 4.00 [........ 5.36 5.75 5.70 6.30
17 18 19 20 | 21 22 23 24

Manganese (Mn).............c.oeunn. 39.60 | 38.80 | 39.40 | 36 36.70 | 38.30 | 39.40 | 39.20
Tron (Fee-eoseirmaanniiainiaanns, 6 6.75 5.45| 7.20] 6 7.20 | 6.10 6
2 | 26 | or | 28 | 2 | 30 | 3

Manganese (Mn) . 36.50 | 32.70 | 36.05| 39.10 | 33.92| 36.35 | 3¢
iron (Fe)......... 6.10 | 1235 7.05 | 5.05 |.euuennifeenrnnnn 7.35

At the time of visit the ore was being mined with picks and shovels
and conveyed in tramcars to the small near-by washing plant, which
was equipped with a trommel screen and jigs. Water was being
obtained from a small spring branch at the base of the hill, but plans
were being made to obtain a more adequate supply from Cura Creek.

MILLIGAN PROSPECT,

The Milligan prospect, owned by H. L. Remmel, was not visited
by the writer. According to report no work has been done on it
during the last 25 or 30 years. Penrose supplies the following de-
scription of this prospect:

The Milligan tract is in 14 N,, 5 W., section 6, the northeast quarter of the
northwest quarter, on the northern escarpment of the hills that lie at the head-
waters of Cave, Coon, and North Dota creeks. A few scattered fragments of
manganese ore lie on the slopes, associated with loose chert and masses of St.
Clair [Fernvale or Kimmswick] limestone. Frequently loose masses of a
bright, glossy iron ore (limonite), of a brown or black color, occur with the
manganese.

ELIZA PATTERSON PROSPECT.

The Eliza Patterson prospect is in the NE. } sec. 1, T. 14 N, R. 6
W., 11 miles west-southwest of Hickory Valley. The principal open-
ing is a shaft 10 feet or more deep, on the top of a hill, and it was
partly filled with water at the time of visit (May 9, 1918). The
material on the dumps and that exposed above the water in the shaft
consisted of red- and brown clays, parts of which contain many
angular fragments of chert. Irregular masses and veins of brown
iron oxide and ferruginous manganese oxide occur both in the cherty
clay and in the clay that is free from chert. These oxides have
replaced the clays, and parts of the masses and veins therefore in-

7 Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits : Arkansas Geol. Survey
Ann. Rept, for 1890, vol. 1, p. 239, 1891,
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clude chert fragments. Veinlets of barite, which occur as needle-like
radiating crystals, were observed in some pieces of the oxides on the
dump. The shaft was dug in 1917, and a small quantity of man-
ganese ore is said to have been sold. ‘

A few very shallow pits have been dug through a surficial bed of
chert fragments and pebbles and then into red clay at other places
on this tract. Two small piles of psilomelane were observed near
some of the pits.

The extent of the manganese-bearing clays at this locality has not
been fully tested, but the absence of limestone exposures near the
openings suggests that considerable clay overlies the limestone.

MILLIGAN-PERRIN PROSPECT.

The Milligan-Perrin prospect is in the northern part of sec. 11,
T. 14 N, R. 6 W, one-fourth of a mile south of Coon Creek and 3%
miles north-northwest of Pfeiffer. The first work at this locality
was done about 30 years ago; the next was done by W. H. Denison in
1917. At the time of visit (May 8, 1918) work was being done by
George Milligan and. Frank Perrin, the owners. Some ore has been
removed from the openings and shipped, but the quantity is not
known. '

A number of pits and cuts, none of which exceed 9 feet in depth,
have been dug in chocolate-colored manganese-bearing clay, whose
surficial portion contains chert fragments and pebbles. The clay
and the manganese ore are a residue from the decomposition of the
Fernvale limestone, of which there are exposures both on the surface
and in some of the openings. The ore consists mainly of psilomelane
and hausmannite and occurs as small pieces and large irregular
masses, not only in the clay but also in the Fernvale limestone. At
some places it is associated with considerable red iron oxide and fer-
ruginous manganese oxide.

SCHLIEFER MINE,

The Schlieper mine is on the headwaters of Cave Creek, in the SE.
} NE. } sec. 11, the E. 1 SE. ] sec. 11, the SW. $ NW. } sec. 12, and
the NW. 3 SW. } sec. 12, T. 14 N, R. 6 W., 3} miles north of Pfeiffer.
1t was operated about 30 years ago by E. H. Woodward & Co., who,
according to M. W. Reves, an old resident of the region, mined several
hundred tons of manganese ore. At that time the property was
known as the Privet tract. Work has been done recently by Gus
Schlieper, the owner, and 36 tons of ore had been mined and mar-
keted before the time of visit (May 6, 1918). 'Since the writer left
‘the region in June, 1918, the property has been sold to the Oklahoma-
Kansas Mining Co., which has done very little or no work.on it.
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The openings are small and are scattered along the hollow at the
head of Cave Creek for a distance of almost half a mile.

A few pits and shafts as much as 23 feet deep are on the gentle east
slope just west and south of Mr. Schlieper’s house. They pass through
2 to 4 feet of surficial cherty loam and next penetrate brown clay, the
upper part of which contains fragments of brown porous chert. The
surficial chert has been derived from the weathering of the Boone
chert, which caps the hills in the vicinity, but the brown porous chert
and the clay containing it have been derived from the weathering of
the Fernvale limestone. Any undecomposed parts of this limestone
that may still exist at this locality are probably overlain by consider-
able clay, for none of the limestone is exposed on the surface and
none was found in the openings. The full thickness and areal extent
of the clay have not been determined. The manganese ore consists
of masses of psilomelane, some weighing -as much as 700 pounds,
which are irregularly distributed through the clay and through a
part of the surficial loam. Pyrolusite also occurs in the clay but in
quantity far too small to be of economic importance. Some of the
psilomelane has partly or entirely replaced many of the fragments of
porous chert. The following analysis, supplied by S. W. Deener, was
made of a sample of ore collected at this place by William Rock:

Analysis of manganese ore from the Schlieper mine.

[C. A. Graves, analyst.]

Manganese (Mn) _ _' 63. 81
Iron (Fe) : - - - 2,18
Phosphorus (P) . 128

The old openings known as the Privet mine are on the east side
of the narrow valley, about a quarter of a mile south of those de-
scribed above. They are badly caved, but work has been done in
some of them recently and a few new openings have been made in the
vicinity. They consist of open cuts and pits only a few feet deep
and are in brown, red, and yellow clays, whose surficial portion con-
tains chert fragments. Although a few outcrops of the Fernvale
limestone occur in the vicinity, this limestone has doubtless under-
gone considerable decomposition, thus yielding large quantities of
clay, but the thickness and areal extent of the clay have not been
determined. The manganese ore, which consists mainly of psilome-
lane and hausmannite, occurs 1rregularly distributed through the
clay as fine particles (“ wash ore”) and larger masses (“lump ore”).
Only the “lump ore ” has been mined and shipped.

A shaft 37 feet deep has been dug near the base of the hill on the
east 81de of the valley, about one- ewhth of a mile south of the Privet
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mine. Water which rose in the shaft to a depth of 17 feet stopped
further work in it. A brown ore-bearing clay was found on one
side of the shaft and a mass of chert fragments on the other side.
The shaft is said to have y1eldec1 600 pound of “lump ore” before
it was abandoned.

OZARK MINE.

The Ozark mine, also known as the Brack Gray mine, is composed
of three groups of workings on the headwaters of Cave Creek, 33
miles north of Pfeiffer. Part of the land on which the mine is sit-
uated is described by Penrose ™ as the Edward Hunt tract. Mining
was done at one of these groups of workings about 30 years ago by
the Keystone Manganese & Iron Co., which mined and shipped one
or two carloads of ore, and mining was also done at that time at
another group by E. H. Woodward & Co., who mined and shipped
two carloads of ore. The next work was done by Brack Gray, be-
ginning in 1916, and the production by him before the time of visit
(May 6, 1918) was about 100 tons. After the time of visit the mine
was sold to the Ozark Manganese Co., of Superior, Wis., whigh
operated it for a few months in 1918.

One group of workings is in and near the head of a hollow in the
SW. 1 NE. 1 sec. 11, T. 14 N., R. 6 W. The hills on either side of
the hollow are capped with the Boone chert, and their slopes are
strewn with débris from it at least a few feet deep. The discovery
of manganese ore in the brown clay beneath the chert débris was
made in one of several sink holes that caved in May 8 or 9, 1882.
Several shafts as much as 55 feet deep were sunk by the Keystone
Manganese & Iron Co. near the caved-in sink hole, and a few pits
and one shaft have been dug recently near the shafts and others at a
locality 300 feet northeast of them. Some of the pits passed through
only loose chert débris 2 to 4 feet thick before they reached the
brown manganese-bearing clay, but other pits and the shafts passed
through 5 to 80 feet of the Boone chert in steeply dipping layers
before they penetrated the manganese-bearing clay. The clay is a
residue from the decomposition of the Fernvale limestone, the only
observed exposure of which was in one of the shafts. The decompo-
sition of this limestone has formed hollows and underground chan-
nels in it, as is attested by the sink holes, and this removal of sup-
porting material has caused the Boone chert to settle so as to conform
with the irregular though clay-covered surface of the limestone. One
sink hole on the top of the hill shows that the Fernvale has under-
gone decomposition not only in the hollow but in the hills as well.
The depth and areal extent of the manganese-bearing clay have,

7 Penrose, R. A. F., jr., op. cit., pp. 237-238.
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however, not been fully determined. The manganese ore observed at
the time of visit consisted of psilomelane and hausmannite and
smaller quantities of wad. ‘It occurs in the ore-bearing clay and its
surficial cherty portion as slabs and irregular masses ranging from
fine particles (“wash ore”) to boulders said to weigh 300 pounds.
After the larger pieces have been picked out by hand the clay is
allowed to dry on the dumps and is screened by means of a screen
with §-inch perforations to recover the pieces of ore above that size.

The second group of workings, which consists of pits, cuts, and
shafts, has been dug over an area of about 1 acre in the bottom and at
the base of the slope on the east side of the hollow in the S. $ NW. }
sec. 11, T. 14 N, R. 6 W., almost half a mile west of the workings
described above. The Boone chert caps the hills on either side of the
hollow. Débris a few feet thick that is derived from it covers the
slopes, and wash, also derived from it, has filled the bottom of the
hollow to a depth of probably 20 feet. Manganese ore at this locality
was first discovered in brown clay in the bottom of a well beneath
this chert filling. The openings made by E. H. Woodward & Co. and
Bfack Gray yielded ore from similar clay. The clay is a residue from
the decomposition of the Fernvale limestone, and although none of
this limestone is exposed on the surface a few masses of it were found
in the openings. The manganese ore consists mainly of psilomelane
and hausmannite and occurs as both “lump ore” and “wash ore.”
Most of the ore shipped from this locality has been “ lump ore” that
has been hand picked from the clay. The clay after the picking still
contains considerable “ wash ore,” and it is dried and screened in
order to recover some of the smaller pieces of ‘ore. "Some of the -
. psilomelane contains cracks lined with a film of velvety wad and a
small quantity of it has a botryoidal form. A pocket containing
1 or 2 pounds of pyrolusite was observed in the clay at one place.
The largest masscof ore thus far discovered is said to have been a
ledge 6 feet thick and 20 feet long, which yielded 2 carloads of ore.

The third group of openings, which is farther south, was not .
visited.

Photographs that have been supplied by W. R. Crane show the
manganese-bearing clay lying between the Fernvale limestone and
the folded and shattered ledges of the Boone chert and also show
the occurrence of large irregular masses of manganese ore in the
clay at this mine. (See Pls. IX, B, and XVI, B.)

The first analysis given below is of a carload of ore shipped from
the Ozark mine in 1917 to the Tennessee Coal, Iron & Railroad Co.,
and the other analyses represent the composition of six carloads of
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ore that was mined and shipped in 1918 by the Ozark Manganese Co.
to the Tennessee Coal, Iron & Railroad Co.

Analyses of manganese orc from the Ozark mine.

1 2 3 4 5 6 7
Manganese (Mn).........cooeeiiiiiiiiiiainn, 44.03 | 54.97 | 50.78 | 46,38 | 46.47 48.36 51, 59
Tron(Fe)... ..ottt 7.76 3.51 6.93]........ 9.17 6.98 4.60
Phosphorus (P). e .25 .15 092 ...l . (96 .50 .15
Silica (8109) ...\ eieii i 7.82 4.85 4.67 5. 41 5.39 3.37 6. 88
Aluming (AlzO3z)..eveeioiniiiiiiiiiaaann. 3.39 1.94 2.64 |........ 3.72 2,71 2.31
Moisture......ooviiiiiiiiiiiiiiii e 5.29 2.73 7.00 | 7.63 9.88 9. 50

SEARCY MINE,

The Searcy mine, also known as the Trent mine, Bill-Jim mine,
and Adler mine, is on the headwaters of Cave Creek, in the SE. 1
SE. 1 sec. 10 and the NE. } NE. } sec. 15, T. 14 N, R. 6 W., 3 miles
north-northwest of Pfeiffer. It was worked between 1881 and 1887
by E. H. Woodward & Co.,who sunk two large pits to a depth of 20
feet and a shaft to a greater depth.”® The production by this com-
pany is reported to have been 1,200 tons of “lump manganese ore.”
The mine was next operated for a few years in the nineties throngh
shafts by Simon Adler, who mined and shipped 200 tons of “lump -
ore.” The next mining was done by N. A. Adler, the present owner,
beginning in 1916. The production in 1916 was 325 tons, and in 1917
it was 850 tons. Most of this production was “lump ore,” but part
of it was dry screened and part was concentrated at a small washing
plant which is just below the Searcy Spring, southeast of the mine.
In the spring of 1918 the mine was leased to the Oklahoma-Arkansas
0il & Mining Co., and was soon re-leased to the Bill-Jim Mineral
Co., which erected a log washer. The mine was not operated, how-
ever, by the latter company, but later in 1918 it was re-leased to
Logan Rives, who operated it for a short time.

The workings, which consist of many shallow pits and cuts, tun-
nels 200 to 300 feet long, and shafts as much as 60 feet deep are on
the west side of a southward-trending valley, and although they are
not represented on the accompanying map on account of their
badly caved condition at the time of visit (May and June, 1918)
most of them are situated within the areas represented as contain-
ing proved manganese deposits. (See fig. 8.) The workings pene-
trate a chocolate-brown manganese-bearing clay after they pass
through a yellow cherty loam a few feet to many feet thick. This clay
is said to average 15 feet over the ore-bearing area on the hill north-

% Penrose, R. A. F,, jr., op. cit,, pp. 232-234,
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west of the washer and 5 or 6 feet thick in the larger of the two
ore-bearing areas south of the washer. The clay and the ore that it
contains are a residue from the decomposition of the Fernvale lime-
stone. The surface of the limestone overlain by the clay is very
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tunnels, cuts, and pits

Ficure 8.—Geologic map of Searcy mine. Surveyed by H. D, Miser with plane table and
telescopic alidade in June, 1918. A4, B, Line of section in figure 4 (p. 62).

irregular. The ledges and boulders of the limestone revealed in a
few of the openings are gray for the most part, but in places they are
purplish red, and some of the limestone contains seams and nodules
of manganese oxides from one-third of an inch to 3 inches thick.
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The occurrence of the manganese ore in the limestone and in the
overlying residual clay is represented in figures 4 and 9.

Although the Fernvale limestone is thus deeply decayed on the
weg? side of the valley, it is but little decayed on the east side, where
it is exposed in bluffs and over most of the adjoining hill slopes. The
Searcy Cave, from which the Searcy Spring issues, is in this lime-
stone. On the east side of the valley the limestone is everywhere
gray, and neither it nor its scanty residual clay contain any visible
quantity of manganese oxide. Furthermore, the Fernvale on the
cast side of the valley is overlain by 50 feet of pinkish-gray St. Clair
limestone, whereas the St. Clair is apparently absent on the west side
of the valley. The Boone chert caps the
hills near the mine, and much of it,
especially on the west side of the valley,
occurs as loose débris on the slopes or as
steeply dipping broken beds that have
settled below their original position to
conform with the irregular clay-covered
surface of the limestone.

Manganese ore has been proved by .
prospecting and mining to occur in min-  Ficuxe 9. —Section showing

: : ganes e in Fer 1
able quantity in the three areas repre- T eston em((‘b)”}md “n the

sented on the map (fig. 8). Although overlying residual clay (a)
. . F: he BN i Tt -
much prospecting has been done outside 1 5° Serey mine. the clay

these areas, no other deposits or exten- near the top of the section
sions of the proved deposits have been — |‘Tyof Slert fragments
found, which may be due in part to the

shallowness of the pits and shafts. The ore consists of psilomelane
and smaller quantities of hausmannite and manganite and occurs as
small and large masses irregularly distributed through the clay.  Most
of the masses are irregular in shape; only a few have a botryoidal
form. The smallest pieces, “ wash ore,” a fraction of an inch in diam-
eter, form a considerable portion of the ore-bearing clay. The larger
masses, “ lump orve,” some of which have been found weighing 8 to 10
tons, have been sorted out, and many of the smaller ones, more than
balf an inch in diameter, have been separated from the clay and from
the finer particles by dry screcning. Some of the ore-bearing clay
(“wash dirt ) from which the “ lump ore ” had been hand picked has
been shipped without treatment, and some was, in 1917, treated in a
small washing plant that was equipped with a trommel screen. Two
grades of concentrates, classed as “ washed ore” and “tailings,” were
obtained at the washing plant.  Norecords were kept to show the ratio
of material treated to the concentrates recovered. The following analy-

104569—22 9
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ses represent the composition of carload lots of these different classes
of ore:

Analyses of mangancse ore from the Searcy mine.

[

Manganese (Mn)....| 52.71 21.22 45.46 | 40.17 | 40.03 | 39.49 | 47.40 52.23

Iron (Fe)............ 4.15 8.83 5.05 8.83 9.86 | 10.34 7.02 4.25
Phosphorus (P)..... 31 [l .13 .16 .29 .32 .18 .22
Silica (8iOs)......... 3.20 |........ - 13.78 | 12,05 | 10.50 ) 10.02 7.14 5.38

Alumina (AlOg)...|.......]. ..o, 2.64 5.26 4,89 4.75 476 2,62

11 12 13 14 15 16 17 18 19 20
Manganese (Mn)..... 49.02 | 48.06 | 48.13 | 47.24 | 48.98 | 53.05| 48.68 | 48.20 | 47.65 47.47
Tron (Fe)..ee........ 4.72 4.80 5.37 5.91 7.45 1 13.57 3.71 4.68 4.85 5.53
Phosphorus (P)..... .15 .26 .22 .18 .32 15 14 .22 .27 .30
Silica (8i02).........| 854 6.59 7.02 6.43 5.3L 4.33 5.22 4.40 6.10 5.17
Alamina (AlgO3)....| 3.16 3.06 2.89 2.76 3.07 2.63 2.48 2.01 2.97 3.24

1. “Lump ore” shipped in 1897 to the Carnegie Steel Co.

2. “Wash dirt” from dumps.

3. “Tailings” from washer, shipped in 1917 to the Tennessee Coal, Iron & Railroad Co.

4. “Washed ore” {from washer, shipped in 1917 to the Tennessee Coal, Iron & Railroad Co.
5-8. ““Screened ore”” shipped in 1917 to the Tennessee Coal, Iron & Railroad Co.

9-20. “Lump ore” shipped in 1917 to the Tennessee Coal, Iron & Railroad Co.

MATHENY MINE.

The Matheny mine is on the north side of Cave Creek, near the
line between secs. 11 and 14, T. 14 N, R. 6 W., 2§ miles north of
Pfeiffer. The land is owned by Mrs. E. Diener, and work has been
done by I. J. Matheny, the lessee, beginning in February, 1918.
About 30 tons of manganese ore had been shipped before the time of
visit (May 10, 1918).

A cut trending northwestward and one trending northeastward,
cach 75 feet long, which connect in a T, have been excavated to a
maximum depth of 12 feet in yellow, red, and brown clays on a gentle
south slope, and a tunnel 10 feet long has been driven in similar clays
in the side of one of the cuts. Many pebbles and fragments of chert
oceur in the surficial parts of these clays, and a few chert fragments
oceur in other parts of them. Masses of psilomelane which range in
size from fine particles to boulders weighing 500 pounds are irregu-
larly distributed through the clays from the surface to the bottom of
the workings and how much deeper they extend has not been deter-
mined. Although the clays are a residue from the decomposition of
limestone no limestone was found in the workings, and none is ex-
posed near by on the surface except to the southeast, in the north
bank of Cave Creek, which is 55 feet below the bottom of the cut.
Wad is associated with the psilomelane, and some of the chert frag-
nients in the clays have been partly replaced by manganese oxide.
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DUNEGAN PROSPECT.

The Dunegan prospect is on a steep northwest hill slope on the
south side of Cave Creek, in the SW. # NE. } sec. 14, T. 14 N, R. 6
W., 23 miles north of Pfeiffer. Some work was done here 25 or 30
years ago. Later work has been done at several times, beginning in
Nov embel 1917, by different persons, including J. G. Ixepplel L J.
Matheny, and D. C. Dunegan, who is the present owner and operator.
The production by these operators is said to have been 30 tons before
the time of visit (May 10, 1918).

The workings consist of several shallow pits and cuts and a drift
30 feet long. They extend along the hill slope for about one-eighth
of a mile fmd have been dug in chocolate-colored clay, whose sur ﬁcml
portion contains chert fragments and pebbles.

The clay is a residue from the weathering of the Fernvale lime-
stone, of which exposures are common both on the surface and in the
workings. The manganese oxides, wad and psilomelane, are found
i the clay, and manganese oxide has partly replaced a few large
boulders of porous chert.

BALES MINE.

The Bales mine is 2} miles north-northwest of Pfeiffer and con-
sists of two groups of openings on a tract of land which comprises
the W. § NW. £ sec. 13, and the SE. } NE. } sec. 14, T. 14 N., R. 6 W.
It was operated about 1909 by the Oliver Iron Mining-Co., the owner,
and the production at that time is reported to have been 200 tons of
manganese ore. The mine has been idle since then.

Only one of the groups of openings was visited by the writer. It
comprises pits, cuts, a tunnel 50 feet or more long, and a shaft 20 feet
deep connecting the back end of the tunnel with the surface. These
openings have been made within about an acre on the southeast point
of a low southeastward-trending spur. After they passed through
the surficial chert débris, which is shown in the shaft to be 10 feet
thick, they penetrated a dark-colored porous, soft though firm wad,
through which irregular masses of braunite are scattered. The wad
shows a thickness of about 15 feet in the shaft and in the tunnel. In
fact, most of the tunnel and side drifts are in it. Tt would likely con-
tain between 20 and 30 per cent of manganese after the larger masses
of braunite were separated from it.

MOYER MINE.

The Moyer mine is on the south side of Cave Creek, in the SW. }
sec. 14, T. 14 N., R. 6 W., 21 miles north-northwest of Pfeiffer. It
was worked on a small scale 25 to 30 years ago, and it was next
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worked in 1916 by S. N. Givens, who mined 30 tons of manganese ore.
Since 1916 it has been worked by A. W. Moyer, the owner, who had
mined 50 tons of ore before the time of visit (May 10, 1918). Since
the time of visit the mine has been purchased by P. J. Concannon,
who did some work in it but shipped no ore.

The openings, which are small pits and cuts, short tunnels, and
shafts as much as 35 feet deep, have been dug here and there over
an area of about 5 acres on the lower part of a steep southwest hill
slope. After they pass through a few inches to 15 feet or more of
chert débris or of chert in steeply dipping layers they penetrate
red and chocolate-colored clays, through which masses of manganese
oxides varying in size from fine particles to boulders weighing 500
pounds are irregularly distributed. The clays as well as the man-
ganese oxides are a residue from the decomposition of the Fernvale
limestone, which is not exposed on the surface but which was found
in some of the openings. They contain a few boulders and ledges of
porous brown chert, which are partly replaced by manganese oxide.
The marketed manganese ore comprised a high-grade ore, consisting
mainly of psilomelane but partly of hausmannite, both hard minerals,
and a low-grade ore, consisting of the soft mineral, wad.

SILBERSTEIN PROSPECT.

Thie'Silberstein prospect consists of pits and cuts made at different
places on the Mrs. Searcy tract, in sec. 14, T. 14 N, R. 6 W., 24 miles
north-northwest of Pfeiffer. It was being operated at the time of
visit (June 26, 1918) by E. A. Silberstein, the owner. The produc-
tion before that time is said to have been 25 tons of manganese ore.

An east-west cut 100 feet long and a few feet deep has been dug
in chocolate-colored manganese-bearing clay, on the northwest slope
of a hill, in the NE. 3 SW. 1 sec. 14. This clay contains large and
small masses of hard and soft manganese oxides, and it overlies the
irregular surface of the Fernvale limestone, which is revealed at
places in the cut. Several other openings as much as 20 feet deep
have been made on the southwest slope of a hill in the NE. } SW. 1
sec. 14, and they have yielded ore similar to that at the cut described
above. These openings are just northwest of the Moyer mine. A
pit by the roadside, southeast of the last-described openings, reveals
the presence of chocolate-colored manganese-bearing clay. Several
very shallow pits have been dug in cherty manganese-bearing clay,
on the west point of a hill near the east side of the Mrs. Searcy tract,
but the clay is probably thin, as outcrops of the Fernvale limestone
are numerous. The ore observed at these pits at the time of visit
consisted of small fragments of braunite.
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The openings described above prove the presence of manganese
ore on this tract, but further prospecting will be requnired before any
reliable estimate of available tonnage can be made.

J. A. REVES MINE.

The J. A. Reves mine is on the south side of Cave Creek, in the
NW. } sec. 23, T. 14 N., R. 6 W., 2 miles north-northwest of Pfeiffer,
and is on land whose agricultural right is owned by J. N. Smith and
whose mineral right is owned by J. A. Reves. It was operated he-
tween 1890 and 1895 by M. W. Reves for the Keystone Manganese &
Iron Co., which mined and shipped 300 tons of hand-picked “lump
manganese ore that is said to have contained between 45 and 48 per
cent of manganese. It then lay idle until April, 1918, when work
was begun by J. A. Reves, who had mined only a few tons before the
time of visit (May 10, 1918).

The workings, which consist of shallow pits, have heen dug in
brown and red manganese-bearing clays over an area of a few acres.
On the east hill the clays are overlain by a few feet or more ot chert
either as loose débris or as steeply dipping layers, and they overlie
the irregular surface of the Fernvale limestone, of which there are
a few exposures in the vicinity of the workings. On the west hill,
where most of the shipped ore has been mined, the chert overburden
is thinner, and exposures of the Fernvale limestone are more numer-
ous. The manganese ore occurs as both small and large masses ir-
regularly distributed through the clays. Many of the masses are com -
pact and hard and include psilomelane and hausmannite; but some
of them consist of soft though firm wad, are porous, and contain con-
siderable clay.

HENLEY MINE.

The Henlev mine is in the S. 3 NW. 1 sec. 14, T. 14 N, . 6 W,
24 miles north-northwest of Pfeiffer. It was worked about 30 years
ago by the American Manganese Co. and the Keystone Manganese
& Jron Co. The quantity of ore mined and shipped by these two
companies is not known. The next work was begun in May, 1917, by
A. S. Wilson, who was succeeded in the fall of 1917 by the Bates-
ville Commercial Mining Co. The operator at the time of visit
(May 10, 1918) was George Reves, but he has since been succeeded
by Barbee & Malsbury. The total production from May, 1917, to
May, 1918, is said to have been about 25 tons. ‘

The workings are on steep south and west hill slopes. Those
on the south slope are shallow cuts and inclined drifts as much as
30 feet long and are partly in clay and partly in chert overlying
the top of the Fernvale limestone. They are all about 150 feet above
Cave Creek, and they extend along the slope for a distance of almost
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500 feet. The Fernvale limestone is exposed in some of them, and
it is overlain by 6 to 12 inches of chocolate-colored clay, which
in turn is overlain by a few inches to 3 feet of shaly red, yellow,
and brown clay. These clays are in part a residue from the decom-
position of the Fernvale limestone and in part from the decomposi-
tion of a bed of shale overlying it, and they contain pockets and
lenses of psilomelane, hausmannite, and wad. The ore-bearing
clays and the overlying Boone chert dip in different directions at
different places, to conform with the irregular limestone surface
that has been produced by the partial decomposition of the lime-
stone. At one place 1 to 2 feet of the highest part of the Fernvale
limestone has been largely replaced by iron and manganese oxides.

The largest opening on the west slope of the hill is 75 feet long
north and south and reveals the following section :

Section in cut at Henley mine.

Booue chert: Ft. in.
Thin beds of chert lying hovizontal . _______________ 12
Yellow platy clay with a thin layer of greenish-gray

earthy limestone at the base— .. ______________
Conglomeratic ferruginous earth; rests upon slightly
irregular surface of Fernvale limestone__._________ 1 4
Fernvale limestone:
Rusty limestone; contains thin seams and irregular
masses of manganese oxides_.____________________ Few feet.

[\

Four or five carloads of manganese ore is said to have been mined
and shipped from this cut about 30 years ago, but no work has been
done in it recently. The ore was mined from clay, and both clay
and ore are obviously residues from decomposition of the Fernvale
Jimestone.

Several badly caved pits and shafts farther north and lower on the
slope of the west hill show the occurrence of manganese ore in both
small and large masses in clay which is overlain by considerable
chert débris that has rolled or settled down the slopes.

The following analyses, supplied by E. A. Silberstein, the trustee
of the mine, show the composition of samples of the manganese ore
from the openings on the south slope of the hill:

Analyses of mangancse ove from Henley mine.

[C. A. Graves, analyst.]

1 J 2
Manganese (Mn)...............o.o.... e et eaeaas l 55. 65 44,56
Iron (Fe)........ : 2.30 8,86
Phosphorus (P) ! 107 187

Silica (8i09)...

1. Selected specimen.
2. Average sample from seven pits.
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G. A. WILSON MINE.

The G. A. Wilson mine, formerly known as the Lone Star mine,
is in the NW. 1 NW. 1 sec. 14, T. 14 N., R. 6 W., 23 miles north-
northwest of Pfeiffer; and is.just north of the Henley mine. It was
operated 30 years ago by the American Manganese Co., and a. few
years later by the Keystone Manganese & Iron Co., both of which
shipped several hundred tons of hand-picked “lump” manganese
ore. Work has been done at different times in recent years by sev-
eral persons, but the quantity of ore mined by them has been small.

The workings are on a steep west hill slope and extend from the
base of the hill 100 feet or more up the slope. They consist of one
large cut, several small cuts, and a few shafts as much as 27 feet
deep, all badly caved at the time of visit (May 10, 1918). They
penetrate manganese-bearing clay, which is overlain by a few inches
to several feet of chert débris. Although this clay and the man-
ganese ore it contains are residues from the decomposition of the
Fernvale limestone no exposures of this limestone are observed in
the openings, and none occur on the surface near them. The man-
ganese oxides observed on the dumps are psilomelane and haus-
mannite, which occur in particles a fraction of an inch in diameter
(“ wash ore ”) and in larger masses. ' '

M. W. REVES PROSPECT.

The M. W. Reves prospect is on the north side of Cave Creek, in
the N. } sec. 15, T. 14 N., R. 6 W., 23 miles north-northwest of
Pfeiffer. A few very shallow pits have been dug in cherty, clayey
loam on and near the south point of a hill, and from them altogether
not more than 2} tons of manganese ore have been taken out and
shipped. If they had been dug deeper they would have doubtless
penetrated manganese-bearing clay that is free from chert frag-
ments. The presence of only a few outcrops of the Fernvale lime-
stone on the slopes and of a sink hole on the crest of the hill indi-
cate that this limestone has undergone extensive decomposition,
which has yielded a considerable quantity of such clay. The few
pieces of manganese oxide found on the dumps at the time of visit
(May 14, 1918) consisted of hausmannite, psilomelane, and soft
though firm wad. ‘

G. D. REVES TRACT.

The G. D. Reves tract comprises the N..3 NE. } sec. 22, part of
the NE. 2 NW. 1 sec. 22, and part of the S. § SE. 1 sec. 15, T. 14 N,
R. 6 W., 2% miles northwest of Pfeiffer. No prospecting has been
done on the tract, but pieces of steel-blue psilomelane, some of which
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weigh 3 or 4 pounds, have been found on the edge of a low terrace
on the north side of Cave Creek. These pieces, like the chert frag-
ments and pebbles which occur in the loam underlying the terrace,
were carried to their present position by Cave (reek when its channel
was higher than it is now.

Small masses of iron oxide were observed by the writer on the
surface on the hill slopes south of Cave Creek, but no manganese
cxide was observed. The hills are capped by the Boone chert, and
the Fernvale, Kimmswick, and Plattin limestones are exposed at
a few places on the slopes, but at most places they are overlain by
clay whose surficial portion contains chert fragments.

OLIVER TRON MINING CO.’S PROSPECT.

The Oliver Iron Mining Co.’s prospect is on the north side of Cave
Creek, 2% miles northwest of Pteitfer and is in either the NE. } NW. 1
Sec. 22 or the Sk, 4 SW. 1 sec. 15, T. 14 N, R. 6 W. It consists of
a few badly caved shallow cuts and some shafts, as much as 60 feet
deep, dug many years ago at different places over an area of
about an acre on the lower part of the east slope of a hill. They
penetrated a chocolate-colored clay which is overlain at the surface
by chert débris. This clay is a vesidue from the weathering of the
Fernvale limestone and possibly the Kimmswick and Plattin lime-
stones, but none of these limestones are exposed on the surface near
the openings. The only manganese ore observed at the time of visit
consisted of fine particles of psilomelane -and hausmannite, which
occur in considerable quantity in the clay.

MARTHA THOMPSON MINE.

The Martha Thompson mine is in the SW. $ SW. } sec. 15, T. 14 N,
R. 6 W, on the east slope of a hill north of Cave Creek, 3 miles north-
west of Pfeiffer. It was first worked 30 years ago by M. W. Reves,
who says that he mined and shipped nine cars of manganese ore, and
it was next worked by Capt. Vance, beginning in the fall of 1917,
but the production by him before the time of visit (May 11, 1918)
was only 12 tons. The workings consist of a few shallow pits and
cuts that have been dug in chocolate-colored manganese-bearing clay.
This clay lies in channels and hollows in the Fernvale limestone, of
which there are a few exposures, and is overlain by a few inches
to several feet of chert débris. Manganese ore occurs in the clay
both as fine particles and large masses. The larger masses have
been hand picked from the clay and shipped, but the smaller particles
have been left in the clay on the dumps. The small particles observed
at the time of visit consist mainly of psilomelane and hausmannite.
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CLIMER PROSPECT.

The Climer prospect consists of three openings made in 1917 by
Captain Vance on a northeast hill slope in the NW. 1 SW. 1 sec. 15,
T. 14 N.. R. 6 W., 3 miles northwest of Pfeiffer. One of the openings,
a shaft, passed through 5 feet of clay containing chert fragments
and then penetrated to a depth of 20 feet a chocolate-colored clay
in which masses of hard manganese oxide are said to have been found.
"A north-south cut 30 feet long and a tunnel 10 feet long running
from the south end of the cut have been dug in mealy manganiferous
brown to black clay (wad), which is mixed with much red clay and
many chert fragments at and near the surface. Another cut 20 feet
long is in similar manganiferous clay (wad), which is concealed at
the surface by red clay containing chert fragments. Masses of hard
manganese oxides were found in the manganiferous clay. Most of
these masses observed on the dump at the time of visit (May 11, 1918)
were composed mainly of compact psilomelane, but some of them are
porous and contain considerable clay. Manganese ore is said to have
been plowed up in a field on the hill slope below the openings.

The absence of limestone exposures on the surface in this vicinity
and the fact that no limestone was found in the openings suggest that
the underlying limestone is concealed by a thick covering of clay, but
prospecting has not been extensive enough thus far to determine its
depth and areal extent or the quantity of manganese ore it contains.

WALTER CHINN PROSPECTS,.

The Walter Chinn prospects are on the Walter Chinn tract, 2}
miles west-northwest of Pfeiffer, which comprises the W. § NW. }
sec. 22, T.14 N, R. 6 W. Some work was done on this tract 15 to 20
years ago and some within the last few years, but very little alto-
gether. A cut a few feet deep has been dug recently in chocolate-
colored clay on the gentle south slope of a hill north of Cave Creek,
and it is said to have yielded a ton of “lump ” manganese ore. The
total depth of the clay is not known, for the cut and a few old badly
caved cuts near by do not appear to have passed entirely through it.
No limestone is exposed in the vicinity of the cuts, but the occurrence
of outcrops of the Fernvale limestone at about the same elevation
a quarter of a mile northeast and almost half a mile southwest
suggests that this limestone underlies the clay. The clay is overlain
by a cherty loam which in places is several feet thick.

A northwestward-trending cut 60 feet long and a few feet deep
is on the southwest side of a small hollow one-eighth of a mile south of
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Cave Creek and 140 feet above the creek. It has been blasted in
horizontal rock beds, of which the following section was measured :

Section in cut on Walter Chinn tract.
Boone chert:

Massive chert interbedded with a small quantity Feet.
of clay__..__________ - 6
Red ciay containing a few chert layers________ 13-23
Hard, compact, greenish-gray limestone_______ I{‘mvinches—?«}

Weathered shale; contains nodules that appear
to he phosphatic_ . . ____________ Few inches.

Fernvale limestone:
Cross-bedded gray limestone ; contains very small
pockets and lenses of manganese oxide near
the top; at the northwest end of the cut the
limestone is red and contains red iron oxide
and hausmannite and thin veins of caleite.__ 4
The hausmannite and iron oxide mentioned in the above section
have only partly replaced the Fernvale limestone, and for this reason
fragments of these oxides contain more or less calcium carbonate.
After almost one carload of manganese-bearing limestone had been
quarried the manganese content of the limestone became too low for
further mining to be profitable. The manganese-bearing limestone
at this locality is similar to that at the W. A. Chinn cut, which is
described on pages 130-131.
O’FLINN PROSPECT.

The O’Flinn prospect is on the T. J. Walbert tract, in the SW.
NE. } sec. 22, T. 14 N, R. 6 W, 2} miles northwest of Pfeiffer, in a
depression on the southwest slope of a hill. The depression is
circular, from 150 to 200 feet in diameter, and is surrounded by steep
slopes except on its southwest side. A few tons of ferruginous man-
ganese ore have been removed from shallow pits. Some of these
pits reveal 3 feet or less of brown weathered Cason shale which
contains “buttons” and shaly masses of ferruginous manganese
oxide and iron oxide and some pits reveal ledges of the Fernvale
limestone that are blackened with asphalt and that contain veinlets
and small pockets of asphalt. A soft manganese oxide found in one
pit contains many doubly terminated quartz crystals which are a
fraction of an inch in their longest dimension.

A shaft at this locality is described by Penrose as follows: ™

A shaft was once sunk in the St. Clair [Fernvale] limestone here in search
of gold and silver but has been abandoned. It is now mostly filled with water
but is said to be 103 feet deep. Many masses of a pink St. Clair [Fernvale]
limestone, containing inclusions of red and green clay and cavities lined with

crystalline quartz and white calcite, are on the dump. Veins of calcite also
traverse the limestone bed, but the rock from which the gold and silver is

7 Penrose, R. A. F., jr., Manganese—its uses, -ores, and deposits: Arkansas Geol. Sur-
vey Ann. Rept. for 1890, vol. 1, pp. 231-232, 1891.
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said to have been taken is a hard, massive, dun-colored quartz, of a somewhat
granular structure, frequently containing small cavities lined with red, trans-
parent quartz crystals. This rock is said to have lain almost horizontally
and to have been 18 inches in its thickest part. It probably represents a len-
ticular hed in the St. Clair [Fernvale] limestone.

The Fernvale limestone crops out in heavy ledges on the steep
hill slopes that partly surround the circular covelike depression at
this locality, and the Kimmswick and Plattin limestones crop out
as heavy ledges on the steep slope and in the bluff southwest of it.
The Cason shale described above is present only in the depression,
and as it occurs lower than the beds of Fernvale limestone exposed
on the hill slopes that partly surround the depression it is not in
place.  Doth it and possibly some of the limestone beneath it ap-
parently represent the roof of an old cave that has fallen in.

WALBERT MINE,

The Walbert mine is 2 miles northwest of Pfeiffer, on the T. J.
Walbert tract, which comprises the S. 3 NE. 4 and the SE. $ NW. }
sec. 22, T. 14 N, R. 6 W. Work has been done here beginning in
August, 1917, by Capt. Vance and later by the Vance Mining Co.,
of which Capt. Vance became a member. 'The production before
the writer’s visit (May 13, 1918) was two cars of manganese ore,
one of which, according to Capt. Vance, contained soft low-grade
ore with 30 per cent of manganese and the other a hard high-grade
ore with 55 per cent of manganese.

The mine consists of two openings; one of these, a cut by the road-
side at the base of a steep hill slope, has a face 15 feet high at its
inner end, and a shaft 30 feet deep has been sunk from it. The cut
and shaft together reveal a thickness of 25 feet of brown to black
soft, friable, mealy manganiferous clay (wad), through which hard,
compact masses composed mainly of psilomelane are scattered. The
firmer and more earthy parts of this clay and the masses of hard
manganese oxides are hand picked during mining and are shipped
separately as low-grade and high-grade orves, respectively. The clay

_is overlain at the surface by a few feet of red loam containing chert
fragments, and on one side of the cut it is overlain by a pocket of
quartz sand in which there are pebbles and fragments of chert. The
following analysis, supplied by Capt. Vance, represents the composi-
tion of a 10-pound sample of the hard ore from this locality :

Analysis of mangancse ore from the Walbert mine.

[Roger Brown, analyst.]

Manganese (Mn) oo 59. 04
Tron (Xe) oo 1.19
Phosphorus (P) o ___ - 113
Silien (8108) - oo - .82

Aluminum (A1) o - 1.13
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Another cut, having a face of 10 feet, is on the hill slope 400 feet
northwest of the one just described. It reveals 3 to 4 feet of sur-
ficial cherty loam, below which is a manganiferous clay (wad) and
masses of hard manganese oxides, whose character and occurrence
are the same as they are in the cut and shaft to the southeast, except
that much braunite in fine crystals is disseminated through parts of
the clay at this locality. An analysis of a sample of this clay, fur-
nished by Capt. Vance, shows that it contains 35.65 per cent of

" manganese.

A few very small pits that have been dug on the hill slope between
the two cuts just described reveal the presence of chocolate-colored
manganiferous clay.

Although no limestone is exposed on the surface or in the open-
ings at this locality the elevation and character of the manganiferous
clay indicate that the clay overlies the Fernvale limestone, from
which it has been derived by weathering. The total thickness of the
clay and its areal extent have not heen determined.

ADLER MINE.

i

The Adler mine, also known as the Section Sixteen mine, consists
of a number of openings at places in and near sec. 16, T. 14 N
R. 6 W., 3% miles northwest of Pfeiffer and 5% miles north of Bates-
ville. A little work was done here about 30 years ago by E. H. Wood-
ward & Co.. and 15 tons of ore is said to have been mined and
shipped.” Tt has been operated from time to time within the last
20 years—first by Simon Adler, the former owner, and later by N. A.
Adler, the present owner—and has produced several hundred tons
of manganese ore. Since the time of visit (June, 1918) the National
Manganese Co., the present lessee, is reported to have installed a
steam shovel to mine the larger pieces of ore, and will also determine
the available quantity of fine ore that can be recovered by means of
a washing plant.

The Adler mine is in a rough, hilly area not unlike most of the
surrounding region in which manganese deposits are found. The
hills are capped by the Boone chert, and at different places on their
slopes the Plattin, Kimmswick, and Fernvale limestones are ex-
posed. These rocks have disintegrated more or less at different
places, leaving their residual materials on their irregular surfaces.
The clays that are residual from the limestones are overlain by
chert fragments, derived from the Boone chert, or by pockets of
sand and by many well-rounded pebbles. Some of the clay, as
shown by the presence of manganese “buttons” in it, is a residus

7 Penrose, R. A. ., jr., op. cit., p. 232,
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from the decomposition of the Cason shale, but this shale is not
present everywhere in this vicinity. Although most of the manga- .
nese ore that has been shipped has been mined from these clays, ore
has been quarried from beds near the top of the Fernvale limestone.
The ore in the clays and much of the clays themselves are resid-
ual from the weathering of the Fernvale limestone and Cason shale,
and the ore found in clays that rest upon the Plattin and Kimms-
wick limestones has simply settled farther down the hill slopes than
_the ore that is in the clays that rest upon the Fernvale limestone.

Several cuts as much as 20 feet deep have been made on the east
and west sides of a hollow on or near the south line of sec. 16, half
u mile north of Cave Creek, and one tunnel 30 feet long has been
driven here. They penetrate chocolate-colored clays, in which both
large and small masses of manganese oxides occur. These clays
overlie the Fernvale, which is exposed both in the openings and on
the surface. Some of this limestone contains enough manganese
to make mining profitable, and such material is known as “ rock.”
Fragments of this material observed on the dump at the time of visit
(May 13, 1918) contained a brown translucent manganese silicate,
which has not yet been identified. A small quantity of white barite
occurs as large crystals in some of this mineral. A pile containing
about 1,000 pounds of “ lump ore,” which had been hand picked from
the clay, was observed at the time of visit: it consisted of irregu-
lar slabs of coarsely granular hausmannite and a small quantity of
psilomelane.

A number of other openings are on the points of 3 or 4 hills far-
ther north and northwest. They penetrate to a depth of several feet
red and brown clays, in which hard oxides of manganese usually
occur as irregular masses, both large and small, but in some of the
openings the clays contain “buttons” of psilomelane like those at
the Cason and Montgomery mines. The gentleness of some of the
bill slopes and the absence of limestone outcrops on them suggest
that the manganese-bearing clays may occur in considerable quan-
tity in these slopes. Most of the clays overlie the Plattin lime-
stone, of which there are many exposures on the lower parts of the
slopes, and although the Kimmswick and Fernvale limestones are
not exposed some of the clays probably overlie these limestones.

According to N. A. Adler, 15 tons of hand-picked “lump ore”
with 50 per cent of manganese and 53 tons with 33 per cent of man-
oanese was shipped from this mine in 1915; in 1916 the production
was 90 tons with 50.69 per cent of manganese; and in 1917 it was
100 tons averaging 47 per cent of manganese and 150 tons with less
than 40 per cent of manganese. In addition, 100 tons of manganese-
hearing limestone was shipped during these vears. The following
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analyses, supphed by Mr. Adler, are of carload lots of manganese ore
from this mine:

Analyses of manganese ore from the Adler mine.

Mangancsc (Mn)....
Iron (Fe)...........
Phosphorus (P).....
Silica (Si03).........
Alumina (Al03). .
Calcium carbonate’
(CaCO03).. .
Moisture

1-3. ““Lump ore” shipped in 1897 by Simon Adler to the Carncgie Steel Co.
4. “Lump ore”’ shipped in 1899 by Simon Adler to the Carnegie Stzel Co.
5. Two cars of “‘lump ore,” shipped in 1901 by Simon Adler to the Carnegie Steel Co.
6. ¢ Lump ore’” shipped in 1917 by N. A. Adler to the Tennessee Coal, Iron & Railroad Co.
7. Ore known as “rock,” shipped by N. A. Adler.
8-10. Low-grade soft ore shipped by N. A, Adler.

W. A. CHINN CUT.

The W. A. Chinn cut is on the W. A. Chinn tract, in a hollow on.
the north side of Cave Creek, in the NE. } sec. 21, T. 14 N., R. 6 W,
3 miles west-northwest of Pfeiffer. The mine was operated by S. W.
Deener in 1915 and by W. H. Denison and N. A. Adler in 1916. The
total production by these operators was 400 tons.

The cut is on a steep slope on the east side of the hollow and 60
feet above the bottom of the hollow; it is a few feet deep and 125
feet long north and south. It was blasted in rock beds which lie
horizontal, and it reveals the following section:

Section in W. A. Chinn cut.

Feet.
Boone chert:
Thick-bedded gray chert and cherty gray limestone__._.___. 3
Fine-grained gray limestone; ‘contains small nodules of
phosphaterock . ______________ ______ ___ 3

Platy red and green shale; contains soft dark-colored peb-

ble-like masses, which may he phosphatic_-_TFew inches to 1
Fernvale limestone:

Ferruginous and manganiferous fossiliferous limestone;
red in parts and dark gray in others. Caleareous oolites
and pebbles occupy small fissures and pockets in the
upper part of the limestone - ——_— T

Hausmannite and a smaller amount of iron oxide have partly re-
placed the Fernvale limestone. These minerals in places form only
a small part of the rock and in others form the larger part of it, but
no specimens were found that were entirely free from calcium car-
Lonate. One specimen observed at the time of visit contains a pocket
I inch in its longest dimension, composed of white barite and pink
fine-grained manganiferous calcite (manganocalcite). The parts of
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the limestone that contained the largest percentages of manganese
have been quarried and shipped. Of the beds exposed in the cut in
1918, a 2-foot bed at the top of the limestone reveals the most haus-
mannite. The analyses given below are of carload lots of manganese
ore shipped from this mine. No. 3 is said to represent approximately
the average composition of the marketed ore.

Analyses of manganese ore from the W. A. Chinn cut.

t 1 2 3
Manganese (MIL) . .. ....iieiiiiiiniietarniieinaeeeieiiaenassaanasans 17.24 36.15 24. 65
B0 3o TG0 R 7 10 9.20
Phosphorus (P)......... .44 .54 .58
Silica (Si02).....ccou..n 3.60 8.50 4,90
Calcium carbonate (CaCOa) . 52,70 25.30 32.83
Moisture. . 1.60 2.10 .

A. R. CHINN PROSPECT.

The A. R. Chinn prospect is on a steep west slope, on the point of
a hill just south of Cave Creek, in the SE. } sec. 21, T. 14 N, R. 6 W,
24 miles west-northwest of Pfeiffer. Work at this locality was done
25 to 30 years ago, again in 1898, and next in 1916 and 1917. The
owner, A. R. Chinn, reports that altogether about 30 tons of manga-
nese ore have been removed from the openings and shipped. The
openings are shallow pits which have been dug in pockets of clay
from points near the base of the hill to 120 feet above the base. The
clay contains fragments of braunite and a few fragments of psilome-
lane and overlles the Fernvale limestone, of which there are many
outcropping ledges and boulders. Lenses of braunite 2 inches or less
thick are common in the upper part of the Fernvale limestone. The
presence of calcite and of the casts of fossils in some of them show
that the braunite has replaced parts of the limestone, and the simi-
larity of the fragments of braunite in the clay to those in the lime-
stone indicates that they were once embedded in the limestone but
have been freed from it by weathering.

BAXTER PROSPECTS,

The Baxter prospects consist of two groups of openings, made in
1917 and 1918 by George Baxter, the owner. One group, which in-
cludes three very small pits, is on a north hill slope in the N. } SE. }
sec. 28, T. 14 N., R. 6 W., 2% miles west of Pfeiffer. These pits are
in a chocolate-colored clay, which contains chert fragments at and
near the surface, and from them 4 or 5 tons of hand-picked manga-
nese ore is said to have been taken and marketed. The other open-
ings are about a mile farther north on a steep north hill slope just
south ot Cave Creek, in the SE. } sec. 21, T. 14 N., R. ¢ W. They
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have been dug a few feet deep in a manganese-bearing clay and are
said to have yielded 10 or 12 tons of hand-picked manganese ore.
The total thickness of the manganese-bearing clays at these two
Jocalities has not been tested. At the second locality described they
rest upon the irregular surface of the Fernvale limestone, of which
there are exposures near the pits, and they also probably overlie this
limestone at the first locality, though no limestone is exposed there.

COLLINS PROSPECT.

The Collins prospect consists of several very small pits situated
here and there on both sides of a southwestward-trending hollow. for
a distance of about a quarter of a mile in the NI. 1 sec. 28, T. 14 N,
R. 6 W, 2 miles west of Pfeiffer. The pits were made in 1917 and
1918 by Isaac Collins, the owner of the land, and are said to have
yielded 10 tons or more of hand-picked manganese ore. They are in
a chocolate-colored clay, which contains fragments of manganese
oxides and chert. Some of them are in clay that surrounds masses
of the Fernvale limestone ; others were not dug deep enough to reach
this limestone. The small pieces of manganese oxides found on the
dumps at the time of visit (May 13, 1918) were made up largely of
psilomelane, hausmannite, and wad.

BURGE MINE.

The Burge mine is on land belonging to Mrs. S. E. Burge, in the
SW. } SW. £ sec. 28, T. 14 N., R. 6 W., 3 miles north of Batesville,
and is near the head of a hollow which is drained by a wet-weather
branch flowing into Polk Bayou about a mile away. Mining was
begun here in 1916, and the operator at the time of visit (March 21,
1918) was J. A. Finster, who reported that the equivalent of 4 or 5

carloads of manganese ore had been mined and hauled to Pfeiffer
and Batesville, where it was shlpped

The mine is made up of openings extending along both s1des of the
hollow for about three-eighths of a mile, but most of them are on
the south side of the hollow. The deposit that is being worked is in
the residual clay of the Fernvale limestone, exposures of which are
found in the lowest 50 feet of the hill slopes. The Fernvale was
also found beneath 27 feet of clay and chert débris in a drill hole in
the bottom of the hollow. The Boone chert, which caps the hills
in the vicinity, appears to rest directly upon the Fernvale limestone.
The ore-bearing clay is red and chocolate-colored and sticky; its
surficial portion is mixed with chert that has rolled down the slope:
and it rests upon the irregular surface of the hard, unaltered lime-
stone. It has been found in shafts to extend to a depth of 45 feet,
and one tunnel penetrated it for 200 feet.
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The manganese ore is mainly compact hard psilomelane, though
other manganese minerals including hausmannite and braunite are
present. It occurs in irregular fragments ranging in size from fine
particles to masses weighing 1 ton. It contains a small quantity of
white barite but not enough to injure its market value. Some of the
ore has partly replaced masses of chert which are residual from the
Fernvale limestone, and such ore is too siliceous to be of value.

RUTHERFORD MINE.

The Rutherford mine, owned by W. A. Rutherford, is 3 miles
north of Batesville. It was operated about 30 years ago, and
although the total production at that time is not known the shipment
of two carloads of manganese ore from this property is mentioned
by Penrose,™ who described the mine as the ¢ John B. Skinner tract.”
The next work was done by various lessees, beginning in 1916, who
mined; and marketed 100 tons of lump ore before June, 1918.

The workings consist of four or more groups of shallow pits and
cuts and a few short drifts. Most of them are on the points of hills
and are on either side of narrow hollows, the main one of which is
drained by a wet-weather branch southwestward into Polk Bayou.
Those farthest west are about half a mile from Polk Bayou, and
those farthest east are about 13 miles from it.

The manganese ore occurs in the Fernvale limestone and its
residual clay but in minable quantity in only the clay. The Fern-
vale limestone is exposed at many places in the lower 100 feet of
the slopes, but it is generally concealed by its residual clay or by
débris from the Boone chert above. The ore-bearing clay is red
or chocolate-colored and sticky, rests in channels and pockets in the
limestone, and is probably nowhere more than a few feet thick. It
contains irregular fragments of ore from small particles to masses
weighing several hundred pounds and fragments of chert that have
been derived from the Fernvale limestone and the Boone chert.
Wherever the chert from the Fernvale is present some of it is partly
or entirely replaced by manganese oxide.

The ore is chiefly psilomelane with subordinate amounts of wad
‘and possibly braunite, and that recently shipped contained, according
to N. A. Adler, the buyer and shipper of the ore, from 48 to 50 per
cent of manganese. The first two analyses given below represent
the composition of two carloads of manganese ore shipped from this
property about 30 years ago,” and the third analysis one carload
of ore shipped in 1917 to the Tennessee Coal, Iron & Railroad Co.

7 Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol.
Survey Ann. Rept. for 1890, vol. 1, pp. 217-219, 1891.
7 Idem, p. 219.

104569—22——10
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Analyses of manganese ore from the Rutherford mince.

1 2 3
Manganese (MI) . . oo oiiini it ittt e e 38.30 39.35 48.65
Iron (Fe)............. . . 3.30
Phosphorus (P) R . . .21
Silica (8i0g). .- ceviviiniiiiann.s e eereeanaas 4,46
Alumina (A1203) . 2.54

CASON MINE.
LOCATION, HISTORY, AND PRODUCTION.

The Cason mine, owned by Mrs, K. P. Gregory, is in the S.  SW. }
sec. 34, T. 14 N., R. 6 W., 3 miles northeast of Batesville and half a
mile north-northwest of a siding on the spur of the Missouri Pacific
Railroad that runs to Pfeiffer. It is in the southern border of the
Batesville district, in a rough hilly region whose relief ranges from
360 to 610 feet above sea level. (See fig. 10.) The ore is minell from
the Cason shale in four radiating cnts—North cut, East cut, South
cut, and West cut—which are near the base of the hill slopes, and
is hauled in wagons to the above-mentioned siding for shipment.

The Cason mine was operated on a small scale about 30 years ago
by the Keystone Manganese & Iron Co., but beginning in 1904 it
has been operated almost continuously by various firms and persons.
The following table, compiled from information furnished by the
operators to the Mineral Resources branch of the United States
Geological Survey, shows the names of the operators, the com-
position of the ore, and the production by years:

Production of ferruginous manganese ore from the Cason minc.

Year {gfsg, Operators. Composition.
600
3,321
eees 8,900 23-25 per cent Mn.
1907.... 4,133
1908... 4,066
1909... 3,325 .
1910... 5,030 20-25 per cent Mn.
1911, . 2,177 20 per cent Mn, 10 per cent Fe.
1912... 1,332 20 per cent Mn, 10 per cent Fe.
1913... 9,500 16-24 per cent Mn, 7-10 per cent Fe.
1914... 1,900
1915... 2,400 .| 18 per cent Mn, 7-10 per cent Fe.
1916... b 3,645 do.:
1917.... 5,374 W H. Denison for Manganese Develop- 22 per cent Mn, 8 per cent Fe, 26 per
ment Co. cent SiO..
1918.... 5,618 | 0.t e 11. 07-19.47 per cent Mn, 6.08-7.69 per
5 . cent Fe,0.30-.42 per cent P, 32,32-37.61
61,321 percent SiO2.

a Name of operator not known.
b Total production of district. Includes several hundred tons from other mines.
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ROCK FORMATIONS.

The rock formations in the vicinity of the mine are well exposed
and are briefly described here, the oldest first, but the Cason shale,
all parts of which contain manganese minerals, will be described
under the heading “ Occurrence and character of the ove” (pp. 139-
142).
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* Batesville sandstene Boone chert St. Clair limestone 9 Cason shale Fernvale limestone  * Kimmswick Strike and dip
and Moorefield shale (Ore-bearing) limestone of rock beds

FIGURE 10.—Geologic map of Cason mine. Surveyed by H. D. Miser with plane table
in March, 1918, A4-B, Line of section in figure 11,

The upper part of the Kimmswick limestone is exposed on the
south slope of the hill, west of the mine.

The Fernvale limestone, a pinkish-gray or gray coarsely granular
limestone, is exposed both northeast and southwest of the mine, but
some of the best exposures are in the cedar glade just northeast of the
mine. It is about 30 feet thick southwest of the mine, whereas
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northeast of the mine 75 feet of the formation is exposed without
the base being revealed.

'The Cason shale, the next formation, is described on pages 139-142.

The St. Clair limestone is a massive pinkish-gray or gray fossilif-
crous granular but partly compact limestone. On the hill above
the mine it is about 90 feet thick and on the hill west of the mine
it is 100 feet thick, but it thins out entirely east and northeast of the
mine and west of the area shown on the map. It is 55 feet thick in
drill hole No. 1 and is absent in drill hole No. 2. It rests upon the
Cason shale where that is present, and where the Cason is absent it
rests upon the Fernvale limestone. These two formations, so far as
their relations can be determined from the excellent exposures in the
mine, are conformable. The character of the base of the St. Clair
limestone in the North Cut is shown in the following section, but it
varies somewhat from place to place, owing in part to different
stages of weathering and in part to the original differences in the
beds from place to place.

Sectioi in North cut at Cason mine.
St Clair limestone: , Feet.
Pinkish-gray granular fossiliferous limestone contain-
ing a few gray scattered pebble-like masses (Gir-
vanelle) about 1 inch in diameter. Dendrites are
present on the surface of some of the numerous
fossils oo e Several.
Red limestone like that above, except that it contains
a few “buttons” of manganese oxide in its lower,
shaly part. This limestone is not a separate bed
but is a colored phase of the limestone described :
above e 1-3
Calcareous hard red shale: contains a few “ buttons ”
of manganese oxide, Appears to grade into the
overlying limestone hed; not mined_ . __________ 13
(C'ason shale:
Red sandy shale; contains manganese “buttons™;
mined. Within 2 inches of its top there is a lenticu-
lar horizontal vein 1 inch thick and 2 feet long of
white barite and pink manganiferous calcite (man-
canocalcite). The 1 or 2 feet of still lower shale
that rests upon the Fernvale lipiestone is not mined. 7

The pebble-like Gérvanelle mentioned in the above section are a
conspicuous feature of the lower few feet of the St. Clair limestone.
(See Pl. VIIL.) They range from one-eighth of an inch to 13
inches in diameter, they show concentric banding, and many con-
tain angular fragments of gray earthy phosphatic material in
their centers. The minerals in them are crystalline and as may
be inferred from the character of the specimens and the analyses
given below contain calcium, manganese, and magnesium carbonates
and barium sulphate. Some of the carbonates may be chemically
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combined. They also contain considerable pyrite as fine crystals and
as small irregular replacement masses. In weathered limestone
ledges they have a red color, resembling that of the red “buttons”
in the Cason shale that are described on pages 140-142, and on the
weathered surface they change to a ferruginous manganese oxide.
In some of the limestone many of the (Mrvanelle have been partly
or wholly removed through solution, leaving cavities. One ohzerved
pebble-like mass is crystalline barite.

Analysis of pebble-like Girvenella from St. Clair limestone.

[R. €. Wells, analyst.]

Manganese (M) oo 5. 04
Iron (€)oo e 1.56
Silica (S102) oo o oo e .29
Alumina  (AlOg) oo 4. 06
Lime (Ca0) oo e 42. 80
Magnesia (MgO0) oo oo .87
Barium (Ba), 8Os, COsoee I'resent,

The black manganese “buttons ” in the base of the St. Clair are
fossil Gérvanella that have been replaced by manganese oxide. It is
assumed that they were once nearly spherical like the pebble-like
masses higher in the St. Clair, and that the flattening of the “but-
tons” is due to the effect of pressure upon the shaly limestone in
which they occur.

Manganese oxide is also present as thin films and dendrites in the
lower part of the St. Clair limestone. Yellow and brown clays that
occur in joints in the lower beds of the St. Clair limestone contain
buckshot-like concretions of manganiferous iron oxide. A mass a
{ew inches across of dark-brown manganese oxide in which there are
a few crystals of manganese oxide is in red clay lying beside a
boulder of the St. Clair limestone that is in place near the west end
of the West Cut. Its position indicates that the St. Clair limestone
is the source of its manganese.

Minute quantities of galena occur in the cavities left by the solu-
tion of the fossil Gérvanelle and in fine veins in the parts of the
limestone that still contain the Gérvanella. The largest mass of
galena found in quarrying this limestone is reported to have heen the
size of a man’s fist. ‘

Gray laminated sandy clay was found in drill hole No. 2. The
fossils in this clay indicate that it is an altered phase of the Chatta-
nooga shale, and the position of the laminae in the drill cores shows
that it dips at high angles. This shale and the overlying Boone chert
have slumped or settled into channels or hollows formed by solution
in the Fernvale limestone.

The Boone chert, owing to its resistant nature, forms the crests of
the hills in the vicinity of the mine. In part of the area shown on
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Fi1Gure 11.—Structure section' through the Cason mine along line A-B in figure 10.

a, Batesville sandstone; b,

chert; ¢, Chattanooga shale; ¢, St. Clair limestone; f, Cason shale; g, Fernvale limestone; k, Kimmswick limestone ; 4, Plattin limestone.

THE BATESVILLE DISTRICE, ARK,

the map (fig. 10), it rests upon -
the St. Clair limestone, but in
other parts of this avea, where
the St. Clair is absent, it rests
upon the Fernvale limestone.

The Moorefield shale, al-
though not anywhere exposed,
probably underlies the sur-
ficial material on the north-
west slope of the low sonth-
westward-trending ridge that
is just south of the mine. The
Batesville sandstone caps this
ridge and is the surface rock
in the low-lying area east of it.

The above-described rocks
lie flat or dip at low angles
in the area shown on the map
(fig. 10), but south of the mine
they are broken by a normal
fault with a north of east
trend and a downthrow of per-
haps 400 feet on its south side.
(See Fig. 11.) The rocks just
north of the fault dip 15° to
20° southeastward, toward the
fault, whereas beyond the crest
of the ridge northwest of the
mine they dip at a low angle
to the northwest. An anti-
cline therefore occurs at this
locality. Itsaxis trends north-
eastward along the crest of the
ridge north of the mine. The
rocks in the mine lie in a shal-
low syncline on the southeast
side of the anticline. The axis
of the syncline trends north-
westward. The St. Clair lime-
stone and Cason shale in the
West cut, which is on the west
side of the syncline, dip 15°
to 20° into the hill (north-
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northeast) and in the North cut, which is on the ecast side of the syn-
cline, they dip at about the same angle to the southwest. Two or
three faults with a downthrow of 5 feet or less were visible near the
middle of the mine at the time of visit.

OCCURRENCE AND CHARACTER OF THE ORE.

The marketable ore, as previously stated, occurs in the Cason shale.
All the Cason shale at this locality contains some manganese, and
half or more of it contains enough manganese for it to be mined and
shipped without treatment. There are several deposits in the Bates-
ville district whose manganese and manganiferous ores are obtained
from weathered phases of this shale, but of the few deposits where
such ores are found in the hard unweathered shale the one at the
Cason mine is by far the most important both in scientific interest
and in the quantity of marketed ore and available ore in reserve.

The extent of the Cason shale was not definitely determined, as
soil and rock fragments conceal it or its horizon at most places, but
it probably thins out to the west, north, and east, as shown on the
map (fig. 10), and it perhaps extends southward to the fault, south
of which the shale, if present, is possibly 400 feet below the surface.
The shale is absent in drill holes Nos. 1 and 2. The area underlain
by the unmined shale is therefore comparatively small; it is at least
3 acres and may be 6 acres or more. The shale ranges in thickness
from a feather edge to about 10 feet. The contact between the Cason
shale and Fernvale limestone, as shown by exposures in the North
cut, is irregular, indicating an unconformity between them. The
Cason shale was therefore deposited upon an irregular surface, and
this probably accounts for a large part of the variation in the thick-
ness of the shale.

The Cason shale is red, hard, platy, sandy, and slightly calcareous,
but its original color, a greenish-gray, is retained by as much as 3
feet of the top of the shale in the bottom of the syncline, near the
junction of the cuts. An analysis of the greenish-gray shale from
which the “buttons ” described below were removed is as follows:

Analysis of greenish-gray Cason shale from Cason mine.

[R. C. Wells, analyst.]

Manganese (Mn)_.____ ——— : 5.87
Iron (Fe)_____ ——m [ - 4.98
Silica (S:0:) - _ - - 32.78
Alumina (ALO:) 8.22
Lime (Ca0) o S 14. 22
Magnesia (MgO) oo 3.38

Bavium (Ba), SO, COoc e I’resent.
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Flattened pebble-like or concretion-like masses, known as “ buttons,”
lie parallel with the bedding and are more or less uniformly distrib-
uted through the shale in all parts of the mine. Most of them are
from half an inch to 1 inch in their longer diameter and from one-
fourth of an inch to one-half an inch thick. A few of the “buttons”
in the greenish-gray shale are gray but parts of some are reddened.
Other “buttons” in both the greenish-gray and red shales are-red,
whereas in much of the red shale they are composed of hard black
manganese oxides. Analyses of the red and black buttons follow :

Analyses of “ buttons™ from the Cason shale, Cason mine.

1 2
Manganese (Mn). 5.85 50.41
Iron (Fe)...... 3.08 7.56
Phosphorus (P)......ooo i e e .06
Silica (8i0s) ..... .. 2.73 12.67
Aluming (AleOs) « ot e eeeiaa i 5.68 1.37
LAme (Ca0) ... 29.85 2.09
Magnesia (Mg0)..cooeniiiii..t e e it 1.45 ... .....
Barium (Ba), S04, COs. .t e Present. {..........

1. Red “buttons’; R. C. Wells, analyst.
2. Black “buttons’’; R. N. Brackett, analyst; analysis from Penrose, R. A. F., jr., op. cit., p. 221.

The red and greenish-gray ‘buttons” presumably contain man-
ganese, iron, calcium, and magnesium carbonates and barium sul-
phate, though a few of the gray ones are composed largely of barite
(barium sulphate). The black “buttons” are chiefly compact psi-
lomelane, but some consist entirely of a ferruginous manganese oxide.
Short lenses 1 to 2 inches thick of psilomelane and ferruginous
manganese oxide.lie parallel with the bedding in some parts of the
mine.

The gray, red, and black “ buttons” have obviously had the same
origin. A number of the red “buttons” were examined by E. O.
Ulrich, and he states that they are fossil algal growths belonging to
the genus Gérvanelle. Many of the “buttons” contain centers of
chert and earthy material. They were all probably gray and nearly
spherical at one time, like the Gérvanella in the St. Clair limestone
(see P1. VIII), but by the oxidation of the iron and manganese
minerals and the replacement of some of their other constituents
by iron and manganese oxides they have changed in color from gray
through red to black and by the effect of pressure they have been
flattened. (See P1. X, 4.) Specimens which illustrate the changes
in color may be found in the North and West cuts and near their
junction. It is expected that the black manganese “buttons” will
become less abundant and the “buttons” of other colors more abun-
- dant as the shale is followed into the hills. If so, the manganese con-
tent of the shale will decrease likewise.
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The relations of the red and greenish-gray shales and the red and
black “buttons” near the junction of the several cuts are shown in
figure 12.

Although manganese is present in all the “buttons” and in the
shaly matrix surrounding the “buttons,” it does not occur in suffi-
- cient quantity to permit profitable mining except in the shale carry-
ing the “buttons” of black manganese oxides. The black “but-
tons” generally make up about one-third of the rock mass, but in
some places they make up more than half of the rock mass and in
others they form such a small part of the rock mass that such rock
has to be discarded as waste. The shale that contains enough black

St.Clair limestone with
pebble-like Girvanella

Red buttons

Red buttong with rims of
= black manganese oxide

Black buttons of
manganeseoxide

Concealed

Freurw 12.—Section near central part of Cason mine, showing the relations of the red
and green shales in the Cason shale and the relations of the red, black, and partly
blackened buttons. Heavy ruling represents red shale and light ruling green shale.

manganese “buttons” to be classed as ore is said to range in thick-
ness from 3 to 8 feet and to average about 5 feet.

In the middle and northern parts of the North cut all the “but-
tons ” consist of manganese oxides, whereas at the south end of this
cut the black “button ”-bearing shale is overlain by 5 feet of shale
with red and partly blackened “buttons,” and in the West cut the
black “button ”-bearing shale is overlain by 21 feet of shale with red
“buttons.” In the North cut the shale is hard and unweathered,
but in the other cuts it in places has weathered to yellow and green
laminated clays, in which the numerous “buttons ? and few lenses
of manganese oxide are preserved. Much of the ores shipped in the
past consisted of this weathered material, but, now only the hard un-
weathered ore-bearing rock is shipped. In parts of this clay the
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“Dbuttons ™ are soft from weathering and consist of ferruginous man-
ganese oxide, and the clay in places contains thin horizontal lenses
of this oxide. This clay is not shipped.

The shale bearing manganese “buttons” apparently does not
extend beyond the wet-weather stream at the northwest end of the
West cut. A pit west of this stream reveals a few feet of pebbly
phosphatic sandstone, which contains only stains of manganese oxide.
Some of the pebbles are red and resemble the red “buttons” in the
Cason shale at the mine.

A few veins of calcite half an inch or less thick cut the Cason shale
near the middle of the mine, and as noted in the section on page 136
a lenticular horizontal vein 1 inch thick and 2 feet long of white

-barite and pink manganiferous calcite (manganocalcite) is near the
top of the shale in the North cut. D.F.Hewett, of the United States
(eological Survey, who visited the mine in 1917, found specimens of
shale that contain films and crystals of arsenopyrite.®® Films of
barite occur in cracks in parts of the shale.

The manganese content of the ore shipped from the Cason mine
has ranged from 14 to 28 per cent, the average being about 20 per
cent. The average analyses for a number of years are given in the
table on page 134.

Penrose 5! in describing the ore taken out during the early attempts
to work the deposit says:

The amount of this ingredient [phosphorus] is variable, sometimes being
under the maximum allowed, but generally, so far as tested, going above it,
and at times amounting to from 2 to almost 4 per cent. * * * Analyses of
the ore and inclosing sandstone together have shown the presence in _certain
cases of 3 to 4 per cent of phosphorus, and some analyses of the buttons alone
have shown over 1 per cent. Hence sometimes at least, the inclosing rock con-

tains more phosphorus than the ore, while the ore alone is sometimes low
enough in phosphorus to allow it to be marketed and sometimes is too high.

MINING.

The Keystone Iron & Manganese Co. shipped the ore as it occurred
in the surficial clay but made an unsuccessful attempt to improve its
quality by washing it. Much of the ore shipped by the other opera-
tors was the soft surficial material, which was shoveled into wagons
without treatment and hauled to the railroad. The ore being mined
at the time of visit (March, April, and May, 1918) was the hard,
unaltered shale. It was simply quarried by blasting after the over-
burden of St. Clair limestone was removed. The limestone over-
burden was as much as 15 feet thick at some places, and its thickness
will increase as the ore bed is followed away from the outcrop. The

8 Personal communication. - ‘
8 Penrose, R. A. F., jr., Manganese—its uses, oves, and deposits: Arkansas Geol,
Survey Ann. Rept. for 1890, vol. 1, pp. 220-222, 1891.
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Jimestone was broken up into fragments about a foot or less across
and was <hipped to points along the Mississippi, where it was used
for riprap. The only machinery then used at the mine was a
gasoline engine, an air compressor, and one or two hand drills.

CHAMPLAIN IROSPECT.

The Champlain prospect consists of several shallow pits in sticky
chocolate-colored clay on a steep east hill slope, on the west side of
Polk Bayou and from 30 to 40 feet above this stream, 2} miles north
of Batesville. The first work at this locality was done early in 1918
by J. W. Hampton, and he was followed by J. B. Champlain, who
began work about March 1, 1918. The clay is a residue from the de-
cay of the Fernvale limestone, which is exposed at a number of
places in the pits and on the surface. It lies in pockets and channels
in this limestone and is overlain by as much as 4 feet of chert débris,
which is derived from the Boone chert exposed higher on the hill.

‘The manganese ore consists of hard psilomelane and a smaller
quantity of braunite and occurs in the clay as irregular masses rang-
ing from fine particles to boulders weighing 200 pounds. Much of
it contains casts of fossils like the fossils in the Fernvale limestone,
showing that the ore once occurred in the limestone as a replace-
ment material. In fact, specimens of ore-bearing limestone show-
ing the various stages of replacement were observed. An analysis
of a sample of ore from this locality, furnished by Mr. Champlain,
showed 56.32 per cent of manganese and 2.40 per cent of iron.

About 5 tons of “lump ore,” which had been picked out by hand,
was on the dump at the time of visit (March 19, 1918), but no ship-
ments had been made. Plans were being made to mine the ore by
hydraulic methods.

J. W. GREENTFIELD PROSPECT.

The J. W. Greenfield prospect is on the south point of the hill on
which the Champlain prospect is situated, on land belonging to
J. W. Greenfield. A few very small pits had been made near the
base of the hill prior to the time of examination (March 19, 1918),
and two piles of manganese ore, containing together about 300
pounds, were near the pits. Although some of the manganese ore is
found on the surface, most of it is in dark clay occupying shallow
fissures and pockets in the Fernvale limestone, of which there are
many outcrops. This limestone is here overlain by the St. Clair
limestone, and the St. Clair is in turn overlain by the Boone chert.
The top of the Fernvale limestone is very rusty from the presence
of iron oxide, and in places it contains some manganese oxide.
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The manganese ore is psilomelane and braunite and occurs in
irregular porous pieces, which do not exceed a few pounds in weight.
Tt extends up the hill slope to about 60 feet above Polk Bayou.

WEAVER-DOWDY PROSPECT.

The Weaver-Dowdy prospect is, near Blowing Cave, on Polk -
Bayou, 3% miles north of Batesville, and is on the Weaver-Dowdy .
tract, which comprises the SW. } SE. 1 sec. 29 and the NW. } NE. }
sec. 32, T. 14 N, R. 6 W. Very little work had been done at this
locality at the time of visit (March 25, 1918), and probably not more
than a few tons of manganese ore had been mined and marketed.
The prospect at that time was being worked by J. C. Shepherd, who
had leased it.

The prospect consists of several openings, some of which are on
the slope above Blowing Cave, and others are on the southwest point
of a hill to the south. The openings, which include small pits and
cuts and one tunnel 15 feet long, are in sticky chocolate-colored ore-
bearing clay and in a cherty soil a few feet thick that overlies the
clay. This clay lies in basins and channels in the Fernvale limestone,
from which it is residual, but it does not occur in great quantity, as
the slope is steep, and exposures of the Fernvale are numerous.

The ore is fairly hard manganese oxide and is in irregular frag-
nients, some weighing as much as 100 pounds or more. The ore that
has been placed by itself on the dumps has been saved by hand pick-
ing, and the finer ore has been left in the clay.

W. L. GREENFIELD MINE.

The W. L. Greenfield mine, which is on land belonging to W. L.
Greenfield, is in the SW. } sec. 29, T. 14 N, R. 6 W_, on the west side
of Polk Bayou, 3} miles north of Batesville. Anthony Simmons
mined half a car of ore at this locality in 1888, and Mr. Greenfield
has done work recently, beginning in 1916,

The mine consists of two groups of openings. One of these groups
1s in the lowest hundred feet or so of the north hill slope, a short
distance west of the mouth of the stream whose main source is Stark
Spring. This group comprises several very small pits, which have
been made within an area not exceeding a quarter of an acre. They
pass through a thin surficial covering of chert fragments derived
. from the Boone chert and penetrate light to dark brown ore-bearing
clays that are residual from the Fernvale limestone, of which only a
few exposures occur in the vicinity. These clays rest upon the irreg-
ular pockety and channeled surface of this limestone, and although
their thickness consequently varies from place to place none of the
pits have passed through them,
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The secoud group of openings is in an area on the southeast slope
ot the above-mentioned hill. It extends up the slope 125 feet from
the bottom land along Polk Bayou and northeastward along the slope
for 300 feet. The openings are pits and tunnels, the pits being 20
teet or more deep and the largest tunnel, of which there are four,
being 40 feet long. After they penetrate a cherty loam, usually 2 to
i feet thick, derived from the weathering of the Boone chert, they
pass into a chocolate-colored sticky clay, in which the manganese ore
occurs.  This clay has been derived through weathering from the
Fernvale limestone, of which some ledges and horses are found in
the openings, and although the clay is shown to be 20 feet or more
thick in places it probably does not average more than a few feet
thick. . . i

The manganese ore is in masses whose usual range of weight is
from 1 to 50 pounds. The larger masses are hard manganese oxide,
but the smaller ones are soft, though they are firm enough to keep
from falling to pieces while they are being mined and shipped. The
ore marlketed befove the time of visit (March 21, 1918) amounted to
about 60 tons, which is said to have contained between 30 and 35 per
cent of manganese, but this production does not include the half car
of ore mined in 1888 by Anthony Simmons. Since the time of visit
some ore has been produced from the mine by T. F. Adams,

SIMMONS PROSPECT.

The Simmons prospect, which was not visited by the present
writer, is in the bluff on the west side of Polk Bayou, in the NE. 1
NW. 1 sec. 29, T. 14 N., R. 6 W., just north of the mouth of the
stream draining the hollow in which the Allen and Roberts mines -
are situated. The deposit opened by this prospect is described by
Penrose 8* as follows:

The manganese occurs in an elongated pocket in the St. Glaiv [Fernvule]
limestone, striking N. 18° W. across the almost horizontal bedding of the rock.
The pocket dips almost vertically but has a slight inclination to the east
and ig 2 to 3 feet in width. The ore is in the form of seams and pockets
varying from 1 inch to 2 feet in thickness and is associated with an indurated
brownish-red clay containing many rounded fragments of a massive red or
gray caleareous rock, one-quarter to 1 inch in diameter. The latter look like
fragments of the limestone strata that often occur af the base of the chert.
The ore varies much in character—from crystalline to a massive, botryoidal,
or stalactitic vaviety. The sides of the deposit are very irregular, with “ feed-
ers ” running oft in various directions, but the contact with the country rock
is sharp and well defined. The latter is a coarsely crystalline limestone of a
pink or purplish-brown color and contains many small masses and interbedded
lenses of manganese ore. These become more and more numerous as the sides
of the muain ore deposit are approached.

s Penrose, R, A, ¥, ir., op. cit, pp. 225-226.
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The déposit runs diagonally up the slope of the bluff and has been opened
at various places for 75 yards along its course. It seems probable that it
occupies a cavity made by water along a crack or joint and filled up with
residual clay and ore from the part of the limestone that has been dissolved
as well as by limestone pebbles from above.

Work was done at this locality in 1918 by the Polk Bayou Mining
Co., which produced a small amount of ore.

ALLEN MINE.

The Allen mine is on a small tributary of Polk Bayou, in the W.
NW. 1 sec. 29, T. 14 N, R. 6 W., 4 miles north of Batesville. It
was worked in 1889 by Skinner & Abbot and then lay idle until
1917, when mining was resumed by other parties. The owners and
operators at the time of the writer’s Jast visit to the locality (June
27, 1918) were Messrs. Alnutt and Purse.

The workings are shafte and pits dug here and theve on the steep
slopes on either side of a southeastward-trending hollow for a dis-
tance of half a mile near the Stark Spring and within 120 feet above
the bases of the slopes. They penetrate the residual clay of the
Fernvale limestone, exposures of which are found at many places
from the stream to 130 feet up the slopes. This clay, which con-
tains the manganese ore, is red or chocolate-colored and sticky and
lies in pockets and channels in the limestone or surrounds limestone
horses and hence varies greatly in thickness from place to place.
- One or more of the shafts, however, have passed through 30 feet of
- it. Tt is usnally concealed by chert fragments that have rolled down
the slopes from the outcrops of the Boone chert, which at this locality
overlies the Fernvale limestone, and its surficial parts contain chert
fragments from the same source.

The manganese ore is mainly psilomelane with some braunite or
hausmannite, and occurs in irregular pieces, ranging in size from fine
particles to boulders weighing 8 tons. The manganese minerals are
intimately mixed, and some specimens were found that contain a
very small quantity of barite. Manganese and iron oxides are
disseminated through some of the exposed Fernvale limestone, and
give those parts of the limestone a brown color. .

Most of the ore that has been marketed consisted of flagments an
inch or more in diameter and of boulders. At the time of the writer’s
last visit to the locality a hand jig was being successfully used to
separate the fine ore from the clay and chert. The stream from
Stark Spring flows in the hollow containing the openings and affords
an abundant supply of water for hand jigs or a washing plant. The
quantity of ore shipped from this locality is not known, but it ex-
ceeds 100 tons, and analyses of samples are said to show that its
percentage of manganese varies from 42 to 60.
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ROBERTS MINE.

The Roberts mine, described by Penrose ** under the name Max-
field tract, is in the NE. } sec. 30, T. 14 N., R. 6 W., and about one-
eighth of a mile northwest of Stark Spring.” It was worked in 1889
by Skinner & Abbot, in 1916 by Walbert & Deener, and beginning
in February, 1918, it has been worked by the Polk Bayou Mining
Co., the present owner of the property, but some work was done here
in 1915 or 1916 by Coleman & Grefenkamp.

The openings, which are small pits or tunnels, have been dug nea
the base of the hill slopes in a strip extending 1,000 feet along both
sides of a hollow, but most of them are on the southwest side. After
they passed through 2 to 6 feet of cherty loam derived from the Boone
chert they penetrated the sticky reddish-brown ore-bearing clay.
This clay is seen in places to be as much as 8 feet thick, and it rests
upon the uneven surface of the Fernvale limestone, from which it is
residual. In addition to the ore it contains masses of the.Fernvale
limestone and fragments of the Boone chert. In the few places where
the limestone is exposed it is brown from the presence of fine par-
ticles of iron and manganese oxides.

Most of the manganese ore is psilomelane, but part of it is braunite,
and it occurs as irregular masses ranging from the size of a pea or
less to bouldérs weighing 500 pounds. The larger part of it is com-
pact, but some masses are porous, and others contain pockets of
calcite half an inch or less in their longest dimension.

The entire production of the mine is not known. Penrose.’* how-
ever, stated that several carloads were mined in 1889 by Skinner &
Abbot, and he quoted 26 analyses of carload lots of manganese ore
shipped from the property. The recent production has been much
less than this amount. Analyses of picked samples of ore from this
mine are said to show from 53 to 57 per cent of manganese, but the
following 26 analyses, which represent the composition of carload
shipments of ore, show that the average manganese content is much

less.8® ) .
Analyses of manganese ore from the Roberts mine.t

1 2 3 4 3 6 7 8 9
Manganese (Mn)............. 44.69 | 41.08 |43.12 | 42.74 |31.90 | 24.31 | 24.50 | 27.49 29.57
Tron (Fe).ouoeiviiiieannan. 9.18 | 10.75 | 12.50 4.95 111.20 | 21.63 | 28.72 | 23.40 23.40
Phosphorus (P) .319 .467 .339 -385 347 L2562 .226 .405 | . .452
Silica (Si0g).. 3.23 |........ 1.54 | 10.41 | 20.50 | 14.82 5.22 7.08 5.10
Moisture....ovveecienn.n R [ R S O PO 19.0

@ Analyses 3, 4, and 5 were made by the North Chicago, Rolling Mill Co. and the remainder by the Illi-
nois Steel Co. of Chicago.

8 Penrose, R. A. F., jr,, op. cit,, p. 225,
8 Jdem, p. 225.
8 Jdem, p, 224, 5
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Analyses of manganese ore from the Roberts mine—Continued.

10 11 12 13 14 15 16 17 18

Manganese (Mn)............. 31.56 | 26.82 | 27.55 | 30.55 | 33.21 |30.55 |31.35 | 37.59 34.38
Iron(Fe).......ooooiin.e. . . X 21.70 | 18.80 | 21.70 |20.70 | 12.70 17.70
Phosphorus (P) R . . .328 .194 .328 . 581 .357 .476
Silica (SiOg)... ...t . . . 6.48 6.05 6.48 4.49 5.56 4.03
Moisture..................... . . . 15.00 | 15.10 | 15.00 | 14.50 | 18.20 21.50
19 20 21 22 23 24 25 26
Manganese (Mn)..........ccoeeinn.nn 36.05 |37.27 |28.69 |33.80 |34.03 |36.18 | 35.40 36.86
Tron (Fe)...oooiiiiiii i 15.50 | 15.30 | 23.00 | 16.85 | 11.20 | 14.70 | 15.70 15.20
Phosphorus (P).......coooooiiiiaaa. L2719 .481 .788 .596 .732 . 608 735 .585
Silica (SiOg).eveueieiiniiniiii .. 4.87 4.55 5.42 5.70 3.65 3.97 4.35 3.68
Moisture. ... 18.30 | 21.10 | 20.00 | 19.10 | 16.30 | 18.50 | 16.30 12.00

Several tons of ore was shipped by Coleman & Grefenkamp from
this mine for use as chemical ore. The results of its use are not
known, but analyses of samples collected by other parties show that
the percentage of manganese dioxide is too low for the ore to be
classed as a chemical ore. '

DEENER PROSPECT.

The Deener prospect, owned by S. W. Deener and leased by the
Vance Mining Co., is in the south border of the SE. % sec. 19, T. 14
N, R. 6 W., 4} miles north by west of Batesville. It is just north of °
the Roberts mine and in the same hollow with it. Work was begun
here in May, 1918, and 14 or 15 tons of manganese ore had been re-
moved from the openings before the time of visit (June 27, 1918).
The hill slopes in this vicinity are covered with chert débris several
feet deep, which overlies the ore-bearing clay. This clay in turn
overlies the Fernvale limestone, from which it and the manganese
ore have been derived by weathering.

A shaft 16 feet deep has been sunk on the west slope of the hill.
A drift 18 feet long that has been run from the bottom of the shaft
shows a pocket of porous manganese ore 5 feet thick, extending its
entire length. The Fernvale limestone was encountered in the bot-
tom of the shaft and near the end of the drift. A second shaft, 75
feet north of the one just described, is 16 feet deep and was sunk 2
feet in porous manganese ore without passing through it. A cut
with a face of 8 feet has been made 75 feet west of the first shaft and
lower.on the hill slope. It reveals a pocket of ore, which in places
attains a thickness of 4 feet. About 200 yards north of the cut a
third shaft had been sunk 8 feet in loose iron-stained chert débris
at the time of visit.

The pockets of ore mentioned above are not solid but consist of
irregular masses of psilomelane and hausmannite ranging in size
from fine particles to boulders that weigh as much as 2% tons. The
deposit at this Jocality is promising and deserves further prospecting.
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" BUTTON MINE.

The Button mine is in the NW. 3 iSE. 1 sec. 24, T. 14 N, R.7 W,
23 miles northeast of James and 4 miles southeast of Cushman. It
was worked about 30 years ago and a production of 300 tons of man-
ganese ore is mentioned by Penrose.®® It has been worked also within
the last few years by the Polk Bayou Mining Co., of Batesville, Ark.,
but the quantity of ore shipped was not learned.

The workings are several small pits scattered over the upper part
of the southeast slope vf a hill which is capped by 20 feet or more of
the Boone chert. Tle red and dark-brown ore-bearing clay a few
feet thick overlies thie irregular surface of the Fernvale limestone,
of which outcrops are common, and the clay is overlain by surface
débris a few inches to several feet thick, composed of chert frag-
ments and pebbles. Both the ore and the clay are residues from the
decomposition of the Fernvale limestone. The workings were badly
caved at the time of visit (April 17, 1918), and the ore could not be
examined in place. Piles of ore found on the dumps consist of small
pieces of steel-blue psilomelane.

W. W. ALLEN MINE,

The W. W. Allen mine, described by Penrose®” under the name
© “(Castile tract,” is on a northeastward-trending splir on the west side
of Polk Bayou, in the SW. } sec. 18, T. 14 N, R. 6 W, 4 miles east-
southeast of Cushman. It was worked about 30 years ago by Skin-
ner & Abbot. The total amount of ore shipped by them is not known,
but Penrose mentions the production of two carloads. The next min-
ing was done in 1917 by S. W. Deener, and in 1918 the mine was
worked by J. C. Shepherd, who was succeeded by the Leader Mining
Co., of which Mr. Shepherd became president. A washing plant was
erected on this property by Mr. Shepherd, and it was operated for a
short time, beginning in September, 1918.

Shallow pits and cuts have been dug here and there in red to brown
manganese-bearing clays over a few acres on the east point and crest
of the above-mentioned-spur, which rises 175 to 200 feet above Polk
Bayou. These clays are mixed at the surface with chert and sand-
stone fragments and chert pebbles, and they occupy pockets and chan-
nels in the Plattin, Kimmswick, and Fernvale limestones, of which
outcrops are numerous. .

The manganese ore consists of compflct irregular masses of psi-
lomelane and hausmannite ranging in size from fine particles to
boulders that weigh a few hundred pounds or more. Before the in-
stallation of the washer only the larger masses, which were hand

& Penrose, R. A. F., jr., op. cit., p. 228,
& [dem, pp. 226-227,

104569—22——11
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sorted from the clay, were shipped. The following analyses represent
the composition of two carloads of manganese ore mined at this prop-
erty by Skinner & Abbot.®

Analyses of manganese ore from the W. W. Allen mine.

1 2
Manganese (Mn) ..... . 55.45 57,13
Iron (Fe). . 2.95 1.89
PhOSphOl‘llS (P) .. L 117 .078
SlCA (B102) -t tateeetieeee ettt attaae ettt taat et 5,60 . 53¢
B ) 15 R 1.30 1.30

CRISWELL PROSPECT.

The Criswell prospect, not visited by the writer, is described as
follows by Penrose.®

The Criswell tract is in 14 N., 7 W., section 24, the northeast quarter of the
northeast quarter. This property is on the west side of Polk Bayou, and about
1% miles above the miouth of Sullivan Creek. The ore is associated with the
characteristic purplish-red clay and overlies the surface of the Izard limestone.
The St. Clair [Fernvale] limestone is not seen here but is exposed half a
mile to the west in the head of a ravine, and it is probable that it underlies
some of the chert-covered area in the western part of the property. No mining
has been done, but about 1 ton of ore has been collected on the surface and
piled up.

Work was done "mt this locality in the spring of 1916 by Shell,
Kennard & Smith. None was being done at the time of the writer’s

visit to this part of the region on April 17, 1918.

SHAW MINE.

The Shaw mine, which is on land owned by Halsell & Stafford,
of Oklahoma City, is on Shaw Hill, on the west side of Polk Bayou, 3
miles east of Cushman. Work has been done at times, beginning in
1916, by W. H. Denison,.who had mined and shipped 69 tons of man-
ganese ore before June, 1918. The workings consist of a large number
of very shallow pits grouped at several places on the hill slopes. They
penetrate surficial material consisting of chert pebbles and fragments,
among which are masses of iron and manganese oxides, and some of
them pass through this material into chocolate—colored manganese-
bearing clay. The clay overlies the Plattin limestone, of which there
are many exposures in parts of the prospected area. Very little ore
was seen on the dumps at the time of visit (April 19,1918). The larger
pieces that were taken from the openings had been hauled to Cush-
man and shipped. A

WACO PROSPECT,

The Waco prospect, controlled by the Waco Manganese Co., of
Batesville, Ark., is on the T. S. M. Patterson tract, just east of

8 Penrose, R. A. F., jr., op. cit.,, p. 227.
8 Jdem, p. 226.
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Polk Bayou, in the northern part of sec. 18, T. 14 N.,, R. 6 W, 4
iiles east by south of Cushman. No prospecting or mining had
been done on the tract when the writer was in this vicinity, June 7,
1918, but he was told that manganese ore had been found on the
surface at several places. As shown on the map (PL I) this tract
is in an area where the Plattin limestone is the surface rock forma-
tion. In the fall of 1918 the above-named company operated a wash-
mg plant for a short time.

DENISON MINE.

The Denison mine, also known as the Patterson mine, Skinner-
Abbot mine* and John B. Skinner mine,** is on the east side of Polk
Bayou, 4 miles east of Cushman. The tract on which it occurs com-
prises 60 acres in the SW. 3 SW.  sec. 7 and approximately the W. }
NW.1NW. }sec. 18, T.14 N, R. 6 W.

The mine was operated by Skinner & Abbot from 1888 to 1891,
inclusive. Although much of the manganese ore shipped by them
was “lump ore” that had been hand sorted from the inclosing clays,
some of the ore consisted of concentrates that had been freed from
the ore-bearing clay in a washing plant on Polk Bayou, half a mile
from the mine. The production by Skinner & Abbot is not known,
but Penrose gives 13 analyses, which he says represent as many car-
load shipments from this property. The mine was next operated, in
1916, by N. W. Keith, the owner at that time, who mined 4§ can-
loads (about 120 tons) of “lump ore.” Walter Denison, jr., pur-
chased the property in 1917 and mined eight carloads (254 tons) of
“lump ore.” In 1918 the Oklahoma-Kansas Mining Co., of which
O. M. Bilharz is president, purchased the property and erected a
washing plant known as the Bilharz washer. (See Pl. XV, A.)
The washer was completed about November 1, 1918, but it has never
been operated. ‘

The workings, which are pits, cuts, and shafts, the shafts being
as much as 35 feet deep, have been made here and there over an area
of 15 to 20 acres on the crest and north slope of a hill. Those on the
crest penetrate sticky chocolate-colored clay, and those on the slope
penetrate sticky red and yellow clays. These clays, as revealed in
most of the workings, contain masses of manganese ore, and parts of
them contain chert pebbles and fragments and limestone fragments.
They overlie the Plattin limestone and in places fill hollows, cavities,
and channels a few feet or more wide and 35 feet or more deep in
this limestone (Pl. XV, B, and fig. 13.) This limestone is exposed
at many places, and the Kimmswick limestone, which rests upon

0 Harder, E. C.,, Manganese deposits of the United States, with sections on foreign
deposits, chemistry, and .uses: U. S. Geol. Survey Bull, 427, p. 112, 1910,
% Penrose, R, A, F.; jr., op. cit, pp. 240-242,
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the Plattin, is exposed in and near an old cut that was made by
Skinner & Abbot on the crest of the hill. Many of the channels in
the limestone are joints that have been widened by the dissolving of
the limestone on either side of them. The relations of the manga-
nese-bearing clay to the underlying limestones at this cut are shown
in figure 18. A large part of the clay is obviously residual from the
Plattin and Kimmswick limestones, but much of it, as well as the
manganese ore, is residual from the Fernvale limestone, which has
been completely decomposed.
Most of the ore has settled by
gravity to its present posi-
tion, but part of it has been
carried there as wash.
0 25 FEET The ore occurs in irregular
Freure 13.—S8ection at Denison mine, showing masses. which ?'ange n s1ze
manganese-bearing clay (a) in hollows in the from fine pal'tl(:les to boul-
ot S8t ity Tmesone o) and. ders weighing us much as 300
pounds. Most of these
masses are compact, and they consist of massive granular brau-
nite, hausmannite, and steel-blue psilomelane, which are more or
less intermixed. The ore at places has been found to extend from
the surface to the bottom of the workings, but the full depth every-
where and the total areal extent of the ore body have not been de-
termined. The following analyses are of carload lots of manganese
ore shipped from the Denison mine:

Analyses of manganese ore from the Dewison mine.
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1-13. From Penrose, op. cit., . 242. . 5-13. Shipped to the Illinois Steel Co.
1-4. Shipped to the North Chicago Rolling Mill Co. 14-21. Mined by Walter Denison, jr.
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MARSHALL MINE,

'The Marshall mine is on the Mrs. J. Marshall tract, in the NW. }
SW. % sec. 7, T. 14 N., R. 6 W., 4 miles east of Cushman, and consists
of pits and cuts a few feet or more deep within an area of about 3
acres in the hollow north of the Patterson mine. Work has been
done recently, and about 50 tons of manganese ore are said to have
been mined and shipped. The ore is like that at the Denison mine
and is in red and yellow clays that overlie the Plattin limestone, of
which exposed ledges are common, or that fill channels in the lime-
stone. '

o R. T. PATTERSON MINE,

The R. T. Patterson mine is in the SW. % sec. 7, T. 14 N, R. 6 W,
4 miles east of Cushman. It is in the hollow north of the Denison
mine and is east of the Marshall mine. It was operated in 1916 and
1917 by R. T. Patterson, the owner, who mined 50 tons of manganese
ore.

Pits and shafts as much as 20 feet deep have been dug in red and
yellow clays in an area of about 2 acres on the south side of the wet-
weather stream that drains the hollow. These clays overlie the Plat-
tin limestone and fill channels in it as they do at the Denison and
Marshall mines. The manganese ore is similar to that at the two -
mines just named.

JOHN PATTERSON PROSLECT.

The John Patterson prospect, owned by the Liberty Manganese
Co., of Chicago, IlL., is in the NE. } SE. 1 sec. 7, T. 14 N, R. 6 W, 4¥
miles east of Cushman. Many pits as much as 6 feet deep were dug
in 1917 by Mr. Patterson in a draw on the gentle southeast slope of a
hill, and they yielded 20 tons of “lump ” manganese ore. The above-
named company did a small amount of work in 1918 and obtained
3 tons of ore. Pockets of red waxy ore-bearing clay have been pene-
trated by the pits and lie between ledges and boulders of the Joachim
and Plattin limestones, which are exposed over much of the surface.

The manganese ore is found in this clay from the surface to the
bottoms of the clay pockets. Small pieces of ore found on the sur-
face indicate that it occurs over a much larger area than the 1 acre
in which the pits have been dug. It consists of irregular compact
masses of hausmannite and steel-blue psilomelane and is a very high
grade of ore; apparently it would contain between 55 and 60 per
cent of manganese in carload lots. Some masses of red iron oxide
are also present in the clay. Mr. Patterson states that one man with
pick and shovel can mine an average of 400 pounds of ore each day.

Although the masses of manganese ore are in clay that overlies
the Joachim and Plattin limestones they are a residue from the de-
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composition of the Fernvale limestone, which has been entirely eroded
from this locality, and they have been brought to their present pnsi-
tion by gravity or by streams or by both agencies.

G. W. W, PATTERSON PROSPECT.

The G. W. W. Patterson prospect is in the SW. } NE. 1 sec. 7, T.
14 N, R. 6 W., 41 miles east of Cushman. Two very small pits have
been dug recently in a red clay that contains chert fragments and
pebbles, and from them a few hundred pounds of both hard and
soft manganese oxides were removed. The manganese-bearing
clay, whose depth and areal extent are yet to be determined, rests
upon the Plattin hmestone of which there are a few exposures near
the pits.

BELL HILL PROSPECT.

The Bell Hill prospect is on Bell Hill, in the NW. } NE.  sec. 7, T,
14 N, R. 6 W, 41 miles east of Cushman. Considerable prospecting
was done early in 1918 by S. B. McConnico to determine the size
and character of the ore body. The Liberty Manganese Co., of
Chicago, Ill., of which Mr. McConnico became a member, has leased
the property from John Patterson, the owner, and after the writer
departed from the region in June, 1918, this company began the erec-
tion of a washing plant, on which work was stopped in November,
1918. No ore has been shipped from this property.

The openings, which are pits, cuts, and shafts, some shafts being
30 feet or more deep, have been dug here and there in red and brown
clays in an area of a few acres on the northeast and southeast slopes

of the hill. These clays are overlain by more or less surficial mate-
rial, consisting mainly of chert fragments and pebbles, and they were
at no place passed through by the openings. There are no exposures
of limestone on the hill slopes near the openings, but exposures of
the Plattin limestone near the base of the hill and on the west slope
indicate that the clays penetrated by the openings overlie this lime-
stone. '

More than half of the openings yielded no manganese ore, and
less than half of the others yielded manganese and ferruginous man-
ganese ores in quantity that is sufficient to yield a profit even when
high prices are paid for manganese. Further prospecting may, how-
ever, reveal extensions of the ore deposit. The ore is mostly in small
irregular fragments; some of it is soft but firm and parts of it con-
tain grains of quartz sand. No analyses are at hand, but the con-
centrates that would be recovered from the ore dirt examined by the
writer would be ferruginous and hence would be likely to have a high
silica content.



INDEPENDENCE COUNTY. 155

PERRIN MINE. '

The Perrin mine is on the east side of Sullivan Creek in the SE. }
sec. 8, T. 14 N., R. 6 W., 4} miles northwest of Pfeiffer. It was
first worked about 80 years ago, when, as stated by Penrose,’? 40
tons of ore were taken from one pit. It was next worked in 1916
and 1917 by Frank Perrin, and at the time of visit (May 8, 1918) it
was being operated by the Ozark Mining Co., the present owner. The
total production before the time of visit is not known, but it prob-
ably exceeded 100 tons.

The workings, which consist of shallow pits and cuts and shafts
as much as 25 feet deep, are in the bottom of a short hollow and on the
hill slopes at the head of it. Those on the hill slopes pass through a
surficial bed from a few inches to several feet thick, composed largely
of chert fragments anfl pebbles, and then penetrate red and reddish-
brown clay to a depth of as much as 20 feet, whereas those in the
bottom of the hollow are in pebbly clay, which lies between ledges
and boulders of limestone and which at most places is only a few
inches thick. Manganese oxides are irregularly distributed through
the clays just described, and these oxides are found in small quantity
in the surficial cherty bed on the hill slope. Although the workings
show that the clays underlie an area of several acres their depth in
this area has not been fully tested. The clays are a residue from the
decomposition of the Cason shale and the IFernvale, Kimmswick,
Plattin, and Joachim limestones. As there are no exposures of the
Cason shale and none of the Fernvale and Kimmswick limestones in
either the workings near the top of the hill or on the surface, these
formations are probably largely, if not completely, decomposed, but
there are many exposures of the Plattin and Joachim limestones, es-
pecially in the bottom of the hollow.

The masses of manganese oxides, which range in size from fine
particles (“wash ore”) to boulders weighing as much as 500 pounds,
once formed a part of the Fernvale limestone and possibly the Cason
shale. From these formations they were set free by decomposition
and erosion, and they settled by gravity down the hill slopes to their
present position, but some of them, including those in the bottom
of the hollow, were carried to their present position as wash by
streams. The manganese ore on the hill slopes consists of two grades,
of which one, known as soft ore, is composed of soft earthy though
firm wad, and the other, known as hard ore, is composed of psilome-
lane and hausmannite. The ore in the bottom of the hollow consists
entirely of psilomelane and hausmannite. Mining thus far is said
to have shown twice as much soft ore as hard ore. “ Buttons” of red
iron oxide, which have been derived from the weathering of the

® Penrose, R. A, I, jr., op. cit,, p. 236.
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Cason shale, are common though not abundant in the manganese-
bearing clays. The following analysis, supplied by Capt. Vance,
represents the composition of a carload of ore shipped by him from
this mine in 1918 to the Southern Manganese Corporation:

Analysis of manganese ore from the Perrin mine.

Manganese (Mn) e 41.00
Iron (Fe) —- e 9.80
Moisture ________________ — - - 8.52

Another car of ore shipped from this mine by Mr. Vance is said by
him to have contained 53 per cent of manganese.

KELLEY PROSPECT,

The Kelley prospect, which is in the SW. 1 sec. 9, T. 14 N, R. 6
W.,is just east of the Perrin mine. A small amount of work has been
done by means of pits and cuts by A. J. Kelley, the owner. The
character of the manganese ore and its occurrence at this prospect
are the same as those of the ore in the workings on the hill slopes at
the Perrin mine.

HAIGWOOD PROSPECT,

The Haigwood prospect is in the NW. } SE. } sec. 9, T. 14 N,,
R. 6 W., 4 miles northwest of Pfeiffer. Work has been done here by
J. W. Haigwood, the owner, beginning in 1917, and before the time
of visit (May 13, 1918) he had mined and marketed 30 tons of hand-
picked manganese ore. The openings, which are pits and cuts as
much as 18 feet deep, have been dug along an east hill slope for a
distance of 150 to 200 yards. They penetrate chocolate-colored and
black clays, which are overlain at the surface by a few inches to
several feet of chert fragments and pebbles. Steel-blue psilomelane,
some of which is compact and some porous, occurs disseminated
through the clays as irregular-shaped masses, ranging in size from
fine particles to boulders of 100 pounds. The depth and areal extent
of the manganese-bearing clays have not been fully tested. None of
the openings have been dug deep enough to reach the underlying
limestone. The only limestone that crops out in the vicinity is the.
Plattin limestone, which is exposed on the slope above the openings
that are farthest north.

J. B. THOMPSON PROSPECT.

The J. B. Thompson prospect is on the west side of a northward-
trending hollow, in the NE. } sec. 9, T. 14 N, R. 6 W., half a mile
south of Coon Creek, and 4 miles northwest of Pfeiffer. Some work
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was done here 25 to 30 years ago and a little was done in 1917 by
J. B. Thompson, the owner, who mined and marketed 5 tons of hand-
picked manganese ore. The workings consist of a few very small
pits and of a shallow cut in the bottom of which a shaft 27 feet deep
has been dug. They penetrate a chocolate-colored manganese-bearing.
clay, which is overlain by surficial material from a few inches to
5 or 6 feet thick, composed largely of chert fragments; but a mass of
sand containing chert pebbles extends to the bottom of the shaft on
one side of it, whereas chocolate-colored clay occurs on the other
side of the shaft. Only a very small quantity of manganese ore had
been removed from the other workings. The Plattin limestone is
exposed on the hill slope below the main cut and south of it. No
limestone exposures were observed on the slope above the workings.

WILDCAT PROSPECT.

The Wildcat prospect, also known as the William Reves prospect,
is on the north slope of the ridge forming the divide between Coon
and Cave creeks, in the SW. } NW. } or the NW. 3 SW. } sec. 10,
T. 14 N., R. 6 W., 33 miles northwest of Pfeiffer. It is on land
owned by Halsell & Stafford, of Oklahoma City. It was worked in
1917 by W. H. Denison, who mined and shipped 22 tons of “lump
ore.”

The workings, consisting of pits, shafts, and tunnels—some made
recently and some many years ago—were badly caved at the time
of visit (May 8, 1918), so that the ore-bearing clay in place could
not be examined very.well. The clay as it is revealed in the work-
ings and on the dumps is part reddish brown and part chocolate-
colored; it is overlain by a few inches to 4 feet of cherty loam, and
it has been penetrated to a depth of fully 10 feet. Although its
areal extent has not been fully determined, the workings and surficial
materials indicate that it underlies at least 2 acres. There are no°
limestone exposures in the vicinity, and apparently only a very small
amount of the Fernvale limestone was found in the workings. A
fragment of this limestone observed on one of the dumps has fine
particles of manganese oxide disseminated through it.

The manganese ore occurs as fine particles (“ wash ore”) and as
slabs and irregular-shaped boulders (“lump ore”). and consists
mainly of compact steel-blue psilomelane but partly of hausmannite,
either in separate masses or intimately mixed. Some of the slabs
of ore on the dumps show a roughly banded arrangement of these
minerals, and a few such slabs contain crystals of white barite.
(See P1. X, C.) Red iron oxide in small quantxty is found in the
clay qssocmted with the manganese ore.
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HUNT HOLLOW MINE.

The Hunt Hollow mine, owned by William Einstein, is in Hunt
Hollow in the SE. } NW. }, the NE. $ SW. %, and the NW. } SE. }
sec. 10, T. 14 N., R. 6 W., 3} miles north-northwest of Pfeiffer. A
small amount of work was done about 30 years ago, and the next
work was done by the Vance Mining Co., the present lessee, beginning
in 1917. At the time of visit (May 21, 1918) this firm had mined
and shipped 80 tons of manganese ore containing 52 per cent of
manganese and 140 tons of manganese ores containing 22 per cent
of manganese.

The mine consists of two groups of workings, one of which is at
the head of Hunt Hollow and the other a quarter of a mile farther
north, on the east slope and north point of a hill. - The workings at
the head of the hollow are on an east and southeast slope and include
one tunnel 30 feet long, a shorter tunnel, one cut, and a shaft 27 feet
deep. They passed through a few inches to a few feet of surficial
material, composed mainly of chert fragments and pebbles, and then
penetrated for several feet red, yellow, and dark-brown manganese-
bearing clays. The depth and extent of these clays had not been
proved at the time of visit. The only limestone exposures in the
vicinity at that time were one mass of Fernvale limestone and two
masses of Kimmswick limestone. The manganese ore is mainly com-
pact steel-blue psilomelane, but partly hausmannite and braunite,
and it occurs as fine particles and as lumps and slabs, irregularly
distributed through the clay. The largest slab thus far found
weighed more than 3 tons. The presence of tabular casts in some
of the ore suggests that they once contained barite, which occurs in
a number of deposits in the region.

The Worklngs on the east slope and north point of the hill fa1 ther
Jnorth comprise several shallow pits and cuts and one tunnel. They
have been dug in chocolate-colored manganese-bearing clay whose
surficial portion is mixed with chert fragments and pebbles.
Although the clay has been penetrated to a depth of 10 to 15 feet,
its total thickness and areal extent have not been determined. The
presence of several large outcrops of the Plattin limestone in the
vicinity indicates that the clay overlies this limestone. Much mealy
wad and many fragments of psilomelane, hausmannite, and braunite
occur in the clay. The 140 tons of manganese ore (wad), containing
22 per cent of manganese, that has been shipped from this mine was
obtained from the tunnel at this locality. Some fragments and
boulders of fossiliferous chert taken from the tunnel were partly to
wholly replaced by psilomelane.: They were once a part of the
Kimmswick limestone or Fernvale limestone and were set free by the
decomposition of the limestone.
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SMITH PROSPECT.

The Smith prospect, which is owned by L. H. Smith and G. W.
‘Smith, is in Hunt Hollow, about one-fourth of a mile south of Coon
‘Creek, in the NE. } sec. 10, T. 14 N., R. 6 W, 4 miles north-north-
west of Pfeiffer. Work was done here in 1918 by L. H. Smith and
about 2 tons of hand-picked manganese ore had been taken out before
the time of visit (May 7, 1918) and hauled to Pfeiffer, where it was
shipped. The pr1nc1pgl opening is a cut 15 feet long and a few
feet deep that was dug near the base of a hill slope on the east side
of Hunt Branch, a small stream said to run the year round. The
«cut is in chocolate-colored manganese-bearing clay, which is over-
Jain in a part of the cut by a bed 6 feet thick composed of well-
rounded chert pebbles. The manganese ore, which consists largely
of psilomelane, occurs in the clay as masses weighing 15 pounds or
less. , The fine particles of ore (“wash ore”) forms a considerable
part of the ore-bearing clay, and at the time of visit Mr. Smith was
planning to separate some of it from the clay by dry screening. The
other workings include an old badly caved cut higher on the slope
than the one just described and a shaft 10 feet or more deep, in a
bed of chert fragments and pebbles on the top of the hill to the east.
The depth and areal extent of the ore-bearing clay have not been
determined. There are no outcrops of limestone in the vicinity,
but outcrops of the Plattin limestone at the mouth of Hunt Hollow,
less than one-fourth of a mile away, suggests that the ore-bearing
clay overlies this limestone.

M’GEE MINE.

The McGee mine consists of pits and cuts 10 feet or less deep scat-
tered over an area of about half an acre, on and near the crest of a
hill on thé north side of Coon Creek, in the SE. } SE. 1 sec. 3, T. 14
N, R. 6 W., 4 miles north-northwest of Pfeiffer. It was worked
about 30 years ago by E. H. Woodward & Co., who mined and
shipped one carload of ore,”® and it has been worked recently by
W. A. Hamer, who mined 300 tons of ore during the first 9 months
of 1918. The openings are in a surficial loam 2 feet thick, composed
mainly of chert fragments, and in red clay below the loam. The
crest of the hill south of the openings is capped by a bed of chert
fragments at least several feet thick. Psilomelane, manganite, wad,
and some iron oxide, all more or less intimately mixed, occur as fine
particles and masses a few feet across in both the clay and the sur-
ficial material. Iron oxide cements together some of the chert frag-
ments, and manganese oxide has coated many chert fragments and

® Penrose, R. A. F. jr., Manganese—its uses, ores, and deposits: Arkansas Geol
Survey Ann. Rept. for 1890, vol. 1, pp. 238-239, 1801.
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penetrated them along cracks. The manganese ore at this locality
would be classed as a ferruginous manganese ore. Considerable
silica in the form of sand grains occurs in parts of the manganese
ore. If the sandy ore can not be avoided in mining the silica con-
tent of the marketed ore will be high. Sufficient prospecting has.
not, however, been done here to prove fully the size and character of
the ore deposit. No limestone has been found in the openings, but
further prospecting will show that the deposit overlies the irregular
surface of the Plattin limestone, of which large exposures occur just.
north of the present openings. '

A. G. GRAY MINE.

The A. G. Gray mine, owned by A. G. Gray, is about one-fourth
of a mile north of Coon Creek, in the NE. 1 SE. } sec. 3,T.14 N, R. 6
W., 4} miles north-northwest of Pfeiffer. The workings, which are
shallow pits, have been dug through an east-west distance of about
one-eighth of a mile, on and near the top of a hill at the head of the
hollow that trends southward and passes just east of the McGee mine.
Some of them were dug 25 or 30 years ago, and the recent ones were
dug in 1918 by W. A. Hamer, the present lessee, who had mined and
marketed 60 tons of ore before June 30,1918. The openings penetrate
but do not pass through the brown manganese-bearing clay, which is
overlain on the slopes and on the crest of the hill by a surficial layer
a few inches to a few feet thick of chert fragments and pebbles.
Although no limestone is exposed on the surface near the openings
and none was found in them the ore:bearing clay probably overlies.
the Plattin limestone, which is exposed not far away to the southeast
and southwest.

The manganese ore consists of steel-blue psilomelane and of wad.
Some masses of psilomelane weigh as much as 100 pounds or more.
Both are irregularly distributed through the clay. Besides the man-
ganese ore the clay contains nodules and slabs of chert which are
partly to entirely replaced by manganese oxide. This chert and much
of the clay as well as the manganese ore are a residue from the decom-
position of the Fernvale limestone, but some of the clay is doubtless
a residue from the decomposition of the Kimmswick and Plattin
limestories.

W. T. GRAY MINE.

The W. T. Gray mine, owned by W. T. Gray, is on and near the
divide between Barnitz Creek on the north and Coon Creek on the
south and is 4} miles north-northwest of Pfeiffer. It was worked
25 to 30 years ago by J. B. Gray and H. M. Hodge, and most of the
ore shipped by them was hand-sorted “lump ore,” but some material
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was hauled to the washer operated by Skinner & Abbot, on Sullivan
Creek, 24 miles west, where the smaller particles (* wash ore”) were
recovered from the clay. The next mining was done by W. T. Gray,
beginning in August, 1917. The total production of the mine before .
the time of visit (May 7, 1918) is reported to have been about 375
tons. Since then considerable systematic prospecting has been done
by Dwight E. Woodbridge.

The workings consist of many pits and cuts as much as 30 feet deep
that have been dug here and there over 100 or more acres in the
W. 3 NW. %, the NW. 2 SW. £, and the NW. 2 SW. } SW. 1 sec. 2
and the SE. } NE. % sec. 3, T. 14 N., R. 6 W. Most of the tract thus
worked is gently rolling but part is rough hilly land, and the greater
part of the tract has been cleared and cultivated. Rock exposures
are common on parts of the tract but are absent from much of it.
The rocks here exposed are limestones, which are overlain by a sur-
ficial bed composed of their residual clays and chert, chert fragments
and pebbles, quartz sand, and masses of manganese oxides.

The Fernvale limestone is exposed as rusty boulders and ledges at
many places on the surface and in the workings on the crest of the
Lill and on the hill slopes west and northwest of the main cut, which
is in the SW. 1 NW. 1 sec. 2. This is the youngest limestone exposed
in the vicinity, but a shaft near the crest of the hill southwest of the
main cut encountered masses of the St. Clair limestone. A “button ”
of iron oxide found on the dumps together with the broken frag-
ments of this limestone suggests that the Cason shale also underlies
the crest of the hill. The Kimmswick limestone which lies beneath
the Fernvale limestone, is nowhere exposed, but the Plattin, the next
1ower limestone, is exposed at many places on the hills south and east
of the main cut and at a few places north of the main cut and along
the small stream that flows northward just east of this cut. The
Joachim limestone, which is below the Plattin, is exposed at a few
places in the SE. } NE. } sec. 3, about one-fourth of a mile west of
the main cut. The exposures and low dips of these limestones indi-
cate that the mine lies in a shallow syncline. The accompanying sec-
tion (fig. 14) illustrates the structure of the limestones and their re-
lations to the overlying surficial material at this locality.

The ‘main cut, dug in 1917 and partly caved at the time of visit
(May 7, 1918), is 180 feet long, 8 to 20 feet wide, and 30 feet deep at
the deepest place and trends S. 60° W. into a gentle east slope. It
is entirely in surficial material, which consists of lenses and pockets
of sand, beds of chert, manganiferous clay (wad), and chocolate-
colored cherty clay. The cherty clay occurs in and near the bottom
of the cut and contains masses of hard manganese ore, whereas the
others are more or less intermixed and interbedded and occur at and
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near the surface. The chert, manganiferous clay, and cherty clay are-
for the most part residual products of the decomposition of the Fern-
vale limestone, but the sand was carriéd by streams and deposited on
the surface of this limestone or in underground channels in it before-
the limestone was decomposed. Although the two sections given
here show the character of these materials in parts of the cut, other
sections made elsewhere would be quite different. The first section,.
made at the east end of the cut, is of beds of fairly uniform thickness
that dip 45° N. 20° E., and the second section, made on the north side:
of the cut, is of beds which not only vary in thickness but are
abruptly cut off on the east—possibly by a fault in the surficial
material.

N
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sea level
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- 7 Spur on which main cut occurs
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FIGURE 14,—North-south section through the W. T. Gray property, showing the structure
of the rocks and the relations of the ore-bearing surficial material to the rocks. a,
Surficial ore-bearing material; b, Fernvale limestone; ¢, Kimmswick limestone; d.
Plattin limestone; e, Joachim limestone. '

Section at east end of the main cut at the W. T. Gray mine.

Feet.
Chert o e 3-6
Black manganiferous clay (wad), classed as low-grade man-
ganese ore, which at this locality contains 20 to 25 per
cent of manganese____.___ ——— 7
Interbedded chert and clay - - —— 10
Black, porous, light, soft though firm earthy material, classed
as second-grade manganese ore, which at this locality con-
tains 30 to 35 per cent of manganese 2%
Black manganiferous clay (wad), classed as low-grade ore_ 1

Chert fragments and clay.

Partial section on north side of the main cut at the W. T. Gray mine.

Black manganiferous clay (wad), classed as low-grade man- Feet.
ganese ore. 2-4

Interbedded chert and clay-—-— oo 4

Black manganiferous clay (wad)________________________ 3%

Red clay interbedded with black manganiferous clay (wad)_ Few.
Yellow quartz sand containing some chert fragments and
pebbles —— 2-8
Chocolate-colored clay containing both fine particles and
boulders of hard manganese oxides. This is in bottom
of cut.
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A bed of sand 8 feet thick is revealed at the surface on the north
side of the cut near its west end, but a shaft 15 feet north of the
exposure shows it to be 15 feet thick.

The manganese ore that was mined from this cut and shipped
in 1917 was hand sorted and comprised three grades, which were
shipped separately. The production of these several grades is stated
by Mr. Gray to have been 55 tons of “first-grade ” ore, containing 50
per cent of manganese in carload lots; 35 to 40 tons of “second-
grade” ore, containing 30 to 35 per cent of manganese in carload
lots; and 200 tons of “low-grade ” ore, containing between 20 and 25
per cent of manganese. The “low-grade ” ore is black manganiferous
clay (wad), and the “second-grade” is a black, light, porous, soft
though firm wad with small particles of hard manganese oxide scat-
tered through it. The high-grade ore consists of compact steel-blue
psilomelane, with which small quantities of hausmannite are mixed,
and occurs as fine particles (“ wash ore”) and slabs and irregular
masses weighing as much as 2 tons. Most of the “ first-grade ” ore has
been found in the chocolate-colored clay in the bottom of the cut.
Much of the “first-grade” ore occurs in the “second-grade” ore but.
very little occurs in the “low-grade” ore. The ore at the other
workings consists largely of compact steel-blue psilomelane. Some
of the chert found in the manganese-bearing clay on this property
has been partly to wholly replaced by manganese oxide.

A cut 18 feet wide, 25 feet long, and 15 feet deep has been dug
300 feet east of the main cut and on the east side of the small
northward-flowing stream. It reveals brown clay and black man-
ganiferous clay (wad), also pockets as much as 10 feet thick of yel-
low sand in which there are a few angular fragments and pebbles of
chert. Although these clays are overlain by the sand they in places
extend upward to the surface. An old shaft a short distance east
of this cut is said to have yielded a carload of high-grade ore 25 years
ago.

On the low hill just west of the main cut ore was mined 25 years
ago from clay lying between exposed boulders and ledges of the
Fernvale limestone, but only a little mining has been done on this
hill recently.

A few pits that have been dug in gravelly surface loam in an
area of 2 or more acres in the NW. } NW. } sec. 2 are said to show
that manganese ore in fine particles and larger masses extends from
the surface to a depth of 4 feet. Two boulders of ore said to have
been found in this area many years ago were together the size of
a bale of cotton, and a boulder of ore weighing 1,000 pounds was
found in 1917 in plowing the land.

A cut has been dug to a depth of 15 feet in red and chocolate-
colored clays in the SE. } NE. 1 sec. 3, just west of the 40-acre tract
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on which the main cut is located. Hard manganese oxides were
found in the chocolate-colored clay in both fine particles and boulders
weighing as much as 1 ton, and masses of the oxides weighing a few
pounds or less were observed at the time of visit in the beds of
gullies. Systematic prospecting which was done in 1918 over part
of this 40-acre tract and part of the 40-acre tract on the east by
Dwight E. Woodbridge proved the presence, he states, of a large
tonnage of high-grade manganese ore.

Considerable “wash ore” may be seen in the clay now lying on
the dumps of both old and recent pits and cuts on the hills west
and southwest of the main cut. The larger masses of ore were hand
picked from the clay and shipped. Some of the clay removed from
the workings contains fragments of chert that have been partly or
entirely replaced by psilomelane.

On the east side of the hollow east of the McGee mine, in the
NW. 3 SW. 1 SW. 1 sec. 2, a cut has been dug in red and yellow
clays, in which veins and irregular masses of manganese oxides
(psilomelane and manganite) and iron oxide have been found. Ore
mined at this locality would be classed as a ferruginous manganese
ore, as the manganese and iron oxides are intimately mixed.

The following are analyses of samples from three carloads of ore,
shipped by J. B. Gray to Carnegie Bros. & Co.”*

Analyses of mdnganese ore from the W. T. Gray mine.

Manganese (Mn) 50.81 46. 36 49. 56

Iron (Fe)......... 853 5.97
gllms:ﬁ(hsorct)xs)w).. . §2s 5 :).?’6
Silica (SiQg)..eee.n..n. .5 25 3.

B 0 L Y PPN 2.50 5.50

UNITED STATES—CANADIAN MANGANESE CO.'S PROSPECT.

The United States-Canadian Manganese Co.s prospect, also
known as the Weaver prospect, is in the NE. 1} NE. 1 sec. 3, T. 14
N, R. 6 W., 4} miles north-northwest of Pfeiffer, but other parts of
the company’s land, including the NW. 1 NE. } sec. 3 and the S. }
SE. 1 sec. 34, T. 15 N., R. 6 W, have been prospected. Prospecting
at the locality first named was begun in 1917 by persons who in 1918
organized the above-named firm and at the time of last visit (June
4, 1918) further prospecting was being done and a dam was being
built across the small northward-flowing stream to impound water
for use in a washing plant to be built near by. The washing plant
was nearly completed in November, 1918, when work on it was dis-
continued on account of lack of demand for domestic manganese ores,

% Penrose, R. A. F,, jr., op. cit,, p. 238.
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Only a few tons of “lump ore ” that' was found during the prospect-
ing has been sold. N

The principal workings have been made within about 3 acres on
the crest and gentle northwest slope of a hill. They consist of one
cut 230 feet long, 25 feet wide, averaging 4 feet deep, another cut
118 feet long, 28 feet wide, averaging 2 feet deep, one shaft 50 feet
deep, and a number of pits 4 to 8 feet deep. They have been made
in red, yellow, and chocolate-brown clays, of which the layer 2 to 4
- feet thick at the surface contains some chert pebbles and fragments.
These clays are mainly a residue from the partial or complete decom-
position of the Fernvale, Kimmswick, Plattin, and Joachim lime-
stones. The first two of these limestones are apparently entirely
decomposed, as there are no exposures of them either on the surface
or in the workings, whereas the other two are only partly decom-
posed. Small boulders of the Plattin limestone were found in the
shaft, and a few masses of it were found in the two cuts. This lime-
stone 1s exposed at the surface near the dam, and the Joachim lime-
stone is exposed farther north along the small stream.

The manganese ore consists of compact steel-blue psilomelane,
hausmannite, and a smaller quantity of manganite and it is irregu-
larly distributed through the red and chocolate-colored clays as
fine particles (“wash ore”) and as lenticular and irregular masses
weighing as much as 300 pounds. A small quantity of red iron
oxide in small pieces occurs also in the clays. The yellow clay,
which lies next to the undecomposed limestone, does not contain
any ore except near its contact with the other clays. Ore has been
found in greater or less quantities not only in all the above-described
- openings but also in the bed of the stream above and below the
dam and in gullies that trench the narrow flat through which the
stream flows. The ore found in the larger gullies and in the stream
bed is like that in the residual clays except that it has been trans-
ported by streams and deposited in their beds with many pebbles
and fragments of chert. Its presence in the stream bed and gullies
suggests that it underlies much of the level area or flat adjoining
the stream, but neither the depth of this ore-bearing material nor
its areal extent have been proved by prospecting.

E. W. ROACH PROSPECT.

The E. W. Roach prospect is in the NW. # sec. 35, T. 15 N., R.

6 W., about one-fourth of a mile north of Barnitz Creek, and 1}

miles east-northeast of Sandtown. Work was done at this locality in

1917 by E. W. Roach, the owner, who mined and marketed 13 or

14 tons of manganese ore. The workings consist of one pit 8 feet

deep dnd several smaller ones, which have been dug here and there
104569--22——12 '
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over an area of about 1 acre in a nearly level tract. The largest
pit has been sunk in a bed of yellow clay which contains many
well-rounded pebbles. The clay contains also psilomelane, which
has partly to entirely replaced much of the clay and has cemented
many of the pebbles together. To separate the psilomelane from
the clay and pebbles would require crushing and jigging, but the
quantity of this mineral is too small to justify the installation of
expensive machinery. A few pieces of manganese minerals were
found on the dumps of the other pits. ‘

The clay is obviously a residue from the decomposition of the
limestones exposed near by, and the manganese was probably derived
from the Fernvale limestone, of which a few loose boulders lie
on the surface near the openings. The boulders are not in place
but rest upon the weathered edges of the Plattin and Joachim lime-,
stones, which underlie a nearly circular area and dip at high angles
toward its center. They lie therefore in a funnel-shaped syncline.
The Plattin limestone, which is present in the center of the syn-
cline, is brecciated in places, and its outcrop is 250 feet in diameter.
Outside the Plattin limestone the Joachim is exposed in a narrow
belt and outside this belt the St. Peter sandstone is exposed.

The manganese deposit and the boulders of Fernvale limestone
are on and near the southwest edge of the syncline. The most
plausible explanation for the peculiar occurrence of these boulders
and the origin of the deposit is that masses of the Fernvale limestone
fell or settled into an old sink or cave in the Plattin and Joachim
limestones; that the pebbles were gradually washed from the sur-
face into the sink hole or cave and were deposited in the clay as
it accumulated in the bottom; and that the manganese was derived
from the decomposition of the masses of the Fernvale limestone
and was later deposited in the clay, partly or entirely replacmg
much of it. ’

HAWKINS MINE.

The Hawkins mine is half a mile southeast of Sandtown and 5
" miles north-northwest of Pfeiffer, on a tract of land formerly owned
by T. R. Hawkins but recently purchased by C. H. Plumb, who sold
half of his interest to Paul Harding. This tract comprises the S. }
SW. 1 sec. 34, T. 15 N, R. 6 W., the NW. } sec. 3, and the E. } sec. 4,
T.14 N, R. 6 W.

The mine was first operated in 1916 by Mr. Strahan, who mined
45 tons of manganese ore ; some work was done later by Mr. Hatvkins,
who mined 15 tons of ore; and 43 tons was mined by Messrs. Plumb
and Harding.

The workings, which are pits 15 feet or less deep, have been made
on the slopes and crests of hills. Some of them pass through the
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surficial material, which consists mainly of chert pebbles and frag-
ments, and penetrate red clay. Although most of the pits reveal ore
the total depth and areal extent of the one or more ore bodies are
yet to be determined. The presence of outcrops of the Plattin lime-
stone at various places on the slopes indicates that the clay overlies
this limestone. The Fernvale and Kimmswick limestones are no-
where exposed and have apparently been entirely removed by erosion.

The manganese ore consists of small nodular or botryoidal masses
and large irregular masses, which are composed in part of psilome-
lane and manganite but in large measure of black earthy, soft though
firm wad. In places the ore contains chert, pebbles, and fragments,
in others it contains grains of quartz sand, and much of it is inti-
mately mixed with brown iron oxide. The ore taken as a whole is a
siliceous ferruginous manganese ore, but the grade can be improved
by hand sorting and by avoiding the places where the silica and iron
contents are highest. Samples of ore that have been analyzed are
said to show a manganese content between 30 and 32 per cent.

The ore at this mine resembles that at the Chapel Hill and Roach
mines, which are described on pages 167-168 and 169-171, respec-
tively, and its origin is the same as that of the ore at those mines.

JEFF WEAVER PROSPECT.

The Jeff Weaver prospect consists of several pits and cuts a few
feet deep on the north slope of a hill in the NW. 1 SW. % sec. 34, T.
15 N., R. 6 W, half a mile southeast of Sandtown and 5 miles north-
northwest of Pfeiffer. The ore-bearing clay at this locality overlies
the irregular surface of the Joachim and Plattin limestones, which
are exposed at places on the slope. Manganese ore has been mined
and hauled away from this prospect, but the quantity was not learned.
The ore is similar to that on the Hawkins tract, which adjoins the
Weaver property on the south.

CHAPEL HILL MINE.

The Chapel Hill mine, owned by the Cleveland Manganese Mining
Co., is on the west and southwest slopes and on the crest of Chapel
Hill, in the N. 3 SW. # sec. 33, T. 15 N., R. 6 W._ half a mile west of
Sandtown, and 6} miles east by north of Cushman. The crest of the
hill is about one-fourth of a mile west of Sullivan Creek and 240
feet above this stream. The mine was first worked by Skinner &
Abbot about 30 years ago, and some of the manganese ore mined by
them was treated in a washing plant on Sullivan Creek at the base
of Chapel Hill, which they operated. A production of several hun-
dred tons of manganese ore at that time is mentioned by Penrose,*

% Penrose, R, A. F., jr.,, op. cit, p. 247,
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who described the property as the Morris tract. Very little mining
has been done there during the last few years. At the time of visit
work was being done by W. A. Hamer.

The workings include one shaft 25 feet or more deep and a few
cuts 10 feet or less deep, which have been made in an area of perhaps
2 acres.

Chert fragments and pebbles cover much of the surface to a depth
of 1to?2 ieet but many of them are in the red clay found below the
surficial laye1 and in the shaft they extended to a depth of 25 feet.
Most of the chert fragments have been derived from the Boone chert,
but some of the chert in the clay is a residue from the decomposition
of the Fernvale limestone, which once occurred at this locality but has
been entirely eroded except its clayey and cherty constituents. Al-
though part of the clay is residual from the Fernvale limestone, some
of it is residual from the Kimmswick and Plattin limestones. The
Plattin limestone is exposed on the slopes below the workings, but
the Kimmswick limestone like the Fernvale has been entirely re-
moved except its clayey constituents. The total thickness of the clay
has not been determined, for none of the workings appear to have
reached the underlying Plattin limestone nor has the areal extent of
the clay been fully tested.

The ore is a ferruginous manganese ore, consastmo' of psxlomehne,
soft earthy though firm wad, and brown iron oxide. Most of it is in
irregular masses, but some of it is in nodular or botryoidal masses,
and many of the chert fragments derived from the Fernvale lime-
stone have been partly or wholly replaced by manganese oxide. Some
parts of the ore contain grains of quartz sand and other parts con-
tain chert fragments and pebbles., Most if not all of the masses of ore
at this mine are not residual from the Fernvale limestone and'Cason
shale, as is most of the ore in the Batesville district, but were formed
in the clay, which the ore has partly or wholly replaced.

POOL PROSPECT.

The Pool prospect is three-fourths of a mile northwest of Sand-
town and is on the A. N. Pool tract, which comprises the NW.1 NW.}
sec. 33 and the S. ¥ SW. } sec. 28, T. 15 N, R. 6 W. A few pits 4
feet or less in depth have been dug recently by Mr. Pool and C. H.
Palmer on two hills on this tract. They are in red clay, much of
which contains chert fragments and pebbles and masses of man-
ganese ore. The occurrence of exposures of the Joachim limestone in
the vicinity indicates that the clay overlies this limestone, but none
of the pits have been dug deep enough to reach the limestone.

The manganese ore, which is like that at the Roach, Hawkins, and
Chapel Hill mines, occurs as both large and small masses of irregular
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and botryoidal shapes. Some of the ore contains sand and chert
pebbles and fragments, part of it is intermixed with iron oxide,
and much of it is soft and earthy. By carcful hand sorting a fair
grade of ferruginous manganese ore can be obtained. Altogether
about 15 tons of ore had been mined and marketed before the time
of visit (June 4, 1918), and 40 tons is reported to have been mined
before June 30, 1918. ‘

ADLER-SOUTHARD MINE.

The Adler-Southard mine, not visited by the writer, is on a tract
of land owned by N. A. Adler, in the SW. } sec. 29, T. 15 N., R. 6
W., 1} miles northwest of Sandtown and 6 miles east-northeast of
Cushman. Work on this tract has been done from time to time by
various lessees, who mined 25 tons of manganese ore in 1916, little if
any in 1917, and 25 tons in the first 6 months of 1918. This ore is

a ferruginous manganese ore, and Mr. Adler reports that it had an
average manganese content of 24 per cent.

ROACH MINE,

‘The Roach mine, owned by the Cleveland Manganese. Mining Co.,
is on Roach Hill, in the SE. } sec. 31, T. 15 N., R. 6 W., 43 miles
east by north from Cushman. It was operated first about 30 years
ago, but the production if any is not known. It was next operated
from April, 1916, to March, 1917, by W. H. Denison, who mined
and shipped 191 tons of manganese ore. A little work was being
done at the time of visit (June 4, 1918) by the Manganese Develop-
ment Co., and after that the mine was leased to James A. Welch,
who began to build a washing plant but did not complete it.

The workings are on the crest of the hill and on its north and
west slopes as far as 50 feet below the crest. The earlier workings
were open cuts 10 feet or more deep, but the recent ones include
shafts as much as 27 feet deep. They are in red and chocolate-
colored clays, which are overlain by a surficial bed 2 to 3 feet
thick composed mainly of chert pebbles and fragments, but many
chert pebbles and fragments are present in the clays several feet
below the surface. The clay also contains small and large masses of
manganese ore. Although the depth and extent of the ore-bearing
clay have not been fully determined, it is in places at least 27 feet
thick and perhaps underlies a few acres. None of the workings
appear to have passed entirely through the clay to the underlying
limestone, which is either the Joachim limestone or Plattin lime-
stone. The Joachim limestone and the St. Peter sandstone are ex-
posed on the slopes below thé workings, but no outcrops of the
Plattin limestone were observed on that part of the slopes. Out-
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crops of the Plattin, however, were observed on the crest of the
hill just south of the workings, and they appear to mark the southern
boundary of the ore body. The occurrence of these outcrops on the
crest of the hill, at or near the level of the highest workings, indi-
cates that the concealed limestone surface upon which the ore-bearing
clays rests is irregular, .(See fig. 15.)

The manganese ore occurs in irregular masses, some as much as
several feet across, and in small pieces, many of which have a
botryoidal shape. The large masses are composed mainly of a soft,
earthy, compact black wad but partly of psilomelane, manganite, and
iron oxide, and they are cut by many joints whose faces are black
and show deeply striated slickensides. Many chert pebbles and
fragments are found in parts of such masses. Boulders of brown
iron oxide but none of manganese ore were observed on the sur-
face. The manganese ore shipped from this locality down to June

S. N.

50 100 150 FEET

Ficurm 15.—Diagrammatic section at the Roach mine, illustrating the relation of the
clay (a), much of which contains manganese ore, to the Plattin limestone (), Joachim
limestone (¢), and St. Peter sandstone (d).

4, 1918, was hand-sorted “lump ore.” The 191 tons of ore that was
shipped by Mr. Denison is said to have averaged 17 per cent of

manganese.
The following analysis shows the composition of a sample of the
black earthy wad from this locality :°
Analy&is of wad from the Roach mine.

[R. N, Brackett, analyst.]

Manganese (Mn) .~ 14.57
Iron (Fe)_- —— - 10. 84
Silica (Si0:) __- - - 37.77
Alumina (Al:Os) - 5 9.87
Water_ oo 12, 82

The masses of manganese ore at this mine are not residual from
the Cason shale and Fernvale limestone, as is most of the ore of
the Batesville district, but manganese in solution has been introduced

T

9% Penrose, R. A. F., jr., Manganese—its uses, ores, and deposits: Arkansas Geol.
Survey Ann. Rept. for 1890, vol. 1, p. 246, 1891.
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into the clay by ground water, from which the present manganese
oxides were deposited, partly or entirely replacing the clay. The
wad represents parts of the clay that have been only partly replaced
by manganese oxide, whereas the psilomelane and manganite rep-
resent parts of the clay that have been entirely replaced.

MONTGOMERY MINE.

The Montgomery mine is on the southwest slope of a hill, about
four-fifths of a mile east of Polk Bayou and 7 miles east-northeast
of Cushman. It was formerly worked as two cuts, the one on the
west having been known as the Baxter mine and the one on the east
as the Montgomery mine. Although these two cuts have been en-
larged and connected by recent mining, they are still distinct and
are herein described as the Baxter cut and Montgomery cut respec-
tively. (See fig. 16.) The west part of the present mine—the part
that includes the Baxter cut—is on the east border of the NW. }
SW. 1 sec. 32, T. 15 N,, R. 6 W., and is owned by C. A. Montgomery
and J. P. Montgomery, whereas the east part of the mine—the part
that includes the Montgomery cut—is on the west border of the
NE. } SW. } sec. 32, T. 15 N., R. 6 W., and is owned by J. P. Mont-
gomery. The line separating these two tracts runs north through
the center of the mine.

Both of these old cuts were operated about 30 years ago. The
Baxter cut was operated by John B. Skinner & Co., who conveyed the
manganese ore on a tramway to Sullivan Creek, a distance of about
a mile, where it was crushed and washed in a series of jigs.”” Penrose
mentions a production of 350 tons from this cut. Little if any more
mining was done at this locality until May, 1917, when the Eureka
Manganese & Mining Co., of which W. H. Denison is president and
W. H. Beatty is manager, reopened the cuts and started the opera-
tion of a washing plant located near them. This company mined,
milled, and shipped about 3,600 tons of manganese ore during 1917
and 1918. ' .

The manganese ore is disseminated rather uniformly through a
bed of red to brown clay, which is a residue from the decomposition
of the Cason shale and possibly of a part of the Fernvale limestone.
The distribution of this clay as well as that of the other rock for-
mations in the vicinity is represented in fig. 16. This clay is
concealed at the surface by a bed 1} to 5 feet thick, which is com-
posed of angular chert fragments and well-rounded chert pebbles,
some as much as 4.inches in their longest diameter. The Joachim
and Plattin limestones, of which there are many exposures, are con-
cealed at most places by clay, soil, and chert débris consisting of both

o7 Penrose, R. A. T, jr., op. cit., p. 244,
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angular fragments and well-rounded pebbles. Some of the chert
fragments and pebbles are cemented together by iron and ferruginous
manganese oxides on and near the crest of the hill, but most of them
are loose. The chert fragments represent a part of the weathered
Boone chert that has settled below the original position of this for-
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FiGurE 16.—Geologic map of the Montgomery mine. Surveyed by H. D, Miser with
plane table in June, 1918, A-B, Line of section in figure 17.

mation, and the pebbles were once a part of the extensive gravel bed
of Upper Cretaceous or later age that covered the region before the
present valleys were carved by erosion. These surficial deposits may
conceal parts of the known ore deposit or perhaps other deposits-in:
the vicinity of the mine. ' :
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Although the ore-bearing clay occurs at and near the crest of the
hill, it-lies in a shallow northeastward-trerding depression, vary-
ing from about 200 to about 250 feet in width in the Plattin lime-
stone. (See fig. 17.) The extent of the depression toward the
northeast has not been proved by prospecting, but its northwest and
southeast borders are fairly well marked by outcrops of the Plattin
limestone. The clay, as previously stated, is dark red and brown.
In the lower parts of the cuts it is plastic and very tough, hence is
hard to wash, whereas in the upper parts of the cuts it is less plastic
and more earthy, making its washing easy. It ranges in thickness
from a few feet to 47 feet. Part of this variation is due to the pres-
ence of three “horses” of non ore-bearing clay, which have been
found to extend upward into it to within 15 or 20 feet of the surface.
The greatest thickness of the ore-bearing clay is therefore in the
depressions between the “ horses.”

The “horses” be-
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red, and brown clays,
which show slickensides and which contain thin sandy parallel plates,
but they are composed in part of boulders and ledges of the Plattin,
Kimmswick, and Fernvale limestones and of a few masses of chert
that has replaced parts of one or more of these limestones. Thin
veins of calcite cut the boulders of the Fernvale limestone, and some
of them contain small quantities of psilomelane and other oxides of
manganese, which were deposited later than the calcite, and some are
said to contain small quantities of galena. Vein quartz and a few
crystals of barite partly replaced by manganese oxide were found in
blasting one of the masses of the Plattln limestone. The clays in
these “ horses ” are the residue from the decomposition of the Plattin,
Kimmswick, and Fernvale limestones. As the calcium carbonate of
these limestones was removed through solution the overlying ore-
bearing clay settled from its original position. The presence of large
masses of limestone breccia—some composed of fragments of the
Plattin limestone, some of both the Plattin and Fernvale limestones,
and some of these two limestones and the Kimmswick limestone—at
the mouths of the two cuts and in and near the reservoir and the
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fairly straight northwest and southeast boundaries of the ore-bearing
clay suggest that at least a part of the settling of the ore-bearing
clay may be attributed to the settling of the rocks between two nearly
parallel faults on either side of the ore deposit. As there is no
evidence of faulting along the small stream southwest of the mine
it is believed that the brecciation of the limestones and at least a part
of the settling of the ore-bearing clay are due to the falling in of the
roof of an old cave.

The clays in and near the top of the workings contain fossil gastro-
pods, brachiopods, cephalopods, and Gérvanelle, which consist of
manganese oxide. These fossils, according to E. O. Ulrich, have
been derived from the Bmssﬁeld hmestone which once overlay the
Cason shale at this locality but which like thlS shale has been entirely
- decomposed, leaving only its residual clay and the above-mentioned
fossils. The fossils were once composed of calcium carbonate, but,
perhaps during the decomposition of the limestone, they were com-
pletely replaced by a hard manganese oxide, so that the form of
the fossil shells is well preserved, although they now occur loose
in the residual clays. Fossil gastropods, brachiopods, and cephalo-
pods thus replaced by manganese oxide are, so far as the writer is
able to learn, not found at any other locality in the United States.
Some of the fossils are shown in Plate VII, 4.

The manganese oxides, which are psilomelane, braunite, and man-
ganite, usually more or less intermixed, occur disseminated through
the above-described ore-bearing clay as irregular masses from the
size of sand grains to that of boulders weighing 2 tons, as parallel
layers or lenses a few inches thick, separated by various thicknesses
of clay, and as buttons. (See Pl. XI and fig. 3.) The “buttons”
are like the black manganese buttons at the Cason mine. They are
1% inches or less in their longer diameter and one-third of an inch or
less thick, and they lie with their longer diameters in the same
_plane, which is parallel with the bedding of the original unweathered
shale. The layers or lenses of ore inclose “ buttons ” and thus appear
to have replaced certain layers of the clay or shale. The “ buttons”
are hard and dense except for the cavities in some of them, whereas
the lenses and irregular masses are hard and porous. The records of
the mine indicate that the ore-bearing clay contains concentrates in
the ratio of 3 parts of ore-bearing clay to 1 of concentrates and 6
of clay to 1 of concentrates and an average of 5 to 1. Irregular
f1agments and grains of a gray or white phosplntlc rock, some of
which is said to contain as much as 11 per cent of phosphorus are
disseminated through the ore-bearing clay in some parts of the de-
posit, especially the lower part. Most of them occur free in the clay,
but some of them, together with greenish varieties of this rock, occur
in some of the larger masses of manganese ore. Masses of ore con-
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tainng much of this rock are not shipped because of their high
phosphorus content.

Until May 28, 1918, the mining was done with pick and shovel,
and the ore was conveyed from the cuts to the washer in small tram
cars which were pushed by hand. On that date a Thew steam shovel,
with a §-yard dipper and larger cars drawn by mules, were installed.
(See P1. XIV, B.) The washing plant at present (June, 1918) oper-
ates only about 6 hours a day, because of the inadequate supply of
water, and produces 100 tons of concentrates a week. Water for it
is pumped from Polk Bayou through 4,500 feet of 4-inch pipe to the
reservoir, which is 210 feet above the bayou. The reservoir has since
been enlarged so as to contain sufficient water for a 10-hour working
day. The output of the plant on the basis of a 10-hour run each
day was expected to be 150 tons or more each week. The concen-
trates are hauled by wagon to Cushman, a distance of 7 miles, at a
cost of $4.50 a ton. The equipment of the washing plant at the time
of visit (June, 1918) included a McLanahan-Stone standard 2-log
ore washer, a Richards jig, and a combination screen and sizing drum.
(See P1. XTIV, 4.) The flow sheet of the washing plant is described
on pages 97-98 by W. R. Crane.

Prior to the time of examination the ore was separated into two
grades—“tailings,” which passed through a screen with #-inch per-
forations, and “mine-run ore,” which did not pass through such a
screen. The “mine-run ore” shipped before April 1, 1918, averaged
40.21 per cent of manganese, 7 per cent of iron, and 17 per cent of
silica, but soon after the installation of the Richards jig the manga-
nese content was increased to 44.30 per cent and the silica was
decreased to 13 per cent. More thorough jigging, which was ex-
pected of the 3-cell jigs installed since June, 1918, may have re-
duced the silica content still more.

The “mine-run ore” averages about 0.40 per cent of phosphorus,
and the ore that is in pieces more than half an inch in diameter
contains about 0.20 per cent of phosphorus. This difference in the
phosphorus content is due to the presence of pieces less than half
an inch in diameter of phosphatic rock, which have not been en-
tirely separated from the ore. Although grains of phosphatic rock
occur in some of the ore more thorough jigging will free the ore from
most of the phosphatic rock, as this rock has a much lower specific
gravity than the manganese ore. The ore that is free of phosphatic
rock has a low phosphorus content, as shown by the fact that some
carload Jots of “lump ore” contained as low as 0.09 per cent of phos-
phorus. Some of the first cars shipped by the Eureka Manganese &
Mining Co. were not properly prepared for the market and con-
tained as high as 1.87 per cent of phosphorus. The tailings con-
stitute one-eighth of the production of the mine. The 10 cars
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thus far (June 22, 1918) shipped ranged from 27.55 to 31.48 per
cent of manganese and averaged 28.84 per cent of manganese and 7
per cent of iron. The following analyses represent the composition
of three carloads of manganese ore mined in the Baxter cut by
Skinner & Abbot and shipped to the Illinois Steel Co.%

Analyses of manganese ore from the Montgomery mine.

1 2 3
Manyganese (Mn) 55.60 47.70 45.77
Trom (Fe) ot it e . 8.78 4.77. 4.67
Phosphorus (P). ... ..o eveeeaaa . .149 .284 .342
Silea (S102) et eremtiit e ... 2438 10.98 14.06
37 U 9. 80 9.20 8.20

MONTGOMERY HILL MINE.

The Montgomery Hill mine is on a knob known as Montgomery
Hill, which is just northeast of the Montgomery mine. It is on land
owned by J. P. Montgomery, which has been leased to the Eureka
Manganese & Mining Co. Surficial material composed of chert
pebbles and fragments caps the crest of the knob and covers its
slopes. A number of pits as much as 10 feet deep which have been
dug on the slopes pass through this material and penetrate a red
ore-bearing clay. The clay as revealed in the pits is at least a few
feet thick and in places attains a thickness of 10 feet, and it under-
lies an area of at least 1 acre and perhaps 3 acres more. The Plat-
tin limestone underlies this hill, although there are no exposures of
it near the pits, and it is probably separated from the ore-bearing
clay by a greater or less thickness of clay that does not contain any
ore.

The ore is a ferruginous manganese ore similar in character and
origin to that at the Roach mine and is apparently present in'the
ratio of 1 part of ore to 5 parts of ore-bearing clay. Part of the
ore is earthy and soft, though firm; some of it contains chert frag-
ments; and most of its masses are irregular in shape, but some are
botryoidal. Analyses of samples of the ore are said to show that
it contains between 32 and 34 per cent of manganese. The “lump
ore” has been mined and shipped and is in much smaller quantity
than the “wash ore.”

SIS CLARK MINE.

The Sis Clark mine is 5 miles east by north from Cushman and
is on a tract of land owned by Mary J. Clark, which comprises the
N. 2 NW. % sec. 5, T. 14 N., R. 6 W., and the SE. 1 SW. } sec. 32,
T. 15 N., R. 6 W. The mine, which is in the NW. } NW. } sec. 5,

®8 Penrose, R. A, F., jr., op. cit, p 245.'
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was first worked by Skinner & Abbot about 30 years ago. Part of
the ore mined by them was hand sorted, but some of the ore dirt
was hauled in wagons to the tramroad connecting the Montgomery
mine with its washing plant on Sullivan Creek, and it was thence
conveyed to the washing plant where the ore was recovered by wash-
ing. -The total production at that time is not known, but Penrose *
mentions the production of 90 tons of manganese ore. The mine
was next operated in 1915 by Coleman & Grefenkamp, who mined 40
tons of high-grade manganese ore, and since then it has been oper-
ated at times by W. A. Hamer. Most of the work by Mr. Hamer was
<done in 1917, when he mined 80 tons of high-grade ore and 500 tons
.of low-grade ore. Since the time of visit (June 7, 1918) the mine
has been leased to J. C. Shepherd and R. A. Baker, who mined sev-
eral carloads of low-grade manganese ore before the end of the
year. , : .

The recent workings consist of about 17 cuts and shafts, and from
these 250 to 300 feet of tunneling has been done. Ten of the open-
ings, the deepest being 32 feet, have been made here and there over
an area of about 7 acres on and near the crest of an east-west ridge.
They all penetrated red and chocolate-colored ranganese-bearing
clays after they passed through a surficial bed of chert fragments and
pebbles, and none of them passed entirely through the clay. . The
-other openings, of which the deepest is 22 feet, have been made here
and there over an area of about 13 acres farther south. They pene-
trated the ore-bearing clay, which lies beneath a surficial bed 6 to 8
feet thick that is composed mainly of chert fragments and pebbles,
but none of them passed entirely through the clay.

The information at hand supports the inference that the ore-
bearing clay underlies the whole of the 7-acre and 13-acre tracts,
but the quantity of ore on them can not be accurately estimated until
after systematic prospecting and sampling have been done. Several
of the openings encountered boulders of the Plattin limestone, but
none of them encountered solid ledges of any limestone. The Fern-
vale limestone, from which most if not all of the ore has been de-
rived, has been removed by erosion from the two tracts, and the
Kimmswick limestone has also been removed, so that the ore-bearing
clay everywhere rests upon the Plattin limestone. Channels and hol-
lows separated by pinnacles doubtless mark the surface of this lime-
stone. ) .

The manganese ore consists of two grades, known as low grade
and high grade. They are intermixed, and the low-grade ore is in
greater quantity than the high-grade. One shaft, from which 200
tons of ore were removed, showed a ratio of 3 tons of low-grade

™ Penrose, R. A. I, jr.,, op. cit,, p. 243.
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to 1 ton of high-grade ore. The low-grade ore is an earthy, porous,
brown, and soft but firm wad, and it is hand sorted from the inclos- -
ing clay. The 500 tons of it mined in 1917 by Mr. Hamer had, he
states, an average content of 30 per cent of manganese, 14 per cent
of iron, and 8 per cent of silica. The analyses of four carload lots -
that were shipped to the Tennessee Coal, Iron & Railroad Co. are
given below. The high-grade ore consists of steel-blue psilomelane
and a smaller quantity of hausmannite and occurs in irregular masses
ranging in size from fine particles to boulders, the largest of which
thus far found is said to have measured 20 feet long, 4 to 10 feet
wide, and 2 to 5 feet thick and to have weighed 22 tons. The con-
centrates of hard ore recovered by Skinner & Abbot from the wash
dirt, were found, it is stated, in the ratio of 1 ton of concentrates to
3 tons of wash dirt, but most of the wash dirt observed by the
writer will not yield such a large proportion of concentrates. The
80 tons of high-grade ore mined by Mr. Hamer in 1917 had, he states,
an average content of 48 per cent of manganese, 8 per cent of iron,
and 4 per cent of silica.

Analyses of low-grade manganese ore from the Sis Clark mine.

1 - 2 3 4

Manganese (MN).....ouiriinieiinninaannecnennn. e e 35.23 30.36 31.87 30.39
Trom (Fe) . ooee i rree e 9. 82 9.82 9.82 13.47
Silica (Si0g)..ecveneniia.ll PN 13.8% 13.88 13.88 13.78

SIS CLARK CORNER PROSPECT.

The Sis Clark Corner prospect is about. one-fourth of a mile south-
west of the Montgomery mine, on the southern border of the SW. }
SW. 1 sec. 32, T. 15 N., R. 6 W. It is on land that is owned by C. A.
Montgomery and J. P. Montgomery and has been leased by the
Eureka Manganese & Mining Co. Shallow pits and cuts have been
made in red and chocolate-colored manganese-bearing clays over an
area of about 2 acres, and two grades of ore like those in the Sis.
Clark mine, which adjoins this 2-acre tract, were found.  The full
thickness of the ore-bearing clay has not been determined.

GALLOWAY MINE.

The Galloway mine is in a hilly but gently rolling region, 5 miles:
east by north from Cushman, and it adjoins the west side of the tract
on which the Sis Clark mine is situated. It was formerly owned
by J. M. Galloway, but at the time of visit (June 5, 1918) it was.
owned by J. D. O’Gara.

A few pits and shafts as much as 20 feet deep have been made on
and near the crest of a well-rounded hill in the northeast corner
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of the NE. 1 NE. } sec. 6, T. 14 N., R. 6 W. They penetrate red and
chocolate-colored manganese-bearing clays the surficial portion of
which contains chert pebbles and fragments. The clays were no-
where entirely passed through, and no limestone boulders were found
in them, Exposures of the Plattin limestone on the slope south of
the openings indicate that the clays rest on this limestone, and
although this part of the tract has not been fully prospected a
considerable thickness of ore-bearing clay appears to underlie about
7 acres on the crest of the hill. The manganese ore consists of two
grades resembling those at the Sis Clark mine. The low-grade ore
is wad, and the high-grade ore consists of large and small masses of
steel-blue psilomelane and a less quantity of braunite and haus-
mannite. Some wash ore is found here, but the percentage of it that
can be recovered from the inclosing clay has not been determined.

Several pits a few feet deep have been made on Peach Orchard
Hill, a well-rounded hill southwest of the openings described above,
and they reveal the presence of manganese-bearing clay beneath a
surficial bed 5 to 6 feet thick of chert fragments and pebbles. Man-
ganese ore of good quality, including both “ wash ore” and “lump
ore ” were found, but the extent and depth of the deposit are yet to
be determined. The Plattin limestone probably underlies the ore-
bearing clay. '

Several pits as much as 15 feet deep have been made in a triangular
wooded tract of 5 acres on the crest of a well-rounded hill, on the
east side of the NE.} NE. 1 sec. 6. The red to black ore-bearing
clays, which were penetrated but not passed through, are in places
overlain by masses several or many feet thick, composed of chert
fragments and pebbles. Such masses are known as flint or gravel
bars. The clay probably overlies the Plattin limestone as it do