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GEOLOGY AND ORE DEPOSITS OF THE SOUTHWESTERN
ARKANSAS QUICKSILVER DISTRICT

By Jorn C. Reep and Francis G. WeLLs

ABSTRACT

Cinnabar was discovered near the southern border of the Ouachita Mountains,
in southwestern Arkansas, in 1930. The belt in which cinnabar is now known
has a length of more than 25 miles from east to west, and in most places is less
than a mile wide, although it has a maximum width of about 6 miles.

The principal rocks exposed in the district are shale and sandstone of the
Stanley, Jackfork, and Atoka formations, of Pennsylvanian age, which aggregate
many thousands of feet in thickness. The three formations occupy several east-
northeastward-trending belts and have been deformed by close folding and thrust
faulting.

Most of the cinnabar deposits are in a northward-overriding thrust block that
is cut by tear faults and is deformed and minutely fractured by cross folds. The
cross folds and the tear faults appear to have been formed during the thrusting.

In the eastern part of the district the cinnabar is found in the Jackfork sand-
stone; throughout most of the rest of the district the ore occurs principally in the
Gap Ridge sandstone member of the Stanley shale, but locally it is found at other
horizons in the Stanley and in the overlying Jackfork sandstone.

Most of the cinnabar fills fractures related to the cross folds, but certain tear
faults may also be worthy of prospecting. Locally cinnabar is disseminated
through the sandstone. The cinnabar is invariably associated with the more
widespread clay mineral dickite. The linear distribution of the ore deposits is
believed to have been due to the ascent of mineralizing solutions along or just
above the thrust faults until the solutions reached fractured sandstones of the
Stanley or Jackfork, whence they followed these permeable beds toward the
surface.

Because of the low relief, the scarcity of good outcrops, and the heavy brush
cover, surface prospecting is difficult. Surface prospecting and especially under-
ground prospecting are hampered by the irregularity of the fracture zones and
the irregular distribution of the ore within the zones.

Geologic indications appear to warrant further prospecting and development
in favorable areas. It seems likely that in a time of national emergency, when
cost is no obstacle, the Arkansas district can produce a large amount of quick-
silver. The metal probably can be produced at a profit under conditions similar
to those of 1936 provided the enterprise is not burdened by too great an expense
in the finding of ore bodies similar to some already mined.

INTRODUCTION

" The United States ordinarily produces only about half of the
quicksilver that it consumes.” In the 1l-year period 1924-34, the
country produced 54.3 percent of its quicksilver consumption.! Any

1 Furness, J. W., and Meyer, H. M,, Mercury: U. 8. Bur. Mines Minerals Yearbook, 1635, pt. 2, p. 441,
1035.
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16 ' CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1937

new source of this essential metal is therefore of relatively great
importance. For this reason, and because of the possibility of
financial gain attending the development of any new mining dis-
trict, the Arkansas quicksilver district has attracted considerable
attention from geologists, mining engineers, and others since its
discovery in 1930.

An allotment of funds from the Public Works Administration
enabled the United States Geological Survey to begin a detailed
study of the district in March 1934. Field work continued until
late November. The work in 1934 was under the direction of John
C. Reed, assisted by J. M. Hansell, R. C. Becker, H. A. Millar,
T. E. Jones, J. T. Young, John Wilson, Jr., and W. M. Plaster.
Some of these men were employed for part of the time only. Mr.
Reed was absent on another assignment for about 4 months, during
which Mr. Hansell directed the field work.

Through an additional allotment of Public Works money, the
investigation of the district was resumed in February 1935 and con-
tinued uutil the middle of May. This period of field work was
directed by F. G. Wells, who was assisted by Messrs. Hansell, Young,
Jones, and Wilson of the original field party, P. A. Shaw, and Howard
Shoptaw. As before, some members of the party were not employed
for the full period of the work. Mr. Reed was with the party for
a week at the time Mr. Wells took it over in February and again
for about 2 weeks as the work was winding up in May.

Mr. Wells visited the district for a few days in October 1935 to
check up on developments during the summer. The district was
again visited for about a week by Mr. Reed in March 1937.

FIELD METHODS

The field work was carried on under somewhat unusual conditions,
and accordingly a method of operation was developed that differs

considerably from ordinary field practice. The procedure is here
briefly described as it may be applicable to further work in this or

similar areas under similar conditions.
Many of the geologic features that are of economic importance,
because of their control of ore deposition, measure only a few tens

of feet. Thus at the outset it was apparent that the scale of the
map should be large in order to show a great proportion of these

features. The scale could not be made too large, however, for
more time than was available would then be required for the field
work. The small structural features, some of which controlled the
ore deposition, are in many places reflected in the topography. It
was therefore essential to make a topographic map and to choose for

it a contour interval small enough to show considerable detail of

form but large enough to prevent too great crowding of the con-
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tours on the map. A scale of 1 inch to 2,000 feet and a 20-foot con-
tour interval were finally adopted (pl. 2).

The cinnabar-bearing area that has been mapped is long and nar-
row and essentially comprises a broad lowland and the flanks of the
two bordering ridges, which for the most part rise less than 300 feet
above the lowland. It is covered with second-growth forest or brush,
at only a few places relieved by open farm land. The cultivated land
is confined to the valleys. These conditions result in very restricted
visibility for plane-table work, and consequently location by resec-
tion was almost everywhere impossible. Nevertheless the total lack
of any reliable horizontal control made the expansion of a triangula-
tion control net imperative. Points in treetops on the two ridges
were therefore observed by plane table from a valley base line. The
triangulation net was then expanded the long way of the area but
with difficulty because of the impossibility of seeing along the occu-
pied ridge or, in many places, into the valley and because of the
large amount of brush-cutting necessary in many places to see across
the valley to the other ridge. Two steel fire lookout towers in the
area were very useful points in the net, as they were stable enough
for plane-table occupancy.

The triangulation points were then used as starting and tie points
for closely spaced interlocking lines of plane-table stadia traverse.
This method entailed considerable ax work but was flexible enough
to allow the use of many natural openings. Only the more obvious
geologic features were mapped on the plane-table sheets, for the
particular problem at that time was the making of an accurate topo-
graphic map. The mapping of the geologic features by instrumental
methods would have greatly increased the time required and the
amount of brush-cutting. The traverse turning points were marked
on the ground by stakes, small piles of rock, blazes, or otherwise.
Later the geologists went over the ground again and added the geologic
features to the map. Full use was made of known location points,
such as triangulation points, cut-out lines, turning points, buildings,
and stream and trail intersections. Some small areas were covered
for both topography and geology by pace and compass traverse, alti-
tudes being determined by aneroid barometer. This method, although
faster, was found to be unsatisfactory and was abandoned.

The problem of vertical control was simplified by a line of recent
Coast and Geodetic Survey benchmarks that runs through the medial
lowland.

The final map may be somewhat in error as regards the relative
positions of its most easterly and its most westerly points, but it is
probable that this extreme error is not greater than 300 feet. Within
any relatively small area the map is believed to be as accurate as can
be plotted on the scale used.



18 * CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1937
' ACKNOWLEDGMENTS

The writers wish to acknowledge gratefully the spirit of hearty
cooperation in which they were met during the field work by the
local inhabitants and by others interested in the district. Although

many more names could be added to the list of those who contributed - -

aid and information, the following people were particularly helpful:
Leo Yount and Ralph Cranston, both formerly of the Southwestern
Quicksilver Co., and Mr. Yount now with the Mid-Continent Quick-
silver Corporation; George C. Branner, State geologist of Arkansas;
N. K. Clemmensen, district forester of the Arkansas State Forestry
Commission; M. J. Eunson, formerly of Mercury Producers, Inc.;
Wes. Russell; G. W. Shoptaw, of Arkadelphia; R. C. Rohrdanz, of
the Mid-Continent Quicksilver Corporation; J. F. Funk and V. B.
Lewis, formerly of the Mercury Mining Co.; N. H. Stearn, of the
Southwestern Quicksilver Co.; and Walter F. Hintze, of Murfreesboro.

The writers had the advantage of discussing the problems involved
in the area with several of their colleagues in the Geological Survey
during visits made while field work was in progress, including A. A.
Baker, H. G. Ferguson, T. A. Hendricks, E. T. McKnight, H. D.

Miser, and C. P. Ross.
BIBLIOGRAPHY

The following publications deal with the quicksilver district or the
area in which it lies:

Miser, H. D., and Purdue, A. H., Geology of the DeQueen and Caddo Gap
quadrangles, Ark.: U. S. Geol. Survey Bull. 808, 1929. This bulletin describes
in detail the geology and mineral deposits of two 30-minute quadrangles, one of
which, the Caddo Gap, contains part of the cuicksilver district. It contains
colored geologic maps of the quadrangles and many other maps and geologic
cross sections. Although its publication preceded the discovery of the quick-
silver deposits, it has been the foundation for geologic work in the region.

Branner, G. C., A preliminary report on the discovery of quicksilver in Pike
County: Arkansas Gazette, Aug. 30, 1931.

Weigel, W. M., New quicksilver discoveries: Eng. and Min. Jour., vol. 132, no.
11, pp. 495-497, Dec. 14, 1931. The author tells of the discovery of the Arkansas
cinnabar district and early prospecting in it. He briefly describes the general
geology of the region, largely after Miser and Purdue, and the occurrence of cinna~
bar at several localities.

Branner, G. C., Cinnabar in southwestern Arkansas: Arkansas Geol. Survey

Information Cire. 2, 1932. Branner points out that up to the time of publication

of his report 34 occurrences of cinnabar had been discovered. Mining operations
near the Little Missouri River and near Antoine Creek had produced nearly 2,000

pounds of quicksilver. He recognized the linear arrangement of the occurrences
of cinnabar in & narrow belt whose structure he interpreted to be anticlinal, in
accordance with the map by Miser and Purdue, which he reproduced in his report.
This belt is now believed to be not anticlinal but to be related to thrust faults.
He also stated his belief that the cinnabar is of hydrothermal origin.

Stearn, N. H., The new quicksilver district in Arkansas: Min. Jour., Phoenix,
Ariz., vol. 16, no. 2, pp. 3, 4, June 1932. This paper includes a short history of the
discovery of quicksilver in Arkansas, a description of mining development in the



SOUTHWESTERN ARKANSAS QUICKSILVER DISTRICT 19

area, 8 synopsis of the general geologic setting and of the occurrence of the ore,
and a paragraph on the significance of the discovery of the new district in which
the possibility of commercial mines is predicted.

Stearn, N. H., Mining and furnacing quicksilver ore: Eng. and Min. Jour.,
vol. 134, no. 1, pp. 22-24, Japuary 1933. The geology in the vicinity of the Parnell
Hill mine is described. Four different types of structural control of ore deposition
are recognized. The mining and furnacing methods of the Southwestern Quick-
silver Co. are described.

Sohlberg, R. G., Cinnabar and associated minerals from Pike County, Ark.:
Am. Mineralogist, vol. 18, pp. 1-8, 1933. A description of the minerals and their
paragenesis in a suite of ores from Pike County. Crystallographic measurements
of the cinnabar crystals are given as well as data concerning optical and X-ray
studies of the dickite.

Sohlberg, R. G., Petrographic study of quicksilver ores and associated minerals
from Pike County, Ark. [abstract]: Geol. Soc. America Bull. vol. 44, pt. 1,
pp. 158-159, Feb. 28, 1933.

Stearn, N. H., Structure from sedimentation, Parnell Hill quicksilver mine,
Ark.: Econ. Geology, vol. 29, no. 2, pp. 146-156, March-April 1934.

Hansell, J. M., Mining development of the Arkansas quicksilver district to July
1, 1934; bound in the back of some later copies of Arkansas Geol. Survey Inf. Cire.
2. This paper is a summarized account of the development of the various pros-
pects in the district. .

Stearn, N. H., Stibnite in quartz: Am. Mineralogist, vol. 20, no. 1, pp. 59-62,
Jan. 1935. Numerous small quartz crystals containing stibnite and cinnabar have
been found in the Parnell Hill and Gap Ridge mines in the southwestern Arkansas
quicksilver district. The habit of the stibnite inclusions differs in different crys-
tals, but the acicular form is the most common. A few crystal faces on quartz
crystals are etched and pitted with finely granular pyrite, thus indicating that the
quartz was not deposited by meteoric waters but by sulphide-bearing hydro-
thermal solutions. The sequence of minerals from older to younger is stibnite,
cinnabar, quartz, pyrite, and dickite.

Hansell, J. M., and Reed, J. C., Quicksilver deposits near Little Missouri River,
southwest Arkansas: Am. Inst. Min. and Met. Eng. Tech. Pub. 612, 1935. This
report covers a 12-mile segment of the district that includes the three mines of the
Southwestern Quicksilver Co., from which came most of the production of the
district prior to 1935.

Reed, J. C., and Hansell, J. M., Quicksilver deposits near Little Missouri River
and near Antoine Creek, southwestern Arkansas: U. S. Dept. Interior Press Mem.
99554, Apr. 30, 1935. This paper is similar to the preceding one by the same
authors but covers a larger area. It contains additional material on structural
geology and structural control of mineralization.

Reed, J. C., Hansell, J. M., and Wells, F. G., in Furness, J. W., and Meyer,
H. M., Mercury: U. S. Bur. Mines Minerals Yearbook, 1935, pp. 443-449, 1935.
The authors describe the development work on the principal properties in the Ar-
kansas quicksilver district.

Stearn, N. H., [Discussion of Tech. Pub. 612]: Am. Inst. Min. and Met. Eng.
Trans., vol. 115, pp. 244-246, 1935. Stearn indicates his essential agreement with
most of the interpretations of geologic features as described in Technical Publica-
tion 612. He differs on some points, however. He believes that the formation
that lies to the north of the major thrust—the Cowhide thrust—is Atoka and not
Jackfork, that the cross folding took place during a period of east-west compression
between two periods of thrusting from the south, and that the deposits are more
likely late Paleozoic than Upper Cretaceous. The writers now agree that the
deposits are probably of late Paleozoic age. (See pp. 5§1-53.) In this discussion
Stearn names the Gap Ridge sandstone member of the Stanley shale.



20 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1937

Stearn, N. H., The cinnabar deposits in southwestern Arkansas: Econ. Geology,
vol. 31, no. 1, pp. 1-28, 1936. (For discussion see Reed, J. C., idem, vol. 31, no. 3,
Pp. 314-317, 1936. This paper is a somewhat more elaborate presentation of the
ideas set forth by Stearn in his papers already cited. It contains considerable
new material, among which are hitherto unpublished data on the tenor of the ore
mined by the Southwestern Quicksilver Co.

The preliminary results of the Geological Survey’s work in the district have been
summed up in Technical Publication 612 of the American Institute of Mining and
Metallurgical Engineers, the Department of the Interior Press Memorandum
99554, the section entitled “Mining development of the Arkansas quicksilver dis-
trict to July 1,1934”, bound in Information Circular 2 of the Arkansas State Geo-
logical Survey, and the statement on the district in the United States Bureau of
Mines Minerals Yearbook for 1935, under ‘““Mercury.”

GEOGRAPHY
LOCATION, ROADS, AND CLIMATE

The quicksilver district lies in southwestern Arkansas. (See fig. 3.)

Cinnabar has been found in a narrow belt about 26 miles long and
about 6 miles in maximum width that extends from sec. 13, T. 7 S,,
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FIGURE 3.—Index map showing location and extent of the southwestern Arkansas quicksilver district
(shaded area).

R. 27 W., in eastern Howard County, east by north across Pike
County into sec. 5, T. 7 8., R. 22 W., in western Clark County (pl. 7).
Hot Springs, with a population of 20,238, lies some 50 miles to the
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northeast of the district, and Arkadelphia, which has a population
of 3,380 and is the county seat of Clark County, lies about 20 miles
to the east. No town or village lies within the district. Amity,
5 miles north of the east end of the district, is a town of 608 population.
The central and western parts of the district are more accessible from
Murfreesboro, the county seat of Pike County, population 733, which
lies 7 miles south of the district. Though the villages of Kirby,
Nathan, and Graysonia are nearer to parts of the district than either
Murfreesboro or Amity, they are too small (population less than 300)
to offer many conveniences. Within the district human activities
other than mining are confined to a few farms in the medial lowland,
the hills being forested with second growth.

Most of the district is well served by roads. State Highway 27
crosses the middle of the district from north to south. The west end
of the district is accessible by county roads from both Murfreesboro
and Nashville. A road, in part improved by the Civilian Conserva-
tion Corps, runs through the western part of the district from east to
west, connecting Highway 27 with the county roads to the west.
This east-west road is passable except in times of high water, when
the fords across the streams cannot be used.

The eastern part of the district near Antoine Creek is accessible by
road from Amity or by the Graysonia road, which leaves State High-
way 8 about 15 miles northwest of Arkadelphia, or some 8 miles
southeast of Amity (pl. 7). From the Graysonia road three roads
built by the Civilian Conservation Corps enter the district. Both
the Amity and Graysonia routes cross Antoine Creek on low-water
bridges and are impassable during high water. The country between
Highway 27 and the Antoine Creek area is traversed by a farm road
only, which becomes impassable during wet weather.

A branch line of the Missouri Pacific Railroad crosses the eastern
part of the district.

The average annual precipitation for 38 years at Amity was 49.68
inches, most of it falling in the winter and spring. The heavy precipi-
tation of these seasons interferes with open-cut mining and often
makes fords and low-water bridges impassable. As run-off is rapid,
all but the major streams are dry during the hot summer, and conse-
quently the development of water for mining is difficult. In other
respects the climate is on the whole favorable to efficient operation,
the temperature being moderate and snow almost unknown. Timber
for building and for use in the mines is still plentiful in the surrounding
neighborhood.
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TOPOGRAPHY
RELIEF

The quicksilver district lies within the Athens Plateau just north
of its boundary with the Gulf Coastal Plain. The plateau is a hilly
country characterized by long, narrow east-west ridges whose gently
undulating crest lines range from about 750 to 1,100 feet above sea
level, separated by narrow valleys that are in most places less than
350 feet below the general level represented by the ridge tops."* The
master streams flow southeastward, transverse to the ridges, through
which they have cut narrow gaps, and the topography contiguous to
the gaps is rugged. In the interstream areas, however, the slopes are
gentle and the country open. The maximum relief in the area mapped
(pl. 2) is 560 feet, from 350 feet above sea level where Antoine Creek
leaves the area to 910 feet on the south ridges in sec. 31, T. 6 S,,
R.24 W,

The salient topographic features of the area mapped are two long,
narrow ridges trending east by north, separated by a median lowland
that extends from the western extremity of the area eastward into
the western part of T. 6 S., R. 23 W., where the north ridge bends
southward, causing the two ridges to converge and form a rugged
tract of hills just west of Antoine Creek. East of the gap made by
Antoine Creek the north-south ridges resume an eastward but
divergent course. Both ridges maintain a general altitude of 750
feet above sea level, and each rises to a summit altitude of about 900
feet. The highest points are commonly natural walls of heavy sand-
stone beds that project as much as 30 feet above the general ridge
level and extend along the ridges for considerable distances. Such a
feature gives the name of Wall Mountain to the south ridge (sec. 32,
T. 6 S., R. 23 W.). The crests of the ridges are everywhere higher
than 650 feet above sea level, but they are trenched by Stony, Buck,
South Woodall, Wall, and Antoine Creeks and the Little Missouri
River.

The medial lowland is divisible into three parts—South Woodall
Valley, the valley of Cowhide Creek, and Couch Valley. South
Woodall Valley at its east end includes the headwaters of Wall Creek
and extends westward to a low divide 660 feet above sea level near
Highway 27. The valley of Cowhide Creek extends westward from
the divide near Highway 27 to Little Missouri River. Couch Valley
is formed by the valleys of Redding Creek and its main southern
tributary and by those of lateral tributaries of Buck and Stony
Creeks near the west end of the area. .

The lowland has & maximum width of 1 mile in sec. 25, T. 6 S., R.

24 W., but is commonly less than half a mile wide. Where obstructed

1a U, 8. Geol. Survey topographic map of Caddo Gap quadrangle, Arkansas, 1928.



SOUTHWESTERN ARKANSAS QUICKSILVER DISTRICT 23

by transverse ridges—for example, Mill Mountain, in sec. 12, T. 7
S.,, R. 26 W.—or by protruding flatiron-shaped segments of the
south ridge, it is constricted to a ravine. The lowland includes an
east-west chain of elongate hills which extends throughout its length.
‘Where erosion has been most active these hills rise out of the valleys
as steep ridges or hogbacks—for example, the ridge on which is located
the Gap Ridge mine (pl.2); elsewhere they are less prominent and at
the drainage divide crossed by State Highway 27 are elongate swells.
Their general crest line is about 600 feet above sea level; and though
they rise above this altitude locally, they nowhere attain the height
of the main ridges to the north and south. A similar medial ridge is
found east of Antoine Creek.

A broad, relatively flat, low ares lies north of the east end of the
district. About 3 square miles of this lowland is included in the area
mapped. The lowland ranges in altitude from a little below 400 feet
to about 500 feet above sea level.

DRAINAGE

The Little Missouri River is the major stream of the district and
flows southward in a meandering course across its western part.
Cowhide Creek, one of its tributaries, rises just east of State Highway
27 and flows westward in a broad valley. Redding and Wild Cat
Creeks are tributary to the Little Missouri River from the west.
About 2 square miles in the western part of the area is drained by
southward-flowing Buck and Stony Creeks.

All of the area east of State Highway 27 except about a quarter of a
square mile at the head of Cowhide Creek is drained by Antoine
Creek and its tributaries. The longest of these, South Woodall
Creek, rises just west of Highway 27 and, after flowing east by north
for 5 miles, turns sharply north to gain Woodall Creek through a
narrow ravine. Wall Creek and its tributaries drain the east end of
South Woodall Valley. Like South Woodall Creek, Wall Creek cuts
through the northern ridge and empties into Antoine Creek. Antoine
Creek enters the mapped area in sec. 24, T. 6 S., R. 24 W. After
flowing southeastward against the end of the north ridge, it makes a

" big loop before turning south to cut through both the north and the
south ridges in a meandering course. Wherever it has encountered
less resistant rocks it has widened its bed and has built a small flood
plain, but it crosses the sandstone ridges through steep ravines. In
this area two short brooks, Suck Hollow and White Oak Creeks, are
tributary to Antoine Creek from the west; from the east two others
and Caldwell Creek enter the major stream. The Little Missouri
River and Antoine Creek are usually the only perennial streams in the
area, but even Antoine Creek was dry in the summer of 1934, a year
with unusually low precipitation.
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GEOLOGY
AGE AND ATTITUDE OF THE ROCKS

Three formations,> the Stanley shale, Jackfork sandstone, and
Atoka formation, all of Pennsylvanian age,® have been recognized on
the Athens Plateau. These rocks have been greatly folded and
faulted, and as a result they dip steeply and are exposed in several
belts with an east-northeast trend. The folding and faulting of the
rocks of the Athens Plateau and of the Ouachita Mountain anti-
clinorium, just to the north, were the result of mountain-making
forces that produced compression from the south in middle Pennsyl-
vanian time.*

The sandstone and shale surface of the Athens Plateau passes south-
ward beneath the gently southward-dipping Lower Cretaceous sedi-
ments of the Gulf Coastal Plain. The Cretaceous sediments of the
Coastal Plain were laid down on the Ouachita peneplain, which now
dips southward at about 80 feet to the mile.® A younger erosion sur-
face, the Hot Springs peneplain, forms much of the Athens Plateau
except for the Jackfork sandstone ridges that project above the
peneplain.® The Hot Springs peneplain cuts the present contact of
the Cretaceous on the Pennsylvanian rocks.

DISTRIBUTION AND CHARACTER OF THE ROCKS
The areal distribution of the rocks of the district is shown on plate 2.

CARBONIFEROUS ROCKS
STANLEY SHALE

The Stanley shale underlies the east-west lowland that extends from
the western limit of the mapped area eastward within about 4 miles of
its east end. Stanley shale also occupies about 3 square miles in the
northeastern part of the district, in the vicinity of Antoine Creek.
This area of 3 square miles is but a very small part of a large area of
Stanley shale, outside of the quicksilver district, that extends many
miles both to the east and to the west.” '

The maximum exposed thickness of the Stanley shale in the medial
lowland is about 4,000 feet near the east end of the lowland, between

Wall Mountain and Bare Rock. At most places in the lowland the
exposed thickness is less than 3,000 feet, or less than half the normal
thickness of the formation on the Athens Plateau.® The Stanley

. $ Miser, H. D., and Purdue, A. H., Geology of the DeQueen and Caddo Gap quadrangles, Ark.: U. 8.
Geol. Survey Bull. 808, pp. 5§9-79, 1929.

8 Miser, H. D., Carboniferous rocks of Ouachita Mountains: Am. Assoc. Petroleum Geologists Bull.,
vol. 18, pp. 971-993, 1934. White, David, Age of Jackfork and Stanley formations of Ouachita geosyncline,
Arkansas and Oklahoma, as indicated by plants: Idem, pp. 1010-1017. Harlton, Bruce, Carboniferous
gteatigraphy of the Ouachitas, with special study of the Bendian; Idem, pp. 1018-1037.

¢« Miser, H. D., Structure of the Ouachita Mountains of Oklahoma and Arkansas: Oklahoma Geol. SBur-
vey Bull. 50, p. 26, 1929. .

§ Miser, H. D., and Purdue, A. H., op. cit. (Bull. 808), p. 137.

¢ Idem, pp. 144-146.

f Idem, pl. 3. Branner, G. C., Geologic map of Arkansas, Arkansas Geol. Survey, 1929,
8 Miser, H. D., and Purdue, A. H., op. cit., p. 60. '



GEOLOGICAL SURVEY BULLETIN 886 PLATE 3

A
Measured along ditch in sec. 1,
T. 78., R. 25 W.,and sec, 36, B
T.68S., R. 25 W,
T Measured along Wildeat Creek
in west part of sec. 12,
T.7S..R. 26 W.
B <
k| C
g
o Measured across valley of Cowhide
?E Creek along line between secs. 2
213 and3, T. 7S., R. 25 W.
g )
S|~
ild
2
3
-
8/ .
@ i S
]
£
e
3
]
v
@
[~
=4
]
=
SR
a = Scale for detailed
=} .
=@ sections A, B, C
>Q-a % 0 40 80 Feet
35
a
Z
<
J %}
EXPLANATION
Shale Sandy shale Sandstone

100 200 Feet

T

COMPOSITE COLUMNAR SECTION OF STANLEY SHALE EXPOSED IN THE SOUTHWESTERN
ARKANSAS QUICKSILVER DISTRICT, WITH MORE DETAILED SECTIONS OF PARTS OF TIE
FORMATION.



SOUTHWESTERN ARKANSAS QUICKSILVER DISTRICT 95

shale east of Bare Rock along the northeast edge of the mapped area
is apparently more than 6,000 feet thick across the strike, but expo-
sures are generally poor in that vicinity and, although moré of the sec-
tion is probably present there, the true thickness could not be reliably
determined because of the possibility of repetition of beds by folding
or faulting or both.

The formation is dominantly a graylsh-black clay shale, locally
containing many beds half an inch to 6 inches thick of fine-grained
impure sandstone and a few beds of fine- to medium-grained quartzitic
sandstone. Where weathered, the shale has a characteristic greenish-
brown color, and the sandstone has become yellowish or gray white
and soft. Three sandstone members were recognized in the part of
the formation exposed in the medial lowland.

The whole exposed part of the Stanley could not-be measured in
detail because of the lack of sufficiently complete outcrops. The
composite section in plate 3 was compiled from the three detailed
partial sections measured near the top of the formation, from small
but good exposures such as mine openings and road cuts, and from
more general information elsewhere.

The 300-foot sandstone 1,250 feet below the top of the Stanley,
together with the 150-foot shale bed above it and the still higher 100-
foot sandstone, has been called the Gap Ridge sandstone member by
Stearn,’ after the Gap Ridge mine, which is opened in it. The name
is retained here but is used in a more restricted sense, being applied
to the 300-foot lower sandstone only. The reason for the restriction
is that the upper 100-foot sandstone cannot be differentiated through-
out the district, although it is unquestionably present at many places.
The Gap Ridge sandstone is more resistant to weathering than the
more shaly parts of the formation above and below it, and conse-
quently it forms a distinct but disconnected ridge, traceable, with a
few breaks, throughout the length of the medial lowland.

The sandstone zone 160 feet thick in the Stanley shale 2,240 feet
below its top has been shown on the map from a point near the north-
east corner of sec. 5, T. 7 S., R. 25 W., eastward for about 3 miles into
the southern part of sec. 35, T. 6 S., R. 25 W. Stearn ! believes this
zone to be the same as that at the Parker Hill mine, just west of the
Little Missouri River, and therefore calls it the ‘“Parker Hill mem-
ber.”” This correlation across an interval of about 2} miles may well
be the correct interpretation, but as the structure of the region is so
complex it may also be erroneous and therefore has not been adopted.

Neither of the sandstone members just described was differentiated
in the Stanley area east of Bare Rock. The formation there contains

' 9 8tearn, N. H., [Discussion of Am. Inst. Min. Met. Eng. Tech, Pub 612): Am, Inst. Min. Met. Eng.
Trans., vol. 115, p. 245, 1935.

10 Stearn, N. H., idem, p. 245; The cinnabar deposxts in southwestern Arkansas: Econ. Geology, vol. 81,
no. 1, p. 8, January-February 1936.

154897—88——2
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sandy zones, but the exposures were so poor that none of them could
be traced for more than a short distance. Any or all of the zones
described above may well be present there.

Stearn'! has described plant fossils from the Parnell Hill mine, in his
Gap Ridge sandstone member. He found two specimens of Calamites
stanleyensis and other fragmentary plant remains. Similar material
was observed at Parnell Hill during the course of this investigation.

A thin section from a sandstone bed exposed in a trench on the
Funderburk property, in the NWYNWY sec. 3, T. 7 S,, R. 25 W,,
which is in the 160-foot sandstone zone 2,240 feet below the top of the
formation, is made up of about 80 percent of clean angular to sub-
rounded quartz grains and 20 percent of fine-grained clay minerals.
The clay minerals fill the irregular interstices between the sand grains.
The rock carries accessory titanite, tourmaline, muscovite, limonite,
cinnabar, and zircon(?). The cinnabar and titanite are associated
in the clay minerals.

Under the microscope the Gap Ridge sandstone member is seen to
be composed predominantly of a mosaic of subrounded to angular
quartz grains whose mean diameter may be about 0.5 millimeter.
Ordinarily 80 to 90 percent of the rock is made up of this mosaic.
The rest is composed largely of isolated grainlike masses and inter-
stitial fillings of clay minerals. Common accessories include titanite
and its alteration products, sericite, muscovite, zircon, tourmaline,
and apatite.

A thin section from the 710-foot shale zone, the top of which is
about 285 feet below the top of the formation, is made up of material
so fine-grained that individual mineral grains could not be studied.
The section shows marked aggregate orientation of the shale particles.

Microscopic examination of a thin section from a sandy bed in the
upper 290-foot zone of the Stanley shows it to be composed principally
of quartz grains between 0.25 and 0.75 millimeter in diameter. The

grains are rounded to angular, and most of them are surrounded by a
matrix of clay minerals. The clay minerals have replaced some of the
quartz. Some of the masses of clay minerals, however, may have
replaced albite, as a few residuals of that mineral still remain. Some
goethite and limonite are present in the clay mass. Sericite, musco-
vite, chlorite, and a very little biotite were observed.

JACKFORK SANDSTONE

The higher land lying both to the north and to the south of the
medial lowland of Couch Valley, the valley of Cowhide Creek, and
South Woodall Valley,’ is underlain by the rocks of the Jackfork
sandstone. 'This formation overlies the Stanley shale. The northern
and the southern band of Jackfork join near the southwest corner of

1t Stearn, N. H., Structure from sedimentation at Parnell Hill quicksilver mine, Ark.: Econ. Geology,
vol. 20, pp. 149-155, 1934.
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sec. 29, T. 6 S., R. 23 W, thus terminating South Woodall Valley on
the east. Jackfork sandstone continues eastward from that locality,
south of the large Stanley shale area to and beyond the eastern limits
of the district mapped (pl. 7).

Stearn % is of the opinion that the ridge lying to the north of the
medial lowland is composed of rocks of the Atoka or a still higher
formation. The writers feel, however, partly on structural evidence
that will be considered in the section on ‘‘Structure” but principally
because of lithologic similarity between the rocks of the two ridges,
that the northern ridge is underlain by rocks that definitely belong
to the Jackfork sandstone.

Reliable determinations of the thickness of the Jackfork sandstone
are difficult because of the presence, almost everywhere in the district,
of complicated structural features. The 5,000- to 6,600-foot thickness
found by Miser and Purdue * in the Caddo Gap and DeQueen quad-
rangles, in the former. of which the quicksilver district lies, coincides
very well with the 6,000-foot thickness as measured in the quicksilver
district. At least as far as the district under consideration is con-
cerned, 6,000 feet should be taken as the maximum exposed thick-
ness, because structural deformation of the type actually present
would apparently increase the true thickness. An example of the
unreliability of the determination of thicknesses is illustrated in plate
4, A.

In general the Jackfork sandstone is made up of about 80 percent
sandstone and 20 percent shale. The sandstone beds range from a
few inches to 20 feet in thickness and the intercalated beds of gray to
gray-black clay shale from an inch to more than 100 feet. Locally
the shale of the Jackfork consists of a series of layers, ordinarily less
than an inch across, that are alternately colored light brown or yellow
and gray or gray black and give the shale a distinctive ribbonlike
appearance (pl. 4, B). The weathered sandstone is ordinarily soft
and brown. The formation contains a few conglomeratic beds, princi-
pally in the upper half. All the pebbles seen are quartz. Most of
them are about the size of rice grains, though a few pebbles as much
as half an inch in diameter were seen. At a few places conglomeratic
beds were observed in the northern band of Jackfork sandstone, but
their more common presence in the southern band is distinctive. In
dealing with a much larger area Miser and Purdue * found that in
general the conglomeratic beds are more common near the base of the
formation.

A marine invertebrate fossil was found in the Jackfork in the SW¥
sec. 23, T. 6 S., R. 24 W. Girty " describes it as “a concentrically

12 Stearn, N. H., The cinnabar deposits in southwestern Arkansas: Econ. Geology, vol. 31, no. 1, fig. 3and
p. 7, January-February 1936.
18 Miser, H. D., and Purdue, A. H., op. cit. (Bull. 808), pl. 4 and p. 75.

1 Idem, p. 76.
18 Girty, G. H., memorandum to J. C. Reed, April 10, 1936.
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coiled, rather strongly involute discoidal shell, evidently a cephalopod
and more probably an ammonoid than a nautiloid. The sculpture is
rather well preserved, but not a trace of suture can be seen. The
generic position is therefore indeterminable.”

At several places in the southern belt of Jackfork sandstone, mostly
south of the mapped area, erosion along strike valleys has formed a
lowland in the interior of the belt. This, together with the soft,
crumbly character of the poorly exposed rocks, indicates for the
formation a more easily eroded middle part between relatively resistant
upper and lower parts unless this feature is the result of unrecognized
thrust faulting. Resistant beds that rise as much as 20 feet above
the surrounding surface and trend across the country like giant walls
are relatively common in the upper third of the formation south of
the less resistant interior zone.

Exposures were not good enough to compare in detail the stra-
tigraphy of the northern and southern bands of the dJackfork.
Apparently the northern band is characterized by the relative scarcity
of conglomeratic beds, the absence of strike valleys in the interior
of the belt, and the presence at many places of color banding of the
sandstone beds. The color bands are ordinarily less than half an
inch thick and may be due partly to differences in grain size.

Plate 5 gives a composite columnar section of the Jackfork sandstone
constructed from several detailed columnar sections, which are in-
cluded in the plate, and from more general observations; it gives also
a partial section measured along the Missouri Pacific Railroad in
sec. 4, T. 7S, R. 23 W.

Under the microscope the Jackfork sandstone is seen to be made up
of a mosaic of rounded to angular quartz grains whose mean diameter
may approach 0.5 millimeter. No feldspar grains were seen in any of
six thin sections of Jackfork from widely separated localities within
the district, nor in three sections from two localities in the Jackfork
south of the district, but feldspar has been recognized in it elsewhere.!
The rocks from which some of the thin sections were cut have been
crushed to a fine-grained mass of irregularly interlocking sutured
quartz grains. Some of the rocks that have been less intensely crushed
have a network of fine-grained crushed quartz surrounding uncrushed
grains. All the sections show some fine-grained clay mineral, pre-
sumably dickite, but some have much more of this material than
others. Common accessories are zircon, muscovite, sericite, limonite,
and titanite and its alteration products. Oneslide contains fine shreds
and plates of a yellow nonpleochroic mineral that may be alunite.
Some of these minerals and cinnabar are considered in more detail in

the section on “Ore and gangue minerals.”

186 Miser, H. D., and Purdue, A. H., op. cit, (Bull. §08), p. 76.
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A. EXPOSURE OF JACKFORK SANDSTONE IN RAILROAD CUT IN NEWNEY SEC. 4,
T.78,R. 23 W.

Stratigraphic position 500 feet below top of Jackfork. Thrust fault near middle of
exposure and parallel to underlying beds on right cuts out massive sandstone bed in overriding block
on left, as indicated by dashed line. Sandstone bed 1 foot thick about 3 feet below thrust fault is
repeated just below center of exposure by smaller related fault. Such features could not be recognized
except in artificial cuts.

Looking west.

B. EXPOSURE OF “RIBBON” SHALE IN JACKFORK SANDSTONE IN RAILROAD CUT
IN SWINEY SEC. 4, T. 7 S., R. 23 W.

Looking west. Banded appearance is caused by alternating layers of light and dark shale.
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ATOKA FORMATION

Large areas of the Atoka formation, which overlies the Jackfork
sandstone, lie both to the north and to the south of the quicksilver
district as mapped. The map was not extended far enough to include
any of the Atoka except a few small patches along its northern and
southern margins. In a general way, the formation ig less resistant
to erosion than the Jackfork but more resistant than the Stanley.

The Atoka is composed of about equal parts of sandstone and shale,
The sandstone is grayish brown, is ordinarily micaceous, and breaks
along bedding planes into slabs 1 to 6 inches thick. Much of the shale
is black and breaks into smaller fragments than the shale of the Stanley
and the Jackfork. ’

It is difficult or impossible to distinguish specific outcrops of this
formation from either the Stanley or the Jackfork. In general, how-
ever, when large areas are mapped the Atkoa can be readily identified.
Miser and Purdue," in this connection, say:

The usual color of the exposed sandstone [Atoka] is brown. This color, to-
gether with the large content of shale, makes the formation easily distinguishable
from the Jackfork sandstone. * * * It [the shale of the Atoka) differs from
the shale of the formations beneath [Stanley and Jackfork] in being exposed in
fewer places, in having a more basic appearance, and in breaking down into small
splinters and granular fragments instead of flakes.

Miser and Purdue !® also note that fragments of plants and fossil
wood are common in the formation. Some of this material was found
in the Atoka in the vicinity of the quicksilver district.

The constitution of the sandstone of the Atoka formation as revealed
by two thin sections, one from rock near Antoine Creek and one from
rock near the west end of the district, is apparently similar to that of
the Jackfork. The Atoka may be distinguished from the Jackfork by
a greater proportion of feldspar, a more dirty appearance, more musco-
vite and biotite, and less zircon and titanite. The sections studied
contain considerable limonite, but this may be a local feature. In
the section from the Atoka near Antoine Creek the larger quartz grains
are surrounded by a groundmass of finer quartz grains. This is prob-
ably the result of crushing during structural deformation.

LOWER CRETACEOUS ROCKS
PIKE GRAVEL MEMBER OF TRINITY FORMATION

As stated by Miser and Purdue,'®

The Trinity formation [part of the Comanche series, of Lower Cretaceous age]
is exposed in a belt which trends eastward along the southern boundary of the De-
Queen and Caddo Gap quadrangles and hence lies within the northern border of
the Gulf Coastal Plain. This belt has irregular north and south boundaries, is
narrowest on the east, and is continuous except where the formation is concealed
by surficial deposits of alluvium and terrace remnants along the streams that
" cross the belt.

17 Miser, H. D., and Purdue, A. H., op cit. (Bull. 808), pp. 77-78.
18 1dem, p. 77. 19 Idem, p. 80.
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The formation is separated from the Pennsylvanian rocks by a pro-
found unconformity; it dips to the south at about 100 feet to the mile.

According to Miser and Purdue # the Trinity formation ranges in
thickness from 70 to more than 600 feet. The Pike gravel member is
the basal member of the formation and its thickness ordinarily ranges
between 20 and 50 feet, although near Pike, a few miles south of the
quicksilver district, it may attain 100 feet.

The southwestern part of the quicksilver district is partly covered
by the Pike gravel member; and a few miles west of the mapped area
the district is terminated by a continuous overlapping blanket of the
gravel. Within the area mapped exposures of Pike gravel are confined
to the southern Jackfork ridge west of the Little Missouri River.
Some pebbles and cobbles, presumably from the gravel, were found at
a few places in Couch Valley and on some of the southern ridges in the
eastern part of the district. These are either remnants of larger areas
of the gravel or have been transported by erosion from areas of the
gravel to their present position. The thickest development of the
gravel in the district is about 50 feet thick.

The Pike gravel is poorly indurated, clay-bound, and made up of
well-rounded pebbles of novaculite and sandstone in a ratio of about
9 to 1. Cobbles as much as 10 inches in diameter lie near the base of
the member, but most of the pebbles are about 2 inches in diameter.

RECENT SEDIMENTS
ALLUVIUM

Within the quicksilver district alluvium of Quaternary age is found
along the valleys of Buck and Stony Creeks, the Little Missouri
River, South Woodall Creek from a point about 1% miles east of
State Highway 27 to the point where the creck turns northward and
enters the northern band of Jackfork sandstone, Wall, and Antoine
Creeks. It extends for a little more than a mile up Cowhide Creek
from its mouth and for shorter distances up some of the other tribu-
taries of the Little Missouri River and Antoine Creek. At most places
the alluvium does not reach altitudes of more than 30 feet above the
adjacent stream, but along the Little Missouri River some terrace
gravel and finer alluvial material that attain altitudes of nearly 80
feet above the river have been included with the alluvium. All the
streams flow on bedrock.

The alluvium is composed principally of fine sand and silt and ordi-
narily makes the best soil in the district. The terrace material and
locally even the alluvium is in places made up of gravel, the pebbles of

which may reach 6 inches in diameter. Most of the pebbles and

cobbles are novaculite, but some are sandstone.
% Miser, H. D., and Purdue, A. H., op. cit. (Bull. 808), pp. 80-81.
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STRUCTURE

The rocks of the Athens Plateau were originally laid down in a
horizontal or nearly horizontal position. Miser and Purdue ** have
shown that the folding and faulting of the rocks of the plateau and of
the Ouachita Mountain anticlinorium just to the north were produced
by mountain-making forces in the form of thrusting from the south in
middle Pennsylvanian time. The action of these forces resulted in the
repetition of bands of the Stanley, Jackfork, and Atoka formations
across the Athens Plateau. Regarding this plateau 2 they say,
“The general structure of the Athens Plateau is that of a southward-
sloping monocline corrugated with many minor folds. These folds
are nearly parallel and have a general south of west trend.”

In a general way the quicksilver district may be considered as
including three of the east-west bands of rocks that traverse the
plateau, a northern and a southern band of Jackfork and a central
band of Stanley. A thrust fault, the Cowhide fault, separates the
northern band of Jackfork sandstone from the Stanley shale, which lies
south of it. This and another thrust fault, the Amity fault, together
with numerous- tear faults, constitute the principal structural features
of the district.

Plate 2 shows some of the structural features of the district. The
general trend of the rocks in all but the easternmost 6 miles of the
district is about N. 75° E. The strikes in that area are not very
uniform, and it is difficult to determine the general trend, though the
ordinary range is from about N. 45° W. to east-west, and N. 75° W.
may approach the mean.

Except for a small area in which several folds were recognized (see
p. 32) southerly dips prevail throughout the district. Northerly
dips have been found in a few places, but they are very local. Again
except in the area of the folds, the tops of the beds in the district were
found, wherever tops could be determined, to face the south. In other
words, the rocks are not overturned.

DETERMINATION OF TOPS OF BEDS

Observations on beds that result in a definite conclusion as to which
side is the top are possible only at exceptional localities within the
district. The best places were found along State Highway 27 and
in some of the mine openings. Of particular value is a feature common
in the DeQueen and Caddo Gap quadrangles which Miser * has termed
“rubbly bottom.” Wide experience has convinced Miser that this
phenomenon is developed only on the bottoms of the beas. It con-
sists of hummocky, irregular surfaces, with sharp indentations about

8 Miser, H. D., and Purdus, A. H., op. cit. (Bull. 808), pp. 117-126. Miser, H. D., Structure of the
Ouachita Mountains of Oklahoma and Arkansas: Oklahoma Geol. Survey Bull. 0, 1929.

1 Miser, H. D., and Purdue, A. H., op. cit. (Bull. 808), p. 123.

# Miser, H. D., personal communication.
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three-fourths of an inch deep between flat-surfaced hummocks that
reach & maximum diameter of 2 feet. Other valuable criteria for
the determination of tops in the district have been described by
Stearn. #* He lists the following five criteria: (1) Wave marks;
(2) cross laminations; (3) fossils; (4) gradations; and (5) pitted upper
surfaces. The pitted upper surfaces (pl. 6, B) are described in detail
by Stearn. ‘ '

The stratigraphic sequence, plus the fact that the tops of the beds
face south, constitute the principal evidence for the thrust fault along
the north side of the medial Stanley lowland.

PARALLEL FOLDS

Tightly compressed synclinal folds essentially parallel to the general
trend of the rocks are not common in the quicksilver district. Two
relatively large synclinal folds of this nature were recognized, and the
noses of at least a dozen small folds, both anticlinal and synclinal, were
observed but could not be followed for more than a few hundred feet
on either limb. Probably the lack of sufficiently good outcrops pre-
vented the recognition of other folds.

The folds just mentioned, with one exception, lie in the northern
band of Jackfork sandstone in the eastern half of the district, from
8 point about 3 miles east of State Highway 27 in the southeastern
part of sec. 29, T. 6. S., R. 24 W., eastward nearly to the center of
sec. 29, T. 6 S,, R. 23 W. The exception consists of a small fold in
the southwestern part of sec. 33, T. 6 S., R. 23 W.

The most extensive synclinal fold occupies the eastern 2% miles of
the zone of folding just described. It is bounded on the northeast
by the Amity fault, which there separates the Jackfork from the
Stanley, and on the south by the Cowhide fault, which trends east
through sec. 25, T. 6 S., R. 24 W, and secs. 30 and 29, T. 6 S, R.
23 W. The trend of the axial plane of the fold is nearly east in sec.
24, T. 6 S., R. 24 W, but is about S. 62° E. from that locality east-
ward. The fold is open and asymmetrical, the northern limb in most
places having a steeper dip than the southern. The fold appears to
be more tightly compressed toward the east, near the intersection of
the two bounding faults. In that area also the fold pitches as much
as 60° W., whereas farther west, where it is not so tightly compressed,
the westerly pitch is only about 35°.

The other relatively large synclinal fold can be traced for about
1) miles from the southeastern part of sec. 29, T. 6 S.,, R. 24 W, to

a pomt near the northeast corner of sec. 28, T. 6 S,, R 24 W. Its

axial plane strikes about N, 65° K. and appears to be nearly vertical.
This syneline is not overturned, but it is tightly folded The average

dip of both limbs may approach 65°.

# Stearn, N. H., Structure from sedimentstion at Parnell Hill quicksilver mine, Arkansas: Econ. Geol-
ogy, vol. 29, pp. 146-156, 1934.
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An anticlinal nose that is complicated by minor crumples is
exposed in the SW¥ sec. 23, T. 6 S.,, R. 24 W. A more simple but
otherwise similar one has been mapped in the northeastern part of
sec. 28, T. 6 S., R. 24 W. These two noses trend toward each other
and appear to be on the same fold. Several other small folds are
present in the part of the area of folding south of the last-described
syncline and the two anticlinal noses.

Projected trend lines seem to indicate that the large eastern syn-
cline lies south of the anticline, marked by the two exposed noses,
which in turn lies south of the western syncline. In an area of such
complicated structure, however, where exposures are poor or lacking,
projection of trend lines gives results that must be considered possi-
bilities only, rather than established facts.

The folds described above and many others on the Athens Plateau
are regarded as being some of the earlier results of the compression
of the Ouachita geosyncline in the form of thrusting from the south
in middle Pennsylvanian time. Continued application of these
compressive forces resulted in the thrust faults described below.

THRUST FAULTS

Thrust faults that trend in general about parallel to the strike of
the rocks and dip to the south are the most conspicuous structural
features of the quicksilver district and are of paramount importance
in connection with the deposition of the ore.

COWHIDE AND OTHER FAULTS

The most extensive thrust fault in the district, which is here named
the Cowhide fault, has been mapped, with only minor offsets, from -
one end of the district to the other. Its line of outcrop is slightly
wavy. From the west end of the mapped area to the southwestern
part of sec. 29, T. 6 S., R. 23 W., the fault and its southern branch
bound the north side of the Stanley shale belt. Near the center of
sec. 30, T. 6 S., R. 23 W., the fault splits. The main Cowhide fault
continues eastward along the south side of the syncline already
described and joins the Amity fault near the center of sec. 29, T. 6 S.,
R. 23 W. The southern branch follows down Suck Hollow, extends
up the small valley southwest of Bemis Hill, and joins the Amity
fault near the southeastern tip of Bemis Hill, in the NE} sec. 33,
T.6S,R.23 W.

Two smaller thrust faults are mapped in the southern part of the
district in the vicinity of Antoine Creek. One of these was identified
for a little less than a mile along the north side of the alluvial flat
that extends up the small creek along the south line of sec. 34, T. 6
S., R. 23 W. The other, which was mapped for a longer distance,
lies still farther south and trends northwestward from the eastern
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edge of the district through the southwest corner of sec. 34, T. 6 S.,
R. 23 W., and was traced for about two-thirds of & mile beyond.

The contact that trends southwest from the north branch of the
- Cowhide thrust fault in the SW sec. 29, T. 6 S., R. 23 W., for.about
half a mile into the NE% sec. 31, T. 6 S., R. 23 W., and thus bounds a
part of the east end of South Woodall Valley, is probably best inter-
preted as a thrust contact. Similarly the northern boundary of the
promontory of Jackfork sandstone that juts out from the south
across the Stanley shale lowland nearly as far as the Gap Ridge sand-
stone member in the southeastern part of sec. 31, T. 6 S,, R. 24 W,
and extends for a short distance eastward into sec. 32 is mapped as a
thrust.

A thrust fault diverges from the Amity fault north of Bare Rock, in
the northern part of sec. 24, T. 6 S., R. 24 W., and extends thence
southwestward along the northern boundary of the northern band of
Jackfork, between that formation and the Atoka. The fault between
the Jackfork and Atoka in the southern part of secs. 22 and 23 and
the northern part of sec. 27, T. 6 S., R. 24 W, is probably part of the
same thrust, but the area between was not mapped far enough north
to show it continuously., The thrust fault farther west, near the
northern edge of the district, in the vicinity of the Little Missouri
River, may also be part of the one just described.

Thrust faults other than those mapped and described probably
exist in the district. It does not seem likely that all the thrust
movement would have been taken up along the few definite planes
mentioned. Where thrust zones nearly parallel the bedding planes
in a region of thick sandstone and shale sequences almost totally
lacking in horizon markers, a large amount of thrusting probably
would take place along bedding planes and would be most difficult
to identify. Some evidence of this type of yielding to thrust forces
has been recognized and is considered in the section on “tear faults”
(p. 38). It is felt that the aggregate thrust movement between

bedding planes may be of the same order of magnitude as that along
the thrusts mapped—probably several thousand feet.

Although the strikes of the thrust faults and the rocks are nearly
parallel, there are some divergences between the two in both the over-
riding and the overridden blocks. The Stanley shale at the east end
of South Woodall Valley is completely cut out by the south branch of
the Cowhide fault and the fault that meets it in the SW¥ sec. 29,
T. 6 S, R. 23 W. East of that point the Jackfork sandstone of the
overriding block lies against Jackfork sandstone of the overridden

block. Another example of truncation of the rocks of the upper block
is furnished by the 160-foot sandstone zone 2,240 feet helow the top

of the Stanley (Stearn’s Parker Hill member), which in the northern
part of sec. 3, T. 7 S., R. 25 W., lies about 900 feet above the Cowhidq



SOUTHWESTERN ARKANSAS QUICKSILVER DISTRICT 35

fault, but which in the northeastern part of sec. 5, less than 2 miles
distant, is cut out by the fault.

Truncation in the lower or northern block apparently is not as
great as in the upper block. At one place west of State Highway 27 a
sandstone bed crops out at the fault. The bed was followed eastward
for 600 feet, and at that distance it lay 150 feet north of the Cowhide
fault.

A maximum of 4,800 feet of the Stanley shale is exposed in South
Woodall Valley. In most parts of the medial lowland the exposed
thickness is much less. As Miser gives 6,000 feet as the thickness
of the formation on the Athens Plateau, a minimum of 1,200 feet and
a maximum of the full 6,000 feet plus an undetermined thickness of
Jackfork east of the east end of South Woodall Valley has been cut
out by the thrust faulting in the district.

At no place was a major thrust plane actually observed. The rocks
on the south sides of the thrust faults are at many places greatly
. contorted. The extremely intricate and complicated minor struc-
tural features of Bemis Hill and Hill 2 west of it between the two
branches of the Cowhide fault well exemplify this condition. The
contrast between the structure of the hills just mentioned and the
relatively simple synclinal fold adjacent on the north across the
Cowhide fault is striking. Contorted Stanley shale is well exposed,
especially at times of low water, along the east side of the Little
Missouri River where it crossses from sec. 1, T. 7 S., R. 26 W., to sec.
6, T.7S., R. 25 W. A small overturned fold, exposed along a small
creek a short distance south of the fault about 1,000 feet northeast
of the Old Argentine prospect, shows movement up the dip from the
south. Its axial plane conforms approximately with the general
strike and dip of the rocks in the vicinity.

The traces of the thrusts on the surface are in most places only
slightly wavy. This feature indicates that the thrust planes are
steep, at least near the surface.

Certain cross folds and tear faults, which are related to the thrust
faults, are more numerous in the overriding blocks not far from the
outcrops of the thrust-fault planes than elsewhere. This distribution
of such structural features helps to locate the thrust faults in the
field. These cross folds and tear faults are considered in detail
beyond. .

As might be expected from the structural interpretation described
above, the hydrothermal minerals are distributed close to the fault
in the upper block of the Cowhide thrust throughout the district.
The hydrothermal minerals include quartz in thin veins, widespread
dickite, cinnabar, and others. The mineralization is also discussed
beyond (pp. 45-53).
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AMITY FAULT

The Amity fault (fig. 4) is one of the major structural features of the
eastern part of the quicksilver district. It is described separately
because in its major features it differs from all other faults in the
district. This fault was
described by Miser and
Purdue # but not named
by them. It appears
on the geologic map of
Arkansas and was
named by Branner * in
his circular on the quick-
silver district. The
fault runs northwest-
ward from its intersec-
tion with the Cowhide
fault near the south-
eastern tip of Bemis
Hill (ol 2 and fig. 10),  ™*%% o FEY
in the NEJ sec. 33, I ) -
T.65, R. 23 W., to the Vit Sk uamaine rion of e Aty ol o ot
point where it leaves the outsideof mapped area modified from Arkansas State geologic map).
mappe d area, in the Cs, Stanley shale; Cj, Jackfork sandstone; Ca, Atoka formation.
northern part of sec. 24, T. 6 S.,, R. 24 W., and for several miles
beyond. No observations on the dip of the fault plane were obtained.
Locally the trace of the fault on the surface is meandering, and a flat
southwestward dip is indicated. The fault forms the boundary
between the Stanley shale area on the northeast and the Jackfork
sandstone and Atoka formation on the southwest.

The nature and extent of the movement along the Amity fault are
somewhat obscure. Several interpretations are possible. Miser and
Purdue ¥ say that it is “a cross fault, having a northwesterly trend
and with its upthrow on the northeast side. * * * Although the
bade was not observed, the fault is thought to belong to the thrust
variety because of the almost exclusive occurrence of this type in
most of the Ouachita region. Much of the displacement may have
been horizontal—that is, in a southeastward direction on the north-
east side of the fault and in a northwestward direction on the south-
west side.”

Branner # says that the Amity fault ‘“represents a tear movement
having a vertical component in the order of several miles and a
northwest-southeast movement of perhaps equal or greater magni-

vor

NN

¥ Miser, H. D., and Purdue, A. H., Geology of the DeQueen and Caddo Gap quadrangles, Ark.: U. 8.,

Geol. Survey Bull. 808, p. 125, 1929,
8 Branner, Q. C., Cinnabar in southwestern Arkansas: Arkansas Geol. Survey Inf. Cire. 2, p. 11, 1932,
#1 Miser, H. D., and Purdue, A, H., op. cit., p. 125.
# Branner, G. 0., op. cit., p. 11.
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tude. The magnitude and character of the movement have not
been determined in detail.”

Figure 4 illustrates the writers’ interpretation of the Amity fault
as a flat thrust fault. It differs from other thrust faults in the district
in having a northwesterly trend, diagonal to the other major structural
trends, a flat southwestward dip, and a large horizontal displacement,
which cannot be less than 2 miles and may be as much as 7 miles,
depending on whether the Jackfork ridge east of the fault is to be
correlated with the Jackfork ridge west of the fault along the northern
edge of the mapped area or with the one farther north beyond the
band of Atoka (fig. 4). The rocks southwest of the fault have moved
northwestward relative to those northeast of the fault.

TEAR FAULTS
FAULTS OF NORTBEASTWARD TREND

Tear faults having a northeasterly trend are common in the part
of the district west of the central part of sec. 32, T. 6 S., R. 24 W.
Sixteen faults of this class are mapped. These faults appear to be
confined to the southern or overriding block of the Cowhide fault.
Only two of them clearly cut the Cowhide fault—the western branch of
the tear fault that cuts off the east end of Parnell Hill near the center
of sec. 6, T. 7 S., R. 25 W., and the tear fault that extends from sec. 31,
T.6S., R.24 W.,into the NW¥sec. 32, T.6S., R. 24 W. The first off-
sets the Cowhide fault about 350 feet, and the second about 300 feet.
The fault west of the Little Missouri River, which is mapped as far
as the north boundary of see. 12, T. 7 S.; R. 26 W., may cut the
Cowhide fault insec. 1, T. 7 S., R. 26 W., beneath the alluvium along
the river. :

Four of the faults of this group are of relatively small displacement
and were recognized only where they cut the Gap Ridge sandstone
member of the Stanley shale. Two of them are west of State High-
way 27 and within a mile of it. The other two are near the west end
of the mapped area. The rest all offset not only the Gap Ridge
sandstone member but the Stanley-Jackfork contact as well. The
two largest ones, one about 1} miles west of State Highway 27 and
the other just west of the Little Missouri River, displace the top of
the Jackfork and extend southward into the Atoka.

FAULTS OF NORTHWESTWARD TREND

East of the central part of sec. 32, T. 6 S., R. 24 W, the tear faults
in general trend northwest instead of northeast. They are not as
numerous as the northeastward-trending faults farther west. Nine
were mapped in the upper block of the Cowhide fault. Of these,
only one cuts the thrust. This fault displaces the Cowhide thrust
about 500 feet in the northwestern part of sec. 33, T. 6 S., R. 24 W,

The southern limb of the large syncline (p. 32) north of the Cow-
hide thrust, south of Bare Rock, is broken by at least three north-
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westward-trending tear faults having displacements of about 100 feet
each. Two similar faults were recognized in the NW¥ sec. 26, T.
6 S.,, R. 24 W. A tear fault runs northwest across the SW¥ sec.
27,T.6S.,R. 23 W.

DISPLACEMENT ON THE TEAR FAULTS

The tear faults appear to be nearly vertical. The relative impor-
tance of the horizontal and vertical components of the movements
along them is not known.

On all but four of the sixteen northeastward-trending faults the
southeast side has moved northeastward relative to the northwest side.
Three of the four exceptions are on the faults of relatively small dis-
placement, which were recognized only where they cut the Gap Ridge
sandstone. The other exception is on the fault just east of the Little
Missouri River. The west branch of that fault shows the usual north-
east displacement of the southeast block. Similarly, the Jackfork-
Stanley contact is offset in the usual direction by that fault, but the
block east of Parnell Hill has moved southwestward relative to the
Parnell Hill block.

On all the northwestward-trending faults except two—the one in
the northeastern part of sec. 31, T. 6 S., R. 23 W., and the one in the
SWY sec. 27, T. 6 S., R. 23 W.—a northwesterly displacement of the
southwest block is indicated.

The offsets along the tear faults are less in the Stanley shale than in
the Jackfork sandstone, apparently because much of the displacement
has been absorbed by the shale between the Jackfork and the Gap
Ridge sandstone member of the Stanley. Possibly some of the move-
ment absorbed by the shale has been taken up by thrusting along the
shale bedding planes. Quantitatively, the amocunt of movement
absorbed by the shale between the Gap Ridge sandstone and the top
of the Stanley is indicated by a measurement of the aggregate north-
easterly displacement of the Jackfork-Stanley contact along all the

northeastward-trending faults as compared to the aggregate north-
easterly displacement of the Gap Ridge sandstone member. The first

is about 15,600 feet, and the second about 9,350 feet. Thus about
6,250 feet has been absorbed by the intervening shale. Between the
Gap Ridge sandstone and the Cowhide thrust fault all of the 9,350-foot
displacement has been absorbed with the following exceptions: The
horizontal component of displacement along the thrust fault itself is
650 feet, as shown by its exposures north of the east end of Parnell Hill
and in the NEY sec. 32, T. 6 S., R. 24 W.; it may also be somewhat
displaced along the tear fault under the alluvium of the Little Missour:
River.

Thus it is obvious (1) that, with the exception of a few minor faults,
the tear faults are localized in the overriding block of the major thrust
fault, (2) that the tear faults trend northeastward in the portion of the

<&
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district west of the central part of sec. 32, T. 6 S., R. 24 W, and north-
westward in the eastern portion of the district, and (3) that, with a few
minor exceptions, the beds along the tear faults are displaced to the
northeast on the southeast sides of the faults that run northeastward
and to the northwest on the southwest sides of the faults that run
northwestward.
CROSS FOLDS

In addition to the thrusting and tear faulting, deformational activity
has produced an east-west crustal shortening that has resulted in
small, sharp folds whose axes plunge about parallel to the steeply
southward-dipping rocks and whose axial planes, in general, are about
parallel to the trend of the tear faults in their vicinity. Many of these
folds are too small to show on the map, but the structural symbols
indicate some of them—for example, in the southwestern part of sec. 10
and the northwestern part of sec. 15, T. 7 S., R. 26 W., along the Little
Missouri River below the mouth of Cowhide Creek; in the southern
part of sec. 5 and the northern part of sec. 8, T. 7 S., R. 25 W.; and
near the Palmer prospect in sec. 26, T. 6 S., R. 24 W. A typical cross
fold (pl. 6, A) bas been well exposed by mining operations near the
center of Parnell Hill. This fold has been described in detail by
Stearn.®

The cross folds are present in both the Stanley and the Jackfork
south of the Cowhide thrust fault but are not important structural
features of the Jackfork north of that fault, although some are present
there. The cross folds in the overridden block north of the Cowhide
fault are probably related to the thrust fault that lies still farther
north and has been mapped in a few places along the northern border
of the district. Where this northern thrust was observed, numerous
cross folds were found adjacent to it. There are more cross folds in
the northern overridden block of the thrust in the eastern part of the
district than in the western part. The folds die out in number and
intensity southward from the Cowhide fault and are not very numerous
along the southern border of the mapped area. In the eastern part of
the district, south of the thrust, the cross folds are more numerous and
complicated than elsewhere. This is particularly true of the area
between the two branches of the Cowhide thrust. In the eastern part
of the district there also are more exceptions to the general rule that
the axial planes of the folds trend about parallel to nearby tear faults.
Only a few cross folds were seen in the large Stanley shale area north-
east of the Amity fault. The exposures in that area, however, are so
poor and scarce that many such small folds may have been overlooked.

A genetic connection between the thrust faulting, tear faulting, and
cross folding is indicated by the facts that (1) the southern overriding

9 Stearn, N. H., Mining and furnacing quicksilver ore: Eng. and Min. Jour., vol. 134, p. 23, 1933; The
cinnabar deposits in southwestern Arkansas: Econ. Geology, vol. 31, pp. 19-20, 1936.
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block of the major thrust fault is principally aflected by the cross
folding and tear faulting, (2) the number and intensity of the cross
folds decrease with increased distance from the underlying thrust,
(3) the tear faults themselves are not greatly deformed, and (4) the
trends of the tear faults and the axial planes of the cross folds are in
general accord. The map indicates that the cross folds were not
caused by drag along the tear faults.

The amount of east-west crustal shortening due to the cross folding
is difficult to determine accurately, principally because of the numer-
ous small cross folds that cannot be shown on a map of the scale used.
A minimum figure for the amount of shortening due to cross folding
not far south of the thrust fault can be obtained from a study of the
Gap Ridge sandstone. The horizontal distance from the west end of
the district to the east end of South Woodall Valley is 94,200 feet.
From the map (pl. 2) it is seen that the aggregate crustal lengthening
of the Gap Ridge sandstone member in this distance due to the tear
faulting is 4,955 feet. The difference between these two distances is
89,245 feet and is the horizontal distance over which the Gap Ridge
sandstone is exposed. The measured length of outcrop of the Gap
Ridge sandstone, measuring around all the mapped cross folds, is
94,730 feet. The difference between the measured length of outcrop
and the direct horizontal distance over which the sandstone is ex-
posed is 5,485 feet (94,730 — 89,245 =5,485). This figure for the
amount of shortening due to cross folding is a minimum because of the
many folds, too small to show on the map, that could not be included
in the measured length of the Gap Ridge sandstone outcrop. The
length of the outcrop minus the direct horizontal distance equals the
total shortening of 530 feet (94,730 — 94,200 = 530). Thus it is seen
that the lengthening due to tear faulting nearly equals the shortening
due to cross folding, the difference being only 530 feet.

Thrusting from the south, resulting in close folds and thrust faults

that trend east-west, would not ordinarily be considered a process
that would result in east-west crustal shortening such as is indicated

by the cross folds in the district. Gilluly ** has suggested that greater
thrust movement in the central part of the district than either east or
west from that part might develop tear faults such as those found
(fig. 5). Furthermore, these tear faults would tend to converge

toward the zone of greatest thrust movement, and movements along
them would result in east-west compression that might produce

cross folds or buckles like those present in the district.
Stearn 3! believes that the cross folding took place by east-west

compression after initial compression from the south and that the
east-west compression was in turn followed by another period of

0 Gilluly, James, personal communication.
8 Stearn, N. H., op. cit., p. 11.
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A. AIRPLANE VIEW OF PARNELL HILL, SHOWING CROSS FOLD EXPOSED BY MINING
OPERATIONS.

The open cut shown in the upper left part of the photograph nearly follows the axial plane of the fold.

B. VIEW NORTHWEST SHOWING FRACTURED SANDSTONE OF FOOTWALL OF
ORE-BEARING ZONE OF THE “BLOODY CUT”, PARNELL HILL MINE.

Note pitted surface.
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’ ,thrustmg from the south during which the tear faults developed
"He says:

During the period of buckling the already partlally up-ended beds in the cinna-
bar district were subjected to east-west shortening which produced cross folding
and -faulting. Especially susceptlble to the east-west stresses were the Stanley
and Jackfork facies which lay along the south edge of the regional thrust fault;
*. % * During and after the period of yielding to the. east-west stress the con:
tinued thrusting from the south seems to have pushed northward along the
thrust-fault plane irregular segments of the crumpled formations which lay along
its south edge. = At this time the steep southward dip of the up- ended beds may
have been increased to the present nearly vertical attitude.

Point of convergence
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FIGURE §.—Plan sketches illustrating manner in which tear faults and cross folds may have developedin the
Arkansas quicksilver district. .4, Area of steeply folded rocks that strike east-west, parallel to zy, before
thrusting. A single horizon (zy), such as the (Gap Ridge sandstone member, running through the area,
is indicated. B, Same area after thrusting northward, with greater forward movement in the central part,
although a large component of the movement probably was upward.

A: a+b+c+d+e+f+g=ry. B: Owing to shortening by cross folding, a’<a, b'<b, ¢'<c, ete. (a’+i)+
&)+ (c"+ k) (d’ )+ (e’ +m)+(f'+n)+g¢'=2"y’. z'y’=zy. Therefore the lengthening (i+j+k, etc.)
due to tear faulting equals the shortening (a—a’, 6—b", c—c’, etc.) due to cross folding.

Thrust movements from the south, without an independent and
intermediate period of east-west compression, appear to be adequate
to produce the structural features of the district. One diﬁiculty with:
a hypothesis involving the intermediate east-west compressmn is the

154897—38——3 SR
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localization of the cross folds and tear faults in the overriding block
close to the major thrust.
- FRACTURES

The relatively incompetent shales of the district appear to have re-
sponded to the severe structural deformation largely by rock flowage,
complicated crumpling, and bedding-plane thrusting. The sandstones
yielded partly in the same manner as the shales, but, being more com-
petent, they ultimately were locally fractured and even brecciated.
Complicated fracture systems formed along shear zones.and faults
and are particularly well developed on the noses and limbs of the cross
folds. Well-fractured sandstone has been found associated with
cross folds that deflect the beds a few inches only. Wherever a frac-
ture system can be made out, it is nearly vertical and about parallel
to the plunging axis of the cross fold with which it is associated.
Plate 6, B, illustrates the fractures developed on some cross folds.
The fractures have opened somewhat since they were exposed to the
weather by mining operations.

STRUCTURE OF THE CRETACEOUS ROCKS

The Pike gravel member of the Trinity formation was deposited in
Lower Cretaceous time on the flat surface of the Ouachita peneplain.
The only structural movements that have affected it have been uplift
and a gentle tilting toward the south. 'This tilting has resulted in the
southerly dip of the Pike gravel, which ranges from about 60 to 100
feet to the mile. -

SUMMARY

The bedrocks of the quicksilver district were laid down in a nearly
horizontal position in a broad geosyncline. In middle Pennsylvanian
time the rocks were compressed during a long period of thrusting from
the south. The initial result of the compression was the formation of
broad folds with east-west axes. As deformation continued the folds
were tightly compressed, and finally the rocks began to yield by the
formation of thrust faults. Near the central part of the district
thrust movement was greater than elsewhere, perhaps owing to the
greater resistance offered by the crust near the ends of the district.
The greater movement in the central part of the district resulted in
the formation of tear faults and cross folds in the overriding block of
the principal thrust fault and locally elsewhere.

DEVELOPMENT OF TOPOGRAPHEIC FEATURES

Cretaceous deposits of gravel, sand, and clay once covered this

area.® They were deposited on a surface of low relief that sloped
southward about 80 feet to the mile when the Gulf of Mexico coveréd

most of the south-central United States. As the waters of the Gulf

# Miser, H. D., and Purdue, A. H., op. cit. (Bull. 808), p. 126.
8 Idem, pp. 136-145.
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withdrew, streams developed on the southeastward-sloping surface,
trenching themselves rapidly through the unconsolidated formations
to the underlying hard rocks, where, confined by their valleys, they
were constrained to continue in their southeast courses, cutting across
both the hard and soft layers of the underlying formations.” Erosion
has since removed all the Cretaceous formations except. along the
southern edge of the west end of the area mapped, but the master
streams—the Little Missouri River and Antoine Creek—still follow
their old southeasterly courses.  Such streams are called super-<
imposed. It should be pointed out, however, that Antoine Creek
follows a major fault across the sandstone formations, a zone of weak-
ness that would naturally be sought out by any stream seeking egress
to the southeast. The writers have not made a study of a sufficiently
wide area to determine whether structure or superposition was the
controlling factor in its localization. :
- The perfection of the trellised pattern of the drainage of the area.
shows a remarkable adjustment of the tributaries of Antoine Creek.
and the Little Missouri River to the rock structure of steeply south-'
ward-dipping formations of shale and sandstone. The valleys of the
tributaries are in the easily .eroded shales and follow their strike; the
sandstones form the ridges. The tributaries, flowing down the ridges
along lines of ‘weakness, joints, and' faults, soon developed both east
and west laterals in the shale layers. These laterals rapidly cut head-
ward, thus giving the trellis pattern and cIeveloping the flatiron
topographlc forms so characteristic of the region.

The fact that South Woodall Valley drains northward 1nstead of
eastward needs explanation. Obviously the massive sandstone beds.
at the east end of the valley were a barrier to any stream, but the
north ridge offered as great an obstacle. Furthermore, an eastward-
flowing stream would have a shorter course to Antoine Creek, there-
fore a steeper gradient and greater eroding power. Hence it seems
probable that early in the present erosion cycle South Woodall Valley
was ‘drainied by a stream flowing southward across Wall Mountain,
possibly in sec. 35, T. 6 S., R. 24 W., to empty into Cany Creek (pl. 7).
The massive sandstone beds impeded erosion, so downcutting was
slow, but to the east Antoine Creek occupied & crushed zone, hence
was able to lower its course rapidly across the ridge. Upper Antoine’
Creek and its tributary, Woodall Creek, flowed over easily eroded
shale and were able to grade their beds as fast as Antoine Creek
lowered its course. A northward-flowing tributary of Woodall Creek
and a northeastward-flowing tributary of Antoine Creek cutting.
headward reached South Woodall Valley. As the north ridge was’
more easily eroded than Wall Mountam they captured the south:
drainage. :



P

44 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1937
ORE DEPOSITS

| DISTRIBUTION OF METALLIC MINERALS IN .THE OUACHITA
_ REGION

. Metalliferous deposits, including mineral<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>