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MEMORANDUM FROM THE CHAIRMAN

To Members of the Senate Committee on Interior and Insular Affairs:

I am transmitting for your information a report entitled “Mineral
and Water Resources of South Dakota,” prepared by the U.S. Geo-
logical Survey at the request of our colleague, Senator George Mc-
Govern.

This detailed survey will be particularly helpful to government
and business leaders in South Daﬁota. It will also be valuable to the
Congress and members of this committee as we consider legislation
regarding mineral and water development.

Henry M. Jackson, Chairman.
m



FOREWORD

On August 13, 1963, I requested the Secretary of the Interior to
determine if a comprehenswe summary report on the mineral and
water resources of South Dakota could be prepared for the use of
citizens, professional personnel, and government, civic, and indus-
trial leaders interested in mining, w ater, and industrial developments

This report, prepared in response to my request by members of the
U.S. Geolocncal Survey, South Dakota State Geological Survey,
South Dakota School of Mines and Technology, State Industrial
Development Expansion Agency, the U.S. Bureau of Mines, and the
U.S. Bureau of Reclamation, is such a thorough, detailed, and com-
prehensive work that I am sure it will be of great value to all interested
in the fields.

I wish to express my thanks and appreciation to Secretary of the
Interior Udall and each and every one of the persons in South
Dakota, Washington, Colorado, and those with offices elsewhere who
have contributed to makmg this such a fine report.

Groree McGOVERN.
v
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LETTER OF TRANSMITTAL

U.S. DEPARTMENT OF THE INTERIOR,
OFFICE OF THE SECRETARY,
Washington, D.C., May 14, 196
Hon. Georee McGovEerN,
U.S. Senate,
Washington, D.C.

Dear SExator McGovery : In response to your letter of August 13,
1963, we are pleased to transmit herewith a summary report on the
mineral and water resources of South Dakota.

Part I of the report was prepared by the U.S. Geological Survey in
collaboration with the South Dakota Geological Survey and other
agencies. This part describes the mineral resources known to occur
in South Dakota, and it presents information on their manner of oc-
currence, distribution, and relative importance to the mineral in-
dustry of the State. The narrative discussions are supplemented by
small-scale maps and other illustrations.

Part IT was prepared by the Bureau of Reclamation. This portion
of the report describes existing water resource development projects.
Also discussed, in a future development section, are basin conditions
and plans for projects intended to meet anticipated water require-
ments,

Tt is hoped that data in the report will be adequate to supply the
information you desire. '

Sincerely yours,
Stewarr L. UbaLi,
Secretary of the Interior.
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SectioN T

MINERAL AND WATER RESOURCES OF SOUTH
DAKOTA

U.S. Geological Survey

in Collaboration With the South Dakota State Geological Survey
and Other Agencies

SUMMARY AND INTRODUCTION

(By N. M. Denson and W. J. Mapel, U.S. Geological Survey, Denver, Colo.)

In 1963 for the 15th consecutive year, South Dakota led the Nation
in production of gold. Kach year some $20 million worth of new
precious metal is produced in the State, virtually all of it from
operations of the Homestake Mining Co. at Lead. Significant as this
production is, both in terms of new wealth and employment, the value
of metals produced is now exceeded by the combined values of more
prosaic nonmetallic mineral and rock products, including sand and
gravel, stone, cement, and clay. Together, the varied mineral prod-
ucts of South Dakota were valued at $47.5 million in 1963.

The economy of South Dakota is even more vitally associated with
the development and utilization of its water resources, for agricultural
production would not be possible without adequate and controlled
supplies of water. Existing surface water resources are large and
varied, but commonly some control is needed to assure delivery of vital
water in the desired locale when it is needed. Ground water consti-
tutes a large and reliable source of water for most uses, and most of
the State is underlain by water-bearing strata. Although extensively
exploited for many years, this ground water is the largest remaining
undeveloped source of water in South Dakota.

Many different useful minerals and potentially useful rocks are
distributed broadly throughout South Dakota. (Gold and associated
byproduct silver are the chief metallic products, but in recent years
the production of uranium has become important, with added value
because of the recovery of byproduct vanadium and molybdenum.
South Dakota was the world’s principal source of lithium ores for over
50 years, and also has produced sizable amounts of beryllium ores.
Pegmatite deposits in the Black Hills have been the source of the ores
of both of these light metals. Other metals produced in small amounts
from the State include lead, zine, copper, tungsten, and tin. Although
not yet exploited, some of the State’s resources of iron are of potential
interest. Large low-grade resources of manganese may ultimately be

developed.
9



10 SUMMARY AND INTRODUCTION

The largest segment of the mineral industry in South Dakota is
concerned with the production of construction materials, including
sand, gravel, crushed stone, cement, clay, and gypsum. Significant
resources of these essentials of modern growth have been developed,
for the most part in the vicinity of where they are used. Ample re-
sources exist to support expansion of these industries asneeded. Other
nonmetallic mineral products with more specialized requirements and
higher unit values also contribute to the mineral wealth, including
feldspar for the glass and ceramic industry, mica, and monumental and
ornamental stone. Future expansion of many of these stone and
mineral products depends on development of new uses and new markets
for known mineral resources. Mineral fuels, including coal, petro-
leum, and natural gas, have been produced in small amounts, and
additional development can be expected.

The early history of South Dakota reflects the close dependence of
the settlers on both mineral and water resources. Discovery of gold
in the Black Hills in 1874 was responsible for opening of the territory
west of the Missouri River. Karly mining towns led to the need for
locally produced foods. Both the towns and farms were located near
perennial water supplies, which were more limited than had been the
case In States to the east with their more humid climates. Develop-
ment of the mines led to establishment of milling and smelting facili-
ties which in turn required the shipment of heavy supplies and estab-
lishment of roads and eventually railroads. In much of the State,
expansion of agriculture depended on development of controlled water
supplies. Artesian flow of water from wells was important in the
early development of irrigated farming, and literally thousands of
wells produce the water on which South Dakota’s economy thrives.

Part I of this report deseribes the mineral and water resources of
South Dakota, their distribution and mode of occurrence, their uses
in industry, and the factors affecting their exploration. Production
figures and estimates of dollar values accompany descriptions of the
various commodities, and the importance of the State as an actual
source or potential producer of each commodity is discussed. The re-
port contains a summary of the regional geology of the State and
shows the relations of the resources to geologic features. Index
maps show the status of topographic and geologic mapping in the
State and areas for swwhich maps are available.

Under part IT of this report, a water supply forecast outlines the
adequacy of South Dakota’s water resources to meet future growth
requirements and presents a summary of the State’s water resource
development projects, both operating and proposed.

Part 1 of the report has been prepared by members of the staffs
of the U.S. Geological Survey, the South Dakota State Geological
Survey, the South Dakota School of Mines and Technology, the
State Industrial Development Expansion Agency, and the U.S. Bu-
reau of Mines. The U.S. Bureau of Reclamation prepared the sum-
mary of the Water Resources Development Program in South Dakota
presented under part I1.

This document incorporates information from numerous Federal,
State, and outside publications as well as from unpublished reports
and personal observations of more than 25 geologists who have con-
tributed to the various chapters which follow. The descriptions of



SUMMARY AND INTRODUCTION 11

the mineral commodities are necessarily brief, but comprehensive lists
of references are appended to each major section of the report in
order that the original sources may be examined by those who seek
additional information. Specific reference is made to these sources
throughout the text in order to give proper credit and to place respon-
sibility for the data shown. Margret Dunbar of the U.S. Bureau
of Mines and Ruth Willson of the U.S. Geological Survey compiled
the production figures and estimated dollar values for most of the
mineral commodities described. William H. Kerns of the U.S. Bureau
of Mines supervised the compilation of the production data taken from
the Bureau’s files and provided the summary of the commodity values
and percentages shown on figure 1.

38085 0—64——2



THE MINERAL INDUSTRY IN SOUTH DAKOTA

{By N. M. Denson, U.8. Geological Survey, Denver, Colo.)

Mineral production in South Dakota has grown consistently from
the days of the first records in 1879 to the present time. During this
period gold has been the most important mineral commodity in the
State’s economy, accounting for 66 percent of the total mineral pro-
duction (fig. 1). For the 15th consecutive year, South Dakota in 1963
led the nation in gold production. Virtually all of the gold is pro-
duced from the Homestake Mining Co. mine at Lead.

Other metals have not added significantly to the economy, although
large resources of such metals as uranium, molybdenum, and iron
make these commodities important potential contributors. The out-
put of uranium ore in 1963, for example, was twice that of the pre-
ceding year because of the production from uranium-bearing lignite.
The processing of the lignite ores also may yield molybdenum as an
important byproduct. The State has never produced significant quan-
titles of iron ore; however, with the increased demand for pellets
by the iron and steel industry, the Precambrian taconite beds in the
Black Hills region may someday become an important resource.

Second to gold in importance in South Dakota are the utilitarian
nonmetallic commodities sand and gravel, stone, cement, and clay
which have contributed 30 percent of the value of the State’s total
mineral output. In 1963, output of nonmetals accounted for more than
half of the total value of the minerals produced in the State. Sand
and gravel are the leading nonmetallic commodities, followed closely
in value by stone, cement, and clay. Large resources of each of these
commoditles are present in South Dakota.

‘Mineral fuels including coal, petroleum, and natural gas have con-
tributed a very small part to the State’s economy. The northwestern
part of the State is occupied by the southern part of the Williston
basin, which in 1963 in the neighboring States of North Dakota and
Montana yielded about 114 percent of the total petroleum produced
in the United States. With further exploration additional petroleum
development may be expected.

South Dakota has a population of about 700,000 and an area of about
77,000 square miles. It ranks 16th in size and 40th in population in the
Nation. Early inhabitants were dependent, to a large extent, on the
mineral industry, but as the population of the State increased the value
of agricultural products became greater than the value of the mineral
products. In 1963, for example, cash receipts in South Dakota from
farm marketing, according to the U.S. Bureau of Commerce, amounted
to $535.8 million; the value of all mineral products during the same
year was $47.5 million. Although now second to agriculture, the min-
eral industry nevertheless isan important part of the economy of the

State.
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In the following sections of this report terms are used in describing
the State’s mineral potential which, for clarity and preciseness, are
here defined and briefly discussed.

Resources: Materials in the ground that are minable today, plus
materials that may be minable in the future.

Reserves: Materials that may or may not be completely explored
but which can be quantitatively estimated and are considered to
be economically exploitable.

Ore: A mineral material that may be mined at a profit.

Ore reserves: Mineral deposits currently being mined or known
to be of such size and grade that they may be profitably mined.

Mineral resources are fixed in quantity and quality and are not re-
newable. Reserves, on the other hand, are a continually changing
quantity, estimates of which are controlled by economics, technologic
changes, and available information. A low reserve figure for a com-
modity today, for example, does not necessarily mean that the resource
1s near exhaustion but may indicate that its market value is at a point
where the material cannot be mined at a profit.

In summary, the mineral output of South Dakota has been steadily
increasing and has responded favorably to each period of increased
demand. The industry relies on a substantial and varied resource base
which should be able to expand as the demands of an increasing popu-
lation dictate.



GEOLOGY
(By N. M. Denson, U.S. Geological Survey, Denver, Colo.)
TOPOGRAPHIC AND PHYSIOGRAPHIC SETTING

South Dakota lies within the Great Plains physiographic province
and to a smaller extent the Central Lowlands province, The Great
Plains province is a broad highland that slopes gradually eastward
from the Rocky Mountains on the west to the Central Lowlands on
the east (Fenneman, 1931, pl. 1, p. 1-19). The Central Lowlands
province extends from the drainage basin of the James River east-
ward. The Lowlands abound in lakes and include the South Dakota
part of the “prairie pothole” country.

Largely on the basis of differences in topography, land forms, and
geologic history, the Great Plains in South Dakota includes three sub-
provinces: (1) the Black Hills—a large domal uplift which extends
northwestward at-a maximum elevation of about 7,200 feet across the
southwestern part of the State; (2) the northernmost extension of the
High Plains—a relatively flat tableland, which extends eastward at
an elevation of about 3,000 feet along the South Dakota-Nebraska
boundary; and (3) the Missouri Plateau—a region of relatively low,
undulating farm and grass land which surrounds the Black Hills
north and west of the High Plains. The principal land forms in the
Plateau province are low scarps, broad flood plains, and isolated buttes
and ridges. Large areas of picturesque badlands are present at places
near the Black Hills and along the Missouri River,

South Dakota lies almost entirely within the drainage basin of the
Missouri River. The Missouri River enters the State along the north-
central boundary at an elevation of about 1,600 feet, flows 480 miles
generally southeastward, and leaves the State at an elevation of about
1,100 feet a few miles north of Sioux City, Iowa. The area west of the
Missouri River is drained by generally eastward- and northeastward-
flowing streams. From north to south these are the Grand, Moreau,
Cheyenne, Bad, and White Rivers. The Cheyenne, which drains the
Black Hills area, is the largest of the western tributaries. The east-
ern part of the State is drained by the southward-flowing James,
Vermillion, and Big Sioux Rivers. The first two join the Missouri
near the southeast corner of the State, and the Big Sioux forms the
east border of South Dakota where it adjoins Towa. Of all the
streams only the Missouri has a large and well-sustained flow. Nearly
all the other streams have had a zero flow at one or more times during
periods of record extending back into the 1940%s, 1930’s, or 1920’s

(McGuinness, 1962, p. 4).
1r
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STRATIGRAPHY AND PALEOGEOGRAPHY

About half of the surface of South Dakota consists of sedimentary
rocks of Paleozoic, Mesozoic, and early Cenozoic age. These rocks
have a maximum combined thickness of as much as 10,000 feet and
consist, largely of limestone, dolomite, sandstone, and shale, with minor
amounts of bentonite, claystone, gypsum, anhydrite, and salt. The
sediments from which these rocks were formed were deposited either on
land or in shallow seas whose depths probably were never much greater
than a few hundred feet. Periods of deposition alternated with a few
short. intervals when the entire State was above sea level and subjected
to subaerial erosion. Because of more or less continuous subsidence
or downwarping since early Paleozolc time, a considerable thickness of
sedimentary rocks accumulated in what is now known as the Williston
basin. This basin, one of the largest structural and sedimentary basins
in North Amerlm underlies approx1m‘1tely 200,000 square miles in
northern and central South Dakota, eastern Montﬁ.n‘m western and
central North Dakota, southern and central S%Sk‘ltchewan and south-
western Manitoba (Porter and Fuller, 1959, fig. 1). In the Williston
basin, subsidence was greatest in the v1cmlty of the Killdeer Mountains
in west-central North Dakota, where the sedimentary rocks have a
maximum thickness of about 16 ,000 feet. Southward from this cen-
ter the sedimentary rocks betiween the top of the Pierre Shale and the
top of the Precambrian thin markedly to less than 7,000 feet in most
of western South Dakota.

During the Laramide Orogeny in latest Mesozolc and earliest Ter-
tiary time, the Black Hills came into existence, and at about the same
time as much as 1,500 feet of sandstone, shale, and lignite of continental
origin were deposited in the northwestern part of the State. By the
end of Eocene time (40 million years ago), the cover of Mesozoic and
Paleozoic sedimentary rocks had been eroded from the region of the
Black Hills, and Precambrian rocks were exposed in an area of more
than 1,500 square miles. Sedimentary rocks of FEocene age are not
known in South Dakota, although large masses of igneous Tock were
intruded in the northern Black Hills at this time. At the close of the
Eocene most of the State was a gently rolling plain that was near sea
level.

Sedimentation during middle Tertiary time was markedly different
from that of any previous time in the State’s geologic history. Large
volumes of ash and associated materials from voleanoes in the vicinity
of Yellowstone Park were transported by easterly flowing streams and
deposited across the truncated edges of the older rocks. “Remnants of
Oligocene and/or Miocene rocks at elevations of 6,200 feet on the
flanks of the Black Hills and at higher elevations on the crest of the
Bighorn Mountains to the west of the Black Hills in Wyoming indi-
cate that these rocks at one time extended across most of the region.
Their average thickness is believed to have been about 800 feet.

During Pliocene time (1 to 12 million years ago) the general area
of the Black Hills was again uplifted. Troqlon predominated over
deposition and most of the soft, semiconsolidated rocks of middle
Tertiary age were stripped from ‘the higher parts of the Black Hills
and from the plains region to the north and east. Sediments of
Pliocene age derived hrcrely from reworking of the Oligocene, Mio-
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cene, and older rocks were deposited at this time on the plains east
and southeast of the Black Hills.

During Pleistocene time advances and retreats of large continental
ice sheets from Canada deposited an average of about 40 feet and as
much as 700 feet of glacial drift and outwash across that part of South
Dakota east of the Missouri River (Flint, 1955, p. 27).

South Dakota has many and varied mineral resources, some of which
are related to the origin, character, and structural relations of the rocks
that contain them. The general succession, areal distribution, and
lithologic character of the rocks in South Dakota are shown in a
much generalized geologic map of the State (fig. 2) and by a composite
stratigraphic chart (table 1). The rock units are referred to and
described by authors in the following sections. A structure map (fig.
3) shows the principal structural features in the State. The State’s
resources herein described are related to these structural features.

STRUCTURE

In South Dakota, rocks of Paleozoic and Mesozoic age dip very
gently except near the Black Hills where they are steeply upturned
(fig. 3). At most places middle and upper Tertiary rocks rest un-
conformably and nearly horizontally across the nearly parallel strata
of older rocks. However, at a few places on the flanks of the Black
Hills vertical uplift during the Pliocene produced gentle dips in the
middle and upper Tertiary rocks.

Most of the Paleozoic and Mesozoic rocks now occupy the shallow
southern part of the Williston basin lying between structurally high
areas represented by the Black Hills on the west and the Sioux uplift
and Precambrian rocks at Big Stone Lake on the east. The northwest-

lunging axis of the basin trends through the western third of the
tate with a very gentle dip averaging about 30 to 40 feet per mile on
top of the Precambrian.

Two major upward folds of rocks are present north and southwest
of the Black Hills. They are: (1) the south end of the Cedar Creek an-
ticline, a narrow asymmetrical fold which plunges northwest from the
central part of Harding County through the northwest corner of South
Dakota, and (2) the north end of the Chadron arch which extends
from Nebraska for about 20 miles northwestward into Shannon
County in the southwestern part of the State (fig. 8). Subsurface data
indicate that the Cedar Creek anticline probably had its inception
in Paleozoic time, was periodically reactivated, and was most recently
elevated during litest Mesozoic and earliest Tertiary time, when the
Black Hills were formed. . The geologic history of the Chadron arch
may have been similar to that of the Cedar Creek anticline. Also in
the area south of the Black Hills are minor folds not indicated on
figure 3. These include the Barker dome and Chilson anticline which
are discussed in the section of this report dealing with petroleum and
natural gas resources.

Relatively small areas along the south border of the State are in-
cluded in the Denver-Julesburg, Kennedy, and Forest City basins.
Major folds in the South Pakota portions of these basins are unknown,
and dips probably are geritle. These basins extend southward into
Nebraska where their principal structural features have been shown
by Reed (1955).
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Table 1. ~+Generalized stratigraphic chart showing rock units present in South Dakotz,
The nomenclature shown on this cbart is not neccasarily that accepted by the

U. 5. Geological Survey.

Raock unit phown in parentheses (Charles) prescat

ouly in subsurince. @ , rock umit producing petroleum,

[ After Sandberg (1962, fig. 8} exccpt as noted: a; Flint (1955); b, Powell,
Wagar, Petri {tbis report); c. Steece {thin report}}

Rock uait Thickness Map umit on geologic map of South Daketa (fig. 2}
{feet)
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GEOLOGIC HISTORY OF THE BLACK HILLS

(By J. P. Gries, South Dakota School of Mines and Technology, Rapid City,
S. Dak.)

GENERAL DESCRIPTION

The Black Hills form a mountainous uplift astride the western
South Dakota boundary. About two-thirds of the area is in South
Dakota, the remainder in Wyoming. As measured by the rim of
Cretaceous sandstones, which make foothills several hundred feet above
the adjoining plains, the Black Hills are about 120 miles north-south,
and up to 60 miles east-west.

The plains to the east have an elevation of about 3,200 feet;
Harney Peak, the highest point in the Black Hills, has an e]evahon
of 7,240 feet. Numerous other points on the western side of the Hills
have elevations exceeding 7.000 feet.

The structure of the Hills is that of an elongate dome, with
rocks steeply inclined on the east side and gently dipping on the west
side. The present Black Hills were raised during the Laramide
Revolution, about 60 million years ago. During and followmo the up-
lift, erosion removed rLpprommately 6,000 feet of originally flat-lying
sedlmentfu‘y strata, and an undetermmed thickness of granite and
schists from the central part of the dome. Now a core of very ancient
rocks forms the central Black Hills, and this is surrounded by con-
centric outerops of successively younger rocks dipping away from the
central area, affording an opportunity to study outcrops of rock
strata that are deeply buried in other parts of the State (fig. 4).

PRECAMBRIAN ROCKS

The central part of the Black Hills is made of Precambrian rocks
which cover an irregularly outlined area measuring about 60 miles
long and 25 miles wide. Most of the rocks are drab gray quartzite,
schist, and argillite. - These were originally sandstone, sﬂtsfone shale,
and thin limestone beds that have been so intensely folded that theV
now Jie in all attitudes from horizontal to vertical and even overturned.
During the folding, intrusions of molten mafic ieoneous rock formed
dikes and sills, now changed to dark-colored amphibolite. After fold-
ing, the south-central part of the area was intruded by great sheets
of gmnlte In the Harney Peak area, the granite masses are so
closely spaced as to appear as almost solid granite. Around the cen-
tral mass, and mostly lying parallel to the phnes of foliation in the
schists into which they were intruded, are many thousands of small,
tabular pegmatites that are only a few tens or hundreds of feet loncr
Some of the pegmatites are noted for their huge crystals of feldspflr
quartz, mica, beryl, and lithium minerals. Thinner quartz veins in the
Hill City area carry tin and tungsten.

Before the beginning of Cambrian time, the entire area had been.
deeply eroded, and worn to a nearly flat plain mterrupted by low
knobs of granite and ridges of resistant quartzite. The granite. which
had been intruded and cooled at ereat depths, lay at the surface in
what is now the southern Blacl Hills, and also in a broad belt extend-
ing southeastward from the Hills into northern Nebraska.
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PALEOZOIC AND MESOZOIC ROCKS

The first sea to advance over the Precambrian surface covered the
Hills area in Late Cambrian time. Initially it extended only a short
distance to the south of the Hills. Slowly the sea retreated north-
westward, and successively thicker and younger Cambrian rocks are
found in that direction. The sequence of sandstone, limestone, and
shale, which thickens from only a few feet in the southern Black Hills
to nearly 400 feet at Deadwoog, received the name Deadwood Forma-
tion from bold cliff's exposed in the lower end of that town. The upper-
most beds at Deadwood contain fossils of Early Ordovician age.

A return of the sea in Middle Ordovician time permitted the deposi-
tion of about 100 feet of sandstone and green shale now called the
Winnipeg Formation. These strata may be traced in deep wells to the
vicinity of Winnipeg, Manitoba, where they were originally named.
The Winnipeg beds are now present only in the northern Black Hills,
about as far south as a line between Nemo and Cheyenne Crossing. If
they originally extended farther, the record has been lost by erosion.

A readvance of the sea from the north in Late Ordovician time re-
sulted in the deposition of the Whitewood Dolomite or the equivalent
Red River Formation. It is about 60 feet thick near Deadwood, but
thins southward and disappears at about the same line as the Winni-
peg Formation. It probably extended farther south originally, but
traces of sand in the outcrop area suggest that the southern shoreline
may not have been far distant. The formation thickens to the north,
and may be traced throughout the Williston Basin and westward into
the Rocky Mountain area. It yields oil in the Buffalo Field in Hard-
ing County and in many fields along the Cedar Creek anticline in
eastern Montana.

Many hundreds of feet of limestone and dolomite were formed in
the Williston Basin during Silurian and Devonian time; these rocks
thin southward and pinch out before reaching the Black Hills outcrop
area. It is not known whether they once extended over the Black
Hills.

In very late Devonian time, the sea again advanced from the north
and snbmerged the Hills area. The initial deposit consisted of 35
to 50 feet of slightly pink, shaly limestone called the Englewood For-
mation. The lower part of the Englewood Formation contains Devo-
nian fossils, the upper part, fossils of Early Mississippian age.

Deposition of a thick, pure, dolomitic limestone followed. It is
called the Pahasapa Limestone in the Black Hills, and the Madison
Group in adjacent areas. The Pahasapa thins to the southeast from
over 600 feet in Spearfish Canyon to 250 or 300 feet in the southern
Hills and to zero in deep wells in southeastern Fall River County.
During Late Mississippian time, while sediments of the Kibbey Sand-
stone were being deposited to the north, the Black Hills area was sub-
jected to weathering and erosion. Sink holes and caverns formed in
the upper part of the old limestone surface, and a residual soil of red
detrital clay and gravel accumulated in the low places.

In the Pennsylvanian Period, another sea invaded the area, this
time from the south. Several hundred feet of sandstone, limestone,
dolomite, anhydrite, and varicolored shale of the Minnelusa Forma-
tion were deposited. Periodically, the Hills area stood about at sea
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level, the anhydrites locally were dissolved, and overlying insoluble
beds colhpsed and were buried by sands depoclted when the sea again
deepened. This unstable condition continued into Permian time. The
sea finally retreated and a period followed during which red shaly
siltstone was laid down on a floodplain or in very shallow water. Oc-
casionally, an arm of the sea encroached on the area, and anhydrite was
precipitated. After about 100 feet of Opeche Formation redbeds and
anhydrites was laid down, the sea returned long enough to permit
deposition of 35 to 50 feet of very finely banded red and gray lime-
stone known as the Minnekahta Formation. Redbed deposition was
resumed to form red sandy siltstone and anhydrite of the Spearfish
Formation. A period of erosion followed during which some of the
Spearfish was removed. The Spearfish is difficult to measure on the
outerop, but just south of the Black Hills as little as 250 feet is present,
whereas on the northwest flank over 700 feet 1s present.

A brief readvance of the sea from the northwest in Middle Jurassic
time submerged at least the northern end of the Black Hills area, but
most of the resultant deposits of anhydrite, sandstone, and limestone
laid down in that sea were eroded before Late Jurassic time. Only
thin remnants of the Gypsum Spring Formation of Middle Jurassic
age are found in the northern Black Hills, though the formation is
present in wells a short distance to the north. During Late Jurassie
time, 250 to 300 feet of fine sand and greenish-gray shale accumulated
to form the Sundance Formation. On the southeastern flank of the
Hills area, an additional accumulation of up to 225 feet of fine white
to highly colored sandstone is called the Unkpapa Sandstone. This is
succeeded by the clays and sands of the Morrison Formation which
were laid down on a vast floodplain that covered much of western
North America. The plain was dotted with small lakes in which fresh-
water limestones were formed, and conditions were ideal for the burial
and preservation of the bones of the countless dinosaurs that thrived
n that environment.

During very early Cretaceous time, an unlift to the east caused mean-
dering q’rreflms to spread coarse sand, silt, and clay over the entire
area. 'This is now the Lakota Form‘ttlon, w hlch is generally less than
900 feet thick but renches a thickness of over 600 feet on the southeast
side of the present Black Hills. An encroachment of the Early Cre-
taceous sea caused additional fine sandstone to accumulate to form the
Fall River Formation. Asthe sea deepened and the shoreline advanced
eastward, sand denosition was followed by dark muds which now form
the Skull Creek Shale. A rapid withdrawal and shoaling of the sea
permitted streams from the east to distribute fine sand over the area
in an irregular manner to form the Newcastle Sandstone. Shale de-
position was resumed in the Black Hills area while a large delta of con-
tinental sands and clays was being built up in central and eastern South
Dakota. The resulting wedge of sandstone, which reached a thickness
of 400 feet in the south central part of the State, now constitutes the
Dakota Sandstone and is the source of water for most of the artesian
wells in eastern South Dakota. Gradnally, the delta was submerged,
and black muds of the Belle Fourche Shale extended nearly across the
State. A brief period of deposition of limy muds and limestone formed
the Greenhorn Limestone. Deposition of silty dark shales followed to
make up the C‘Irhle Shale, succeeded by another period when sufficient
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lime was available in the sea to form the 200-foot thick Niobrara
Formation. An additional 1,700 to 3,000 feet of dark shale and clay-
stone now known as the Pierre Shale was then deposited. Finally, the
long period of submergence drew to a close, and the sea retreated to the
southeast leaving behind a final near-shore deposit of sandstone called
the Fox Hills Sandstone. Shigeish streams continued to spread sand
and clay of the Hell Creek and Fort Union Formations over the flat
plains from which the sea had retreated.

BIRTH OF THE BLACE HILLS

At about the time the Cretaceous sea retreated from western North
America, warping of the earth’s crust along the western part of the
old Cretaceous seaway formed the Rocky Mountains. Far to the east,
in what is now western South Dakota, a similar folding and uphfhng,
on very much smaller scale, formed the Black Hills. As the Black
Hills dome was formed, erosion actively attacked the soft shales, and
finally the harder and older sediments. During the later stages of
uplift and erosion. a period of intense igneous activity took place in the
northern Black Hills. Great volumes of molten rock forced npward
from deep within the earth’s crust. As the magma approached the
surface, it spread out between the weaker eedlmenfalv strata, forcing
them apart, and forming huge blisters called laccoliths. We see them
today, partly dissected, in Vzmnocker Deadman, and Green Mountains,
and 1 Custer and Crow Peaks. At other places, the overlying rocks
broke, and the molten rock forced itself up in %’reep&ded plues such as
Bear Butte. Many of the mineral deposits in the northern Black Hills
were formed during and immediately following this period of intense
igneous activity.

LATER TERTIARY AND RECENT HISTORY

By early Oligocene time, stream gradients were co reduced that the
streams conld no longer carry away thelr erosion nroducts, and deposi-
tion started on the plamq adjacent to the Hills. Early Oligocene basal
gravels include easily recognizable fragments of rose mmr’w tour-
mahne, and feldspar derived from the southern Black Hills, indicat-
ing that by that time at least 6,000 feet of sedimentary cover h‘1d been
removed, and that basement schists, granites, and pegmatites were be-
ing actively eroded. Gradually the Black Hills became buried by
hcrh’r colored clays and sands, derived not only locally, but from moun-
tain areas to the west. Voleanic activity, probably in the vicinity of
Yellowstone Park, contributed huge volumes of windblown voleanic
ash to the sediments. By the end of Oligocene time, it is possible that
the Black Hills projected less than 2,000 feet above this apron of sedi-
ments.

Uplift, or a change in climate, or both, caused a renewal of erosion,
the soft uneconsolidated sediments were attacked, and gradually the
lower part of the Black Hills were exhumed. They nrobably look to-
day very much as they did at the end of the Focene Epoch, 40 million
Vears aoo.

The Pleictocene and Recent history has been one in which intervals
of local sedimentation in the stream valleys has alternated with pe-
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riods of renewed downcntting of the streams. This history is shown
by a series of benches or terrace remnants at successively lower eleva-
tions along the major streams in the area. Many of these are related
to changes in the course of the Missouri River during the Ice Age,
and to development of the present courses of the Cheyenne and White
and Belle Fourche Rivers, but the exact history remains to be worked
out. The Black Hills were not sufficiently high to support glaciers
during the Ice Age, but the alternating periods of warm and eold cli-
mate must have influenced stream erosion during that time.

PRECAMBRIAN ROCKS OF EASTERN SOUTH DAKOTA

(By F. V. Steece, South Dakota Geological Survey, Vermillion, 8. Dak.)

CHARACTER AND DISTRIBUTION OF THE ROCKS

Precambrian rocks of South Dakota, exclusive of the Black Hills,
are composed of a wide variety of types. The youngest and most
uniform rock unit is the Sioux Quartzite, which crops out in the south-
eastern part of the State. In the subsurface, this formation is under-
lain by a vast body of older granitic rocks interspersed with small
areas of metamorphic rocks, and locally some rhyolite. The surface
extent and subsurface distribution of the primeipal Precambrian units
are shown on figure 5, together with information on types of Pre-
(é?mbrian rocks encountered in wells throughout other parts of the
otate. -

The Sioux Quartzite was deposited on an extremely irregular sur-
face of older plutonic and other rocks. It ranges in thickness from
zero to a known maximum of 3,800 feet, where penetrated in an oil test
in southeastern South Dakota. Baldwin (1949) estimated the forma-
tion has a maximum thickness of more than a mile. Pipestone inter-
bedded with the Sioux Quartzite at Pipestone, Minn., has been dated
at 1.2 billion years (Goldich and others, 1959, p. 660).

At places, hills on the old surface of plutonic and metamorphic
rocks protrude throueh “windows” in the Sioux Quartzite, as for ex-
ample in Sanborn, Miner, and Kinsbury Counties shown in figure 5.
A core of rhyolite was taken from a depth of 675 feet from a well in
the “window” in Sanborn County, about 25 miles southeast of Huron.
This rock has been dated * radiometrically at 1.64+-0.09 billion years.
Other examples of “windows” in the quartzite are in Yankton, Minne-
haha, and Lake Counties (fig. 5) where plutonic rocks make up the
basement surface.

The Precambrian granitic rocks include the Milbank granite which
is found in the subsurface in the northeastern part of the State, and
generally is a potassium-rich granite or granodiorite composed essen-
tially of quartz, microcline, biotite, and harnblende, with minor acces-
sory minerals. This rock has been dated at about 2.0 billion years
(Goldich and others, 1961, p. 146). Many wells drilled to the base-

1 “This radiometric age date is the result of a cooperstive dating proeram on buried
bsasement rocks between the Crustal Studies Laboratory, the Univercity of Texas, and the
Isotope Geology Branch, U.S8. Geological Survey. The grant to the University of Texas
supporting this work is contract No. AF 49(638)-1115 of the Air Force Office nf Scientific
Research as part of the Advanced Research Projects Agency Project VELA UNIFORM.”
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ment in South Dakota have penetrated granitic rocks that are similar
to the Milbank and therefore are presumably part of the same rock
mass. This correlation has been shown correct at least as far west
of Milbank as Brown County where a core of pink biotite granite
Slnlllal‘ to typical Milbank granite was dated at 227 = 0.11 TDillion
years,? which fits well with dates at Milbank.

SURFACE ON THE PRECAMBRIAN ROCKS

The top of Precambrian rocks in South Dakota slopes generally
from east to west across all but the southwestern part (fig. 6). The
Sioux Quartmte crops out at the ground surface at elevations of more
than 1,500 feet in Minnehaha County The top of these rocks drops
crmdudlly westward toward the edge of the Precambrian outerop area
where at places there is an esmrpment of several hundred feet. From
this rim, the top of Precambrian or basement rocks slopes gently
westward, beneath younger sedimentary rocks into the depths of the
Williston basin in northwestern South Dakota. The lowest elevation
recorded on South Dakota’s Precambrian surface is about 6,500 feet
below sea level. From a trough in the western part of the State, the
basement rises gently southwestward toward the Black Hills. The
slope steepens abruptly near the Black Hills, rising nearly 10,000 feet
in a distance of about 40 miles. The maximum known relief on the top
of the Precambrian in South Dakota is almost 14,000 feet.

A magnetometer study of the northeastern part of the State (Petsch,
1964} shows a series of extraordinary magnetic highs that trend
northeastward into western Minnesota. Minnesota Precambrian
metasedimentary rocks associated with the highs are dated at about
1.62 billion years?® (Goldich and others, 1961, p. 4, 104), or between
the ages of the Milbank granite and the Sioux Quartzite. It seems
hkelv that the highly maonetlc areas in South Dakota are caused by
rocks of the same age, dlﬂlOHO]l such rocks have not yet otherwise been
identified. The trend of the anomalies corresponds roughly to the
trend of several of the “windows” in the quartzite. A sequence of
events accounting for these relations is postulated as follows: the
Milbank granite formed about 2 billion years ago. This was followed
by depositmn of iron-rich rock that now pr oduces the high magnetic
anomalles. Folding and erosion then gave rise to a northeast trend-
ing mountain range “that subsequently was partly buried by deposition
mL the Sionx Quartzite. The anomalies perh‘lps mark places where
iron-rich 10('ks protrude through the “windows” in the quartzite or
are only thinly covered by qu: artzite along the crest of the buried
nountains.

ECONOMIC POTENTIAL

Precambrian granite and quartzite long quarried in eastern South
Dakota have contributed greatly to the qmte s economy as structural
and ornamental stone.

Some geologists suggest that the Sioux Quartzite has been partly
metamor phosed by the intruston of certain granitic rocks. If thisis
true, then there may be undiscovered mineralized zones awalting
explomtory drilling.

* See footnote 1, previous page.
8 Date is for metasechments of the Cuyuna Range.
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Test drilling of magnetic anomalies in southeastern South Dakota
has revealed small amounts of iron (Petsch, 1964). Precambrian
rocks which produce more pronounced 'Lnomahes in the northeastern
part of the g tate may prove much richer in iron, and possibly they
may be of ore quality. Near the anomalies, Precambrian rocks lie
beneath 750 to 1,050 feet of younger sedlmentary rocks, and thus any
mineral dep051ts present would be expensive to explore and mine.
Test drilling would be necessary to determine the location, grade, and
extent of these possible ore deposits.

ECONOMIC GEOLOGY
{(By N. M. Denson and J. C. Ratte, U.S. Geologica] Survey, Denver, Colo.)

The character, quantity, and availability of mineral and water re-
sources in South Dakota are the result of geologic processes that have
acted over a long geologic history. These processes and the geologic
factors affecting the State’s resources are deseribed in the secfions of
this report deahno with the metallic, nonmetallic, fuel, and ground-
water commodities. The geologic environments of these commodi-
ties, their areal distribution, and relative importance to the State’s
economy are stuinmarized here.

Because of marked differences in the origin, character, and strue-
tural relations of its surface rocks, the mineral resources of South
Dakota are of a wide variety and are broadly distributed. About
75 percent by value of South Dakota’s mineral production is repre-
sented by mineral commodities associated with Precambrian rocks,
mainly in the metamorphic rocks and granite of the Black Hills, and
in the granite of northeastern South Dakota. The list of these com-
modities is led by gold, which alone accounts for two-thirds of the
total value of mineral produets in South Dakota (fig. 1). Gold min-
ing presently is confined to the Homestake mine in the northern
Black Hills, where the deposits occur mainly in Precambrian schist,
but some crold has been mined from basal Cambrian and Mississ! pplan
rocks in this area. The age of the gold deposits is uncertain; it may
be predominantly of Precambrian age, entirely Tertiary in age, or
part Precambrian and part Tertiary. Some silver is recovered from
the gold ores.

Peam‘mtltes associated with Precambrian granite in the southern
Black Hills are the source of the light metals berylium and lithium,
which occur mainly in the minerals beryl and spodumene respectively ;
these, together with feldspar and mica constitute a small but sig-
nificant p‘ut of South Dakota’s mineral production. Tungsten and
tin also occur in quartz velns and peO'm‘Ltltes associated w1th omnltlc
rocks in the Black Hills. Precambrian iron formation in the Nemo
area of the Black Hills is a mineral commodity of potential value.

In the northeastern part of South Dakota near the Big Stone Lake.
area (fig. 3) the Milbank granite of Precambrian age has been quar-
ried extensively for monumental stone. Annual value of production
of this resource alone amounts to about $3 million.

Peripheral to and surrounding the Precambrian rocks of the Black
Hills is a thick sequence of steeply to gently dipping sedimentary
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rocks of Paleozoic and Mesozoic ages which have yielded important
quantities of limestone, clay, gypsum, and uranium, and minor
amounts of gold-silver, lead-silver, and tungsten. These account for
about 10 percent of the State’s total mineral production. The uranium
industry in South Dakota is relatively new and shows promise of add-
ing substantially to the State’s economy. The possibility that addi-
tional mineral deposits can be found underneath the younger rocks
on the flanks of the Black Hills has not been much investigated, and
%I)nfl)iortant concealed deposits may yet be found in western South
akota.

Sand and gravel, which are widely distributed over most of the
State have been produced in a larger volume than any other mineral
product and are second only to gold in total value. They account
for about 10 percent of the total mineral output. In the area east
of the Missourl River, the sand and gravel deposits of South Dakota
are found in glacial outwash, whereas in the western unglaciated por-
tions of the State most of the deposits are confined to the terraces of
the major streams and their tributaries. Alluvial fans and mountain
outwash are valuable sources for the commodity in and around the
Black Hills.

In northwestern South Dakota approximately 7,700 square miles is
underlain by the Hell Creek and Fort Union Formations of Late
Cretaceous and Paleocene age which contain lignite (fig. 2). In Fall
River County in the southwestern part of the State small quantities of
bituminous coal are present in the Lakota Formation of Early Cre-
taceous age. Both the lignite and the bituminous coal have been
mined to a very limited extent and used largely for domestic heat-
ing. Nevertheless, the lignite deposits of northwestern South Dakota
constitute a resource of considerable magnitude and potential value.
Many of the thin impure lignite beds contain uranium of ore grade.
Although most of the production of uranium from South Dakota has
been from sandstone-type deposits in the Black Hills, the lignites con-
stitute the greater reserve. Lignite with a uranium content less than
ore grade, as currently valued, also underlies large areas in the north-
western part of the State. These low-grade deposits constitute a
large potential resource of uranium, the development of which is de-
pendent on the use of lignite as fuel and the recovery of the uranium
as a bvproduet.

South Dakota was considered a future petroleum-producing prov-
ince at least 13 years prior to the discovery of commercial production
in Harding County in 1954. To the present time, however, exploration
has been limited and the State’s petroleum potential has not been fully
explored. Most of the State’s production is from the Red River
Formation of Ordovican age (at a depth of about 8,600 feet) in the
Buffalo oil field in the northwestern part of the State, and from the
Minnelusa Formation of Pennsylvanian and Permian age (at a depth
of about 1,500 feet) in the Barker dome in Custer County, in the south-
western part of the State.

Production of natural gas in South Dakota is at present negligible.
Small production accompanies the production of petroleum at the
southeast end of the Cedar Creek anticline in the Buffalo oil field, and
at Barker dome on the southwestern flank of the Black Hills uplift.



AND WATER RESOURCES OF SOUTH DAKOTA 35.

MINERAL

spaepuels 00§ ‘29°1 I®
pafanans deuws paysiigqng

‘5961 Yore ‘eiovedf yinog ur Fuiddew srqderfodol paysigng—'L 24NO1]

spaepuels 00 ‘pZ:1 3B
pahasans dew paysijqng

' 2
>Qtﬂ.~.&£ N v.,(

UCSIPE W
a

N

8y oz.Jb w Quu
Yiysimsay %

aunow
dWNYD
o~

i —

o'



MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

36

‘H9GT Y2IB ‘BIoNE Yinog ur Fuiddewr xFo[oad paysijqnd—'g TuNOIL]

il O o ez ov 09¢ ‘€9°1 PUB 000 ‘0521 T

u2om}aq SITROG B 1. Ia31®] 10 09¢ ‘€Q9:[ Sa(EO§ N
mmE u~mo~om0 Um:mﬁﬂ:m § 1e dey s18o(02n paysuqng %

- > 0 Ev

\{

N

)
| f7 —
i | ——— e ST
£y 4 ! _rmun — X b
AN ehe atntes B | - _, Fa o
N - ot X N |_M_..._WIr||. 1 f
! i
L PO
BN N o)
] e |
SRR G\ﬁ : N ]
_ g™ _ A
S U B 7%
4 i ﬁ\W\\ X b
»y I
- 1
rh iy, N s, T
X |
/y;./:/vz 17
N = 1
T, e — - s
_, J ._ m ﬁ
_ _ _ \
L. l%--]--IFJ-- _ .
L6 o86 2001 o 201 ol g



MINERAL AND WATER RESOURCES OF SOUTH DAKOTA 37

Water of generally good quality that has contributed much to the
State’s economy is produced from glacial drift in the area east of the
Missouri River and from the semi-consolidated rocks of the Chadron,
Brule, Arikaree, and Ogallala Formations of middle and late Tertiary
ages in the High Plains section along the South Dakota-Nebraska
border. The importance of these rocks as aquifers has long been recog-
nized and much effort presently is being directed to their study.

Evaluation of the mineral and water resources of South Dakota is
facilitated by topographic and geologic mapping. Asshown on figure
7, modern topographic maps are available for only about a third of
the State. Similarly, as shown on figure 8, less than two-thirds of the
State has been mapped geologically. It isevident,therefore, that much
mapping remains to be done.

Aeromagnetic maps by the U.S. Geological Survey in South Dakota
are limited to two areas: (1) the central and eastern parts of Lawrence
County—the Deadwood area (Meuschke, Philbin, and Petrafeso,
1962), and (2) the southwestern part of Custer County (Meuschke,
Johnsen, and Kirby, 1963). These maps, compiled on 7l4-minute
topographic sheets, are published at scales of 1/48,000 and 1/62,500,
respectively, and cover approximately 800 square miles in southwestern
South Dakota.

The U.S. Geological Survey (1963) has published a topographic
base map of the State (1 inch=about 8 miles—contour interval 200
feet) which shows the principal highways, railroads, water facilities,
county boundaries, all towns, and most of the smaller settlements.

Areas in South Dakota for which geologic maps are available—
the source of publication, date, author, and approximate scale of each
map—are given by Boardman and Brown (1958). Many of the pub-
lications to which these authors refer may be consulted in the follow-
ing libraries in South Dakota:

Brookings: Lincoln Memorial.

Pierre: South Dakota Free Library Commission.

Rapid City: South Dakota School of Mines and Technology.

Sioux Falls: Carnegie Free Public.

Vermillion: South Dakota Geological Survey, University of
South Dakota.

A more detailed description of the resources on a commodity-by-
commodity basis is presented in the following chapters.
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METALLIC MINERAL RESOURCES

(By R. H. Miller, State Industrial Development Expansion Agency, Pierre,
S. Dak.)

INTRODUCTION

Historically gold has been, and is, the most important metallic
mineral resource of South Dakota. " The discovery of gold gave the
1mpetus to rapid settlement of the Black Hills, and the production
of gold has been economically important to the State for many years.
In fact, such development of metallic mineral resources as there has
been in South Dakota has come about, at least in part, as a result of
the search for gold. Recently gold has been produced in amounts
annually reaching a figure near $20 million, and the gold-mining
industry is one of the leading employers in the State. Other metals
have not fared as well over the years. '

Silver has been produced primarily as a byproduct of gold, except
during the early 1900’s when silver was procduced with lead mined
from the Galena, Spokane, and Silver City areas in the Black Hills.
Production from these areas rapidly declined after a few years. Im-
proving prices for silver might eventually revive interest in some of
these old mining areas.

Uranium and vanadium are latecomers to the South Dakota mining
econony ; first shipments of these metals were made to a buying station
at Edgemont in 1952. A uranium processing plant began operation
In 1956, and it had a stimulating effect on uranium ore production
in the area. Production of byproduct vanadium from uranium
processing began not long after. At the present time, molybdenum
is being recovered from lignite ash processed with the uranium ore
at the Edgemont plant.

South Dakota’s iron ore resources include a wide variety of minerals,
mostly in the Precambrian iron formation in the area between Stean-
boat Rock and Benchmark, which remains practically untouched. In
relatively recent years similar ores elsewhere have become attractive
in the production of beneficiated pellets for the steel industry.

Manganese is one of the few metals found in quantity outside of
the Black Hills area. The manganese occurs as nodules in certain
shales that crop out along the Missouri River. An immense bocdy of
low-grade manganiferous material has attracted interest from time
to time, and several attempts have been made to find a cheap method
of separating the manganese nodules from the enclosing shale. Pro-
duction has occurred only intermittently, and has been related to pilot-
plant operations. In recent years additional large resources of man-
ganese nodules have been discovered in Pleistocene gravels that are
widespread east of the Missouri River.

Production of most metals in South Dakota has fluctuated widely,
except for gold, silver, and some of the metallic minerals that have
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come into prominence in recent times. Even gold production was
reduced drastically by government order during World War II. Pro-
duction of copper, lead, zine, tungsten, tin, and some other metals
reached their production heights, for the most part, 60 or more years
ago. Reports of the State mine inspector show, for instance, that
production of copper, lead, and zinc probably was greatest before
1888, with values estimated at $750,000 in the period around 1881 and
1883. After 1900 production dropped to practically nothing except
for a brief revival during World War I1 when production valued at
$36,000 was recorded In 1942. Small amounts of these metals are
still mined from time to time.

Although tungsten is known to exist in several areas of the Black
Hills, the only area that has produced tungsten in quantity is around
Lead and Deadwood. Tungsten was mined in this area from 1913
through 1918, reaching a peak production of about $400,000 in 1916,
but output has been practically nonexistent since. Association with
low-grade gold ore, which permitted the recovery of both minerals,
was an important factor in the production of tungsten. Higher prices
for tungsten during World War I undoubtedly also had an important
influence on production.

There has been, at one time or another, considerable interest in re-
covering tin from the mineral cassiterite; however, very little tin has
been produced in South Dakota despite the flurries of mining and mill
construction. Activity began in 1884 with the formation of the Har-
ney Peak Tin Co., and centered around the Hill City area where
cassiterite was found associated with small pegmatites and quartz
veins. Interest later shifted to the Tinton area of Lawrence County.
Tin produced in South Dakota sold for about $110,000 (table 5) ;
most of it was mined more than 50 years ago.

Development of most of the known deposits of metallic minerals has
been associated with the search for gold and most of it occurred before
1915. There have been very few discoveries since then. Nevertheless,
it is most unlikely that South Dakota’s metallic mineral deposits have
all been discovered.

There is a chance that resources unknown today, in quantity and
quality adequate to permit extraction, can be found, that interest n
mining can be aroused, and production increased if some of the follow-
ing techniques were applied :

1. Large-scale geophysical and/or geochemical exploration for
geologic conditions favorable to ore deposits, followed by ade-
quate core drilling in pertinent areas.

2. Review by the mining industry of some abandoned areas
of the Black Hills, with a view toward reappraisal of mineral
values in light of present day large-scale mining and metallurgical
techniques.

3. Application of adequate capital and knowledge to the devel-
opment of untested areas believed to be physically and mineralogi-
cally favorable to exploration and mine development.

Some small beginnings have already been made along these lines,
and hopes for the future are bright.
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GOLD AND SILVER
(By M. H. Bei'gendahl, U.S. Geological Survey, Denver, Colo.)

The precious metal mining districts of South Dakota are concen-
trated in a small area in the central part of the Black Hills, in the
western part of the State (fig. 9). Gold is the principal commodity,
most of which has come from the great Homestake mine in the Lead
district. Silver has been more or less a byproduct of gold mining;
there are no deposits that are mined for silver alone, with the possible
exception of some in the Squaw Creek district in the 1880°s. Total
output of gold from 1876 through 1963 is 29,956,294 ounces; silver
production for the same period 1s 11,873,069 ounces.® Figure 10 shows
yearly output of gold and silver. N

HISTORY

The first documented mineral discovery was made in 1874, during
Gen. George A. Custer’s reconnaissance expedition to the Black Hills.
The actual discovery is credited to two miners attached to the expedi-
tion who found gold in gravel bars along French Creek. News of
this discovery attracted many prospectors to the area, even though the
country then belonged to the Sioux Indians, who were not overly
enthusiastic at having their domain overrun. Equally adamant in
this respect was the U.S. Government, which was bound by a treaty
to keep whites out of the Black Hills. In 1875, another expedition
under the direction of W. P. Jenney was sent to the Black Hills to
appraise the potential mineral wealth of the region. The French
Creek discoveries were confirmed, and numerous additional occur-
rences of placer gold were reported (Newton and Jenney, 1880, p.
226-294). In 1876 the Black Hills were ceded to the United States,
and prospectors flooded into the area. By 1880 from $6 million to
$8 million worth of placer gold had been mined, about half of which
came from Deadwood Gulch (Lincoln, én Lincoln, Miser, and Cum-
mings, 1937, p. 11, 12).

The first lode clalms were located in December 1875 in the Lead
district; these were later purchased to form the original holdings of
the Homestake Mining Co. As the placers became depleted the Home-
stake Co., through judicious development and acquisition of other
properties, became the leading operator in the Black Hills and the
largest gold producer in the United States. Several smaller companies
also developed lodes in the Deadwood, Garden, Bald Mountain, Squaw
Creek, Hill City, aud Keystone districts.

GENERAL CHARACTERISTICS OF THHE DEPOSITS

The gold and silver deposits of South Dakota can be grouped into
the following classes:
1. Replacement deposits and veins in Precambrian rocks (Lead,
Hill City, Keystone districts)
2. Deposits that resemble placers in the basal Cambrian con-
glomerate (Deadwood, Lead districts)

1 Source of data, U.S. Bureau of Mines.
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3. Replacement deposits of Tertiary age in the Deadwood For-
mation of Cambrian age and the Pahasapa Limestone of Missis-
sippian age (Deadwood, Lead, Garden, Bald Mountain, Squaw
Creek districts)

4. Deposits in the Tertiary eruptive rocks (Deadwood district)

5. Placer deposits (Deadwood, Squaw Creek districts)

More detailed discussions of the major districts follow. A few dis-
tricts that are not described here have produced small quantities of
gold and silver: the Galena district (Connolly and O’Harra, 1929, p.
188-198, Tullis, this report, p. 60), and the Silver City district (Con-
nolly and O’Harra, 1929, p. 185-188, Tullis, this report, p. 62).

LAWRENCE COUNTY

Deadwood-Two Bit district

This district is in the vicinity of the town of Deadwood in the east-
central part of Lawrence County and includes mining camps in Dead-
wood Creek, Two Bit Creek, Strawberry Creek, and Elk Creek. Both
placers and lodes have been productive; however, most of the gold
has come from placers along Deadwood Creek. Total output is at
least 284,000 ounces of gold and 28,700 ounces of silver. The data
for silver are incomplete, and total production may be several times the
amount given here. The Deadwood Gulch placers, discovered in 1875,
yielded an estimated $4 million in gold by 1880. Stimulated by the
rich placer finds, prospectors combed the area and soon found a variety
of other gold-bearing deposits, including placer-like deposits in the
basal conglomerate of the Deadwood Formation of Cambrian age.
The history of the Deadwood-Two Bit district is characterized by
sporadic activity, and there hias been no major producer with sustained
output. The district has been virtually dormant from 1937 through
1963.

In 1878 gold ore was found in Precambrian rocks in the Clover
Leaf mine 1n the southeastern part of the district, near Roubaix. It
was worked for only about 10 years, but during this period $400,000
in gold was extracted. Periodic operatious were undertaken in later
years, and the mine was closed in 1937 (Allsman, 1940, p. 14). The
Clover Leaf deposit is in Precambrian mica schist, slate, chlorite
schist, quartzite, and amphibolite. The ore consists of galena, sphal-
erite, pyrite, and native gold in a saddle-shaped mass of quartz on a
southeast-plunging anticlinal fold in the mica schist (Connolly and
(O’Harra, 1929, p. 113).

From 1876 to 1881 the so-called placer deposits of the Deadwood
Formation yielded large amounts of gold. Activity declined rapidly
after 1881 when these deposits were virtually exhausted (Allsman,
1940, p. 22). One of the most productive properties was the Hidden
Treasure mine (Irving, Emmons, and Jaggar, 1904, p. 106). These
deposits consist of a gold-bearing conglomerate overlying the Pre-
cambrian rocks. Pebbles and small boulders of quartz, quartzite,
and schist are cemented by pyrite or iron oxide where the conglomerate
1s gold bearing. The barren conglomerate is characterized by a
quartzitic or calcareous matrix. Though Irving and Emmons (in
Irving, Emmons, and Jaggar, 1904, p. 99, 111) did note that some of
the gold may have been introduced with the pyrite and some may have
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been chemically reprecipitated in the conglomerate by ferric sulfate
solutlons, they postulated that much of it was of detrital origin,
derived from erosion of the gold lodes in the Precambrian rocks
nearby. Noble (1950, p. 246), on the other hand, doubted that any of
the gold is of placer origin, but rather that it was introduced by
hydrothermal solutions.

Gold and silver have also been mined from replacement deposits
in dolomite beds in the Deadwood Formation. The earliest record of
production from these deposits is 1892, when the Mascot mine, about
3l miles east of Deadwood, began shipping ore (Allsman, 1940, p.
50). 'Two zones, known as the “lower contact” and “upper contact,”
contain the ore bodies. The “lower coutact,” which ranges from a
few feet to 30 feet 1n thickness, consists of several dolomite beds inter-
layered with shale beneath an impervious shale and immediately over-
lying the basal quartzite unit. The “upper contact” is near the top
of the formation and consists of from two to six beds of dolomite
separated by shale. The ore bodies are lenticular masses parallel to
bedding and consist of aggregates of quartz, chalcedony, barite, and
fluorite, in which are disseminated fine-grained pyrite, arsenopyrite,
and locally stibnite. Gold and silver cannot be recognized in the
ore, but tellurium is present in analyses, and the gold and silver prob-
ably occur in fine-grained telluride minerals (Irving, Emmons, and
Jagear, 1904, p. 124-143). Replacement deposits in the lower zone
have yielded small amounts of gold and stlver in the Belle Eldridge
mine (Davis, 1948, p. 2,3 ; Tullis, this report, p. 60).

A few gold deposits in the vicinity of Strawberry Gulch, about 3 to
4 miles southeast of Deadwood, occur in Tertiary eruptive rocks and
in brecciated Precambrian and Cambrian rocks i the vicinity of the
intrusives. These discoveries date back to about 1893, when the Oro
Fino property of the Gilt Edge Mines, Inc., was worked (Allsman,
1940, p. 56). Most of the ore is in the form of auriferous limonite
fissure fillings in a large mass of decomposed quartz monzonite por-
phyry. The limonite gives way at depth to pyrite, a little galena
and copper sulfides (Allsman, 1940, p. 57).

Lead district

The Lead district is in central Lawrence County and contains the
Homestake mine, the leading gold producer in the United States and
the only major operation in the district.

The total production of the district is about 26,133,000 ounces of
gold and roughly 6,100,000 ounces of silver through 1962. ,
The Homestake Mining Co., which was incorporated in 1877, origi-
nally held only two fractional claims covering about 14 acres. These
were purchased from the prospectors who located them in 1876 and
and took out about $5,000 in gold. Other companies—the Father de
Smet, Highland, and Deadwood-Terra—were organized and in opera-
tion in 1878, but they were gradually assimilated by Homestake
(Irving, Emmons, and Jaggar, 1904, p. 57). By 1931 the Homestake
Co. controlled 654 mining claims covering 5,639 acres (Eng. and
Mining Jour.,, 1931, p. 290). The scale of operations has been in
continual expansion ; production since 1953 has been more than 500,000

ounces of gold and about 100,000 ounces of silver per year.

Rocks in the Lead district are Precambrian in age and consist of
six formations with a total thickness of about 20,000 feet. A few
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erosional remnants of the basal conglomerate of the Deadwood Forma-
tion, of Cambrian age, cap some of the hills and ridges. Igneous
rocks are of two ages: amphibolite bodies derived from Precambrian
gabbroic rocks, and small stocks, plugs, and dikes of Tertiary por-
phyries that range in composition from granite to syenite (Noble and
Harder, 1948, p. 942-954).

The Precambrian rocks are dominantly iron-magnesium schistose
rocks in the lower part of the sequence and argillaceous phyllites and
schists in the upper part. They were isoclinally folded in Precambrian
time and deformed further during the time of Tertiary intrusive
activity. In the vicinity of the Homestake mine the lower three Pre-
cambrian formations of Hosted and Wright (1923)—the Poorman,
Homestake, and Ellison—are exposed. All of the major ore bodies
occur in the Homestake Formation, which is a sideroplesite schist
containing many bands of reerystallized chert. Where the meta-
morphism of Precambrian rocks reached the garnet grade of progres-
sive metamorphism, the sideroplesite schist of the Homestake Forma-
tion is converted to cummingtonite schist (Noble and Harder, 1948,
p. 963-965) .

The ore bodies are linear or pipelike chloritized portions of the
Homestake Formation, with fairly abundant veins and masses of
quartz and less abundant pyrrhotite, pyrite, and arsenopyrite (Noble,
1950, p. 231-236). Minor constitutents are ankerite, cummingtonite,
biotite, garnet, albite, calcite, sericite, fluorite, galena, sphalerite,
chalcopyrite, specularite, magnetite, gypsum, and gold. Four distinct
stages of mineralization have been recognized: quartz-chlorite-
arsenopyrite, quartz-ankerite, pyrrhotite, and pyrite-calcite. Most
of the gold is associated with the quartz-chlorite-arsenopyrite stage,
and the presence of arsenopyrite is used as a rough guide for ore, al-
though gold also occures sporadically where arsenopyrite is absent.

Noble (1950, p. 224-231) noted that the ore bodies are localized in
zones of younger cross folds superimposed on the older isoclinal folds.
Dilatancy, or increase of porosity, in these zones permitted a free cir-
culation of mineralizing fluids.

The age of mineralization of the Homestake deposits has been pos-
tulated as both Precambrian and Tertiary. In reviewing the evidence
and the opinions of earlier workers, Noble (1950, p. 245-247) con-
cludes that the problem is far from being solved.

In addition to those just described, two other types of gold deposits
have been mined on a small scale in the distriet. Auriferous conglom-
erate in the thin remnants of the Deadwood Formation in the hills just
north of the town of Lead supported small gold mining operations,
and replacement deposits in the lower zone of the Deadwood Forma-
tion in the Yellow Creek area yielded about 125,070 ounces of gold
and at least 158,000 ounces of silver (Connolly and O'Harra, 1929,
p. 137-142; Allsman, 1940, p. 40).

Garden district

The Garden district is from 1 to 3 miles northwest of Lead in Black-
tail and Sheeptail Gulches and False Bottom Creek.

Though some properties were probably worked in the 1880, the
principal mine in the district, the Maitland mine, was not operative
until 1902. Total gold production of the district is at least 176,000
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ounces. Total silver output has not been ascertained, but Allsman
(1940, p. 41) lists 76,249 ounces from the Maitland mine from 1902-37.
Bedrock m the district consists of slate, schist, and quartzite beds of
Precambrian age, the Deadwood Formation of Cambrian age, and
bodies of intrusive quartz monzonite porphyry and rhyolite of Ter-
tiary age (Darton and Paige, 1925, geologic map). The ore deposits
are replacement bodies in dolomite beds in the lower part of the Dead-
wood Formation, directly above the basal conglomerate. Fractures,
parallel to the foliation of the Precambrian rocks, extend upward into
the Deadwood Formation and provided avenues for the mineralizing
solutions. Primarily ore consists of finely divided gold and silver in
pyrite, but most of the ore mined was oxidized and was probably
mostly gold- and silver-bearing limonite (Allsman, 1940, p. 42).

Bald M ountain district

The Bald Mountain district 1s 314 miles southwest of the Lead dis-
trict in Lawrence County.

Claims were located in the Portland area in 1877, but early mining
was handicapped by the highly refractory nature of the ore. By 1891
the milling and metallurgical difficulties were overcome by the chlo-
ridation process, and in 1892 cyanidation of the ore proved successful
(Connolly and O’Harra, 1929, p. 143-147). The district entered a
period of prosperous development that was terminated at the close
of World War I because of high costs. The increased price of gold
in 1934 caused a pronounced reactivation which lasted until World
War II. After the war mining was resumed on a small scale, but high
costs again forced the owners to close in 1959.

Total gold production is roughly 1,400,000 ounces. Silver output
since 1902 is about 2,300,000 ounces.

Rocks of the district are chiefly southwest-tilted strata of the Dead-
wood Formation of Cambrian age. Nuwmnerous sheets, dikes, and irreg-
ular bodies of phonolite and rhyolite porphyry of Tertiary age cut
the Deadwood and the underlying Precambrian rocks (Irving, Em-
mons, and Jaggar, 1904, p. 144, 145).

The ore deposits are in replacement bodies in dolomite beds of both
the upper and lower zoues of the Deadwood Formation. They are
the most productive deposits of this type in the Black Hills, some
shoots being as much as several hundred feet long. Two types of ore
are recognized: blue ore, which is the primary ore, and red.ore, which
is oxidized ore. The primary ore consists of pyrite and probably arse-
nopyrite, most of which is very fine grained. In some ore the gold
telluride, sylvanite, has been found, but most of the gold is believed to
be associated with the fine-grained pyrite (Connolly and O’Harra,
1929, p. 162). Small amounts of galena and sphalerite are seen
in polished sections of the ore. The gangue is chiefly quartz, some
fluorite, gypsum, and barite. Most of tlie ore mined is the red ore,
which consists essentially of gold-bearing limonite.

Squaw Creek district

This district is in the western part of Lawrence County, west of the
Bald Mountain and Garden districts. For the purpose of this report,
g}e smaller Carbonate district is included with the Squaw éi‘eek

1strict. :
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Recorded gold production is about 76,000 ounces; incomplete rec-
ords of silver output total about 30,500 ounces (Allsman, 1940, p. 51—
56).

Lead and silver ores were discovered in the Carbonate area in the
early 1880, and production was at its peak from 1885-1891. Only
small amounts of gold were recovered as a byproduct from this ore
(Allsman, 1940, p. 53). In 1896 considerable excitement was caused
by the discovery of boulders of silicified limestone containing gold in
the Ragged Top Mountain area. Shortly thereafter gold lodes were
found west and south of Ragged Top Mountain and in the Squaw
Creek and Annie Creek areas. After 1914, activity in the district
declined, and only a few ounces of gold from scattered placers were
recovered from 1915 through 1962.

The Squaw Creek district is a plateau 214 miles wide and 5 miles
long on the northwest side of the Black Hills dome. The Pahasapa
Limestone of Mississippian age, which forms the cap rock on the
plateau, is underlain by the Cambrian sedimentary rocks which are
exposed along streams that have cut through the limestone. The
sedimentary rocks are intruded by Teritiary porphyry bodies, and
in the Ragged Top Mountain area a laccolith of phonolite is intruded
at the base of the Mississippian beds (Irving, Emmons, and Jaggar,
1904, p. 172). The ore bogies occur in the flat-lying Pahasapa Lime-
stone adjolning the phonolite mass.

The richest deposits are west of Ragged Top Mountain, in flat-lying
masses of silicified Pahasapa Limestone which apparently are the
lateral extensions of the tops of vertical fissure veins. According to
Allsman (1940, p. 52), a thin, relatively impervious capping appears
to cover most of the deposits, indicating that the capping caused the
rising mineralizing solutions to spread below the cap, thus forming
the flat ore bodies.

PENNINGTON COUNTY
Hill Oity district

The Hill City district includes several widely scattered gold de-
posits in western Pennington County, in the vicinity of Hill 6ity and
to the northwest around Rochford. Incomplete data show the district
produced at least 35,400 ounces of gold, but silver output apparently
has been negligible.

Country rock in the district is complexly folded and distorted Pre-
cambrian schist and quartzite. A short distance to the southeast,
the metasedimentary rocks are intruded by the Precambrian Harney
Peak granite (Darton and Paige, 1925, p. 3-5; Connolly and O’Harra,
19929, p. 129-134).

The lode gold deposits occur in quartz fissure veins and lenses and
mineralized shear zones. The deposits southwest and east of Hill City
are chiefly quartz veins that cut the metamorphic rocks (Allsman,
1940, p. 69). The veins vary in width from a few inches to 6 feet.
Most of them are shallow, although a few have been mined to depths of
a few hundred feet. The veins cousist predominantly of quartz in
which free gold is irregularly distributed. West of Silver City a
quartz vein in the schist contains masses and streaks of lead-antimony
sulfide, arsenopyrite, pyrite, a little sphalerite, and free gold (Paige,
#n Darton and Paige, 1925, p. 28).
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The mineralized shear zones are most common in & belt extending
northwest from Hill City (Allsman, 1940, p. 69). These are zones of
brecciated schist cemented by granular quartz with arsenopyrite, py-
rite, sphalerite, and free gold. Most of these deposits are of low grade.

In the Rochford area gold deposits are found in quartz veins and
lenses that cut the cummingtonite schist {(Connolly and O’Harra, 1929,
p. 129-134). The ore minerals are arsenopyrite, pyrite, pyrrhotite,
chalcopyrite, a little magnetite, and gold which is associated particu-
larly with the arsenopyrite. The gangue minerals are cummingtonite,
quartz, carbonates, biotite, garnet, and chlorite. The general char-
acter of the ore and the geologic relations are analogous to those in
the Homestake deposit (Noble and Harder, 1948, p. 954-955).

Keystone district '

The Keystone district is in the western part of Pennington County,
in the vicinity of the town of Keystone. Total gold production has
been about 85,000 ounces, most of which has come from the Keystone-
Holy Terror mine. Silver hasbeen of little importance.

The Keystone district is on the northeast side of the Harney Peak
granite batholith near the eastern margin of the core of Precambrian
rocks of the Black Hills (Darton and Paige, 1925, Structure sections,
Central Black Hills region). Precambrian schist, quartzite, and
amphibolite, with many granite and pegmatite dikes, are the predomi-
nant rocks of the district. The rocks are tightly folded and are cut by
faults and shear zones, some of which are mineralized (Connolly and
O’Harra, 1929, p. 120-121).

‘The ore bodies are in quartz veins or lenticular replacement deposits
which trend parallel to the foliation of the enclosing schist. The Holy
Terror vein was mined for a maximum distance ot 1,200 feet and had
a width ranging from a few inches to 6 feet. The gangue consists of
white quartz, and the ore mineral was coarse flaky gold (Allsman,
1940, p. 91). Other deposits contained a wider variety of minerals,
including arsenopyrite, pyrrhotite, pyrite, chalcopyrite, sphalerite,
and native gold as ore minerals and quartz, horneblende, biotite,
ankerite, chlorite, graphite, and garnet in the gangue. In some de-
posits the gold is very fine grained.

OUTLOOK FOR FUTURE

As in the past, the eminent position of South Dakota as a producer
of precious metal is dependent largely on the Homestake mine, which
despite constantly increasing costs and slight decreases in the grade
of ore, achieved a record high output of $20,270,973 * in bullion in 1962.
The future of gold and silver production not only from the Homestake
mine but also from other deposits in the area is largely dependent on
unpredictable economic factors. ILabor and material costs, depth of
mining, grade of ore, and technology of milling all profoundly affect
the gold and silver reserve picture. Undoubtedly production will
continue for years to come, and the history of past production sug-
gests that the general area has a resource potential in these metals of
considerable magnitude which could support future mining activity.

185th Annual Report of the Homestake Mining Co.
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URANIUM
(By G. B. Gott and G. N. Pipiringos, U.8. Geological Survey, Denver, Colo.)

Uranium is the basic raw material from which atomic energy is
derived. Its major use, therefore, is in atomic weapons and as a fuel
for various kinds of reactors. Small quantities of uranium are also
used in the ceramic, electrical, and chemical industries. Uranium is
composed of isotopes U, U2, and U*¢, Over 99 percent of the nat-
urally occurring uranium is U%®8,  The isotope U%* is fissionable, and
U=# can be converted to fissionable plutonium by neutron bombard-
ment.

Figure 11 shows the distribution of uranium deposits in South
Dakota. The names of these deposits are shown in table 2. Deposits
of uranium-bearing sandstone and lignite are the only commercial
sources of this metal in South Dakota. Significant but non-economic
concentrations also occur in organic-rich shales (fig. 11, locality 33).
Uranium minerals occur in Precambrian rocks in the Black Hills but
these minerals are so disseminated that they do not constitute a com-
mercial source.

TaABLE 2.—Uranium deposits in South Dakota
[Numbers refer to deposits shown on fig. 11]

Name of deposit Remarks
1 Lodgepole area ' ___._______ Includes Johnson outlier data from Zeller and
Schopf (1959, p. 69); constitutes unnamed
locality 1 of Butler, Finch, and Twenhofel

(1962, p. 20).
2 Teepee Buttearea.__.____._
3 TFlattop Butte claims 1_____..
In North Cave Hills area,
4 Riley Passareat__________
5 CubLode! ______________
6 Table Mountain claims___._
7 Lonesome Pete mine ! _____ Includes another occurrence of uranium in
phosphatic claystone. See D No. 2 claims,
Anonymous (1956).
8 BlueJayclaims! ____ _____
9 McKenzie Butte 1__ _______
10 Sheep Mountain area______ Constitutes unnamed locality 10 of Butler,
Finch, and Twenhofel (1962, p. 20).
11 Falecongroup______________ Location revised from that shown on map of

Butler, Finch, and Twenhofel (1962).
12 Calamity Jane group__.._.__

13 BarHoarea____.___________ Data from Zeller and Schopf (1959, p. 69).

14 Thyboeclaim . ____________

15 Mendenhall mine__ _______. Data from Gill, Zeller, and Schopf (1959, p.
113).

16 Dot No. lelaim___________
17 Flattop Butte '____________
In Slimn Buttes area.

18 Cedar Canyonarea 1.______ Sandstone-type deposit. Locality includes
: State lease claim—a lignite-type deposit.
19 Quad claim group . ______. Lignite-type deposit. Locality includes Lucky

Strike and Hinds claims which are sandstone-
type deposits.

20 West Short Pine Hills area_ . Uranjum occurs in limestone and siltstone beds.
Data from Gill (1954, p. 153).

21 Klinggroup!. . __._.______. Includes Bonata, Apland McKay, and Engelson
leases.

22 Lamberton prospect.._____ Includes an unnamed prospect on U.S. Govern-
ment land.

See footnote at end of table, p. 51,
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TaABLE 2.—Uranium deposits in South Dakota—Continued

Name of deposit Remarks
23 Mil Lode__ . ... ___.___ Includes Ross Hannibal mine and others nearby.
24 Caylor-Preston ranch_ _____ :
25 Dakota prospeet '.._______ Includes Grizzly Creek and Dorothea prospects.
26 Harney No. 2 prospect_____
27 Rubeclaims!_ ____________ Includes other nearby occurrences.

28 Sec. 7 oceurrence. __ - __.
29 Elkhorn No. 1_____._.______
30 Lost Canyon No. 1 mine !__ Includes other nearby claims.
31 Jim Rab claim____________

32 Triangle mine 1____________ Includes other nearby mines.

33 Hot Brook Canyon area____ Uraniferous black shale of marine origin in
Minnelusa Formation.

34 Coal Canyon group '_______ Includes all adjacent mines in the Fall River
Formation.

35 Hot Point group'__.______ Includes all adjacent mines in the Lakota
Formation.

36 Rungemine______________.

37 TUpper Chilson Canyon '____ Includes numerous mines and claims in the

) vicinity of Upper Chilson Canyon.

38 Washboard group o ___.___. Includes the Accidental, Lord, and Baxter
leases.

39 Canyon Lode_____________ Carnotite in Fall River sandstone.

40 Lake No.1_______________ Uranium minerals in Fall River sandstone.

! Includes other elaims. Localities 1 to 20 are lighite-type deposits and localities 21 to 40 are sandstone-
type deposits except as noted in remarks. Data from Butler, Finch, and Twenhofel (1862, p. 20-21) except
where indicated otherwise.

The search for uranium resources in recent years has been very suc-
cessful. The U.S. uranium ore reserves have been estimated at 74
million tons containing 0.28 percent U,Os, which represents about one
fourth of the free world uranium ore supply (Baker and Tucker,
1962). South Dakota uranium reserves include 68,300 tons of sand-
stone-type ores containing 0.22 percent U,O5 and 206,900 tons of lignite
containing about 0.33 percent U,Os. Most of the uranium production
In South Dakota has been from the sandstone-type ores in the Black
Hills area, which has totalled some 367,497 tons of ore containing
1,352,000 pounds of U,O; as of October 1, 1963. Some 33,135 tons of
lignite containing 311,000 pounds of UsO; has been produced from the
Cave Hills and Slim Buttes areas (localities 2 to 10 and 12 to 19, fig.
11, respectively).! The average U O; content of the lignite ores has
been 0.47 percent and of the sandstone ores has been 0.18 percent.

The production and reserve figures given by the Atomic Energy
Commission indicate that the potential future production from lignite
beds containing about 0.33 percent uranium is about equal to that
already produced from the sandstone-type deposits in the Black Hills.

In addition, large areas in Harding and Perkins Counties are un-
derlain by lignite whose uranium content is less than 0.1 percent. Ac-
cording to Denson, Bachman, and Zeller (1959, p. 41-47), the uranif-
erous lignite and related beds of northwest South Dakota probably
contain on the order of about 340 million tons of lignite whose uran-
ium content approaches 0.01 percent. Gill, Zeller, and Schopf (1959,
p. 111-112), using core-drilling data, supplemented by several hun-
dred outcrop samples aud measurements, have estimated that the Slim
Buttes area alone is underlain by more than 330 million tons of lig-

1 Reserve estimates and production data from U.S. Atomic Energy Commission, written
communication, Dec. 13, 1963.
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nite that contain an average of 0.007 percent uranium in beds averag-
ing 5 feet in thickness. Although these low-grade uraniferous lignite
beds constitute a large potential source of uranium, their exploitation
is contingent on using the lignite for fuel and subsequent recovery
of uranium as a byproduct.

TRANIUM IN BANDSTONE

The first discovery of a commercial uranium deposit in South
Dakota was in 1951 in Craven Canyon (locality 35, Fig. 11) in the
southern part of the Black Hills (Page and Redden, 1952; Gott and
Schnabel, 1963). This deposit and those discovered later are of the
sandstone-type uranium-vanadium deposit that occur abundantly on
the Colorado Plateau and elsewhere in the western United States.
The deposits are lens-shaped bodies of sandstone that have been im-
pregnated with uranium and vanadium minerals. Depending on the
kinds of minerals, three types of ores are recognized : yellow oxidized,
purplish-black partly oxidized, and black unoxidized ores.

The uranium and vanadium minerals from the Black Hills that
have been identified from the oxidized, partly oxidized, and unoxi-
dized zones are tabulated below. The oxidized and partly oxidized
minerals are largely uranium or calcium vanadates, and the black
unoxidized ores are largely uranium and vanadium oxides.

TArLE 3.—Minerals in the Black Hills uranium-vanadium deposits

Partly oxidized
Oxidized zone | zone (purplish-| Unoxidized
Mineral and composition (domlllnar;tly black to yellow)] zone (black)
yellow

Carnotite—K3(UG2)s(VO)1-8H30 o oo X
- Tyuyamunite—Ca (U023} V40s-5-8H30 _ __ e X
Metatynyamunite—Ca(UO2}2(VO4)3-3-5HaO . _ ... DG
Autunite—Ca(U03)3(PO)anH0____ .. X
TUranophane—Ca{U03)281:07 -6H30 X
Corvusite—V304-6Va0s nHaO . ... ___
Rauvite—Ca0 -2U0s-5V305 - 16H30
Hewettite—CaVe0-9HsO _ . __________
Uraninlte—U 084 . oo cccc i
Coffinite—TU (8104} 1—x{OH M dx o one oo
Hagegite—Us03-Va04 3H10 . _
Paramontroseite— VO ... _____________________

pibdbbd

The ore deposits are restricted to the sandstones in the Lakota and
Fall River Formations in the Inyan Kara Group. Most of the pro-
duction has been from thick sandstone in both formations, but a
significant proportion has been from thin, tabular sandstone inter-
bedded with carbonaceous siltstone in the lower part of the Fall River
Formation. The thick sandstones were deposited by ancient rivers,
are channel-like in shape, are approximately 1 to 5 miles in width,
and are at least several tens of miles in length. These sandstones
have been referred to as the Nos. 1 and 4 sandstones in the Lakota
Formation and the No. 5 sandstone in the Fall River Formation (Gott
and Schnabel, 1963).

The localization of the ore in the southern Black Hills has been
influenced by vertical and lateral pathways through which the min-
eralizing solutions could migrate. The porous sandstones are the
pathways of lateral migration. Vertical migration of the mineraliz-
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ing solutions probably has been principally through superimposed
channel sandstones and through fractures, faults, and subsidence
structures.

In the southern Black Hills the uranium deposits occur in three
somewhat different environments: (1) Along the erosional contact at
the base of the Fall River Formation, (2) in the interbedded sand-
stone and carbonaceous siltstone in the lower part of the Fall River
Formation, and (3) in association with carbonaceous material in the
Lakota Formation.

Deposits of the first type are localized along the erosional contact
between the Nos. 4 and 5 sandstones (Gott and Schnabel, 1963, p. 180-
181) indicating that contiguity of the channel sandstones influenced
the formation of the ore deposit. Carbonaceous rocks probably have
produced hydrogen sulfide and organic acids that were introduced
into the ground water. The presence of these reducing agents may
have caused precipitation of the ore-forming minerals. The uranium-
vanadium ratio is about 1.

Deposits of the second type are marginal to a series of en echelon
faults through which mineralizing solutions could have migrated into
the carbonaceous environment in which the deposits are now found.
The uranium-vanadium ratio of these deposits 1s about 2.

The deposits in the No. 1 sandstone of the Lakota Formation are
associated with carbonaceous materials and all of the deposits that
have been mined have been in the oxidized zone. Carnotite and tyu-
yamunite are the dominant uranium minerals. These deposits are
unusually low in vanadium, with an average uranium-vanadium ratio
of only about 0.4. This is little more than enough vanadium to form
carnotite and tyuyamunite. The vanadium in excess of the amount
in these two minerals apparently is in the clays.

TRANIUM IN LIGNITE

A second source of uranium as yet largely undeveloped is in lignite
and associated coaly rocks of Harding and Perkins Counties, in the
northwestern part of the State. This area also contains smaller
amounts of uranium in phosphatic mudstone. The uraniferous coaly
rocks are of swamp origin ; the phosphatic mudstone may be of marine
or brackish water origin; and all are in the Fort Union Formation of
Paleocene age. Their location and approximate size are shown in
figure 11, localities 1 through 20.

Most of the uranium occurs as organo-uranium compounds ab-
sorbed in lignite and other carbonaceous materials (Breger, Duell,
and Rubinstein, 1955), TUranium in this form is not present in a
visible uranium-bearing mineral and can be detected only by radio-
metric instruments, or by chemical analyses, even though one sample
of lignite contained 4.4 percent uraninm (Gill, 1955, p. 153). Locally,
however, green or yellow secondary minerals do occur as films and
crusts on joint faces of the lignite.

Small quantities of uranium were found in the lignite beds of North
and South Dakota in 1948 (Wyant and Beroni, 1950) but it was not
until 1954 that uranium deposits of commercial quality were dis-
covered in the E coal bed of the Tongue River Member of the Fort
Union Formation in the Riley Pass area of the North Cave Hills
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(locality 4, fig. 11). Other deposits were found in the E coal bed
at Teepee Butte, Flattop Butte, and in the vicinity of the Traverse
Ranch (localities 2, 3, and 5, fig. 11). Uranium deposits were also
found in coal beds of the Ludlow Member of the Fort Union near the
Traverse Ranch, at Table Mountain, and in the Slim Buttes (localities
4, 6,15, and 19, fig. 11). These deposits are, for the most part, ame-
nable to strip mining and account for nearly all of the production and
reserve figures given on page 51. They are also those in which most
of the yellow and green uranium minerals have been found. Table 4
shows the various uranium minerals associated with lignite and other
coaly rocks 1n northwest South Dakota.

The areas discussed above have been described in detail by Gill
(1954, 1955), I{epferle and Chisholm (1956), King, Foran, and Speal
(1955), King and Young (1956), Pipiringos, Chisholm, and I{epferle
(1957, and in press), and White (1958). ,

TABLE 4.—Minerals in lignite and coaly rocks of northwest South Dakola

Abernathyite ______________________________ Kz(UOz) 2 (ASO4) 2° SHQO
Metazeunerite .- _________________ Cu(U0,)2(As0y),-8H,0
Metanovacekite. . o .. ___ Meg(UO,)2(AsOy)- 8-10H,0
Meta-autunite_ _ - _______________ o _________ Ca.(UQ,):(POy),; - 2%-6%H0
Metatorbernite___ _________________________ Cu(UQO,),(POy),-8H,0
Metauranocireite . - oo Ba(UQ,).(PO,),-8H,0
Saleeite_ o o e Mg(UOQ)z(PO.;)z SHzo
Sodium-autunite. . - o -__ Nay(UO,),(POy),.-8H,O
Uranophane . _ oo oo Ca(U0,):8i;07-6H,0
Carnotite_ o Kz(UOQ)g(VO.j,) 1—3H20
Metatyuyamunite - _ .. ____ .- _.__ Ca(UQ,)2(VOy),-3-5H,0
Uraninite *.__ . ____ i O,

" ltOnJy uraninite oceurs in the unoxidized state; all of the others oceur in the oxidized or partly oxidized
state. ;

Uranium deposits in rocks other than lignite and carbonaceous shale
are rare in northwestern South Dakota. In the South Cave Hills
a 1- to 2-foot-thick phosphatic silty claystone is present at or near
the top of the Ludlow Member of the Fort Union Formation. The
phosphatic beds contain as much as 0.85 percent uranium and 17
percent phosphate (King and Young, 1956, p. 430; Pipiringos, Chis-
holm, and Kepferle, 1957, p. 266). The areal extent of this type of
material is unknown, but it is possible that similar phosphatic beds
may occur in the Cannonball Member in northeastern Harding and
Perkins Counties.

Small occurrences of yellow uranium minerals have been found in
sandstones in the Chadron Formation of Oligocene age at Cedar
Canyon (Gill and Moore, 1955) and in the White River badlands
(Moore and ILevish, 1955) ; in the upper part of the Ludlow Member
of the Fort Union Formation of Paleocene age in Reva Gap area of
the Slim Buttes (Gill, 1955) ; in the upper part of the Arikaree For-
mation of Miocene age in the West Short Pine Hills; and in the basal
part of the Tongue River Member of the Fort Union Formation in
the North Cave Hills. These occurrences are, for the most part, of
passing interest only. -

The uranium deposits and oceurrences in lignite and carbonaceous
rocks in the Fort Union Formation are topographically no more than
200 feet below the unconformable surface on which rocks of Oligocene
and Miocene age were deposited. :
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Rocks of Oligocene and Miocene age, which cap some of the larger
buttes in this area, contain abundant volcanic material, minute quan-
tities of uranium, and locally even small concentrations of yellow
secondary minerals, as at Slim Buttes and the West Short Pine Hills
(localities 14, 18, and 20, fig. 11). The proximity of the uranium
deposits to overlying potential uranium source rocks led Denson,
Bachman, and Zeller (1959) to theorize that uranium was leached
from beds of Oligocene and Miocene age, and carried downward and
deposited in underlying lignite and carbonaceous beds by ground
water. This theory i1s now widely accepted for the origin of uranium
deposits in this area, and suggests that coal-bearing areas now over-
lain, or formerly overlain, by rocks of Oligocene or Miocene age are
favorable areas for uranium prospecting (Denson and Gill, in press).

IRON
(By C. M. Harrer, U.S. Bureau of Mines, Denver, Colo.)

Iron in its many applications is the basis of the Nation’s economy
and enormous amounts of natural iron oxides (ores), coal, water,
limestone, and other raw materials are consumed annually in its pro-
duction. During 1962 the United States produced over 143 million
long tons of crude iron ore and consumed almost 102 million long
tons of usable iron ore and iron ore agglomerates, including net
imports of almost 28 million long tons, to produce 65.638 million
short tons of pig iron and 98.328 million short tons of steel (Minerals
Yearbook, 1962, pp. 662, 665, 669, and 688).

Following World War I, the use of beneficiated ore in the form
of sinter or pellets has greatly increased and in 1962 only 15 percent
of the iron ore mined was used directly in furnaces; the remaining
85 percent was treated in some type of beneficiating plant (Minerals
Yearbook, 1962, p. 659). This trend to increased use of beneficiated
and agglomerated material is expected to continue.

South Dakota has not produced iron oxides as raw material for
making iron and steel to date (1964) ; production has been small and
only for specialized uses other than as metal. However, with the
increased use of pellets by the iron and steel industry, the Black Hills
taconite may become an important source of iron ore. South Dakota
iron ore resources are consldered sufficient to sustain production for
uses other than steel making at present or slightly higher levels for
the foreseeable future.

Iron mining began in South Dakota in about 1890. Since then, bog
limonite has been mined from small cuts and pits for nonferrous
smelter flux and mineral paint pigment, and since 1925, hematite and
limonite have been mined intermittently for use as an ingredient in
cements produced at the State cement plant at Rapid City. Produe-
tion of iron oxides through 1963 totals only about 167,000 tons and
maximum annual production has been less than 34,000 tons.

Principal iron minerals in South Dakota are the oxides hematite
(70 percent iron) and magnetite (about 72 percent iron), the hy-
drated oxides goethite, turgite, and lepidocrocite, commonly referred
to as limonite (about 60 percent iron), the carbonate siderite (48
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percent iron), and various manganese-iron carbonates of differing
manganese and iron content.

South Dakota has a variety of types of iron deposits. In the
Black Hills region they include Precambrian taconite beds containing
hematite-magnetite, Cambrian detrital hematite-limonite deposits,
recent bog deposits of limonite-goethite-turgite, and hematite-limo-
nite deposits resulting from the oxidation of Precambrian pyritic-
pyrrhotitic quartzite.

In northwestern South Dakota accumulations of coneretions and
nodules of siderite from the Cretaceous Hell Creek Formation and
their oxidized equivalents, hematite-limonite, are exposed as gravels
along streams. They are a low-grade iron resource.

Very low-grade but large accumulations of iron-manganese car-
bonate-oxide concretions and nodules occur in the Cretaceous DeGrey
Member of the Pierre Shale and in certain gravel beds along the
Missouri River and its tributaries, south of Pierre. They comprise a
low-grade iron-manganese resource for the future. The more prom-
inent of the State’s iron occurrences are shown on figure 12, and
described below.

Many large to small bog deposits of limonite-goethite-turgite of
Recent origm are in the vicinity of Rochford in Pennington County
and Nahant in Lawrence County (fig. 12, No. 1). They occur along
the swampy portions of Rapid Creek and many of its tributaries,
adjacent to oxidizing pyritic-pyrrhotitic Precambrian slates and
schists from which the 1ron oxides are derived. Bog-limonite accu-
mulations in Pennington and Lawrence Counties are inferred to
contain about 500,000 tons of material that ranges between 25 and
56 percent iron. Bog limonite is still being deposited.

Hematite-limonite deposits in the Two Bit Gulch area of Lawrence
County (fig. 12, No. 2) are derived from oxidizing pyrite-pyrrhotite
in shale of the Cambrian Deadwood Formation. Deposits are in-
ferred to contain about 100,000 tons of material that ranges from 20
to 40 percent iron. :

In the Iron Mountain area of Custer State Park, a hematite-
limonite deposit straddles the Custer-Pennington County line (fig. 12,
No. 3). The deposit is in a triangular area of Precambrian pyritic-
pyrrhotitic quartzite, which extends from its one-half-mile-wide base
along Toll Creek towards the 1-mile distant apex and summit of Iron
Mountain. Iron oxides occur as masses of hard, bluish-black, nearly
pure hematite, as boxworks, botryoidal growths, coatings, interstitial
fillings, and films in the quartzite, and as a low-grade enrichment and
red- to yellow-staining of the quartzite. Generally, hematite is mixed
with limonite, goethite, and turgite. About 750,000 tons of material
containing 30 to 60 percent iron are inferred in this deposit.

Hematite-limonite occurs along the Cambrian-Precambrian contact
at Strawberry Ridge in Lawrence County, and at Hayward and Bob-
cat Gulch in Pennington County (fig. 12, Nos. 4, 5, and 6). At
Strawberry Ridge, the hematite-limonite is in 5- to 8-foot-thick lentic-
ular beds of well-rounded grains, pebbles, and cobbles, as hematitic
shale, and as interstitial filling and cement, overlain by about 25
feet of quartzite in the Cambrian Deadwood Formation. The hema-
tite-limonite appears to have been derived from more or less well-
sorted erosion detritus of the underlying Precambrian iron forma-
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tion and possibly from pyritic-pyrrhotitic Precambrain rocks. De-
posits are inferred to contain about 100,000 tons of material that
ranges from 35 to 45 percent iron.

Precambrian specularite-martite-magnetite taconite (fig. 12, No. 7),
can be traced interruptedly for about 14 miles in the Black Hills
Nemo district of Lawrence County. As much as one-half billion
tons of material containing 20 to 43 percent iron, and averaging about
30 percent may be present, but exploration has not reached the stage
where tonnages of minable material can be determined. The iron
formation is severely folded and crumpled (Woo, 1952). Its thick-
ness ranges from about 135 feet to 2,000 feet—the latter due to repeti-
tion of structure by complex folding. The irou formation is con-
sidered a resource of great potential.

In northwestern South Dakota iron-manganese concretions and
nodules from the Cretaceous Hell Creek Formation have been con-
centrated in the terrace gravels of the Grand, Moreau, and Cheyenne
Rivers and may prove to be a future resource. The quantity of
iron-manganese available, while not estimable presently, is inferred as
very large but low grade. Pioneer beneficiation tests made on gravels
along the Grand River, Corson County (fig. 12, No. 8), by the State’s
Industrial Development Expansion Agency, reportedly resulted in
concentrates containing 45 percent iron, 1 percent manganese, and 15
percent silica.

Low-grade but extensive accumulations of iron and manganese car-
bonate occur as concretions and nodules comprising about 7 percent
of the 26- to 87-foot-thick DeGrey Member of the Pierre Shale of Cre-
taceous age. The iron and manganese carbonate concretions and nod--
ules crop out and can be traced for about 150 miles along the Missouri
River southeast from DeGrey (fig. 12, No. 9) ; they also occur as gravel
accumulations along the Missouri River Valley of central South
Dakota. These sources have been variously estimated to contain over
300 million (Dupuy et al., 1946, p. 20) to several billion (Miller, 1959,
p. 71) tons. Composition of the concretions and nodules reportedly
ranges from 13 to 22 percent Mn and 4 to 14 percent iron (Pesonen,
Tullis, and Zinner, 1949, p. 57) and averages 15.5 percent Mn and 9.1
percent Fe (Zinner and Grosh, 1949, p. 13).

During 1961-63 the South Dakota Geological Survey mapped 5
magnetic anomalies (fig. 12, Nos. 10 through 14) in the eastern part
of the State. The Willowdale and Spink anomalies in Yankton and
Union Counties, respectively, have been prospected. A coredrill hole
on the Willowdale anomaly penetrated 4 feet of gabbro containing
14.00 percent iron (Fe) and 2.40 percent titania (Ti0,). The Pre-
cambrian base is estimated as 755 feet deep, covered by alluvium and
Cretaceous rocks. A coredrill hole prospecting the Spink anomaly
penetrated 4.5 feet of diabase containing 13.61 to 14.47 percent iron
(Fe) and 2.2 to 4.1 percent titania (TiO,). The iron minerals are
hematite and magnetite. Overlying Paleozoic and Mesozoic cover is
about 500 feet thick.

The other anomalies may be indications of similar ultramafic or
mafic rocks or of taconite or other types of iron occurrences in the
buried Precambrian rocks of eastern South Dakota.

33-085 0—64——735
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LEAD AND ZINC

(By E. L. Tullis, South Dakota School of Mines and Technology, Rapid City,
8. Dak.)

Lead ores, with or without zine, are found in six districts in three
counties of the Black Hills of South Dakota (fig. 13). Lead, zinc,
and minor amounts of silver and gold have been produced from the
Belle-Eldridge mine in the Spruce Gulch area. Lead has been pro-
duced, and zinc is present along with moderate amounts of silver and
a little gold at the Spokane mine. Lead, silver, and moderate amounts
of gold have been produced in the Galena and Carbonate districts.
Gold may be economically the most important metal in the lead-silver-
gold ores of the Silver City district. Ore in the Calabogla district is
similar to that at Silver City except that no gold is reported.

Except at the Belle-Eldridge mine, where zinc also is important,
lead probably would not have been produced except for the associated
silver or gold, as in the Silver City district. According to figures of
the U.S. Bureau of Mines, lead mined in the Black Hills from 1908
through 1963 totaled 1,003,813 pounds valued at $73,236. The only
lead-silver ore mined in the area during 1963 was at the Silver Queen
mine in the Galena district, where a total of 10,500 pounds of lead
valued at $1,484 was produced during 1961-63. Production prior to
1908 probably was several times greater (Lincoln, 1937), but was not
reported or the production statistics were combined with those of other
states. In two of the earlier years, 1887 and 1889, recorded production
was 1,121 and 116 short tons, respectively, mostly from the Carbonate
district. Based on Lincoln’s (1937) estimate for the early years and
recorded production the total lead produced in the period 1881-1963
in the Black Hills was valued at about $480,000.

Zine production in the Black Hills in the period 1942-63 was 530,000
pounds valued at $45,406. All of this came from the Belle-Eldridge
mine in 1942-48, Eleven tons of zine from South Dakota is reported
in the U.S. Geological Survey Mineral Resources of the United States
in 1906, but no mines that might have produced zinc are believed to
have been operating at that time.

LAWRENCE COUNTY
Galena district

The lead-silver ores in the (zalena district are found at two strati-
graphic zones in the Upper Cambrian Deadwood Formation, which,
i this area, dips east at angles of as much as 20 degrees (Connolly
and O’Harra, 1929). Both ore zones are in dolomute although the
lower one is quartzitic in places. Deposits of the lower zone are just
above a quartzite unit that forms the lower 20 feet of the formation.
The upper zone is more than 300 feet stratigraphically higher and 1s
15 feet below the top of the formation. The ore bodies that have been
mined were replacement lenses along vertical fractures ranging in
length from a few inches to many feet. The larger ore bodies generally
were 114 to 4 feet thick, several tens of feet in length, and ranged in
width from several feet to more than 10 feet.

The ore is genetically related to numerous sills and dikes of several
.compositions found in the area, and is early Tertiary in age. Pyrite,
+ galena, and quartz are the prineipal minerals. Sphalerite generally
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is not abundant except at one locality in the lower zone. Minor min-
erals include arsenopyrite, lollingite, chalcopyrite, and tetrahedrite.
Oxidation has converted much of the mineralized rock to a mixture of
iron and manganese oxides; the lead and silver minerals in these
oxidized deposits are largely undetermined (Connolly and O’Harra,
1929). Oxidized deposits in the lower zone at the Silver Queen mine
contain vanadium.

Spruce Gulch district

The genesis and stratigraphic position of the ore bodies at Spruce
Gulch are similar to those at Galena, except that ore was mined only in
the lower zone. The ore minerals replaced dolomite beds that are inter-
bedded with shale. The ore bodies were just above a monzonite por-
phyry sill a few feet above the quartzite at the base of the Deadwood
Formation (Schwartz, 1937; Davis 1948). The ore bodies are in a
faulted area, and dense shale overlies the ore zone. Two ore bodies
were mined, each several tens of feet wide, a few hundred feet long,
and 5 feet in average thickness. The principal minerals in the ore
deposits were pyrite, galena, sphalerite, arsenopyrite, and lesser
quartz. Minor minerals were marcasite, pyrrhotite, chalcopyrite, gold,
and carbonates.

Carbonate district

Ores in the Carbonate district were formed in the same early
Tertiary period of mineralization as those at Galena and Spruce
Gulch, but are in the Mississippian Pahasapa Limestone adjacent to
sills and dikes of prophyritic intrusive rocks. One type of deposit
consists of “large irregular bodies of lead carbonate merging into
galena” (Irving, 1904), and this type largely follows contacts between
Iimestone and the porphyritic igneous rocks. Other minerals include
vanadinite, cerargyrite, matlockite, wulfenite, pyromorphite, platt-
nerite, and atacamite. This type of deposit is riel in silver.

The other principal type of ore body consists of “the partial filling
of veins with-galena, lead carbonate, and cerargyrite m connectlon
with extensive replacement of the limestone by ferruginous jasper”
(Irving, 1904). This type of deposit is rich in gold. “Several of the

mines are along one fmcture that can be traced for 2 ,700 feet.

Calabogia district

Little is known about the mineralization at the Calabogia district
except that it is said to be similar to that at Silver City (discussion of
Silver City district follows). There has been no mention of gold.

PENNINGTON COUNTY

Silver Uity district

In the Silver City district, steeply dipping veins up to 2 feet wide
cut across foliation and beddmo of the Precambrian metamorphic
rocks. Quartz is the principal vein mineral, and sericite and siderite
are minor. Connolly and O’Harra (1929) repm ted the principal me- -
tallic minerals to be jamesonite and arsenopyrite, but Berry and
"Thompson (1962) found the “jamesonite” to be boulangerite. There
may be small amounts of jamesonite plus zinkenite, meneghenite,
semseyite, geocronite, and warrenite reported by Ziegler (1914), on the
basis of chemical analyses. Minor minerals are pyrlte sphalerite,
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chalcopyrite, and gold. The better grade ores average 0.8 ounce of
gold per ton and are of value chiefly for their gold content, although
there are reports of the production of lead-silver concentrates. Con-
nolly and O’Harra (1929) believed the ores to be of Precambrian age.

CUSTER COUNTY
Spokane mine

The Spokane mine is developed to a depth of 300 feet on a steeply
dipping vein in Precambrian schist and pegmatite. The vein can be
traced on the surface for 723 feet, and it ranges in width from a few
inches to a horsetailed aggregate of veinlets 25 feet wide. The prin-
cipal minerals are quartz, galena, sphalerite, pyrite, and marcasite.
Minor minerals include chalcopyl ite, gold amenopynte, argentite,
muscovite, and microcline (Connolly and ()Hana, 1929). The ore
body was believed by Connolly and O’Harra (1929) to be of Precam-
brian age, but an age determination by Kulp (1956), on the basis of
the ratios of lead isotopes, indicates less than 400 million years. Pre-
viously, Tullis and Toland (1940) had suggested the possibility of an
early Tertiary age, based on the nature of the mineralization.

RESOURCES

Of the six districts, Galena probably has had the greatest produc-
tion of lead, and pe1haps has the greatest potentlal for the future.
Large ore bodies that cropped out were discovered in the early days;
however, there are large unprospected areas in the Galena district in
which the ore zones may be 100 to 600 feet below the surface. At the
eastern edge of the district a diamond drill hole put own by the U.S.
Bureau of Mines in 1954 found significant amounts of pyrite, galena,
and sphalerite in 2 feet of core from the lower zone in the Deadwood
Formation at a depth of 525 feet. Only pyrite was found in the upper
zone. This hole is about a third of a mile from the nearest mine.

The Double Rainbow mine in the upper ore zone has been the most
productive mine in the district. Diamond drill holes in the valley
between the Double Rainbow and the Florence mines would explore
the lower zoneat moderate depths.

Most of the mining in the Galena district was abandoned following
the decline in the price of silver after 1890 and the extraction of the
high-grade ore bodies. Since then the most systematic sampling has
been at the Double Rainbow mine where samples have been low in
values, although locally some contain as much as 40 ounces of silver
or 0.52 ounce of gold per ton. These silver and gold samples generally
are not assayed for lead.

Rich ore bodies in the Pahasapa Limestone were mined during the

early days of mining in the Carbonate district. Zones of the underly-
mg Deadwood Formation that are productive at the Galena and other
districts might offer an exploration target in the Carbonate district.

At the Spokane mine unpublished reserve estimates made by F. C.
Lincoln 1n 1931 show the shaft shoot, between the 200- and 300-foot
levels, to contain 10,620 tons of rock averaging 1.78 percent lead, 1.63
percent zine, 0. 0054 ounce of gold, and 0.81 ounce of silver per ton.
In the east shoot between the 200- and 300-foot levels, Lincoln esti-
mated 4,825 tons of rock averaging 10.89 percent lead 6.20 percent
zine, 0. 0138 ounce of gold, and 4.37 ounces of silver per ton.
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Drilling done at Spruce Gulch by the U.S. Bureau of Mines in 1943
found nothing of economic significance. However, the ore bodies that
were mined at Spruce Gulch were of sufficient size to lead to the belief
that more ore may exist in the area. Possibly a combination of geo-
chemical prospecting and drilling in places geologically favorable may
prove successtul. .

MANGANESE

(By J. P. Gries, South Dakota School of Mines and Technology,
Rapid City, S. Dak.)

Manganese ore consists primarily of the black oxide minerals wad,
pyrolusite, and psilomelane; a very small quantity is derived from the
pink carbonate, rhodochrosite. The manganese content of commercial
ores normally is 35 percent or more. Most of the 2 million tons con-
sumed annually in the United States is used in the manufacture of
iron and steel; the remainder is divided between the manufacture of
storage batteries, the chemical industry, and a host of minor uses. The
United States normally produces less than 3 percent of its own needs
and depends upon imports for the remainder.

The Black Hills area of western South Dakota (fig. 14) has pro-
duced small quantities of manganese in times of national emergency.
No large commercial reserves are known. Vast resources of low-grade
material along the Missouri River are not competitive with domestic
and imported ores of higher grade.

Known shipments of South Dakota manganese-bearing material are
listed below. The large shipments of Chamberlain nodules were for
experimental work conducted by laboratories outside of the State.

South Dakote manganese ore shipments

Date Nature of material shipped Source Amount
1802 | Oxide ore from Minnelusa Formation_._.________________ Custer County___._______ 19 tons.
1918 | Ore of Mn, Au, Ag, Davismine_________________________ Lawrence County._.__._| 1 carload.
1940 | Crude nodules, Chamberlainarea _______________.___ ... "Lyman County.________ 600 tons.
1041 |__.__ 0 Y SO doo oo 2,500 tons.
1042 |_____ L5 0 USSR [P doo o 5,356 tons.
1942 | Oxide ore from North Star mine.. . _______________.___.__. Lawrence County_______ 2 carloads.

Source: From State mine inspector’s reports.
BLACK HILLS DEFPOSITS

Connolly and O’Harra (1929, p. 340) describe a small deposit of
pyrolusite in the Minnelusa Formation of Pennsylvanian and Permian
age near Argyle, Custer County. The pyrolusite occurs in digsemi-
nated form, and as layers and irregular bodies within a sandstone unit
about 35 feet thick. They report that small shipments were made
prior to 1900, including one shipment of 19 tons in 1892. An analysis
(Weeks, 1895, p. 423) 1s given below:

Custer County manganese ore

Percent
Metallic manganese_ e 46. 05
Metallic iron- 3.93
Phosphorus._ _____ o ______ e e e e e e e e e e 143}
Silica o 80

M O S U T s e e e e e e e e e e e e e et e e o o e e o e 4,70
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Small concentrations of manganese minerals are associated with Ter-
tiary mineralization in the northern Black Hills. Managanese oxides-
have been reported in Cambrian rocks at Galena, Spruce Gulch, Straw-
berry Hill, and Two Bit, and in Pahasapa Limestone ores in the
Carbonate district and at Ragged Top. Lincoln (1937, p. 163) also
reports one manganese prospect in Precambrian rocks 1 mile north of
Pactola. Apparently none of these occurrences is commercial.

Two carloads of manganese ore were reported to have been shipped
from the North Star mine near Deadwood during World War IT
(Mine Inspector’s Report for 1942). This ore was produced under a
government buying program established to permit mining of material
which would normally be noncommercial, either because of small
volume or low grade.

MISSOURI RIVER DEPOSITS

History of exploration—Concretions which weather out of a part of
the Pierre Shale form a continuous black band along the Missour:
River breaks in central South Dakota (fig. 14). Mr. Albert Amundsen
of Lake Andes, S. Dak., discovered in 1927 that these concretions, or
nodules, were unusually high in manganese. This aroused the inter-
est of John A. Savage Co., of Duluth, and of Mr. K. M. Leute of
Minneapolis, who sponsored a program of test pitting and sampling
of the manganese-bearing beds both north and south of Chamberlain.
Results of a brief field investigation by D. F. Hewett of the U.S. Geo-
logical Survey were released in February 1930 (Hewett, 1930).

Stratigraphic studies in 1934-35 indicated that the manganese-
bearing zone formed a laterally continuous member of the Pierre For-
mation, and a systematic program of sectlon measuring, mapping,
trenching, and sampling was conducted by the South Dakota Geologi-
cal Survey in 1940 and 1941 (Gries and Rothrock, 1941).

The U.S. Bureau of Mines inaugurated an extensive evaluation of
the manganese deposits of the Missouri Valley in 1940. A pilot plant
was built on the outcrop 8 miles west of Chamberlain in 1941. Experi-
ments in mining and transportation of concretion-bearing shale, and
in separating nodules from shale, continued from 1941 to 1947. A
summary of the Bureau’s activities and conclusions was published in
1949 (Pesonen and others, 1949; Zinner and Grosh, 1949).

In the late 1950’s, the Pittsburgh Pacific Co. became interested in
the concentration of manganese nodules in terrace gravels along the
Missouri River north of Fort Thompson, Buffalo County. An experi-
mental plant was built to devise methods of separating the gravel into
(1) a manganese nodule concentrate, and (2) gravel, free of concre-
tions, clay pebbles, and other undesirable constituents, and suitable for
concrete aggregate. '

Description of the deposits—The manganese nodules in the Pierre
Shale are concentrated in the DeGrey Member. The DeGrey consists
of dark gray shale, numerous thin bentonite beds, and abundant iron-
manganese concretions. It is underlain-by the thin, light. colored marl
of the Crow Creek Member, and overlain by the dark, gumbo-forming
shale of the Verendrye Member.

The nodules occur in distinct layers parallel to the bedding of the
enclosing shale. The average nodule has the size and shape of a large
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baking potato. They may be widely separated, or so closely spaced as
to form a nearly continuous pavement. The average thickness is per-
haps 2 inches, though concretions up to 8 inches thick have been ob-
served. Horizontal dimensions range from less than 2 inches to a foot
or more. The concretions average nearly 5 percent of the dry weight
of the formation.

The Bureau of Mines has recognized three types of concretions:(1)
hard concretions having a hardness of 4.0 to 5.0 on Moh’s scale are
the most abundant, (2) soft concretions that have a hardness of 2.5 to
3.5 and that may be soft throughout or may have a hard core, and (3)
a still softer type that grades into the shale; fractures are as likely to
go through this type of concretion as around it. Types (1) and (2)
easily break free of the enclosing shale. The third type is referred to
as “shaly” concretions in Bureau of Mines reports.

Fresh unweathered concretions of the hard variety are medium gray
to olive. Weathered nodules have a gray center, surrounded by a rusty
brown halo, and a purplish-black outer crust. The soft varieties are
usually white to cream colored when fresh, and light brown after
weathering. The concretions are mostly carbonates of manganese,
iron, caleium, and magnesium. The non-carbonate constituents are
mainly silica and alumina, probably present in the form of clay. A
typical nodule contains 14 to 17 percent manganese and 6 to 10 percent
iron. IExtreme values reported by the Bureau of Mines are 5.03 to
26.61 percent manganese and 2.61 to 24.00 percent iron (Pesonen and
others, 1949, pt. I, p. 58).

The Bureau of Mines conduected an intensive sampling program
along both sides of the Missouri River from T. 102 N. to T. 107 N, and
up the White River as far asT. 104 N, R. 74 W. Samples from bucket
drill holes at 1-foot intervals were dried and hand sorted to separate
the concretions from the shale. The top of the concretion zone was
taken at the top of the highest manganese concretions, and the base was
taken at the point where the concretions averaged less than one per-
cent of the shale or where the manganese content of the concretions
dropped below 10 percent. Using these criteria, the concretion zone
ranged in thickness from 12 feet at Wheeler Bridge, Charles Mix
County, to 72 feet near the Big Bend. The average thickness used in
tonnage estimates was 40 feet. '

Concretions in the drilled zone ranged from 2.45 percent by weight
near Big Bend to 6.11 percent near Qacoma, Liyman County; the
average, over all areas drilled, was 4.85 percent of the dry material in
the zone. Ifthe minus one-half inch material was excluded, the per-
centage dropped to 3.19. :

The average of all analyses of all concretions in 9 out of 10 of the
areas drilled by the Burean was 15.68 percent manganese and 8.7 per-
cent iron. Considering only the plus one-half inch concentrate, the
percentages merensed to 16.09 and 10.26, respectively.

Using 4.85 percent as the nodule content of the dry shale, and 15.83
percent as the average manganese content of the nodules, the average
manganese content (of the concretions but not the enclosing shale) of
the dry tonnage mined from the concretion zone was 0.77 percent. It
only the plus one-half inch concentrate was considered, the tenor
dropped to slightly over 0.5 percent. '
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Resources—In caleulating resources, all material has been included
that is under overburden less than one-half the thickness of the con-
cretion zone. From the many mapped and measured sections, an aver-
age mining width of 365 feet was established. Pesonen and others (pt.
I, p. 87) state:

1t has been shown that an outeropping and lightly covered manganiferous zone
582 miles in peripheral length, and 365 feet wide contains approximately 12 mil-
lion tons of manganese in 77,700,000 tons of coneretions, and that within the same
zone the enclosing shale itself contains at least an equal but probably a much
greater tonnage of manganese.

Mining and beneficiation.—The Bureau of Mines experimental min-
ing indicated that mining of the concretion zone in a single bench, using
a 3-yard or larger shovel, would be practical. Mining and hauling
would be difficult in periods of continued wet weather.

After much testing, a two- or three-stage wet jigging process ap-
peared to be the most satisfactory method of separating the nodules
from the shale. Methods that resulted in a shale-free concentrate
recovered an appreciably smaller percentage of the total manganese
than methods that permitted a small percentage of shale to remain in
the concentrate. Zinner and Grosh (1949) noted that whereas present
methods of recovery of the manganese from the nodules require a shale-
free concentrate, it would be desirable to devise a metallnrgical proc-
ess that could handle a concentrate with no less than 10 percent shale.

There 1s no known practical method of recovering the manganese
disseminated in the shale.

Prospects for development.—At present there is no market for the
manganese nodules. Both the Bureau of Mines and private labora-
tories have shown that it is technically possible to use the nodules
directly in the production of basic pig iron, or'to produce metallic
manganese by an electrolytic method. Neither is economically feasible
at present. Manufacture of ferro-manganese by complex pyrometal-
lurgical processes, or recovery of manganese by leaching and other
chemical processes is also technically possible but uneconomic in the
foreseeable future. .

In summary, the central South Dakota manganese deposits comprise
a large low-grade resource, development of which must await the time
when it can be exploited in competition with higher grade ores from
other areas.

TIN

(By J. C. Ratté, U.8. Geological Survey, Denver, Colo., and J. J. Norton, U.S.
Geological Survey, Washington, D.C.)

Tin in the mineral cassiterite was discovered in gold placers in the
northern Black Hills in 1876 (Hess, 1909) : the first lode tin was mined
at the Etta pegmatite in the southern Black Hills in 1884. Between
1884 and 1936, approximately 180 tons of metallic tin valued at about
$95,000 was produced from placers, veins, and pegmatites (Cummings
and others, 1936, p. 2). Since then another 10 tons of tin has been
added (table 5). The last recorded prodnetion was in 1952 when a
very small amount of tin from the Black Hills was reported with the
El‘olciuction from Alaska in the U.S. Bureau of Mines Minerals Year-

ook.



MINERAL AND WATER RESOURCES OF SOUTH DAEKOTA 69

The history of tin activity in the Black Hills has been mainly one of
exploration, not actual production. The production is minute in rela-
tion to the size of the world tin industry, which annually yields 150,000
t0 200,000 tons of tin. No sizable tin deposit has ever been mined in the
United States, and the mere occurrence of tin, in the Black Hills or
anywhere else, tends to generate widespread interest. During the “tin
boom” of the southern Hills between 1884 and 1894, English interests
alone were reported to have invested at least $3 million (Eng. Mining
Jour., 1894, v. 58, p. 463). How much additional money has been
spent in the search for tin in the Black IHills is not known.

TABLE 5.—Tin production in South Dakota, 188/-1963

Year Quantity Value Year Quantity Value
(pounds) (pounds)
314, 000 $76, 500 2, 000 $800
2,000 660 3 608
________________________ 4, 000 1,710
20, 000 12, 300 3,210 3
240 2 4, 000 1, 560
________________________ 2,000 750
12, 000 6, 000 ® (O]
325 200 ® ®
4,000 2,000 (] 194963, - . ool
500 200
3,045 1,100 Total, 1884-1963____{ 379,979 4110,276
2, 000 1,000

1 Estimated.

2 Data shown for the period of years to avoid disclosure of confidential figures.
3 Confidential figure; included in total.

1 Includes confidential figures as indicated by foctnote 3.

Source: U.S, Department of the Interior, Bureau of Mines.

Deposits of the Tinton district, in the northern Black Hills near the
Wyoming border (fig. 15) have accounted for much of the exploration
and about one-third of the total production. Most of.this has been
from cassiterite-bearing lenses or layers in pegmatite at the Rough
and Ready mine. Tin also has been found in the Giant-Volney and
other pegmatites, and in the small placer deposits of this area, as in
Bear Gulch astride the Wyoming-South Dakota border.

Most of the rest of South Dakota’s production has been from the Hill
City district, chiefly from quartz veins that contain muscovite, beryl,
and cassiterite. A typical vein at the Cowboy mine is less than 1 foot
wide over most of its length, and in places narrows to a mere seam.
The vein has been explored to a depth of 300 feet beneath the surface;
on the 100-foot level, it is continuous for 425 feet. The vein has a
single narrow ore shoot. Broken ore in the stopes averages about
0.5 percent tin (Dougherty, Munson, and Cummings, 1945).

Cassiterite 1s also sparsely distributed in zoned pegmatite of the
southern Black Hills. Its main habitat is mica-rich environnient,
some of them 1in outer zones, some in replacement bodies, and some
elsewhere. The distribution of cassiterite is erratic, and tin is recov-
ered only as a minor byproduct in mining for other pegmatite
minerals.

In their appraisal of tin resources of the Tinton district, Smith and
Page (1941) estimated that there are about 200 tons of metallic tin in
the Rough and Ready pegmatite, and they suggest only a modest po-
tential for the Giant- Volney pegmatite and other deposits. Estimates



OF SOUTH DAKOTA

MINERAL AND WATER RESOURCES

70

Y T
091 oet Q8 or o — 02 or

ll..lllglﬂ.|,l|||lw|mllll‘||...|trlr10m¢
S 3 7 - I
W,z\u m_< | , s ¢ _

\ ,.4 cw>_m ...u(.._ 1

l(/_

) wm::aw _OI/

T;l» I».W e —

M.m%fm
_ \sz_v_oezm
_x _\w

4

e /- \
iy isig ?OFZ_P

R r |\J_

|
;._— ot
A_

!
]

a———m

oG¥

:Bsf .,
NN

P

¢

¢

/

1

;

i

3




MINERAL AND WATER RESOURCES OF SOUTH DAKOTA 71

for the Hill City district, based largely from examination of the de-
posits in 194143 by geologists of the U.S. Geological Survey, suggest
measured and indicated resources of 60 tons of tin and inferred re-
sources of the same magnitude. Data published for the tin content
of several of the pegmatites in the southern Black Hills suggest a tin
content of several hundred tons, but at a grade that in no deposit
exceeds 1 percent tin (Page and others, 1953, p. 78; Sheridan and
others, 1957, p. 7, 24; Norton and others, 1962, p. 112; and Staatz and
others, 1963, p. 182, 194). ,

In short, it has been demonstrated that tin is a widely distributed but
minor constituent in the rocks of the Black Hills, as in many geolog-
ically similar localities throughout the world. Whether larger and
richer deposits, suitable for fu]l—sca]e mining, can be found in the
Black Hills is a different question. This history of the extensive and
largely unsuccessful search for such deposits can be viewed only as
discouraging. The bibliography accompanying this report includes
but a small part of the many published statements that have resulted
from the periodic resurgence of interest in South Dakota tin deposits.
The existing evidence indicates that the Black Hills is unlikely ever
to be a significant source of tin. _

TUNGSTEN
(By S. W. Hobbs, U.8. Geological Survey, Denver, Colo.)

Tungsten is a metal of high strategic value whose importance de-
pends mainly on the unusual physical and mechanical properties of
the element, its alloys, and certain special compounds. In its pure
form, tungsten is a white metal whose melting point of 3,410° C. is
higher than that of any other metal. It has unusually high density,
low vapor pressure, and favorable electrical and thermionic prop-
erties. Tungsten alloys and carbides are notable for their extreme
hardness and wear resistance and particularly for retaining hardness
at elevated temperatures. Industrial uses of tungsten evolve from
these special properties.

Pure or substantially pure tungsten metal is important in electric
lighting, electronics and electrical contact applications. However, the
greatest use of the metal is in alloy tool steel and in tungsten carbide
used for cutting edges, dies, drill bits, wear-resistant machine parts
and other applications where extreme hardness is desirable. Over 70
perﬁggt of the consumption has recently been in tool steel and tungsten
carbide.

The United States has in general imported tungsten in amounts that
exceed domestic production. Although the U.S. tungsten mining
industry has operated continuously (except for 1921 and 1922) for
over 50 years, the rate of production has ranged widely due to various
economic factors and particularly the Government stockpiling pro-
gram. Only a few domestic producers have been able to compete con-
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sistently on the open market with foreign producers (Holliday, 1960,
p- 914). However, a large domestic productive capacity was demon-
strated twice in the last two decades under conditions of special need
or incentive: in 1943-45, to fill heavy demand of the war effort, and
between 1950 and 1956 under the influence of the price incentive of the
Government stockpiling program during the Korean crisis. In 1955,
production reached an all-time peak that was nearly four times the
average annual production of the immediate postwar period 1946-50.
Subsequent to the end of Government stockpile purchases in December
1956, the price dropped drastically and consequently production from
many mines was stopped or radically reduced. In 1956, nearly 600
operation reported some production; in 1958, only two producers were
active (U.S. Bureau of Mines Minerals Yearbook, 1956, p. 1227, and
1958, p. 1091). These facts illustrate dramatically the tungsten re-
source situation of the United States: there is a substantial supply of
tungsten available if the need warrants paying the price to extract it.

Tungsten minerals are widely distributed in various rock types of
the earth’s crust, but for the most partseem to be genetically associated
with igneous rocks of granitic composition. About 11 minerals con-
tain tungsten as an essential component, but of these the only com-
mercially important ones are those of the wolframite group—ferberite,
FeWO,, wolframite, (Fe, Mn) WO, and huebnerite, MuWO,—and
scheelite, CaWO,. Although the wolframite group 1s economically
the more important in the world as a whole, and also in South Dakota,
scheelite has accounted for nearly three-fourths of the United States
output.

III: the United States, tungsten occurs principally in quartz veins that
contain minerals of the wolframite group, scheelite, or both, in contact
metamorphic deposits containing scheelite and as hydrothermal re-
placement bodies of wolframite and scheelite in igneous, sedimentary
or metamorphic rocks. Some is also found in pegmatites.

- Tungsten was first discovered in the Black Hills of South Dakota
in the early 1880’s but no production is recorded prior to 1898, and up
until 1915 only about 300 tons of concentrates and high grade ore
valued at $25,000 had been produced. The “boom days” of production
were from 1915 to 1918 when over 50,000 units* (850 short tons—60
percent WO, basis) valued at nearly $1,132,000 were produced—mostly
from the northern hills in the vicinity of Lead. A revival of activity
m the period 192629 added approximately $165,000 to the production
record, and small intermittent production during the last 25 years has
been valued at approximately $100,000. Total production through
1963 has amounted to less than 100,000 short ton units WO, valued at
approximately $1,379,000. This is about 0.6 percent. of the total U.S.
production. Table 6, based on information supplied by the U.S.
Bureau of Mines, shows the detailed production record.

1 One unit equals 1 percent WO; per ton or 20 pounds WO;.
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TABLE 6.—Tungsten ore and concentrates production in South Dakola,

1898-1963*
Quantity Quantity
Year (short tons, Value Year (short tons, Value

60 percent 60 percent

W Qs basis) W O3 basis)
1898-1914 _ . ... ... 2300 $25, 000
1915 - 240 181, 000
1916, ool 239 404, 775
1917 .. 270 299, 644
1918, o 201 247,100
1919-23 . e e
1924 ___. (3 (3
1925 e
1926 . ___ 90 41,900
1927 . 141
1928 o ) (3
1929 . 5 (3) Total, 1858-1963__ 51,638 | 51,378,604
193040 . e e

! Data for 1963 are preliminary. i

2 Reported as concentrates and high grade ore. Probably not converted to 60 percent W Os basis.
3 Confidential figure; included in total.

4 Lessthan 1 ton.

5 Includes confidential figures as indicated by footnote 3 and/or 4.

Source: U.8. Department of the Interior, Bureau of Mines.

The occurrence of tungsten in South Dakota is restricted entirely to
the Black Hills either in or very near to the Precambrian core rocks.
The general geology of the Black Hills is described in pages 2328 of
this report and historical details of the tungsten mining ndustry in
South Dakota as well as detailed descriptions of the geology and the
deposits are contained in publications of the South Dakota School of
Mines by Runner and Hartman (1918), Connolly and O’Harra (1929),
and Lincoln, Miser and Cummings (1937). These papers as well as
reports for the U.S. Geological Survey by J. W. Irving (1901) and
F. 1.. Hess (1908) have supplied much information for this brief
summary. The tungsten deposits have been divided into two major
types based on the age and mode of occurrence: (1) guartz veins and
pegmatites probably of Precambrian age in Precambrian schists, and
(2) replacement bodies in dolomite of the Deadwood Formation (Cam-
brian) and in silicified rhyolite and presumed to be related to a Terti-
ary period of mineralization. Wolframite is the principal mineral in
both modes of occurrence although some huebuerite is found ; scheelite
is usually associated with all the deposits, and in some few places
either huebnerite or scheelite is the dominant mineral.

Pegmatites and quartz veins oceur widely in the Precambrian rocks
of the southern Black Hills, but the important tungsten-bearing bodies
are largely restricted to two areas, the Hill City district, a few miles
south and southeast of Hill Clity, and the Spokane district, southeast
of Keystone. General characteristics of the pegmatites of the Black
Hills are described elsewhere in this report. Although tungsten min-
erals occur in these pegmatites and some have been mined from them,
the amount is small. The tungsten-bearing quartz veins which have

.been the main source of interest range in width from a fraction of an
inch to four feet or more and exhibit a strong tendency to pinch, swell,
and branch. Usually no single vein can be traced for more than a few
hundred feet, although the vein zone of which it is a part may con-
tinue a greater distance. The occurrence of tungsten minerals within
the vein is as erratic as the veins themselves. The crystals vary greatly
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in size, form, and distribution, and rich spots occur both in the thin
parts as well asin the thick parts of the veins.

The major tungsten production from the Black Hills has come from
replacement deposits of wolframite in Cambrian dolomite near Lead,
Lawrence County. Two operations, the west end of the Homestake
gold mine open pits about 0.5 miles northwest from TLead, and the
Wasp No. 2 mine, 2 miles south from Lead, were the principal pro-
ducers of this type of ore. Other less productlve occurrences are
known. :

At both mines, wolframite ore bodies replace part of a 3-foot layer
of sandy dolomite interbedded with shale, conglomerate, and quartz-
ite, near the base of the Cambrian Deadwood Formation. These rocks
overlie unconformably the highly folded Precambrian schists that
contain the principal gold ore bodies of the Homestake mine. The
ore consists of small grains of wolframite i a siliceous matrix ac-
companied by a little scheelite, gold, and barite. A small amount of
wolframite has also been produced from silicified zones in rhyolite.

The Black Hills of South Dakota yielded a very appreciable output
of tungsten in World War I, but very little has been produced since
that time. Most of the output was from small, relatively high-grade.
deposits and the history of discovery and production makes it apparent
that most, 1f not all, of the ore bodies that could be found easily were
prospected or mined duri ing the 1915-17 “boom” period. The Black
Hills area is a tungsten-bearing province in which numerous concen-
trations of tungsten minerals occur. However, the ore shoots, like those
in many other tungsten districts, are small, erratlmlly disposed in the
veins, pegmatites or other host 1ock, and '1re not arranged accordm%
to any predictable pattern. Considering the geologic occurrence anc
history of discovery and production, many more tungsten ore bodies
can be presumed to exist, but as they are expected to be small in size
and difficult or costly to find and exploit, the future for a revival of
major production is not bright. A small amount will undoubtedly
continue to be recovered at times of higher prices or as a bypl oduct
of operatlons for other mineral commodities.

MOLYBDENUM
(By R. U. King, U.8. Geological Survey, Denver, Colo.)

The metal molybdenum is of primary importance to our modern
industrial economy. Its economic importance is due chiefly to its
versatility as an alloying element in the ferrous metal industry. About
75 percent of the molybdenum consumed in the United States is used
in the manufacture of high temperature alloy steels, stainless steels,
and castings (Fischer and | Klng, 1964). The demand for molybdenum
in the future therefore, is to a large degree dependent on the con-
sumption of steel The remaining 25 pelcent of the domestic con-
sumption not going into steel is used in special alloys, metal products,
refractories, chemicals, pigments, catalysts, lubricants, and c“LO'I‘IClll-
tural products. New uses for molybdenum are being developed n
the nuclear power field and in the missile and aerospace industries,
Whlc%l give promise of an ever-increasing demand for this versatile
meta
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Its importance derives from the beneficial properties of hardness,
toughness, and resistance to wear and corrosion that are imparted to
steel when alloyed with molybdenum. In these respects molybdenum
compares favorably with other alloy metals such-as chromium, nickel,
tungsten, manganese, vanadium, cobalt, and columbium.

Molybdenum is a silvery white metal, somewhat softer than steel,
and it has a melting point of about 4,750° F., which is higher than all
other metals except tungsten, rhenium, osmium, and tantalum. It 1s
ductile and is resistant to acids and oxidation at ordinary tem-
peratures.

Molybdenum is widely distributed in small amounts over the surface
of the earth; its abundance in the rocks of the earths’ crust is estimated
to be from 1 to 2.5 parts per million (0.0001 to 0.00025 percent). It is
present in trace amounts in many igneous, metamorphic, and sedi-
mentary rocks, in soils, in water, and in plant and animal tissue. It
occurs 1n nature only in combination with nonmetallic elements such
as sulfur and oxygen and with other metals such as iron, calcium,
tungsten, and lead. TIts most common naturally occurring form, and
the only one of current commercial importance, is the mineral molyb-
denite (molybdenum disulfide, MoS,). Other molybdenum minerals
of interest include wulfenite (lead molybdate), ferrimolybdite (iron-
molybdenum oxide), powellite (calcium molybdate, commonly with
tungsten), jordisite (amorphous molybdenum sulfide), and ilsemannite
(a water soluble molybdenum oxide). A number of rarer minerals
of doubtful commercial significance have been identified in which
molybdenum is combined with one or more of the following elements:
bismuth, copper, magnesium, vanadium, cobalt, and uranium.

Although the mineral molybdenite was identified in the latter part
of the 18th century, it was not until the early part of the present cen-
tury that 1ts potential value to the metals industry was recognized and
wide applications for its use were developed. Intensive search for
the metal followed, which resulted in the discovery of high-grade vein
deposits of wulfenite in Arizona and of molybdenite in New Mexico,
and of large tonnages of low-grade molybdenite ore at Climax,
Colorado.

Commercial production of molybdenum in this country began in
1898, but output was relatively small and intermittent until 1914.
Since 1914 production has increased yearly with few exceptions, to a
current annual rate of more than 65 million pounds. During the first
quarter of this century the United States contributed only a small por-
tion of the world’s molybdenum supplies, but since about 1925 from
65 to 90 percent of the world’s molybdenum has been produced in the
United States. Excellent summaries of world resources of molyb-
denum are given by Vanderwilt (1942) and by Creasey (1957); the
reader is directed to these publications for further information.

The marketable forms of molybdenum are either molybdenite con-
centrates (95 percent MoS,) or molybdenum oxide (MoQs;), which
1s produced by roasting molybdenite concentrates. The nominal mar-
ket price is currently quoted at $1.40 per pound of contained molyb-
denum. Molybdenite 1s worth about 85 cents a pound but it is not
usually marketable in small, individual lots. Such limitations should
be kept in mind when evaluating the economic potential of individual
molybdenum deposits.

33-085 0—64——6
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Molybdenum deposits are of five genetic types: porphyry deposits
in which metallic sulfides are dispersed through large volumes of
altered and fractured rock; contact metamorphic zones and tactite
bodies of silicated limestone adjacent to intrusive granitic rocks in
which the molybdenum commonly is associated with tungsten, bis-
muth, or copper; quartz veins; pegmatites and aplites; and bedded
deposits in sedimentary rocks. The known molybdenum deposits of
South Dakota fall in the last three of these types.

Molybdenite is reported to accompany tin, tungsten, bismuth, and
copper minerals in quartz veins and pegmatite deposits in the crystal-
line rocks of the central part of the Black Hills (fig. 16). Because of
the limited size of these deposits and their low average content of
molybdenum, they are not likely to be of commercial significance.
No molybdenum has been produced from these deposits in South
Dakota.

Small but significant amounts of molybdenum are present in many
of the uranium-bearing lignites and coaly rocks in tﬁe northwestern
part of the State. According to Pipiringos (written communication,
1964), important reserves of uraniferous lignite and carbonaceous
shale, containing more than 0.1 percent uranium, are present in the
North Cave Hills (including Flint Butte) and Slim Buttes areas (fig.
16) of Harding County. The average molybdenum content of the
more uraniferous rocks is in excess of 0.2 percent. Although this
amount of molybdenum is too small to be minable for the molybdenum
alone, the reserves of minable uranium-bearing lignites are large, and
the deposits therefore constitute a significant potential source of by-
product molybdenum. '

A potential source of molybdenum also exists in the recently discov-
ered Indian Creek molybdenum deposits (fig. 16) in the Badlands of
southwestern South Dakota. These deposits consist of lenticular
bodies of sandstone impregnated with molybdenum oxides. The de-
posits are from a few inches to several feet thick, and the molybdenum
content ranges from a few hundredths of 1 percent to as much as 10
percent. Sufficient exploratory work has not been done to permit
estimation of tonnage and grade of these deposits.

Small quantities of molybdenum in the minerals jordisite and
ilsemannite are associated with the uranium-vanadium ore in the
Runge mine (fig. 16), Fall River County (Myers and others, 1960),
Fall River County. Although selected material contains as much as
0.7 percent molybdenum, the average content for the mineralized
sandstone is probably not over a few hundredths of a percent.
Molybdenum has not been recovered from this deposit.

THORIUM AND THE RARE EARTHS
(By J. W. Adams, U.S8. Geological Survey, Denver, Colo.)

Thorium and the rare earth metals are treated together in this
report as they are commonly associated in nature and are closely inter-
related economically.

Thorium is a silver gray metal that, like uranium, is the parent of a
series of radioactive decay products ending in a stable isotope of lead.
Its geochemical behavior, however, is quite different from uranium in
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that it tends to be dispersed rather than to be concentrated in signifi-
cant deposits.

The chief uses of thorium are in magnesium alloys and in the manu-
facture of gas mantles. A major potential use is In atomic reactors
where thorium may be converted into a fissionable uranium isotope by
neutron capture. The use of thorium for nuclear energy is, however,
in the experimental stage and is in compet1t10n with rehtlvely cheap,
abundant uranium (Kelly, 1962, p. 25).

The rare earth metals comprise the 15 elements having atonie num-
bers 57 to 71, mcluding lanthanum (La), cerium (Ce), praseodymium
(Pr), neodymlum (N d), promethlum (Pm), samarium (Sm),
europeum (Eu), gadolinium (Gd), terbiwmn (Tb) dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Tm), ytterblum (Yh), and
lutetium (Lu). One of these promethium, is not known to occur in
nature. Yttrium (Y), with atomic number 39, 1s also classed with the
rare earths because of its chemical similarities and geochemical
affinities.

The first seven elements listed above (La through Eu) are included
in the cerium group of rare earths, so called because cerium is their
most abundant member. The remaining eight elements (Gd through
Lu) together with yttrium are called the yttrium group. The two
groups are also referred to respectively as the “light” and “heavy”
rare earths. The properties of the members of the fivo groups of rare

earths are sufficiently distinct to cause one group to predominate over
the other in most minerals, even though all or nearly all are ordinarily
present (Olson and Ad‘LmS, 1962).

The rare earths have many industrial applications such as in the

qteel industry, nonferrous alloys, glass manufacture and glass polish-

g, sparking alloys, and carbon electrodes for arc horhts and projec-
tlon lamps. Rare earth requirements are, however, 1'e1'1tlvely small
compared to many other metals, domestic consumption in 1958 being
only about 1,600 short tons of rare earth oxides (Baroch, 1960, p. 687).
The rare earth industry is developed almost entirely around the cerium
group elements, primarily cerium, lanthanum, praseodymium, and
neodymium. Although considerable research is bemo directed to find-
ing uses for yttrium and the heavy rare earth elements the current de-
mand for these issmall.

The marketing of ores of thorium and the rare earths is difficult as
there is no established market comparable to those of the more widely
used metals, and prices of their ores ave generally determined by nego-
tiation between buyer and seller. Detailed 1nf01 mation on the eco-
nomic factors of thorium and rare earths is given in a recent pubhmtlon
of the U.S. Bureau of Mines (Kelly, 1962).

Thorium and the rare earths are found in a large number of min-
erals, but only a few of these have been found in sufficient concentra-
tion to be used as ores. The most important source mineral for
thorium is monazite, a phosphate of the cerium group. The thovium
content of this mineral is variable, but commercial monazite commonly
contains between 3 and 10 percent thoria (ThO,) and from 55 to
60 percent combined rare earth oxides (Kelly, 1962, p. 5). Other
potential sources of thorium are thorianite, thorite, and thor ogummite,
and multiple oxide minerals such as euxenite.
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Monazite 1s also the principal ore mineral of the rare earths, but im-
portant deposits of bastnaesite, a rare earth fluocarbonate, are cur-
rently being mined at Mountain Pass, Calif. Both monazite and
bastnaesite contain dominantly cerium group elements. Minerals in
which the yttrium group predominate include xenotime, an yttrium
phosphate, and euxenite. _

Minerals containing thorium and the rare earths are found in many
geologic environments. Most of the world production of these ele-
ments has come from placer deposits in which monazite and other
heavy minerals have been concentrated in sands formed from the
weathering of igneous and metamorphic rocks. Beach placers along
the coasts of Brazil, India, and Florida, and stream placers in the
southeastern United States and Idaho are among the best known de-
posits of this type. Some sedimentary rocks contain placer deposits
that were formed along ancient beaches or river banks. Such con-
solidated, or “fossil” placers are found in sandstones of Uppeér Cre-
taceous age in several Western states (Dow and Batty, 1961), where
they have been investigated primarily as a source of titanium. Fossil

lacers, of interest because of their monazite content, are also found
n the basal conglomerate of the Deadwood Formation of Cambrian
age in the Big Horn Mountains, Wyoming (Eilertsen and Lamb, 1956 ;
Osterwald and others, 1959).

Although South Dakota, particularly the Black Hills area, 1s known
as a source of a wide variety of valuable minerals, there have been
very few reported occurrences of minerals containing thorium or the
rare earths.

In an early description of the mineralogy of the Black Hills (Scott,
1897), monazite is reported as occurring “throughout the tin region
around Harney Peak.” 1t was also listed as occurring to the extent of
6 pounds per ton in a black sand concentrate from the vicinity of
Tinton, T. 5 N, R. 1 E., in Lawrence County (Day and Richards,
1905). Monazite is not a common accessory mineral in the pegmatites
of the Black Hills and was not noted during the intensive study of
these deposits made by Page and others (1953).

Radioactive limonitic layers are found near the base of the Dead-
wood Formation in T. 2 N, R. 2 E., in Lawrence County, northwest
of Rochford. These layers contain appreciable thorium, but have a
very Jow rare earth content. Specific thorium-bearing minerals have
not been identified, but the thorium is thought to be contained in the
limonitic component. The deposits in the basal Deadwood Formation
probably regresent fossil placers similar to those in the Big Horn
Mountains, but monazite, 1f originally present, may have been dis-
solved by solutions that selectively removed the rare earths leaving
the thoriuin behind as a co-precipitate with hydrated iron oxides.

Several radioactivity anomalies, some of which are due largely to
thorium, occur in the Bald Mountain gold mining district in sees. 1
and 2, T. 4 N,, R. 2 E., and secs. 35 and 36, T. 5 N,, R. 2 E., in Lawrence
County (Vickers, 1954). These anomalies are mostly in altered zones
in siltstone of the Deadwood Formation and in intrusive igneous rocks
of Tertiary age. Concentrations of rare earth elements are also found
in some localities {Vickers, 1954, table I1), but neither thorium nor
rare earths appear to be present in sufficient concentrations to be of
economic interest at the present time.
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No minable deposits of thorium or rare earth minerals are known in
South Dakota, but the possibility of their future discovery should not
be discounted. Ores of these elements are unfamiliar to many pros-
pectors, and except for the radioactivity of thorium, they would com-
monly be unnoticed. Thorium and rare earth concentrations are
found associated with alkalic rocks in many parts of the world, and
as some rocks of this type are present in the northern Black Hills
(Darton and Paige, 1925) this area would appear to offer the most
promise for future discoveries.

VANADIUM
(By R. P. Fischer, U.S. Geological Survey, Denver, Colo.)

About 2,000 short tons of vanadium have been consumed annually
in the United States in recent years. Three-quarters of this has gone
into special engineering, structural, and tool steels, where it is used
as an alloy to control grain size, impart toughness, and inhibit fatigue.
The other principal domestic uses have been in nonferrous alloys and
chemicals (U.S. Bur. Mines, 1960 ; Busch, 1961).

The bulk of domestic supplies of vanadium, and about half of the
world supplies, has come from deposits of vanadium- and uranium-
bearing sandstone in southwestern Colorado and the adjoining parts
of Utah, Arizona, and New Mexico; similar deposits in western South
Dakota and eastern Wyoming have also yielded a small amount of
vanadium as a byproduct of the uranium mill at Edgemont, S. Dak.
Other principal sources of vanadium have been a deposit of vanadium-
bearing asphaltite in Peru, vanadate minerals from the oxidized zones
of base-metal deposits in Africa, and vanadium-bearing iron deposits
in Europe and Africa. These iron deposits and similar ones in many
parts of the world contain very large resources of vanadium. Prob-
ably they will become increasingly important as sources of vanadium
in the future.

The productive vanadium deposits in South Dakota occur only in
sandstone beds of Cretaceous age in Fall River and Custer Counties
(fig. 11). A brief description of these deposits is given below, but
the section on uranium in this report (p. 50) gives more information
on their geologic occurrences and the literature describing them.

The first deposit of this type in South Dakota was found in 1951
in the Craven Canyon area (no. 35, fig. 11). Intensive prospecting
by private individuals, industry, and the government quickly resulted
in the discovery of other deposits. A mill was built at Edgemont to
treat these ores, and it began producing uranium concentrates in 1956.
A vanadium circuit was added to the uranium mill in 1960; the re-
covery of vanadium concentrates was reported by U.S. Bureau of
Mines Minerals Yearbock in 1960, 1961, and 1962. Figures of the
amount of vanadium recovered are not published, but the amount is
small relative to other sources. The vanadinm content of the
uranium-bearing sandstone mined in South Dalkota averages only
about 0.15 percent V.O;, approximately a teuth of the content of
vanadium-bearing saudstone ores mined in Colorado, Utah, and Ari-
zona. Furthermore, the mill at Edgemont also processes considerable
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ore mined 1 Wyoming, so probably some of the vanadium recovered
by this mill has come from Wyoming ores. No significant production
of vanadium can be expected from the known deposits in South
Dalkota.

The productive vanadiferous uranium ore deposits occur chiefly
in thick lenses of sandstone in the Lakota and Fall River Formations
of the Inyan IKara Group; some ore has been mined from thin beds of
sandstone interbedded with carbonaceous siltstone in the lower part
of the Fall River Formation. The ore minerals impregnate the sand-
stone, forming irregular tabular bodies that range in size from only
a few tons to several thousands of tons of ore. The primary ore
minerals consist of oxides of vanadium and an oxide and a silicate of
uranium; these minerals oxidize to a variety of secondary minerals
(see table 8, p. 53).

These ore deposits are thought to have formed from metals carried
in solution in moving ground waters. The metals were precipitated
at points where the chemical environment was strongly reducing. In
places the ore-bearing sandstone contains carbonized plant fossils,
which could cause the reducing conditions. In ore bodies where plant
remains are lacking, the necessary reducing conditions could have been
caused by the ore-bearing solutions mixing with waters containing
dissolved organic acids or hydrocren sulfide.

Indicated and inferred reserves of uranium- bearing sandstone ore
in South Dakota total nearly 70,000 tons (p. 51). The vanadium
content of this material is so low, howe ver, that its production potential
is small. If conditions in the future ]ustlfy intensive exploration, this
work might result in the discovery of reserves totaling several times
the current supply, but even so, no large production of vanadium
can be foreseen. :

ANTIMONY AND OTHER MINOR METALS
(By M. D. Dasch, U.8. Geological Survey, Washington, D.C.)

Minor amounts of antimony, arsenic, bismuth, selenium, sulfur, and
tellurium are present in South Dakota. Several of these commodities
have been recovered as byproducts during the smelting and refining
of metallic ores mined in the Black Hills. With the exception of
sulfur, a nonmetal, these elements conduct electricity in minor and

varying amounts and are commonly referred to as semi-metals or
metalloids. Their characteristics, uses, and production are discussed
briefly in the following paragraphs. Occurrences of these commodi-
ties in South Dakota are summarized by mining district, rather than
by individual commodity.

Antimony is an element that can occur in several different forms, a
property referred to as allotropy. In the common form, it is a brittle,
tin-white material with a metallic luster. The element. is alloyed with
certain metals in order to harden them and to inhibit corrosion. In
1962, the most recent year for which complete production statistics
are available, the greatest consumption outlet for antimony was as
antimonial lead. Significant quantities of the element were also used
in plastics, ﬂ'lmeprooﬁng chemicals and compounds, pigments, and in
ceramics and glass (Spencer and den Hartog, 1963a, table 7). Al-
though antlmony possesses no indispensable properhes, it 1s techno-



82 MINERAL AND WATER RESOURCES OF SOUTH DAEKOTA

logically superior to other elements in many of its uses. F urthermore,
1t 1s relatively cheap and can be substituted for more expensive metals.

Antimony 1s found in two types of deposits: one type is simple both
mineralogically and structurally, the other is complex. The simple
type consists predominantly of stibnite (antimony trisulfide), native
antimony, and in places their oxidized equivalents. The minerals
occur in siliceous gangue and may be accompanied by small quantities
of pyrite and other metallic sulfides. In the complex type of deposit,
antimony 1s present in sulfo-salts of copper, lead, and silver, or in
sulfides of copper, lead, zine, and silver. The antimony is locked
within the complex cryst‘ll lattice of certain ore minerals such as
tetrahedrite (copper antimony sulfide). Stibnite less commonly is
the principal antimony mineral in these complex ore bodies. Anti-
mony mined in the United States has come primarily from the com-
plex type of deposit. In the Black Hills of South Dakota, antimony
locally occurs as jamesonite (lead antimony iron sulﬁde) and less
commonly as stibnite and tetraledrite in the complex type of ore body.

Antimony generally is a byproduct, at times a coproduct, recovered
from metallic ores, especially those of lead. Commercial antimony
ores range from low grades of 1 to 2 percent to high grades of 71.5
percent, or nearly pure stibnite. Minor amounts of antimony have
been produced in South Dakota, but production figures are not avail-
able (Lincoln, Miser, and Cummings, 1937, table 5).

Arsenic is a brittle, poisonous, allotropic element that is widespread
in small quantities. In the common form, it has a near metallic luster
and is tin-white or silver-gray; exposure to air turus it black. Arsenic
seldom occurs in the native state. More commonly it is found in one
of three minerals: arsenopyrite (sulfarsenide of iron), orpiment
(arsenic trisulfide), or realgar (arsenic onosulfide). In places
arsenic is mineralogically associated with copper, lead, cobalt, nickel,
iron, and silver, with or without sulfur,

Arsenic is recovered as a byproduct during the processing of cop-
per, lead, and less commonly, gold and silver ores. No domestic de-
posits are mined solely for arsenic content at the present time. Ele-
mental arsenic has not been recovered as a byproduct in this country
since 1950. Instead, the element has been produced and consumed
as arsenic trioxide or arsenious oxide, commercially called white ar-
senic. It is used primarily in the manufacture of caleium and lead
arsenate 1nsecticides. Since 1944 there has been a marked decrease
in its consumption, owing to public preference for less toxic, organic
insecticides, such as DDT The only extensive application ‘of white
arsenic, other than as a poison, is in glassmaking.

Tn 1924 and 192 25, 89 tons of white arsenic worth $7,167 was vecov-
ered from gold ores mined in the Black Hills (T1.S. Bureau of Mines
Staff, region V, 1954, table 1). At that time the commodity com-
manded a high price owing to serious crop damage in the south by
the cotton boll weevil. Arsenic production was anpended m South
Dakota a short time later when the market price declined sharply.

Bismuth is a briftle, reddish-silver element that has a metallic lus-
ter and 1s chemically similar to antimony and arsenic. Tt is present
in small quantities throughout the world. Native bismuth, bismuthi-
nite (bismuth trlsulﬁde), and a number of other blsmuth -bearing
minerals generally oceur in stringers and pockets in hydr othermal
veins. In some places, bismuth enters into the crystal lattice of cer-
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tain ore minerals, such as galena (lead sulfide). Few deposits are
concentrated enough to be mined solely for bismuth. Generally it is
produced as a byproduct of lead ores, and to a lesser extent of copper,
tungsten, and gold ores.

In 1962 , 65 percent of the bismuth metal consumed in the United
States was used in fusible and other types of alloys. Thirty-four pe1-
cent was used in pharmaceuticals, and in other industrial and labor:
tory chemicals (Spencer and den Hartog, 1963b, p. 322). In the iu—
ture, bismuth may become ncreasingly 1111p01tt111t in nuclear and elec-
tronic applications, and in thermoelectric elements and liquid metal
reactors. Although other metals can be substituted for the element in
some of its uses, bismuth has a relatively stable position in the present
econoNy.

Minor occurrences of bismuth are reported in the Black Hills region,
but there has been no recorded production.

Selenium is an allotropic element that is widely distributed in small
quantities in the earth’s crust. It occurs as a brick-red amorphous
powder, a brownish-black glassy mass, a gray metallic crystalline mass,
or as red crystals. Selenium can act either as metal or nonmetal, elec-
trical conductor or insulator, hydrogenator or dehydmgenfttm, col-
orant or decolorant. It is highly toxic and is the only element that
may be present in healthy plants in great enough quantities to be lethal
to browsing animals.

Selenium rarely occurs in the native state. Most commonly it is in
a combined form in native sulfides and selenides, and 1s associated with
copper, iron, uranium, and other metals. No known seleninm-bearing
ores can be profitably mined only for the element. Copper sulfide
minerals are the most common source of selenium, although lesser
quantities are recovered from lead-smelter flue dusts.

High-purity selenium is used chiefly in electronic applications; com-
mercial-grade selenium is consumed by the chemical, rubber, metal-
lurgical, ceramiec, and glass industries. Although selenium has been
reported in sedimentary formations that crop out over wide areas of
South Dakota only minor amounts are present and none has been
produced.

Sulfur 1s a soft brittle, yellow nonmetal that is widely distributed
in both the free and combined states. It is obtained from native sul-
fur deposits, pyrites and other metallic sulfides, petroleum, natural gas,
coal, gypsum and anhydrite. Sulfur, hydrogen sulfide, and sultur
dioxide are recovered from refinery and smelter gases. Approxi-
mately 80 percent of the sulfur and all of the pyrite produced in the
United States 1s used in making sulfuric acid. The acid is consumed
i the manufacture of fertilizers, chemicals, and countless other prod-
ucts.  Sulfur is of vital importance to the Nation's industries.

Most domestically produced native sulfur comes from deposits as-
soclated with salt domes on the Texas and Louisiana Gulf Coast.

In the combined form, sulfur generally occurs as sulfates and as
metallic sulfides. Base metals ave derived from many of the metallic
sulfides which are commonly referred to as “pyrites.”” Pyrites in
which sulfur is of primary importance include three iron sulfides—py-
rite, pyrrhotite, and marcasite. Pyrite, the most abundant of the
metalliferous minerals, is present in rocks of all ages and types; it
oceurs in veins, as dissemninated deposits, and as masses along the con-
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tact between intrusive and sedimentary rocks. In spite of the abun-
dance of pyrite, deposits generally are not extensive or pure enough to
be of commercial importance.

There are no commercial deposits of native sulfur in South Dakota.
Significant amounts of pyrite, pyrrhotite, and other metallic sulfides
such as chalcopyrite are present in the western part of the State. In
the past, when smelters were active in the Black Hills, small pyrite de-
posits were worked intermittently; they have not been in operation
for many years, owning to the low price of the ore. South Dakota
Eynte production totaled approximately $130,000 to 1928; it has not

een reported since then (U§ Bureau of Mines Staff, region V, 1954,
table 1).

7 elhlm'um is a toxie, tin-white element that resembles antimony in
appearance and is related to sulfur and selenium. It is neither wide-
spread nor concentrated in large quantities. It rarely occurs in the
native state, but is present in more than 40 minerals, none of which is
processed solely for the element. Tellurium is recovered as a byprod-
uct of copper and lead ores. It is commonly associated with gold, and
in places with silver,

Only small quantities of tellurium are required in its many applica-
tions. It is used in the ceramic, chemical, metallurgical, and rubber
industries. Tellurium wassatisfactorily substituted for selenium when
that element was not available in sufficient quantities during the early
1950’s. The future of tellurium is uncertain. It is potentnlly useful
in thermoelements, which convert heat from solar energy or radioactiv-
ity to electricity, and which may become increasingly important in
space travel. .

In the Black Hills region, tellurium occurs as sylvanite (telluride of
gold and silver) and as calaverite (gold telluride), but there is no
record of its production.

Reported occurrences of these six elements in the mines and mining
districts of South Dakota have been summarized by the U.S. Bureau of
Mines Staff, region V (1954 and 1955). Bismuth occurrences in the
State have been listed by Cooper (1962) and references to selenium
occurrences in South Dakota have been annotated by Luttrell (1959).
Custer County :

Spokane district (fig. 17, No. 14) ; Arsenic (arsenopyrite) and abundant
pyrite are associated with a vein carrying silver-lead-zinc ores in the
Spokane mine.

Unorganized district (No. 15) : Tellurides are present in gold- and silver-
bearing quartz veins of the Turk group and the Rough Rider (Roosevelt)
group. The Rough Rider group also contains bismuth.

Custer and Pennington Counties :

Unorganized district (No. 13) : In 1916 pyrite was mined and shipped to

Cleveland from Precambrian graphite slate of the Cuyahoga mine.
Fall River County:
Edgemont district (No. 16) : Elemental crystalline selenium has been reported

from the Road Hog No. 1A mine. If occurs in the uranium-bearing Cretace-
ous Lakota Formation.
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Lawrence County :

Bald Mountain and Ruby Basin districts (No. 2) : Abundant pyrite, some
arsenic (arsenopyrite) and tellurium (sylvanite) are reported from wmany
mines in the district. The ore occurs as replacement deposits in the Cam-
brian Deadwood Formation (Counolly and O'Harra, 1929, p. 142-171).

Deadwood (No. 4) : Gold-bearing quartz and pyrite are present in PPrecam-
brian black graphitic schist. The Montezuma and Whizzers mine, formerly
a major pyrite producer for the Deadwood smelter, was active from 1800
to World War 1. More than 27,000 tons of pyrite, averaging $2 a ton in
gold, was mined in 1902. The Olaf Seim (Gotland) mine was worked as
early as 1890. From 1900 to 1901 about 50 tons of pyrite was shipped daily
to the Deadwood smelter, and in 1918, 1,150 tons of ore was produced.

Pyrite and arsenic (arsenopyrite) also occur in gold-silver-lead-zine
replacement ores in dolomite and dolomitic shale of the Deadwood Forma-
tion. g

Galena distriet (No. 7) : Pyrite and less abundant arsenic (lollingite) and
antimony (tetrahedrite) are associated with gold-silver-lead replacement
ores in the lower ore horizon of the Deadwood Formation.

Pyrite has been produced from several mines, among them the Horse-
shoe-Comet ; ore was shipped from this property to the Deadwood smelter
in the early 1900’s. In some parts of the distriet brecciated porphyry
and schist are cemented by gold-bearing pyrite.

Lead district (No. 3) : Pyrite occurs as the cementing material in the gold-
and silver-bearing basal conglomerate of the Cambrian Deadwood Forma-
tion, and also is present in a pyritic bed in Precambrian graphitic schist.
In the 1890’s, pyrite was supplied to the Deadwood smelter by the Slavo-
nian mine. Antimony (tetrahedrite) and tellurium (calaverite) are
associated with gold and silver ore along brecciated fault zones in several
mines.

The Homestake mine, one of the great gold producers of the-world, is in
the Lead district. The replacement ore body is in an intensely folded
bed of schist. Gold is the common ore mineral with pyrrhotite, pyrite,
and arsenopyrite as gangue minerals, A bismuth telluride and minor
amounts of selenium have also been reported (Connolly and O'Harra, 1929,
p. 71-111).

Ragged Top district (No. 1) ;: Gold, partly in the form of tellurides, is dis-
seminated through silicified Mississippian Pahasapa Limestone in the
Ulster mine. In the Qld Ironsides mine, sylvanite (telluride of gold and
silver) is associated with mineralization along vertical fractures that cut
porphyry sill in the Deadwood Formation.

Spruce Gulch distriet (No. 5) : Abundant pyrite and arsenic (arsenopyrite)
occur with zinc and lead sulfides in the lower contact horizon of the
Deadwood Formation (Connolly and (’Harra, 1929, p. 198-199).

Two Bit distriet (No. 6): Gold-bearing pyrite occurs in the Deadwood
Formation on the Hardin properties. In 1899 about 30 tons of pyrite were
shipped daily to the Golden Reward smelter at Deadwood.

Lawrence and Pennington Counties :

Rochford district (No. 8) : Pyrite, pyrrhotite, and other metallic sulfides
are present in gold- and silver-bearing replacement ore bodies in Pre-
cambrian schist. Arsenic (arsenopyrite) with associated gold has been
reported from a number of mines.

Pennington County :

Hill City distriet (No. 11) : In places, pyrite and pyrrhotite are associated
with copper ores and with tungsten and tin deposits in shear zones that
cut Precambrian schists, slates, and quartzites.

Keystone district (No.12) : Abundant pyrite, pyrrhotite, and arsenic (arseno-
pyrites) are present in the district. These minerals are associated with
gold-bearing quartz veins and replacement deposits in shear zones in
schist. Between 1524 and 1931, 100,000 pounds of white arsenic was re-
covered from concentrates shipped from the Bullion mine to the Globe
smelter. Bismuth has been reported from the Etta mine pegmatite.

Mystic district (No. 9) : Arsenic (arsenopyrite) and pyrite are associated
with gold-silver ores of the Inca (Fairview) group. The ore occurs in
quartz stringers that cut Precambrian schists.
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Silver City district (No. 10) : Antimony (jamesonite), arsenic (arsenopy-
rite), pyrite, and pyrrhotite are present in significant quantities in gold-
silver-lead ores of the district. The minerals occur in quartz veins that
cut Precambrian schist. Sulfides in the Alexander Lode assay up to 35
percent antimony.

In South Dakota, the production of antimony, arsenic, bismuth,
sulfur (pyrites), and tellurium is, for the most part, dependent upon
the mining, smelting, and refining of ore mined for the major metals.
Arsenic is present in copper and lead ores, antimony and bismuth
are associated with lead ores, and tellurium occurs in gold and silver
ores. The availability of pyrite is determined primarily by the rate
of production of the main mine product, such as copper, lead, or
zinc. The recovery of smelter byproducts is relatively inflexible,
and problems arise when the demand is great. Arsenic and sulfur
(metallic sulfides) are locally present in significant amounts in ores
of the Black Hills region. Recent production figures for these com-
modities are not available from the out-of-State smelters that process
the metallic ores; it is not possible to determine if these byproducts
are wasted or conserved when the ore is treated. Furthermore, there
are 10 reserve estimates for these commodities in South Dakota.
Antimony and bismuth occur in limited amounts in the Black Hills
and probably will never be regarded as commercially important.

Selenium occurs in varying amounts in all of the Cretaceous forma-
tions of South Dakota. 1t probably was derived from volcanic debris
that was deposited along with other sediments. The Pierre Shale,
which crops out over one-half of the western part of the State, and
the Niobrara Formation, which crops out in a narrow area encircling
the Black Hills, and in the Missouri River Valley in the southern part
of South Dakota, contain concentrations of selenium. Soils derrved
from the selenium-bearing bedrock are seleniferous and support vege-
tation that is toxic to livestock. The deposits are too low grade to
be processed for selenimm at the present time.

Uranium-bearing lignites in Harding County have been analyzed
for selenium content. Should the lignites be processed for the con-
tained uranium, selenium would be a potential byproduct (Rosenbaum
and others, 1958, p. 11).

In addition to the metallic sulfides of the Black Hills, potential
sulfur deposits are present in other parts of the State. Sulfur can
be extracted from anhydrite (calcium sulfate), one of the most im-
portant sulfur-bearing minerals, and from gypsum (hydrous calcium
sulfate). At present,sulfur is not recovered in the United States from
these two sources, for the deposits cannot be worked profitably. In
South Dakota, the Black Hills area 1s encircled by the Permian and
Triassic Spearfish Formation. This stratigraphic unit contains ex-
tensive gypsum beds which are mined locally for use in the plaster
industry. Gypsum-bearing strata also are present in the northern
part of the State, in the subsurface deposits of the Williston basin.
South Dakota has considerable sulfur resources in the form of an-
hydrite and gypsum: in time of great demand, these widespread
strata may be utilized.
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NONMETALLIC AND INDUSTRIAL MINERAL RESOURCES
INTRODUCTION
(By D. J. McGregor, South Dakota State Geological Survey, Vermillion, 8. Dak.)

Nonmetallic and industrial minerals make up a class of large-bulk,
low-priced materials that generally are used essentially as mined or
quarried with little or no processing, except for washing, crushing,
sizing, and some type of fabrication. Of the 35 or more different
industrial- minerals and rocks of fundamental importance to industry,
South Dakota mines or quarries at least 10.

The gold rush of earlier days may never be matched by a sand-and-
gravel or a crushed-stone rush in South Dakota; nevertheless the
values of these unglamorous but very necessary commodities now
equal or exceed those of the metals in South Dakota. South Dakota
mineral statistics for 1963, prepared by the U.S. Bureau of Mines in
cooperation with the State Geological Survey, show that industrial
minerals and rocks accounted for about 52 percent of the total mineral
production of the State. Chief contributors were cement, sand and
gravel, and stone. One interesting aspect of industrial minerals and
rocks is that the use of one commonly involves the use of others. For
example, the use of sand and gravel generally 111volves the use of
cement, which is made from limestone.

The fo]lo“ ing section will discuss the industrial minerals and rocks
produced in South Dakota and will show their importance to the
economy of the State. This important segment of the mineral indus-
try will continue to grow with the increqsing population of the State,
and this growth is p0851ble because the potential resources are avail-
able to support significant increases.

SAND AND GRAVEL

(By R. L. Bruce, South Dakota State Geological Survey, Vermillion, 8. Dak.,
and R. A. Weeks, U.S. Geological Survey, Washington, D.C.)

Sand and gravel have become such an indispensable part of the
modern economy that they are produced in a larger volume than any
other mineral product, and nationally rank fifth in total value of alt
mineral products. The production of sand and gravel in South

Dakota 1s the major nonmetallic mineral industry, and is second only
to gold in total value. Since 1889, over 255 million tons have been
ploduced with a value of over $1‘77 million. The amount of sand
and gravel being used is increasing at a very significant rate: for ex-
'11nple, there has been nearly a threefold increase betiween 1952 and
1962. If the trend continues, many moere deposits of sand and gravel
will have to be developed.

Many natural forces such as water, wind, gravity, and temperature
changes, are constantly at work disintegrating the crust of the earth,
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and moving the resulting rock and mineral fragments. Useful de-
posits of sand and gravel develop by several processes, especially
those that tend to remove the smaller and softer fragments, and those
that have sorted the materials. Economic deposits of sand and gravel
exist in all 67 counties of the State, and in 1962, some sand and gravel
was produced in 58 of these. Figure 18 illustrates some of the more
extensive areas in which sand and gravel may be found. Due to the
small scale of this map, the areas containing numerous deposits have
bﬁen highly generalized and economic deposits locally may not be
shown.

The sources of sand and gravel are as variable as the geology in
South Dakota. The area east of the Missouri River was extensively
glaciated, and sand and gravel deposits in this area are found in
numerous recoghizable glacial landforms. Most sand and gravel pits
in eastern South Dakota are found in glacial outwash in plains, valley
trains, and terrace remnants. Secondary sources include end moraines,
kames, kame terraces, eskers, and beaches of glacial lakes. Distribu-
tion of glacial deposits in this part of the State is effectively shown
by Flint (1955, plate 1).

In the western half or unglaciated portion of South Dakota most
sand and gravel sources are confined to the terraces of the major
streams and to some of their larger tributaries. Mountain outwash
presents a valuable source in and around the Black Hills. Distribution
of such deposits is shown by Larrabee (1946).

Sand and grave! are used in many different applications where they
impart strength, durability, and bulk at low unit cost. Largest
amounts are used in all phases of road construction. In recent years
about 90 percent of all sand and gravel produced in the State has gone
into highway fill, base course, and as aggregate in the final surfacing.
All major construction projects such as dams, airports, public build-
ings, and railroad ballast require large supplies. The more specialized
uses such as molding sand, abrasive blasting sand, and hydrafrac sand
account for a very small part of the production (Bieniewski and
Agnew, 1962, p. 963).

The value of this expendable commodity is dependent on many
factorsincluding transportation, quality, guantity,and demand. Sand
and gravel is a low cost commodity; therefore, as the distance of haul
from the source to the market increases the profit margin decreases.
There is, therefore, 2 point where transportation costs eliminate profit.
This varies however with the quality, since most sand and gravel must
be washed or in some other way processed. A higher quality sand and
gravel which needs very little processing could be transported farther
than one of poorer quality. The source must, of course, contain ade-
quate quantities of sand and gravel to meet the demands of the
consumer.

The construction of new highways in South Dakota has expanded
considerably, as the use of gravel shown in table 7 clearly indicates.
It will expand even more as the population increases. This expanded
construction schedule and the accompanying rigid specifications will
demand more high quality sand and gravel. This demand will de-
plete the known reserves until it will be feasible to transport a poorer
quality product a greater distance. It is therefore certain that this
mineral commodity will be in great demand for many years to come.
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TABLE T~—Sand and gravel production in Souih Dakota, 1889-19637

Quantity Quantity
Year (short Value Year (short Value
tons) tons)

1889-1908 2 _____ ... __ 4,500, 000 $900, 000 3,845,432 $612, 552
1909 .. 1,526,714 271,260 4,677,593 627, 344
1910._. 8490, 800 157,738 2,539.417 722, 046
18 . 600, 000 90, 000 2,910,331 524, 842
1012 . 545,622 69, 348 2,627,059 559, 766
1913 . 1, 088, 833 89, 306 3,577,983 1,443,908
1914 232, 395 40,215 2,291, 450 701, 034
1915, e 256, 270 45, 717 2,501, 431 956,178
1016 e 1,095,504 133,755 , 642, 494 1,106, 983
1907 oo 194, 520 49,654 3,215,608 1,537,822
1018 e 220, 787 48,362 | 1947 . ___ 3,122, 409 1,672,253
1919 . ae. 648, 030 231,300 || 1M48__ .. 4,687, 055 3,247,428
1920 e 572,259 253,614 || 1940 _ .. ___ 5,456, 742 2, 315,430
1921, e 185, 630 136,152 | 1950 __ . . 5,392,247 2,750,847
1922 200, 408 121,690 |§ 195 . . ... 5,037, 384 2,502, 340
1923 . e 304, 768 156,914 |} 1952 _ ... 5,846,140 2,478, 314
1924 L. 323,303 113,602 || 1953_ . ... 5,402,378 2,817,726
1025 . L 1,769, 922 576,248 |1 1954 ___________.________. 14, 819, 228 7, 840, 303
1926 oo 2,013, 350 286,801 || 1955, . .. 13,537,801 | 10,006,828
1027 . 1,162,823 231,218 || 1956 _ o o 12, 539, 000 8, 423, 050
1928 . 2,461,963 1,301,075 ] 1957 .. 14,758, 000 8, 001, 000
1020 . oo 2,729,271 578,204 || 1958 .. oo 14, 705, 000 9,179, 000
19830 e eeee 2,419,441 931,814 3| 1959, . oo . 17,775,000 | 11,058, 000
1931 o 2, 369, 279 931,137 1 1960, - cceeceeee oL 13, 548, 000 9, 359, 000
1932 el 2,065, 282 248 173 [{ 1961 _ L ... 11, 324, 000 7, 336, 000
1033, e 3,233, 040 624,428 || 1962. .. ___________ 15, 371, 000 9, 207, 000
1934 . 3,863,410 773,559 | 1963, ... 16, 000, 000 9, 400, 000
1935, e 4,178, 035 704,276
1936 o ememeeee 3, 325, 490 746, 711 Total, 1889-1963.._... 255, 082, 230 | 127, 409, 235

1 Data for 1963 are preliminary.

2 Estimated.

3 Revised.

Source: U.8, Department of the Intetior, Burean of Mines.

Silica sand is mined locally in sec. 11, T. 1 8., R. 2 E. (Ditch Creek
Tl4-minute quadrangle), Pennington County, from the basal portion
of the Cambrian Deadwood Formation on the west central flank of the
Black Hills uplift, near the contact between Precambrian rocks and
the overlapping Palezoic formations. At present, silica sand con-
stitutes less than 1 percent of the total value of sand and gravel pro-
duced in South Dakota. Most of the silica sand is being utilized in
the hydrafrac process as an aid in the recovery of oil and gas, a rela-
tively new application for rounded quartz sand. Other industrial
uses for sand of the quality being developed from the Deadwood
Formation include filter, molding, and filler sands.

LIMESTONE*

(By J. P. Gries, South Dakota School of Mines and Technology, Rapid City,
8. Dak.)

Limestone is one of the most important mineral products of South
Dakota. Including its locally manufactured forms of lime and ce-
ment, it ranks second only to gold in value of annual production. Most
of the limestone-bearing formations crop out only in the Black Hills
area, but the marketing area for the prepared stone and products from
it extends 250 to 300 miles in all directions from the outcrop area.

1 Including lime and cement.
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Limestone in massive pieces has been used in South Dakota as build-
ing stone and riprap. In crushed form, it is used for railroad ballast,
. concrete and asphalt aggregate, road metal, and filter beds. In pulver-
ized form, it is utilized as agricultural lime and fill sand. In the Black
Hills it is used in the manufacture of Portland cement and lime, and
in earlier days, it was used as smelter flux, lithographic s‘rone, and
ornamental stone.

Available deposits include high-calcium rock, magnesian or dolo-
mitic limestones, argillaceous high-carbonate rock, and metamor-
phosed siliceous dolomitic marble.

OCCURRENCE

The formations that may serve as sources of limestone are con-
sidered below in decreasing order of geologic age.

Precambrian rocks.—Dolomitic marble is known in several areas
within the Precambrian core of the Black Hills. Before the turn of
the century, efforts were made to exploit a serpentinized, metamor-
phosed magnesian limestone southwest of Harney Peak (Connolly and
O’Harra, 1929, p. 295). Considerable rock was quarried but no mar-
ket developed for a cut and polished finished product and the project
was abandoned. So far as is known, none of the other carbonate de-
posits within the Precambrian has been exploited either for its orna-
mental value or its lime content.

Deadwood Formation—~The middle portion of the Deadwood For-
mation includes up to 200 feet of slabby limestone and intraforma-
tional limestone conglomerate in the northern Black Hills, but thins to
the south. Some is high-calcium, but most is dolomitic in composi-
tion; individual beds range from ne‘mrly pure, to highly argillaceous
and sandy carbonate. There is no record to show that this material
has ever been utilized in the Black Hills.

W hitewood Dolomite—The Whitewood Dolomite crops out in the
northern part of the Black Hills. It thins from about 60 feet in its
most northerly exposures near Deadwood, to a feather edge at its
southern limits near Nemo on the east side, and Spearfish Crossing
on the west. The formation is a mottled, irr efruhr]y dolomitized lime-
stone that weathers to shades of buff and red-brown. It is normally
free of sand in the subsurface to the north and west, but contains
some thin sandy zones within the Black Hills outerop area.

The formation is thin bedded, and prior to World War 1 was used
as a building stone in the mllllllO‘ camps, notably at Deadwood and
Galena. It was also extensively Tnined near Deadwood for use as a
smelter flux between about 1885 and 1904, No quarries are now op-
erated in this formation.

Pahasapa Limestone—The Pahasapa Limestone is a white to very
light gray carbonate rock ranging in thickness from 300 feet in the
southern Hills to over 600 feet in the northernmost outerops. It crops
out in an elliptical belt around the central part of the Hills (fig. 19).
The outcrop belt averages 2 to 5 miles wide on the east flank of the
Hills where dips vary from 5 to 10 degrees, and 1s as much as 10 miles
wide on the western side of the Hills. The formation is usually dolo-
mitic, but sections of considerable thickness are nearly pure caleium
carbonate, as mdlcated in the table below. In general, the distribu-
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tion of the two types of carbonate has not been determined; in the
Rapid Canyon area, the lower 280 feet is dolomitic and the upper 60
feet is almost free of magnesia (Ellis, 1960, p. 51, 68). '

"TABLE 8.—Typical analyses, South Dakota carbonate rocks

[In percent]
Formation and loeation (section, township, Ieni-
range) Ca0 | MgO tion 8i02 {Fe:O3] Alz03| SOz
i loss

Whitewood Dolomite (olden Reward Smelter

flux (Lincoln, 1930, 1. 43). . oo oo oeeeeee - 3518 | 17.12 | 46.41 0.42 0,40  |_____.
Pahasapa Limestone, B. H. Lime Co., Pringle; 22

or 23, 58, 4E (Connolly & O'Harra, 1929, p. 286)_. 53.98 1.64 | 43.77 .56 [ 0.20 | 0.06 tr.
Pahasapa Ls., Black Hills Marble Quarries; 13, 1N,

6E (Lincoln, 1930, p. 48) oo cee o ____ 38.00 | 14.10 | 45.32 2.10 .36 tr.
Pahasapa I.s., lithographic stone; 16, 48, 3E (Con- |

nolly & O’Harra, 1929, p. 341) oo . 56.08 16 1 43.73 tr. I -
Minnekahta Limestone, Quarry face at Caleite;

30, 4N, 6E (Connolly & O’Harra, 1929, p. 288)_ 53.91 .39 | 42.74 2,121 42| .60 | 0.08
Minnekahta Ls., Grab sample at Spearfish Quarry

(Connolly & O'Harra, 1929, p. 288)_______._._.._. 54. 96 .71 43.00 1.92 .28 tr.
Minnekahta Ls., Cement Plant Quarry; 33, 2N,

7E (State Plan. Board, no date, p.31)_.__________ 54, 46 .48 42,95 1,22 .44 .34 .03
Niobrara Fm., Antelope Cr., Meade County

(O'Harra and others, 1608, p. 20)__._.._________ 38. 85 1.08 | 36.67 | 15.51 5.80 tr.
Nigbrara Fm., White chalk near Chamberlain; 36,

105N, 71W (State Cement Comm., no date, p.12).| 44.88 77| 31,20 10.72 (1,86} 9.20 .43
Nigbrara Fm., Gray chalk near Chamberlain; 36, .

105N, 71'W (State Cement Comm., no date, p. 12) | 33.83 .75 | 33.23 9.02 [ 4.68 | 3.30 | 3.07
Niobrara Fm., White Chalk, Yankton Quarry; 17,

93N, 56W (State Cement Comm., no date, p. 40)_| 51.64 { ... 39.11 3.50 {1,601 .14} 1.33
Mobridge Mem. of Pierre Shale, Corson County;

19, 18N, 30E (State Cement Comm., no date,

T8 e —————————————————— 3.98 2.60 7.02 1 52.56 | 4.27 {18.36 | 2.78

Quarries in the Pahasapa have generally been located along the rail-
roads. Quarries along the Chicago, Burlington and Quincy Railway
route through the central Hills have been operated at Loring Siding,
Pringle, and Dumont. At Loring Siding, two quarries, no longer in
operation, supplied burned lime and limestone for sugar beet plants
in Nebraska and Wyoming. A quarry and plant at Pringle produces
lime and various rock products. The Burlington has obtained roadbed -
ballast from a pit near Pringle. At Dumont, 9 miles south of Lead,
Pahasapa limestone was quarried for the Deadwood smelters.

Prior to about 1930, a quarry in the Pahasapa limestone west of
Rapid City was served by the Rapid City, Black Hills & Western
Railroad, since abandoned. Dolomitic limestone was crushed and
sized for use principally as concrete aggregate. Some of the fines
were utilized in the manufacture of light-colored cement brick. An
early-day quarry along the Chicago & Northwestern right-of-way
northeast of Deadwood also supplied lime and flux to that community.

Limestone and dolomitic limestone resources in the Pahasapa are
virtually imitless at the present rate of consumption.

Minnelusa Formation—Carbonate beds in the lower half of the
Minnelusa Formation are widespread. Most of the beds are dolomitie,
but a few high-calcium layers are often present near the base. Except
for local construction of culverts, retaining walls, and ranch building
foundations, no use has been made of these limestones.

Minnekahta Limestone—The Minnekahta Limestone consists of ap-
proximately 40 feet of thin-bedded purplish limestone sandwiched be-
tween the underlying Opeche Formation and the overlying Spearfish
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Formation. It stands up as a low but conspicuous escarpment com-
pletely encircling the Black Hills (fig. 19). The outcrop width
varies from one quarter to about 2 miles, and the dip slope is usually
studded with pine trees.

The writer has proposed the following fourfold subdivision of the
Minnekahta Limestone in the Black Hills (Gries, 1952, p. 83), based
upon the lithologic appearance of the outerops, and the insoluble
residues:

1. Upper pure zone: Limestone, dense, finely banded gray and
purple ; much solution along bedding planes with development of
stylohtes

2. Upper shaly zone: Limestone, dense to earthy, dark red;
little solution ; outcrops appear massive, and may break into irreg-
ular plates and slabs.

8. Lower pure zone : Description like zone 1.

4. Lower shaly zone: Limestone, very argillaceous, brick red,
residue high, largely clay.

Sampling of a face at the State cement plant quarry at Rapid City
shows the following (Bagan, 1950, graph I1) :

Thickness | Insoluble residue,
(feet) percsnt composi-
tion
UpPper PUre zoNe_ _ e . 14 | 134 clay and silt.
Upper shaly zone_ .. e e 14 | 4 clay.
Lower PUre ZOme_ _ . e e 7 | <2 clay.
Lower shaly zone._ . el 8 | 50 clay.

The Minnekahta is generally a high calcium limestone containing
less than 1 percent magnesia. Darton and Paige (1925, p. 81) men-
tion an occurrence west of Hot Springs with nearly 20 percent mag-
nesia, but this is apparently unusual. Quarry owners report layers
of very pure high-calcium rock, which they may save for shipment to
sugar beet processors.

The Minnekahta Limestone has been burned for lime since the early
settlement of the Hills. The early demand was for building plaster,
mortar, and whitewash, but after the advent of the cyanide process
for recovering gold, about 1900, most of the limestone has gone to the
gold mills for neutralizing mill feed. Minnekahta Limestone has at
one time or another been burned in kilns near Spearfish, Deadwood,
Piedmont, Rapid City, and Hot Springs. A new kiln will be placed
in operatlon at Rapid City in the spring of 1964.

Quarries for raw stone for riprap, sugar refining, building stone,
aggregate, and highway use have been opemted at Spearfish, north of
Deadwood, Sturgis, Rapid City, Minnekahta, and Hot %prlnas Pits
to produce erushed rock for local construction jobs have been operated
at many intermediate points along the outcrop.

The State Cement Commission operates a quarry at Rapid City,
adjacent to their plant, solely to supply their own needs. Because

argillaceous material is useful to their feed, they are able to quarry
the entire thickness of 38 to 40 feet of the Minnekahta Limestone
whereas commercial operators producing rock aggregate must le‘we
the lower 8 to 10 feet of argillaceous rock unmined.
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Reserves of limestone in the Minnekahta under less than 40 feet of
overburden are estimated to be sufficient for 12,000 years at the present
rate of consumption.

Morrison Formation—A high-calcium but rather argillaceous lime-
stone in the Morrison Formation reaches a local thickness of more than
30 feet near Bear Butte. No attempt has been made to utilize it.

Minnewaste Limestone Member of Lakota Formation.~—The Min-
newaste is a local deposit of rather pure high-calcium limestone that
crops out in the southeastern part of the Black Hills. It reaches a
maximum known thickness of 33 feet, but is generally 10 feet or less
in thickness. This rock reportedly was burned for local use south-
east of Hot Springs, but, because of its restricted distribution and in-
accessibility, it has not been widely exploited.

Greenhorn Limestone—The Greenhorn Limestone consists of an
alternating sequence of calcareous shale and flaggy ledges of granular
detrital limestone. The thickness of the flaggy part of the formation
is generally given as about 40 feet; probably the aggregate thickness
of limestone in this interval is less than 10 feet. The formation crops
out as a low escarpment entirely around the Black Hills. The flag-
stone slabs have been extensively used in rural areas adjacent to its
outcrop for building foundations, walks, culverts, and as riprap on
stock dams, but there is no record that the formation has been used as
a source of lime or aggregate.

Niobrara Formation—The Niobrara Formation consists of 150 to
225 feet of calcareous beds that change from a firm chalk in the south-
eastern part of the state to a chalky shale around the Black Hills. In
eastern South Dakota, the formation may be divided into an upper
Smoky Hill Shale Member, and a lower Fort Hays Limestone Mem-
ber. As shown on figure 19, the formation crops out continuously
along the Missouri River and its major tributaries from below Yank-
ton to the vicinity of Fort Thompson. It also occurs in a small area
west of Pine Ridge in Shannon County, and in an irregular band
surrounding the Black Hills (fig. 19).

Because of the ease of working, and apparent durability, the
Niobrara was extensively used as a building stone in the southeastern
corner of the State prior to about 1880. A cement plant using Niobrara
chalk and shale from the Gregory Member of the Pierre Shale as raw
materials was operated at Yankton between 1890 and 1909. High
cost of selective mining necessary to avoid excessive gypsum, high
fuel costs, and competition with Portland cement plants in nearby
States are given as reasons for shutting down the operation.

Private interests attempted to establish a cement plant at Chamber-
lain between about 1908 and 1910; Niobrara chalk was to be mined
along American Creek. The mill was never completed, and the proj-
ect was apparently abandoned about 1910.

Immediately subsequent to World War I, the State of South
Dakota considered construction of a cement plant at Chamberlain to
utilize the Niobrara chalk. It was concluded, however, that a loca-
tion in Rapid City had advantages in raw materials and in fuel, and
the Chamberlain proposal was abandoned.

No use has been made of the Niobrara chalk in Western South
Dakota.

Pierre Shale—Extensive sampling of the calcareous Mobridge
Member of the Pierre Shale in the vicinity of Mobridge was done by
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the State Geological Survey at the request of the State Cement Com-
mission in 1950 (State Cement Comm., p. 68-80) to determine if suffi-
clent caleium carbonate was present to constitute a source of cement
rock. Sampling showed the formation to be low in caleium carbonate
and high in magnesia.

Tertiary formations—Thin lenticular limestones occur in the
Oligocene Chadron Formation in the Big Badlands and in the Black
Hills, and in the Miocene Monroe Creek Sandstone of Arikaree
age on the Rosebud and Pine Ridge Indian Reservations. These slab-
by limestones have been used locally for culverts and as riprap on
stock dams. The thicker beds in Mellette County are reported to
have been crushed for aggregate or road metal. Both limestones are
reported to be low In magnesia. The quantities available under
shallow overburden are extremely limited.

PRODUCTION

The first commercial quarry in the Black Hills is believed to have
been opened in 1887, and the first commercial lime kiln was completed
in 1893. Prior to 1920, only the value of lime and limestones was
reported. The last year for which production figures for South
Dakota limestone are available is 1956, when lime and limestone out-
put totaled 1,228,960 tons, with a value of $1,826,664. A critical
analysis of early production figures is given by Lincoln (1930, p.
43—44), The current annual production of limestone in South
Dakota is estimated by the writer to total about 2 million tons, of which
approximately 600,000 tons is utilized in the manufacture of Portland
cement.

The old Western Portland Cement Co. plant at Yankton produced
a total of 1,913,738 barrels of cement between the years 1891 and 1909
(Planning Board Rept. p. 4). The plant was extensively overhauled
and modernized in 1904, and no production was recorded that year.

The plant operated at Rapid City by the State Cement Commission
has sold a grand total of 36,412.294 barrels of cement of all types
between 1925 and the end of 1963. In 1963 1,928,916 barrels were
marketed. -

Table 9 shows production of limestone and cement for selected
years:

TABLE 9.—Lime, limestone, and cement production for South Dakoia

Lime and limestone Lime and limestone .
Year Cement Year Cement
(barrels)! (barrels)t
Tons Value Tons Value

LR:j T S, $4, 000 61,725 36, 770 $65, 324 557, 495
1900 | 33,382 38,000 || 1985 .o b 439, 274
1905 | 6, 653 248, 000 51,470 35, 857 446, 033
1910, e | 17,150 0 97, 690 143, 085 351, 004
1915 ... 17,485 0 351, 320 628, 827 339, 40
1920 ... 43, 350 75, 274 0 760, 620 1,156, 117 1, 592, 146
1925 ol 73, 080 97, 880 337,102 |} 1960 . .. | iceaoe 2, 366, 733

11 barrel equals 378 pounds.

Sources: Mineral Resources, U.S5. Bureau of Mines Minerals Yearbook, and reports of State mine in
spector and State Cement Commission.
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DIMENSION STONE
(By D. J. McGregor, South Dakota State Geological Survey, Vermillion, 8, Dak.)

The strength and durability of stone has made it a favorite building
material from the very earliest developments of man. The practical
experience gained in man’s early attempts to defend himself behind
stone walls enriched him in another way, in that he learned to shape
stones for a specific use. He also recognized that somne stones could
be shaped and polished to form attractive durable monuments. The
history of many early cultures is preserved in such shaped and en-
scribed rocks. South Dakota pioneers recognized many sources of
rocks suitable for their use in local building needs, and more espe-
cially that some of the rocks were particularly attractive and suitable
for monuments. From the rather small demand of pioneer days, two
significant industries are now based on South Dakota monumental
stone. The Mount Rushmore memorial, certainly one of the world’s
largest single uses of stone, is one basis of the large and growing
tourist industry, while the Milbank granite provides the basis for a
;3)2,1/3 to $3 million annual volume of business in northeastern South

akota.

The Milbank granite, which is an attractive dark to medium red
stone that takes a high polish, is produced in a number of quarries
in a relatively small area in Grant County. The stone is used ex-
tensively for monumental purposes and is marketed throughout the
country. The Milbank granite is Precambrian in age and crops out
as small bosses in shallow stream valleys. Local relief on the granite
surface is about 100 feet. Quarrying has extended outward from
outcrop to where thickness of overburden exceeds the economic limits
of its removal. Thickness of the granite is not known, but depth of
quarrying has exceeded 200 feet, with no indication that total thick-
ness has been reached.

The Milbank granite is composed of plainly visible mineral grains
or crystals of which 60 percent are dark red feldspar, 25 percent clear
quartz, 14 percent biotite, and 1 percent accessory minerals. Varia-
tion in the color of the granite is due chiefly to variation in the color
of the feldspar.

About 90 percent of the dimension-stone granite produced in South
Dakota is used for monuments and distributed to a few dealers in each
State. Dealers generally do not stockpile such stone, and thus sales
are based almost exclusively on a made-to-order basis. The best
markets are in Ohio and the Western States. The nearest competitors
for the South Dakota granite industry are plants in Minnesota and
Wisconsin. The value of dimension stone over the period 1958-63
averaged about $2.7 million, ranging from a low in 1958 of about $2.3
million to a high of about $3 million in 1959 and 1960.

Six companies quarry granite in Grant County, S. Dak. Four of
these companies fabricate the finished product outside the State,
whereas two companies have fabricating mills in the State. Total
number of employees involved in quarrying granite and in fabricat-
ing products in South Dakota is about 200. Although the dimension-
stone industry in South Dakota employs a relatively small number
of people, it nevertheless has a tremendous economic impact on the
area with an annual payroll of about $750,000. Table 10 lists the
quantity and value of stone produced in South Dakota.



104 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

TaBLe 10.—Stone production in South Dakota, 1889-19631

Year Quantity Value Year Quantity Value
(short tons) (short tons)
750,000 | $L,500,000 |} 1034 48._______ 237, 510 $407, 200
3 74,552 || 193546__ 229, 420 585, 434
@ 171,368 || 1935 ¢6_ 259,130 693, 406
(1) 107,304 || 10374356 407,270 982, 906
(3 202,333 | 193848 T TTTTUT 320,740 899,150
5] 367,784 || 19846 "ITTTTTTTTTTT 408, 730 998, 444
{3 200,061 || 194085, TLTTTTTT 255, 600 878, 866
& 156,360 |{ 1941456 . .- 401,550 | 1,180, 564
)] 155,875 || 194240 T TTTTTTTTTTTTT 714,750 | 1,763,790
¢ 131,094 || 1943456 ______________.__ 269,410 1,304, 370
(3 167,357 || 1944438 o 255,530 | 1,412,141
() 173,726 || 1945456 . TTTTT 303 500 | 1,605,004
(3 148,190 || 1946450 __ """ 1 370,880 | 2,385,543
® 162,295 || ygd74s0 T TTTTTTTT 885.650 | 3,554, 096
6 172,736 1| 1948656 . _TTT77T 763.000 | 3,911,000
(@ 156,907 {1 1g4g4s8_ 77777 1,024,000 | 4,473,000
83 159,089 || 1950 4 oL I 1206000 | 4 861,000
) 182,007 || 1903407 7T TTTITIIII T o0s 380 | 4500 842
® 07,804 || ygsg40._ 1,180,444 | 4 997,497
140, 400 222,490 | yg5q__ T 1,614 818 | 4 928 855
196, 880 489,753 || Y55 T 2,262,946 | 5,679,444 °
181, 600 386,906 || yo56 - TTTTTTTIITTTT 2.200.000 | 5, 725,000
133,920 272,152 || Jgg7 T TTTTTITITTTTII T 1,718,000 | 5,068,000
250, 730 479,288 || yqrg™ [ TTTTTTTITTIIIT 1,305,000 | 4,005 000
166. 970 362,508 || 1gsq T TTTTTTTITTIITTI 2,721,000 | 7,243,000
211, 880 456,342 || jgen 7T ' 149 " 009,
13 340 7 03 1960 - o e 3,149, 000 7,909,000
264,500 | 535,23 {| 1960 5 Bon. 000 | Boaz000
172, 360 451,869 || jqra T " 44 " %90,
172360 el I 3,044,000 |  6,820.000
Tog, 020 866 201 || Undistributed 7-_________. 6,484, 973 5,072,416
722 i{l)g g, g‘(*]},. Total, 1889-1963____| 46,341, 830 | 123, 955, 520
133, 520 376, 078

1 Data for 1963 are preliminary.

* Estimated.

3 Not reported; estimate included in “Undistributed.’”

1+ Excludes stone used to make lime; included in “Undistributed.” X

5 Excludes some stone that must be concealed te avoid disclosure of eonfidential fizures; included in
“Undistributed.”

6 Excludes stone used to make cement; included in “‘Undistributed.”

! Includes estimated 2,000,000 tons for period 1900-18 as indicated by footnote 3; 214,973 tons valued at
$317,666 for confidential figures indicated by footnote 5; estimated 385,000 tons valued at $481,250 used to
make lime during the period 1905-53 as indicated by footnote 4; and estiinated 3,885,000 tons valued at
$4,273,500 used to make cement during the period 1925-53 as indicated by footnote 6.

Source: U.S, Department of the Interior, Burean of Mines.

In the exploration for future sources of granite, enough weathered
material should be removed from outcrops to expose the fresh surface
of the rock for careful examination. Features to look for are freedom
from cracks or closely spaced joints, uniformity of texture and color,
and ability of the rock to take a polish. Favorable surface examina-
tion should be supplemented by core drilling to give thickness and
nature of the rock underground, and to provide samples for further
appraisal.

The Harney Peak grantte in the Black Hills has not been quarried
extensively for dimension stone. Although the mineral and chemical
composition of the granite is similar to that in Grant County, its tex-
ture is unsuitable. Mineral crystals are large, and the rock chips easily
when carved. Much of the granite contains small veins that detract
from its esthetic appeal.

In addition to monumental uses, dimension stone includes all types
of rocks that are shaped for a wide variety of structural uses. A num-
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ber of rocks found in many parts of the State have been used for local
buildings but are not currently being exploited. Present construc-
tion practice favors less costly and more easily worked materials, and
the use of stone is reduced except for architectural accents.

Because of its durability and good bedding, the Minnekahta Lime-
stone has been widely used as a building stone, particularly for retain-
ing walls, culverts, patios, and rustic buildings in public parks. The
rock has recently come into vogue as a facing stone, with large slabs
mounted on edge in random pattern. Notable examples of its use are
the First National Bank Building and the several new buildings at
St. Martin’s Academy at Rapid City.

Other rocks in the Black Hills area meet the durability and strength
requirements but do not possess the textural qualities for use as dimen-
sion stone. Many such rocks are condemned because of their appear-
ance.

The Stoux Quartzite once was used extensively as dimension stone,
and many buildings in the State attest to the durability and beauty
of the quartzite. The Sioux Quartzite is an extremely hard rock,
and fabricating 1t is expensive; thus, 1t no longer is used as dimension
stone. Other quartzites known in the Black Hills are not used as
dimension stone for the same reason.

Glacial boulders constitute a source of dimension stone but more
for local domestic use in fireplaces, patios, and home veneer than for
commercial production.

South Dakota granite has been produced continuously since the first .
block was quarried in 1907. However, in recent years the use of dimen-
sion stone in building has met with stiff competition from more cheaply
produced building materials and the introduction of lightweight build-
ing products. Future expansion of South Dakota’s dimension-stone
industry is one of developing new uses and new markets for a known
mineral resource. :

CLAYS, BENTONITE, AND LIGHTWEIGHT AGGREGATE

(By S. H. Patterson, U.S. Geological Survey, Beltsville, Md., and E. J. Cox,
South Dakota State Geclogical Survey, Belle Fourche, 8. Dak.)

The clays now mined in South Dakota are swelling-type bentonite
used for drilling mud, foundry sand-bonding material, and a num-
ber of other purposes; common clay used for brick, tile, and cement ;
and shale used for making lightweight aggregate. Clays mined in the
State in the past but no longer produced include fire clay for low-
and moderate-grade refractory products, fuller’s earth for decolorizing
and purifying fats and oils, and nonswelling bentonite used in the
manufacture of water softeners.

During the period 1888 to the close of 1963 a total of 6.6 million tons
of clay valued at $39.2 million were produced in South Dakota, accord-
ing to records of the U.S. Bureau of Mines which are listed in the
following table:
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TaBLE 11.—Clay production in South Dakota, 1888-19631

Total Yearly average
Number
Period 2 . of years
Quantity Value Quantity Value
(short tons) (short tons)

188819203 et 32 465, 000 $584, 000 14, 530 318, 250
1921-85 4. oo 15 230. 000 523. 000 15,333 34, 866
193640 __ __ .. 5 136, 622 947, 289 27,324 189, 458
1041-48 . e 5 646, 876 4, 224, 232 129,375 844, 846
194650 - e iaaae. 5 1, 207, 120 9,127, 068 241, 424 1, 825, 414
195158 - oo eecaiaa 5 1, 481, 229 11, 150, 096 206, 246 2, 230, 019
196661 _ i _- 6 1, 890, 914 10, 090, 357 315,152 1, 681, 728
1962 . e eae 1 249, 000 690, 000 249, 000 690. 000
1063 5 i 1 299, 000 1, 884, 000 269, 000 1,884, 000
Total, 1888-1963_ . ____...._ 75 6, 605, 761 39, 220, 042 88, 077 552,934

I Includes bentonite.

? Data are shown by periods of years to avoid disclosure of confidential data.
3 Estimated from record of briek and miscellaneous elay production.

4+ Revised from figures published.

3 Preliminary figures.

Source: U.S, Department of the Interior, Bureau of Mines.

The quantity and value of the clays produced in South Dakota in
1962 were less than the previous year (Bieniewski and Agnew, 1963,
p. 961), but both recovered considerably in 1963. In 1962 only a small
tonnage of bentonite was produced by the American Colloid Co., Belle
Fourche common clay was mined by the Black Hills Clay Products
Co., Belle Fourche, Butte County, and the South Dakota Cement
Commission, Rapid City, Pennington County; and shale was mined
by the Lwh’rwewht Aggregates, Inc Rapid City.

The smtablhty of chys in South Dalkota for various uses depends
on physical properties which are controlled by the mineral and chemi-

cal composition of the clay. Clays are natural earthy materials com-
posed of very fine particles (clay minerals) that are principally hy-
drous aluminum silicates, but may contain small amounts of iron,
magnesium, potassium, sochum calcium, and other ions. The clay
minerals that are common in South Dakota include kaolinite, mont-
morillonite, illite, chlorite, and mixed-layer clays. Nonclay minerals
and other nnpurlhes are present in all clays in varying quantities.
Quartz, gypsum, cristobalite, feldspar, and mica are common impuri-
-tles in bentomtes, and quartz, titanium minerals, feldspar, and organic
materials are common in other types of clay. Barite occurs in some
South Dakota bentonites. For most uses the value of the clay varies
directly with the purity of the clay mineral present; however, for
some products nonclay minerals or organic matter h'lVlI’lO' cert'un
properties are important. Physical propertles of clays, one or more
of which make them suitable for different uses, including plasticity,
bonding strength, color, vitrification range, deformation with drying
and ﬁrmo- resistance to high tempemtures gelation, wall- bulldmo-
propertles, viscosity of slurrles, swelling c'lpqmty, ion-exchange ca-
pacity, adsorbent properties, etc. The composmon mineral structure
methods of identification, and testing of various clays for different
uses have been summarized by Murray (1960). Books by Grim (1953
and 1962) contain detailed information on these subjects.

Bentonite—Bentonite is a clay that has altered from volcanic ash or
tuffs, and it is ordinarily composed chiefly of montmorillonite. One
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type of bentonite known as “Wyoming type” or “sodiwin type” has a
high swelling capacity, extremely fine particle size and other prop-
erties that make it of value for use in drilling mud; as a bonding
material for foundry sands and pelletizing fine-grained iron ores;
where high dry strengths are required; as a relatively impervious
lining for reservoirs, irrigation ditches, and stock tanks; and many
other uses. A second type of bentonite called “calcium bentonite,”
“southern type,” or “nonswelling bentonite” is mineralogically similar
to “Wyoming” bentonite but has different physical properties. This
type of bentonite was formerly mined in South Dakota and used in
making water softeners; similar deposits in other States are used for
foundry sand-bonding material requiring high green strengths, as a
bleaching clay for decolorizing oils, floor sweep, as petroleum catalysts
after treatment with acid, and for other purposes. Both the “Wyo-
ming” and nonswelling types of bentonite have high ion-exchange
capacities, and it is generally accepted that the kind and abundance
of exchangeable lon present are important factors controlling the
physical properties.

Bentonite mining began in South Dakota in 1915 when deposits in
the lower part of the Plerre Shale were opened near Buffalo Gap,
Custer County (Connolly and O'Harra, 1929, p. 326). Mining of these
deposits lasted only 2 years and about 300 tons was mined. Mining
of nonswelling bentonite near Ardmore, Fall River County, for use in
the manufacture of water softeners began in 1917 and continued inter-
mittently until the early 1950’s. Attention was focused on the high
swelling “Wyoming type” bentonite deposits northwest of DBelle
Fourche, Butte County {fig. 20), before 1923, but only a few carloads
were shipped until the first plant was built in 1984. The district
northwest of Belle Fourche became one of the leading bentonite pro-
ducers in the United States during the 1940’s. Production declined
rapidly in the next decade as reserves of high-quality bentonite under
light overburden were depleted, and mining shifted to parts of the
northern Black Hills in Wyoming and Montana. In 1962 only one
company mined a small tonnage of bentonite in South Dakota (Bie-
niewski and Agmew, 1963, p. 961). Production may continue, how-
ever, for several years, as a lease for mining bentonite on State-owned
land northeast of Belle Fourche was obtained by the American Col-
loid Co. in 1963 (Bieniewski, 1964) and reserves may be present on
other lands in this area.

The high swelling bentonite mined in the South Dakota portion of
the northern Black Hills is in the Clay Spur bed which is in the upper-
most part of the Mowry Shale. This bed crops out in a belt more
than 11 miles long extending northwestward from Belle Fourche to
the South Dakota-Wyoming boundary.: Thicknesses of bentonite
in this bed range from 1 to about 5 feet. A second swelling bentonite
bed referred to as bed F' (Knechtel and Patterson, 1962, p. 982-986,
pl. 60) occurs near the top of the Belle Fourche Shale, which overlies
the Mowry Shale. Considerable resources of bentonite are present
in this bed; however, the quality of the bentonite is not as good as
that in the Clay Spur bed, and only a small tonnage has been mined
for experimental purposes.

The nonswelling }&rdmore bentonite bed of Spivey (1940, p. 3),
which was mined for water softener in Fall River County, crops out
at the bottom of the Sharon Springs Member of the Pierre Shale

33-083 0—H4——8
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(Connor, 1963, p. 115) some 60 to 70 feet above the base of the forma-
tion. The average thickness of this bed is about 3 feet. No esti-
mates of the resources of bentonite in this bed are available, but it
crops out intermittently for about 100 miles along the south and south-
east sides of the Black Hills, from the South Dakota-Wyoming State
line to the general vicinity of Rapid City; therefore, very large ton-
nages of bentonite must be present. The Ardmore bed also crops out
in a broad area 18 to 20 miles north of Belle Fourche (bed I of Knech-
tel and Patterson, 1962, p. 990-994; and Gill and Cobban, 1961, fig.
352.4). Samples of clay from this bed that were tested had very high
green-bonding strengths but had no value as drilling mud ( Knechtel
and Patterson, 1962, table 4).

Common clays—In the 1890’s nearly every town on the Missouri
River had a small brick plant (Rothrock, 1944, p. 203) ; several plants
were located in Rapid City and each town in the Black Hills had one
or more plants (Connolly and O’Harra, 1929, p. 305) ; and plants
have been in operation in several towns in other parts of the State.
Most of these plants were small and supplied only local markets and
were abandoned when demands were satisfied. The only brick plant in
operation in South Dakota in 1963 is at Belle Fourche, Butte County.
The clay used in this plant is mined from the Fuson Member of the
Lakota Formation at a locality 3 miles south of the plant (Connolly
and O’Harra, 1929, p. 805-309). Common clay weathered from the
Pierre Shale is also produced and used in making cement at Rapid
City, Pennington County (Bieniewski and Agnew, 1963, p. 968).

The clay mined south of Belle Fourche 1s 20 to 30 feet thick. Most
of it is dark gray, but much is mottled with purple, and parts of the
deposit are light colored. The purplish clay produces a red brick and
tile. A band of light clay fires yellowish tan. This clay is probably
in the same stratigraphic position and of similar composition to
clay in a mottled zone at the top of the Lakota Formation in the
western and southern Black Hills, which is rich in kaolinite (Schultz
and Mapel, 1961, p. C172-C175). :

Clays, shales, and other fine-grained materials of several types have
been used for brick and other structural clay products in South Da-
kota, and every center of population in the State is located near re-
sources that could be used for these purposes. The Pierre Shale of
Late Cretaceous age crops out over much of the central and western
parts of the State and has been used for bricks at a number of places.
Residual weathered material from red beds in the Spearfish Forma-
tion of Permian and Triassic age and beds in the lower part of the
Graneros Shale of Cretaceous age were once used at Rapid City
(Connolly and O’Harra, 1929, p. 309-310). Other materials that have
been used for brick and tile include alluvium, glacial drift, loam that
accumulated in glacial lakes, loess, and shales and clays from forma-
tions other than those listed. Not all of these materials will produce
brick that will be accepted by the present-day consumer.

A small tonnage of low-grade pottery clay is mined and used in
making art pottery primarily for sale to tourists, The clays that
have been used for pottery have been dug from the Fuson Member of
Lakota Formation (Rothrock, 1944, p. 201), from a small deposit
near Hermosa (Bryson and others, 1947), and from deposits in the
southwestern corner of the Pine Ridge Indian Reservation (Schultz,
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1961, p. 17). The clay dug on the Reservation is in a bed about 3
feet thick, occurring in a weathered noncalcareous zone at the top of
the Niobrara Formation.

Fire clay—Fire clays suitable for low- or moderate-heat-duty re-
fractory products occur in the Fuson Member of the Lakota Forma-
tion, in a few places in the Morrison Formation (Connolly and
O’Harra, 1929, p. 306), and in weathered surficial material on the
Pine Ridge Indian Reservation (Schultz, 1961, p. 18). Certain sili-
ceous shale in the Mowry Shale in the Black Hills region and parts of
the Pierre Shale at two localities in the Missouri Valley have been
suggested as possible sources of refractory materials (Rothrock, 1944,
p. 205) ; however, there are no reports of these materials being used or
tested for this purpose, and probably they have little value as
refractories.

The fire clay in the Fuson Member crops out in several places on
the northern, eastern, and southern flanks of the Black Hills. Deposits
reported to be 45 feet thick were mined many years ago at a locality 2
miles south of Rapid City. These clays were used for refractory bricks
for lining smelters in the Black Hills region. The Al.O, contents
range from 6.56 to 18.30 percent in analyses of clays from south of
Rapid City and in a pit south of Belle Fourche (Connolly and
O’Harra, 1929, p. 307-308). Clays having alumina contents in this
range are rarely suitable for more than moderate-heat-duty refractory
products, and clays now mined in other States for high-heat-duty
products ordinarily contain about 35 percent Al.Q,.

Clays consisting of as much as 50 percent kaolinite occur in weath-
ered noncalecareous parts of the Niobrara Formation in the southwest-
ern part of the Pine Ridge Indian Reservation (Schultz, 1961, p. 5-6).
These clays are suitable for use in low-heat-duty refractory products.
They have little value, however, because they are of no better quality
than the claysin the Fuson Member, and there is no demand for refrac-
tory products on the Reservation.

Fuller's earth—Small tonnages of fuller’s earth were processed in
the 1890’s in a plant at Hot Springs. Most of the material processed
was mined from a deposit 5 miles southeast of Fairburn and one 2
miles west of Argyle, Custer County. Other deposits of fuller’s earth
are reported to be located 2 miles south of Buffalo Gap, Custer County,
and 114 miles west of Minnekata and 8 miles west of Edgemont, Fall
River Countv (Ries, 1898, p. 334-335). Parts of the Titanotherium
beds in the White River Badlands are probably similar to the material
that was processed at Hot Springs (Connolly and O’Harra, 1929, p.
315-316).

The deposits southeast of Fairburn are 9 feet thick and consist of
vellowish gritty eclay having a nodular structure. Deposits west of
Argyle are 18 feet thick and are of the same type of clay that occurs
at Fairburn (Ries, 1898, p. 333-334).

Samples of fuller’s earth from near Fairburn and Argyle tested in
recent years (Miller, 1959, p. 23) were rated as 90 percent efficient for
bleaching and purifying cottonseed oil as compared with commercial
fuller’s earth now in use. Though resources of fuller’s earth in the
southern Black Hills are probably very large, they are of a grade that
cannot compete with more efficient materials for distant markets, and
no local demands for these clays exist; they, therefore, have little value
at present.
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Nonswelling bentonite in the southern Black Hills region is efficient
for use in filtering and purifying mineral and vegetable oils (Miller,
1959, p. 11-12). These bentonites, therefore, might properly be re-
ferred to as fuller’s earth, and the fuller’s earth described by Ries
(1898, p. 334-335), as located 2 miles south of Buffalo Gap 1s now
known to be part of the Ardmore bentonite bed of Spivey ((1ll, J. R.,
written communication, January 20, 1964). There are large resources
of nonswelling and low-swelling bentonite in the southern Black Hills
and elsewhere in the State; however, the quantity of these clays that
are suitable for decolorizing oils and for use as bleaching agents has
not been determined.

Lightweight aggregate—The only lightweight aggregate plant in
South Dakota has been in operation at Rapid City, Pennington
County, since 1952, The raw material used 1n this plant is mined
from the Pierre Shale (Cole and Zetterstrom, 1954, p. 15). 'This mine
is located approximately 8 miles east of Rapid City. Very large re-
serves of shale are located in this region.

Shales that have been tested in laboratories and found suitable for
use in making lightweight aggregates occur in a number of places in
South Dakota, and the possibilities of establishing plants at localities
other than Rapid City have been considered. Shale that is reported
to have superior expanding properties occurs in the Pierre Shale
west of Yankton (Miller, 1959, p. 24), and the construction of a plant
in this vicinity has been recommended. Other areas where the Pierre
Shale contains material favorable for use in making lightweight
ageregates are located near Mobridge, Iona, Chamberlain, Fort Pierre,
and in Gregory County (Cole and Zetterstrom, 1954, p. 5, 22-29; Zet-
terstrom and Cole, 1956). Total resources of potential bloating
material for Lightweight aggregate in the Pierre Shale in South Da-
kota are virtually inexhaustible, and other formations probably con-
tain shales and clays suitable for making lightweight aggregate.

Economic consideration and resource potential—South Dakota is
amply supplied with common clay suitable for making brick, tile, and
structural clay products, and shale resources for lightweight aggregate
and cement are virtually inexhaustible. Most products made from
common clay and shale are heavy or inexpensive and supply markets
within the State or in nearby areas.

Practically the only existing demand for bentonite in South Dakota
and adjacent States is for the high-swelling type that occurs in the
Clay Spur bed. Bentonite of this type is consumed in nearly every
State in the United States and is shipped to many foreign countries.
The outlook for mining this type of clay in South Dakota is not bright,
because reserves in the Clay Spur bed under light overburden are
largely exhausted. The two bentonite plants located on a railroad spur
2 miles northwest of Belle Fourche operated by the American Colloid
Co. and the International Minerals and Chemical Corp. are supplied
chiefly by mines in Crook County, Wyo., and will not be closed by the
exhaustion of deposits in South Dakota. The resources of bentonite in
the Clay Spur bed under thick overburden will have little value for
many years, because reserves of cheaply mined clay in Wyoming and
Montana are adequate to last several decades. The prospects of ben-
tonite mining in South Dakota would be greatly improved if demands
would develop for the nonswelling type, a possibility that has been
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suggested by Miller (1959, p. 12; Lee and others, 1961). Large re-
sources of nonswelling bentonite are present, in Fall River and Butte
Counties and other pflrts of South Dakota.

The possibility for extraction of alumina from the Pierre Shale
has been considered a number of times (Gries, 1942, p. 63-66; Roth-
rock, 1944, p. 65-66), and several research projects carried on bV chemi-

cal engineering students of the South Dakota School of Mines and
Technolocry were concerned with this problem (Miller, 1959, p. 26).
The most serious attempt to use raw materials other than banxite for
alumina commercially in the United States in recent years has been di-
rected at kaolinitic clays in Latah County, Idaho (Stephens, 1960), and
high-grade kaolins in Georgia (Anonymous, 1963, p. 43). ILatah
0011nty, Idaho, contains hrfre resources of clay averaging more than 20
percent Al,O; (Hos’rermm and others, 1960, p. 37) ), and the Al NOR
n Georgia kaolins is 35 to 40 percent (Kesler 196% p-8). Tnasmuch as
the Pierre Shale contains only 12.37 to 17.93 percent Al,0O; (Tourtelot,
1962, table T) and no commercial extraction of alumina from the Idaho
or Georgia clays has yet been made, the prospects for using Pierre
Shale for alumina cannot be considered good.

PEGMATITE MINERALS
(By J. J. Norton, U.S. Geological Survey, Washington, D.C.)

The chief mineral products of the southern Black Hills, Custer and
Pennington Counties, have been the pegmatite mmem]s—especmlly
potash feldsp‘u mica, beryl, and lithium minerals. A smaller peg-
matite district at Tmton, m the northwest part of the Black Hllls
have been a source of lithium. The Black Hills has produoed
$16,540,000 worth of these minerals. Of this total, more than 80 per-
cent has been mined in the last 25 years, and 50 'percent has been mined
since 1950.

“Pegmatite” is the name of an unusual form of granitic rock. It .

consists, in the main, of the same minerals as granite—quartz and
feldspar. It differs from granite in its abundance of very large
crystals, several inches or several feet across. Bodies of pegmatite
that have been profitably mined have one other very important char-
acteristic: parts of them are very rich in one or more minerals that
have commercial value. Both the coarse crystal size and the abundance
of a commercial mineral are of key significance-—the size because it
permits selective recovery of the pr oduct by the hand methods
ordinarily used, and the abundance because it permits a high yield of
the mineral sought.

The peom‘ltlte mineral that ranks first in importance in the southern
Black Hills is potash feldspar. Tts uses in the ceramic and glass in-
dustries have made it one of the most stable parts of the economy of
the southern Black Hills during recent. decades, through depression
and prosperity, and war and peace.

The southem Black HlHS has had an important, thouo‘h SpOI“ldiC
commerce in “sheet mica,” and also vields an output of “scrap mica”
that has been steadier but of much Tow er total dollar value. Sheet
mica includes any muscovite mica that is cut into sheets of 1 square

)
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inch or larger. It is further divided into a great number of categories,
in which price depends on the size and quality of individual sheets.
The combination of physical and electrical properties of sheet mica
are suich that it has a wide variety of uses in the electronic and electri-
cal industries. A quite different but also important. product is “scrap
mica,” which is reduced by grinding to a finely divided form. Its
chief uses are in roofing materials, paint, and rubber.

Beryl has been produced at the rate of a few hundred tons per year
for many years. Production in 1962 was 144 tons, which was sold to
the U.S. Government for $77,000. The Government purchase program
came to an end in 1962, and there has been little or no beryl mining
since then. Beryl is the source of the metal beryllium, which has been
used chiefly in an alloy with copper. :

Lithium minerals—spodumene, amblygonite, and lepidolite—have
also been important in the Black Hills, but in recent years production
has become virtually nil. Other products of Black Hills pegmatites
include tantalum and columbium from the mineral tantalite-columbite,
a small quantity of tin, and mineral specimens and decorative material,
especially rose quartz.

HISTORY OF MINING

Pegmatite mining began in 1879 when the Crown mine, near Custer,
was opened as a source of sheet mica. Mining for sheet mica was vig-
orously pursued from 1879 to 1884 and again from 1906 to 1911, chiefly
at the Crown, Lost Bonanza, New York, and White Spar mines. The
mica output during these years had a total value of about $1 million.
After 1911 production was at a modest level until World War II. The
demand for sheet mica for military uses, largely in electronic equip-
ment, led to the establishment of a Government purchase program in
which a buying station in Custer was active from 1942 to 1945. A
smaller program of similar nature lasted from 1952 to 1962. Total
sales were about $1,900,000.

Mining for lithium minerals began at the Etta mine, near Keystone,
in 1898. From then until 1952 the Black Hills was the dominant source
of the world’s lithium. Production was greatest during the two
World Wars and the Korean war. Most of the mining was for spod-
umene at the Htta, Edison, Tin Mountain, Mateen, Beecher No. 2,
and Bob Ingersoll No. 2 mines. Amblygonite was extracted from
many properties. Lepidolite was obtained chiefly from the Bob
Ingersoll No. 1 mine. During the 1950’s there was a great change in
the world’s lithium mining industry: large mines were developed in
North Carolina, Quebec, and Southern Rhodesia, and world produc-
tion inereased from 28,128 tons of lithium minerals in 1952 to at least
170,000 tons in 1957 (Schreck, 1961, tables 9 and 11). For a time the
several Iithium mines and mills of the Black Hills held a place in this
expanding mdustry, but ultimately they proved to be too small to com-
pete at this scale. Since the closing of the Etta mine in 1960, lithium
mining in the Black Hills has been nearly dormant.

Potash feldspar was first mined at the Hugo mine near Keystone
in 1923, When a grinding mill was built at Keystone in 1929 and
another at Custer in 1935, feldspar mining took firm roots in the Black
Hills economy that it has held to the present day. Total production
through 1963 has been 1,382,081 long tons worth $6,684,111. Both the
Keystone and Custer mills were destroyed by fire in the late 1950’s, and
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a new mill constructed at Custer has treated most of the 20,000 to
45,000 tons of feldspar produced annually since then.

Beryl was the last of the pegmatite minerals to come into promi-
nence. Though mined sporadically as a by-product in early years, it
first became important in World War II. With the stimulus of Gov-
ernment purchase programs in World War II and again between
1952 and 1962, annual production has generally been between 150 and
400 tons. Production through 1963 totals 4,964 tons valued at
$1,654,260.

Production figures for all the pegmatite minerals are presented in
tables 12 to 17, provided by the U.S. Bureau of Mines. Some figures
for early years, when productiton records were less exact than 1 now,
are estimates based on published statements and other source material,
not all of which are consistent with one another. The figures here
used are the most authoritative now available. Other estimates, some
of them in more detail, have been published by the South Dakota
State Planning Board (1937) by Page and others (1953, table 1), and
in the annual reports of the South Dakota State mine 1nspect0r

GEOLOGY OF PEGMATITES

Approximately 20,000 pegmatites are distributed across a broad
area surrounding the Harney Peak granite, but only about 200 are
known to have characteristics that make them suited for mining.
These 200 are the so-called zoned pegmatites.

The structure of a zoned pegmatite can be most easily visualized by
examining a map of such a body, which shows its characteristics in
a horizontal plane, or by use of a cross section, which shows how the
pegmatite would look in a vertical slice. Figure 21 is a cross section
of the Hot Shot pegmatite, which is about £ miles east-southeast of
Custer. This illustration shows the inferred nature of the entire
pegmatite, from top to bottom; the information used to make the cross
section comes from surface exposures, mine workings, and drill holes,
all of which are shown on the original maps and sections (Norton and
others, 1964, plate 27) from which this was made.

Many of the characteristics illustrated by this cross section are
typical of zoned pegmatites. The pegmatite is approximately ellipti-
cal in form, but has a rounded top, a keel-like bottom, and many irregu-
larities or “rolls along its bor er. The interior of the pegmatite is
divided into six zones, ‘each of which has a different suite of minerals.
Some of these minerals have economic value, and units in which indus-
trial minerals are abundant can be selective]v mined.

The outermost part of the pegmatite is a wall zone consisting of
quartz, albite (soda feldspar), and muscovite mica, some of it in books
large enough to be used for sheet mica. The wall zone is very thin at
the top of the pegmatite and much thicker at the bottom. In this, as
in other pegmatites, the wall zone is richest in muscovite at its outer
border, along the contact with the country rock; the inner part of the
wall zone consists mainly of albite and quartz. In the Hot Shot peg-
matite this trend is so prominent that a separate zone of albite-quartz
pegmatite has been developed everywhere except in the upper part of
the body.
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EXPLANATION.
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FIGURE 21.—Pegmarite zones, as shown in a cross section of the Hot Shot pegmatite;
based on Norton and others (1964, pl. 27, sec. B-B").



116 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

Two zones in the upper part of the Hot Shot pegmatite contain
potash feldspar in the form of “perthite.” Strictly speaking, perthite
1s not a mineral but a combination of two minerals: the predominant
member is microcline (potassium feldspar), but it contains within it
many small streaks and patches of albite (sodium feldspar). The
perthite-quartz-albite and perthite-quartz zones at the Hot Shot are,
like all zones of this composition in the Black Hills, in the inner and
upper part of the pegmatite. The lower part of the pegmatite lacks a
perthite zone, and has a quartz-albite-muscovite zone 1n its place.

The inner zone, or “core,” consists of quartz-spodumene-albite peg-
matite. All three Black Hills lithium minerals—spodumene, ambly-
gonite, and lepidolite—have been found in this part of the Hot Shot
pegmatite, but their tonnage is so small that no effort has been made to
extract them.

Though the Hot Shot is here cited as a “typical” zoned pegmatite,
one must bear in mind that every zoned pegmatite is at least a little
different from every other zoned pegmatite. Some have very simple
shapes; some are very irregular. Some have large mica-rich wall
zones, and carry little or no potash feldspar in their inner zones. Some
have only sparse mica, but very large potash feldspar zones. Many
pegmatites have a core that consists entirely of quartz. In others, the
core carries feldspar and perhaps lithium minerals; a few have zones
containing lithium minerals that occupy the greater part of the peg-
matite. Many pegmatites, like the Hot Shot, have several zones that
can be mined for economically valuable minerals, and thus a single
pegmatite can be a source of several marketable products. The wide
variety in the characteristics of zoned pegmatites is described in the
extensive literature on these deposits.

The chacteristic of overriding importance is the zoned structure
itself. Only the zoned pegmatites contain units rich enough to have
been mined for potash feldspar, mica, beryl, or lithium minerals.

The unzoned pegmatites are, in a sense, varieties of the Harney
Peak Granite. This so-called granite is itself pegmatitic in many re-
spects. Not only its minerals—chiefly feldspar and quartz--but
also its variety in grain size, the presence of very large crystals, and
the sparsity of dark minerals are such that all of it could as well be
called pegmatite as granite.

The unzoned pegmatites are not greatly different from certain large
bodies of pegmatitic rock in the Eastern States that are sites of large
mining and milling operations to produce feldspar, largely for the
glass market. A geographic location near the principal markets, so
that freight costs are low, is one of the most importance character-
isties of such large volume feldspar sources. The unzoned pegmatites
of the Black Hills are too far from markets to have been utilized in
this way, and at present have no economic value.

DISTRIBUTION OF PEGMATITES

The search for an economically profitable pegmatite is a search
for a zoned pegmatite that has a sizable zone enriched in one or more
industrial minerals. The locations of 64 of the more important
deposits are shown on figure 22.

Figure 22 also shovws the distribution of all types of pegmatites, un-
zoned as well as zoned, by means of isograms signifying the number
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of pegmatites per square mile. The outer limit of the pegmatite-
bearing area (the zero isogram) runs from near Keystone to Hill City
and then south-southwest to the edge of the Precambrian rocks. A
small area near Bear Mountain, 9 miles west-southwest of Hill City,
also has a few pegmatites, none of which now have commercial
importance. In summary, the map indicates that the pegmatite-
bearing area-——where deposits of commercial value may be found—
includes the entire extent of Precambrian rocks south and east of the
Harney Peak granite, and also a strip a few miles wide around the
north and west sides of the granite. Pegmatites are most abundant
near the Harney Peak granite and in an area extending south from
Custer to Pringle.

The 64 zoned pegmatites that have been mined intensively are
widely distributed in the region surrounding the Harney Peak
granite. Most of them are in the outer parts of the pegmatite-
bearing region: 47 are between the 0 and 100 isograms, 12 are be-
tween the 100 and 200 isograms, and only 5 are above the 200 isogram.
The localities containing the greatest number of deposits are south-
east and southwest of Custer and in a small area near Keystone.
There is only a scattering of zoned pegmatites along the north and
west sides of the Harney Peak granite. The absence on the map of
zoned pegmatites on the southeast side of the granite in Custer State
Park is probably because prospecting and mining have been pro-
hibited in this area for many decades, not because there are no
deposits.

The zoned pegmatites on the map are divided into four categories,
each shown by a separate symbol. The four kinds of zoned peg-
matites have recognizable but gradational differences. Furthermore,
they show a tendency to occur in different places.

The sheet mica pegmatites, shown as black dots on the map, are
those in which a mica-rich wall zone is well developed. They have
quartz-feldspar inner zones, and some have a quartz core; the pre-
dominant feldspar is plagioclase. Virtually all the important sheet.
mica deposits of the southern Black Hills are in the Custer district,
on the southwest and south sides of the Harney Peak granite. Many
of them lie between the granite and the 100 isogram, rather than in
the outlying areas that are favored by the other kinds of zoned peg-
matites. The possible reasons for this peculiarity in the distribution
of mica pegmatites go beyond the scope of this report, but whatever
the reasons, the point stressed here is that anyone searching for un-
discovered mica deposits should direct his efforts chiefly to the belt of
pegmatites extending south from Custer and the region north and
east of Custer near the edge of the granite.

Zoned pegmatites with potash feldspar as the dominant industrial
mineral are more abundant than any other variety. The potash feld-
spar occurs elither with quartz alone or with both quartz and plagio-
clase in intermediate zones or cores, ordinarily in the manner shown
in the section through the Hot Shot pegmatite. Figure 22 shows the
location of 27 of the more important deposits of this kind. A great
many smaller deposits throughout the region have also been mined,
for in times of economic adversity many persons in the Black Hills
have mined feldspar, either independently or in partnership with
others, as a short-term source of income.
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FiGURE 22.—Distribution of pegmatites in the Southern Black Hills, South Dakota.
Geology by J. J. Norton and J. A. Redden (1963). Contact between Precambrian
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1. Mateen 13. Highland 25, New York

2. High Climb 14. Crown 26. Tiptop

3. Bob Ingersoll 15, Old Mike 27. Buster

4. Dan Patch 16. Lost Bonanza 28. White Elephant
5. Peerless 17. White Spar 29. Beecher group
6. Hugo 18. Victory 30. St. Louis

7. Etta 19. Climax 31. Red Deer

8. White Cap 20. Agnew 32. Townsite

9. Edison 21, Bull Moose 33. Dakota Feldspar
10, Dyke 22, Townsite 34. Greene

11, Big Chief 23. Hot Shot 35. Smith

12. Tin Mountain 24. Helen Beryl
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Lithium minerals occur not only in the southern Black Hills, but
also in the vicinity of Tinton in Lawrence County. The economically
most important lithium mineral is spodumene, but lepidolite and-
amblygonite have also been mined.

The cross section of the Hot Shot pegmatite shows a small inner
zone that carries spodumene. In the principal spodumene deposits of
the Black Hills, a zone of this kind is very large and the outer zones
are correspondingly smaller. Pegmatites having abundant spodu-
mene tend to be on the fringes of the pegmatite region. In the
Keystone and Hill City dlstrlcts and at the Tin Mountfun mine west,
of C‘uster, most of the spodumene pegmatites are within 1 mile of the
zero isogram. The Beecher Group, which has the only other sizable
spodumene deposits, is at the east edge of the pegmatite-rich region
that extends south from Custer.

All the lithium pegmatites shown on the map are spodumene de-
posits except the Bob Ingersoll No. 1 pegmatite near Keystone, which
has been an important source of lepidolite. Amblycromte has not been
the principal product of any pegmatite; it occurs in pegmatites that
have other lithium minerals, and also in pegmatites mined for feldspar,
mieca, and beryl.

The scrape mica-beryl pegmatites, shown on the map as black
triangles, have many of the characteristics of the other three cate-
gories. Their truly distinctive feature is the abundance of beryl
and scrap mica in an outer zone. Most of them also have inner zones
that contain potash feldspar and lithium minerals. The pegmatites
of this category, like those of the lithium category, occur mostly near
the outskirts of the pegmatite region.

POTASH FELDSPAR

Potash feldspar mining has been a significant element in the econ-
omy of the southern Black Hills for 80 years. Nearly all feldspar
1s mined 1 open p1ts and the only processing at the mine consists of
handsorting. It 1s then trucked to the grinding plant, and from there
shipped to market.

The largest operations are by the Consolidated Feldspar Depflrtment
of the International Minerals & Chemical Corp. Itspresent grinding
plant at Custer was built in 1959, replacing an earlier plant that oper-
ated from 1936 until 1958. The same corporation had a grinding
plant at Keystone from 1929 to 1957. All but a small pfu't of the
potash feldspar mined in the Black Hills has been processed at these
two localities. .

Feldspar production (table 12) from the southern Black Hills has
been relatively consistent from year to year, in contrast to the feast-
or-famine pattern of other pegmatite mlneral% The rate of annual
output first rose above 40,000 long tons in 1937, and was between 40,000
and 75,000 tons in all but one year from 1937 through 1957. Year]y
output since then has ranged from 20 ;900 to 45,588 loncr tons.

The potash feldspar or perthite mined in the Black Hills consists
mostly of microcline (potassium feldspar) but also earries albite
(sodium feldspar). Potash feldspar concentrates also have quartz
and muscovite as impurities, but contamination by iron-bearing min-
erals, such as tourmaline, garnet, or biotite, is avoided.
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TABLE 12.—Feldspar production in South Dakota, 1923-63*

Year Quantity Value Year Quantity Value
(long tons) (long tons)

1923 2 . 150 $600 || 1948___ .- 54, 037 $271, 000
1924-303 .. .. 27,913 153,887 (| 1949 ____ 32,272 157, 000
1931 s - 11, 062 39,013 || 1950 oo 43, 875 249. 000
1982 . 6, 067 22,256 || 1951 - 48, 559 290, 520
1933 e 3,220 12,088 || 1952 - aen 40, 163 220, 954
1934 . 9,190 30,892 || 1953 ... 50, 601 321, 026
1935 e 22,099 62,498 || 1954 . ________ 44, 498 281,810
1936 i 32,144 103,871 || 1955 e 42,164 267, 286
1937 .. 41,392 158,976 11 1956 - o o oo-__. 45, 000 289, 000
1938 . 42,297 122,467 |1 1957 . 41, 316 267,000
1939 e 48,328 133,893 §: 1958 ________ . ___________ 23,229 145,000
1940 Lo 54, 692 157,323 |} 1959 @ v oo 30,825 196, 000
1941 - 59,015 170,723 |1 1960 .. 45, 588 202, 000
1942 __ __ . _ 64, 842 225,410 |} 1961 .. 29, 354 186,000
1943 e 70,913 342,643 11 1962_ ___ . ______________ 29, 697 191,000
1944 .. e 64, 806 288,188 i 19634 ... __ 20,900 137, 000
1945 .. 68, 374 314,787

1946 ... 74, 540 299, 852 Total, 1923-63_ ____. 1,382,081 6, 685, 111
1947 58,959 284,378

1 No production prior to 1923,

2 Estimated.

3 Data shown for a period of years to aveid disclosure of conﬁdentlal figures.
4 Preliminary figures.

Source: U.S. Department of the Interior, Bureau of Mines.

Potash feldspar is obtained chiefly from perthite-rich units in the
upper parts of pegmatites; the cross section of the Hot Shot mine
illustrates the typical arrangement. Not only must the deposit be
rich enough and large enough for mining, but also the perthite crystals
must be suﬂicnentlv hrore and free of inclusions to be concentrated by
hand methods. Perthite crystals are nearly all a foot or more long
and some reach dimensions measurable in tens of feet. Deposits that
have been profitably mined carry at least 80 percent perthite, and
commonly much more. A large deposit may contain as much as 300,000
tons of perthite. At the other extreme, many small deposits, of a
few tons or a few hundreds of tons, have been mined in one- or two-
man operations. '

MICA

“Mica,” as a commercial term in the Black Hills, applies only to
the mineral more precisely known as muscow’re. Commercnl mica is
generally divided into two categories: (1) “sheet mica,” which is any
mica that is cut into Sheets of -1pp1'o*(1mf1tely 1 square inch or larger,
and (2) “scrap mica,” which is reduced by dry grinding to 16 mesh or
smaller, or by wet O'rlndmcr to 160 mesh or smflller

Sheef mica has been far more important than scrap mica in the
Black IHills. Most of the secrap mica has been a byproduct of mining
for other pegmatite minerals. Only the Peerless mine, which has been
operated nearly continuously since 1924, has been a rerruhr and con-
tinuous source of secrap mica.

The sheet mica industry has a technieal background and a body of
trade practices, specifications, and customs that are far too elaborate
to describe here. The best published reference is by Chand Mull
Rajgarhia (1951), whose knowledge of the subject was based on a
lifetime of experience in the sheet mica business in India, which sup-
plies most of the world’s mica. KExcellent references written in the
United States are by Skow (1962), Montague (1960), Jahns and Lan-
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caster (1950), and Wierum and others (1938). A fully satvisfactorj7
description that applies particularly to the Black Hills deposits was
written by L. R. Page and others (1953, p. 27-33).

TABLE 13.—Production of sheet and punch mica from South Dakota, 1879-19631

Year Quantity Value Year Quantity Value

(pounds) (pounds)

5, 0600, 0600 $1, 000, 000 §6, 570 $178, 696
19,225 2,206 17,400 8,432
27,323 1,336 188, 380 28,704
25, 892 8,230 || 1948 . o |

115, 392 49, 208 8, 367 3,000

37,523 5,975 13,018 2,000

®) @ s |emmmmmn e

________________________ 4,308 32, 034

3 ) 11, 174 77, 352

1, 555 207 16, 289 65, 222

® 4,85 21,383

________________________ 12, 000 67, 000

(3% (®) 9,093 46, 000

O] )] 16, 772 68, 000

852 149 38, 775 158, 000

........................ 30, 887 145, 000

3 (3 18, 086 37, 000

107, 062 12, 509 2, 12, 000

208, 693 37,925 10,000 300
399, 224 75, 637

333,424 447,209 Total, 1879-1963____| 4 7,067, 537 | 4 3, 074, 160
146, 383 472, 026

t Data for 1963 are preliminary.

? Estimated. :

3 Confidential figure; ineluded in total,

4 Ineludes confidential figures indicated by footnote 3.

Source: U.S. Department of the Interior, Bureau of Mines,

TasLE 14.—S8crap mica production in South Dakota, 1899-1963*

Year Quantity Value Year Quantity Value
(short tons) ' (short toms)

800 $12, 000 2, 558 $51, 405
591 10,403 1,192 21, 534
515 6,138 2, 806 63, 692
179 2, 684 1,499 37,225
527 10, 472 988 29,000
272 5,033 1,125 31,000
519 10,138 1, 902 25,000
92 2, 290 2,292 42,714
) ) 915 24,148
324 6, 480 1,687 27,388
458 9, 267 1, 510 26, 943
996 19, 220 1,322 26, 853
835 15, 907 1,000 31,000
2,208 41, 589 1,626 43,000
________________________ 1,003 24,000
(4) (4 158 5.000
515 6,665 205 10.000
7,691 96, 872 1,054 32,000
2, 240 32,074 210 6,000

1,611 27,616 [€)] (O]

2, 545 44, 579

2,234 42,764 Total, 1899-1963__._ 552,049 | 51,006,619

! Data for 1963 are preliminary. .

2 Estimated.

3 Data shown for the period of years to avoid disclosure of confidential figures.
4 Confidential figures: included in total.

5 Includes confidential figures indicated by footnote 4.

Source: U.8. Department of the Interior, Bureau of Mines.

.
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The process of preparing sheet mica for market consists, in brief,
of four steps: (1) extracting the micra crystals or “books” from the
rock and cobbing away any adherlnc waste matter; (2) splitting or

“rifting” the mica into sheets one- ewhth inch or less in thickness; (3)
“trlmmm(r off cracked or otherwise mmperfect material so that what
remains is a nearly clear and flat sheet; and (4) classifying the mica
according to the size of the sheets and their. quality. The various
categories of “quality” are defined chiefly on the basis of three char-
acteristics: (1) abundance of inclusions of extraneous materials,
which are called “stain”; (2) abundance of such physical imper fec-
tions as waves, buckles, or cracks; and (3) toughness and reSIhency
Very small mica that is incompletely trimmed is called ¢ ‘punch mica’;
its production is included with sheet mica in table 13.

The selling price can range greatly, from only a few cents per pound
for punch or small sheet mica of low quality to many dollars for large
sheets of the better qualities. In 1958 the price schedule under the
U.S. Government purchase program for sheet mica of superior quality
(good stained or better) ranged from $17.70 per pound for the small-
est sizes to $70 per pound for large sizes. Priced in 1958 for India
mica of similar quality ranged from $2.50 to $37 per pound (Montague,
1961, table 8). Lower qlnlltles brought lower prices, but in general
it has been the higher qualities that have attracted interest in South
Dakota mica deposits

Black Hills mica ranges in color from white through light brown to
red i color. The gr eater part of it is of the kind known in the trade as

“ruby mica,” hfwmor a color that 1s some shade of red or brown. Air
inclusions, or “air stain,” is a prominent defect in the mica of many
deposits, but other kinds of stain are uncommon in the Black Hills.

Most of the sheet mica of the Black Hills has been obtained from
quartz-albite-muscovite wall zones comparable to the outer unit of the
Hot Shot pegmatite. A single deposit, mined by a few men, and in
some instances lasting only a few years from its discovery to its ex-
haustion, can yield an extraordinary amount of mica. The Victory
mine, from Jine 1943 through December 1944, had a production of
75,459 pounds of sheet mica valued at $488,256 and 239 tons of scrap
mica worth $7,693 (Page and others, 1953, p. 209). The New York
mine, which was operated chiefly between 1906 and 1911, probably
produced several times as much mica as the Victory. Several other
deposits—notably the Crown, Buster, Old Mike, White Spar, Lost
Bonanza, Climax, and Red Deer—have yielded some tens of thousands
of pounds of sheet mica. Smaller producers, some profitable and some
not, are too numerous to mention,

Most. of the sheet mica from the Black Hills has been produced dur-
ing short periods of vigorous mining activity; little or no sheet mica
was produced duriug the intervening times. The first period of mining
was from 1879 to 1884, when the Crown and the I.ost Bonanza were the
chief mines. The second period was from 1906 to 1911, when the
Westinghonse Electric & Manufacturing Co. operated the New York,
White Sp(u Crown, and other mines. There were only modest in-
creases 1n activity dmmo World War I and again in the mid-1920%s,
and the next notable period was in World War 1. Under the stimu-
Ius of a Government purchase program, $1,174,000 worth of sheet and
punch mica was mined between 1942 and 1945. A new Government

33-085 0—64——9
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purchase program lasting from 1952 to 1962 maintained sheet mica
mining at a modest level, but in 1963 production dropped to a value
of only $300.

LITHIUM MINERALS

The Black Hills was the world’s chief source of lithium minerals
from 1898 until 1952, In the early 1950’s, however, the nature of the
world’s lithium mining industry underwent a vast change. Large
deposits, amenable to mechanized operations and high rates of pro-
duction, were developed in North Carolina. Quebec, and Southern Rho-
desia, and the greater part of the then rapidly expanding lithium mar-
ket was supplied by them. In the meantime, the Black Hills deposits,
which are small and operated at moderate rates of output, soon came
to have only a minor role in the industry.

Three lithium minerals have been mined in the Black Hills. The
chief one is spodumene, a lithium aluminum silicate that has been the
principal source of lithium chemicals used by industry. Lepidolite,
a lithium mica used mainly in the glass industry, has been obtained in
sizable quantities from one mine. “The third mmer‘tl 1s amblygonite,
a lithium aluminum phosphate, for which there is only a sporadic
market.

TABLE 15.—Lithium minerals production in South Dakota, 1898-19631

Year Quantity Value Year Quantity Value
(short tons) (short tons)

1898 19042 . ________.. 1,250 $50,000 1} 1925-29_. _________________ 4,510 $136, 750

805, e | e 1936-39_ _ . 9,034 248,031
1906—09 ___________________ 980 15,600 || 1940-49_ __________________ 29, 585 042, 707
1910-34 2,153 41,080 || 1950-633_ ___________._____ 47,811 2, 240, 642
191519 .. 5,679 134,770
192024 ______ ... .. 5, 545 115,115 Total, 1898-1963_ ___ 106, 547 3,924,695

; %Iotiprodugtlon prior to 1898. Data shown for a period of years to avoid disclosure of confidential figures.
stimate
31963 dats included are preliminary figures.

Source: U.8. Department of the Interlor, Bureau of Mines.

The Etta spodumene mine at Keystone was mined from 1898 until
1960, and dominated Black Hills lithium mining during nearly all
this time. Other important sources of spodumene have been the Edi-
son, Mateen, Beecher No. 2, and Tin Mountain, all in the southern
Black Hills, and the Giant- Volney pegmatite at Tinton in the north-
west part of the Black Hills. The spodumene of these deposits occurs,
with quartz and feldspar, in large zones in the central part of the
pegmatite. In some dep081ts——notably the Etta and Tin Mountain—
the spodumene crystals are several feet long and can be readily recov-
ered by hand-cobbing. Finer-grained spodumene requires milling
techniques: in the 1940’s and early 1950’s, flotation mills were operated
at Tinton and at the Mateen mine near Hill City, and a sink-float
plant processed the ore at the Edison mine near Keystone.

The only notable lepidolite mine in the Black Hills, and one of the
few in the world, is the Bob Ingersoll No. 1. The center of this
pegmatite was very rich in lepidolite, most of which has been mined.
About 8,000 tons of lepidolite were extracted between 1937 and 1945.
(Page and others, 1953, p. 76).
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Amblygonite, though it has been produced in carload lots, is best
described as a byploduct of Black Hills pegmatite mining. Total
production probably is slightly less than 9,000 tons. About one-fifth
of this came from an amblygonite-rich zone in the inner part of the
Hugo pegmatite, where cry stals of tens and perhaps hundreds of tons
in size have been exposed during the course of mining for feldspar,
which is the chief product of this deposit. Much of the other ambly-
gonite from the Black Hills has also been obtained from feldspar
mines. All of it 1s recovered by hand-cobbing.

BERYL

Nearly 5,000 tons of beryl has been produced from Black Hills
pegmatites. This is a sizable total by the standards of the past, for
few pegmatite districtsin the world have done better.

A point of overriding importance in any review of beryl resources
made under the conditions existing in 1964 is that the beryllium in-
dustry seems to be on the threshold of a major change. In the past,
beryllium has been used mainly in high cost beryllium copper alloy,
which has many specialized applications. The only source of beryl-
lium has been hand-cobbed beryl from pegmatites. Maximum con-
sumption in a single year by the United States, which is by far the
greatest user, has Deen 9,692 tons of beryl in 1960 (U.S. Bur. Mines
Minerals Yearbook) The light weight and other properties of beryl-
lium, however, make it attractive for many potential uses, possibly in
much larger qu’mhhes than heretofore. Nonpegmatitic deposits that
are hrae enough to satisfy a greatly expanded demand, and at the
same tlme are adapted to mechanized mining and concentrating, have
~ been discovered in several parts of the world dmmqr recent years. The
long-term future of beryllium mining appears to lie with such
deposits.

TaBLE 16.—Beryl production in South Dakota, 1914-63*

Quantity Quantity
Year (short ~ Value Year (short Value
tons) tons)

520 $23,600 |1 1952 _ e 334 $166, 251
84 2,390 392 157, 656
74 2, 064 337 139, 663

151 7, 067 294 157, 046

205 18,148 195 95, 000

238 28, 843 268 145, 000

305 44, 565 240 129, 000
38 5,776 156 84, 000
95 17,422 167 88,000
70 11, 762 238 130, 000
43 8,000 (11962 _____________________ 144 77,000

139 40,000 [} 1968 _ . i e
96 30,000

138 46, 007 Total, 1914-63_ ____. 4,964 1, 654, 260

1 No preduction prior to 1914.
2 Estimated.

Source: U.S, Department of the Interior, Bureau of Mines.
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Currently, however, the market continues to be supplied by hand-
cobbed beryl from pegmatites. The output from the Black Hills was
generally between 100 and 350 tons each year from 1949 through 1962.
A U.S. Government buying program, in which an average of about
$500 per ton was paid to encourage domestic mining of beryl main-
tained production at a high level “from 1952 to 1962. The return to
the price level of conventlonal markets, which was about two-thirds
the Government price, was the chief reason why no Black Hills beryl
was marketed in 1963.

Nearly every zoned pegmatite in the Black Hills has at least a few
crystals of beryl, and probably at least a dozen pegmatites have yielded
more than 100 tons of beryl. The three highest ranking producers are
the Peerless, Ingersoll, and Beecher No. 3 mines, which together have
yielded nearly one-third of the Black Hills beryl.

Much of the beryl comes from the so-called scrap mica-beryl peg-
matites of figure 22, In these the beryl is in mica-rich outer zones,
mostly as cr ystqls 1 inch to 1 foot in diameter. Several such units con-
tain more than 0.5 percent beryl, but a content of more than 2 percent
beryl is generally confined to small shoots.

In other kinds of pegmatites the beryl is mainly in inner zones,
sometimes as gigantic crystals weighing many tons. It is beundant
m many zones containing lithinm miner als and also along the margins
of quartz cores. In addition, it occurs in potash feldspn‘ ZONes.

Beryl is commonly obtained as a byproduct or coproduct with other
minerals. Beryl was produced even at prices of less than $30 per ton
in some years prior to 1941, for it was recovered in the course of min-
ing for scrap mica, fe]dsp‘u‘ or lithium minerals. In other instances,
deeply buried bely] -bearing units may be exposed, but not mined,
when other minerals are nnned the recovery of the beryl may be at a
later time, perhaps by another operator and oftentimes only after an
increase in the price. In the occasional efforts to develop milling
techniques for the recovery of beryl, the coproducts obtainable with it
are an important consideration. Few, if any, bodies of rock large
enough to support a milling operation are rich enough in beryl for
sustained profitable opemtlon unless other products can be sold.

OTHER PEGMATITE MINERALS

Black Hills pegmatites have been the source of several other mineral
products. Tin, which has been mined in small quantities from several
pegmatites, is the subject of a separate section of thisreport. Tantalum
and columbium have been minor byproduets. Probably about half the
recorded production of 187,862 pounds of tantalite-columbite came
from Tinton, and the rest was from the southern Black Hills (table
17). Rose quartz, which is valued for decorative purposes, is obtained
maiunly from the Rose Quartz mine southeast of Custer, but also from
several other pegmatites. Gemstone varieties of such minerals as
beryl, spodumene, and tourmaline are sparse in Black Hills pegmatites,
but specimens attractive to mineral collectors and to tourists are
collected and sold by several mineral dealers.
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TapLE 17.—Columbium and tanialum concenitrate production in South Dakota,

1905-63*
Year Quantity Value Year Quantity Value
fpounds) {pounds)

1939 .. ® ®
194041 .. L
1042 e 200 $175
1048l , 872 1,354

1944 el (3) @

1945 .. 85 ®
1946 . ... 1,702 3, 46
1047 e e e e

e - S 500 A
1949-50. - oo et

1981 . el (3 ()

1852 .- ) 3
1953 oo 4,431 9, 022
1954 - 25, 447 43, 260
1958 e 5, 638 g, 584
1956 ..o .. 237 403
1957, . 2,311 6, 000
1088 s 4,204 10 000
195963, _ . e e man
Total, 1905-1963_ ___} 4 187,862 + 196, 853

I Data for 1963 are preliminary.

2 Estimated,

3 Confidential figure; included in total.

£ Includes confidential fizures as indicated by footnote 3.

Source: U.S8. Department of the Interior, Bureau of Mines.

RELATION OF THE GEOLOGY OF THE DEPOSITS TO THE ECONOMICS OTF MINING
AND MARKETING

Two characterlsmcs of peO'metltles are important in appmlsmc the
feasibility of a mining operation. One is the segregation into zones,
which determines what parts of a pegmatite will be mined. The other
is the size of crystals, which determines whether or not they can be
hand-cobbed.

These and other characteristics of pegmatites can also have more
far-reaching influence. In recent years the mining of zoned pegma-
tites, always a small industry, has lost rather than gained ground in
1its competitive standing. The efficiency achievable in large-scale
mining, in the use of hefwy equipment, in large mills, and in large-
scale market1n<r of products have given rise to a trend toward blo‘ness
in most, segments of the mining 1ndustry Such small bodies as zoned
pegmatites have not partmpated in this trend. Their chief merit
lies in the benefits of selective small-scale mining confined to a single
zone, to take fullest advantage of the enrichment of that zone. This
is an effective way to obtain such specialized products as high quality
potash feldspar and sheet mica. The small capital requirements en-
able single individuals or partnerships to enter pegmatite mining,
though they may lack the resources to enter most other parts of the
mining field. Small business units of this kind have been an im-
por tant element in the economy of the southern Black Hills.

Mining operations of this sort are frequently shifted from one
deposit. to another. The reason may be that the first deposit has be-
come mined out and a new one must be found. Or it may be that
market fluctuations force a change to a different commodity, found
in another deposit. Whatever the causes, small- sca,le mining in peg-
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matites has had, as its least wanted characteristic, a large measure of
instability.

In the search for a way of eularging the size and increasing the
efliciency and stability of mining in zoned pegmatites, the method that
has been most successfully pursued is to carry on mining at many
small mines and to do the milling or other processing at one or two
central locations. This is essentially what the Consolidated Feldspar
Corp. has done in feldspar for 30 years, and it is what the Westing-
house Corp. did in the sheet mica business from 1906 to 1911.

Another method, often discussed but rarely applied successfully
for any length of tlme is to mine a pegmatite or group of pegmatites
for all the economic products The objective is not to direct attention
mainly at a single mineral, such as feldspar or sheet mica, but to
attempt to obtain all products at once. Some of the larger Black Hills
pegmatites contain many economically valuable mmemls, and there
1s obvious appeal to a proposal that a mining and milling operation -
be designed to recover such a wide assortment of products and by-
products as feldspar, sheet and scrap mica, beryl, lithium minerals,
tantalite, cassiterite, high-purity silica, and crushed rock.

Probably the chief reasons this has not been done lie in the difficulty
of marketing numerous products that go into widely diverse trade
channels. Feldsp‘u 1s used mainly in cer -amics and glass, lithium min-
erals go to chemical markets, sheet mica to the electrical mdustry, scrap
mica to roofing materials and paint, beryl mainly to beryllium copper,
and so on. The minerals are present in a pegmatite in a fixed ratio,
and the market demand for them has no direct relation to this ratio.
Furthermore, selling most pegmatite minerals is guite unlike selling
metals or farm commodities for which there are relatively snnple
specifications and recognized central markets with regular quotations
of prices at which anyone can buy or sell. Mica and feldspar, in é ar-
ticular, have a wide variety of specifications, and the seller must adapt
his products to the needs of an individual buyer or a small group of
buyers. The capacity to hold a strong position in such markets and
the flexibility to react to the fluctuations of these separate markets are
difficult to maintain.

Pegmatite mine operators generally meet these problems by di-
recting their efforts toward a single mineral at a time when its market
is most advantageous. With a change in market conditions, they
change to another mineral, perhaps in a different zone of the same peg-
matite or perhaps in an entirely different pegmatite.

All this is not to say that the only feasible approach to pegmatite
mining in the Black Hills is to mine a single commodity from a single
zone of a pegmatite. The efficiencies and stability of larger opera-
tions are real advantages, and in the future they may prove vital to the
existence of a pegmatite mining industry in the southern Black Hills.
The chief needs of an enterprise for the mass mining of pegmatite
are to take fullest advantage of the varying mineral content of a single
pegmatite or of several perrmfttltes, and to have the flexibility to vary
the output of the different industrial minerals as the market fluctuates.
By drawing from a wide variety of pegmatites, this, at least theo-
retically, Would be possible.
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RESERVES AND RESOURCES

The resources of all pegmatite minerals in the Black Hills are large
enough to support at least ag much mining in the future as has been
done in the past. Deposits as rich and easily accessible as the well-
exposed deposits onened up in the early years of the district are, of
course, now very difficult to find. Nevertheless, the great abundance
of zoned pegmatites in the southern Black Hills leaves little doubt
that additional ones can be found. How intensive the search will
be may depend more on economic incentives than on whether or not
the deposits exist.

The word “reserves,” in the strictest sense, applies only to rock
that can be profitably mined and for which the grade, tonnage, and
location have been ascertained. The chief reason for making a
reserve estimate is to be sure that a deposit is large enough to enable
the operator to recover his capital and obtain a suitable profit. The
process of making a detailed reserve estimate is expensive, and
inasmuch as mines in zoned pegmatites are small and require little
Ca%ita], it 1s ordinarily not done by pegmatite mine operators.

roader estimates of the resources of the district have, however,
been made from time to time. A feldspar or lithium company that
plans to draw raw material from many deposits makes such estimates
when planning its operation. Similarly, the Federal Government’s
purchase programs for mica and beryl were started partly on the basis
of estimates of the potential of this district.

The most comprehensive resource estimates have been made for
beryl. Table 18, summarizing data from 26 of the larcer deposits,
shows a total of 17.400 tons of beryl in deposits in which the grade
exceeds 0.2 percent beryl and the amount of contained beryl is more
than 100 tons. Probably the 3.500 tons of beryl in deposits having
more than 1.0 percent beryl more accurately reflects the resources of
material that could be profitably mined under recent. conditions. Most
such deposits either can be mined for beryl alone or they contain
other marketable products that help pay the costs. Where the grade
is in the 0.2 to 1.0 percent bracket, the beryl is a byproduct and the
output of other minerals controls the rate at. which beryl is obtained.

TABLE 18— Resources in deposits containing more than 100 tons of beryl

Keystone | Hill City Custer Total
district district district
Number of deposits_ .. e ceee oo 10 2 14 26
Deposits that contain 1.0 percent or more beryl:
Tons of TOCK _____ e 250, 000 10, 000 30,000 290, 000
Tons of beryl el 3,000 100 400 3, 500
Deposits that contain 0.2 to 1.0 percent beryl:
Tons 0f TOCK . Lo o e 12,100, 000 50,000 | 2,000,000 4,150, 000
Tons 0f bery ] oo 6, 300 100 7, 500 13, 800
Total tons of beryl. . ..o 9, 300 200 7,900 17,400

1 Includes 380,000 tons of dumps.

The table does not take into account deposits containing less than
100 tons of beryl, for even though such deposits do yield beryl, they
can have little influence on the resource figures. The reason is most
easily explained by some arithmetic: an estimate of 50 deposits con-
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taining, say, an average of 30 tons of beryl probably is not. too large for
the Black Hills; these would contain 1,500 tons of beryl, which would
increase the resource figures less than 10 percent. \Tevertheless mn
times of high prices, such deposits do contribute noticeably to the pro-
duction of the region, and their existence takes on a greater short-term
importance than the resource figures imply.

The lithium resources of the Black Hills were the object of detailed
geologic study in the latter part of World War IT, during a period of
emergency demand for lithinm. Additional confributions fo knowl-
edge “of the lithium deposits came m the late 1940’ and early 1950,
when the Lithium Corp. of America and other companies were espe-
cially active in this region. Most of the exploration and mining was
for spodumene, which is concentrated in a few large deposifs. " Am-
blygonite is more widely distributed, but it too is abundant in only a
few pegmatites. The resource ﬁcrm'es in table 19 apply only to
spodumene and amblygonite dep051ts that contain more than 0.4 per-
cent L.1,0. No sizable lepidolite resources are known.

TanLe 19.—Resources of Li-0 in spodumene and amblygonite in deposits
containing moire than 0.4 percent Li=0

Keystone Custer Hill City
district district {and Tinton Totals
districts
Number of deposits. .. 7 5 3 15
Spoduinence deposits:
Tonsof rock . . .. 500, 0600 1, 200, 000 400, 600 2,100, 000
Average grade, in percent LisO__ ... ______. . 0.8 0.9 L1} ...
Tons of LisO_ . 4, 000 11, 000 4, 500 19,500
Amblygonite deposits:
Tons of rOCK - - -« e 120, 000 150, 000 0 270,000
Average grade, in percent Li:O_. .. ... _._._ 0.4 0.7 [ 1 D,
Tons of TisO ..o e 500 1,000 0 1, 500
Total tons LisO .o 4, 500 12, 000 4,500 | 21, 000

At the cut-off grade of 0.4 percent 11,0, the total estimated resources
are 21,000 tons of 1.i,O. Only deposits that contain more than 1.0 per-
cent Li,O can ordinarily be mined for lithium alone; in deposits of
lower grade, the lithinm minerals can be extracted only as a byproduct.
Black Hills deposits having a grade exceeding 1.0 percent carry at least
12,000 tons of 1i1,0.

Sheet mica resources are more difficult to ascertain than are the re-
sources of beryl or lithium, and the available data are less satisfactory
The bulk of sheet mica production comes from rich deposits that are
small and hard to find, and once fonnd are rapidly mined until ex-
hausted, or at least until they are believed to be exhausted. A measure
of the concentration of sheet mica in a few deposits can be obtained
trom production figures for 1943-45, which was the most active period
of mica mining in World War II. During this time about 190,000
pounds of sheet mica was produced and abont 70 deposits were active
enough to be called mines; yet 116,000 pounds of sheet mica, or 61 per-
cent of the total, came from only three deposits, the Vlctmy, Buster,
and White Spar (Page and others, 1953, p. 88, 206 and 217; and U. S,
Bur. Mines Minerals Yeftrbookq) The Victor vy was discovered 1In
1943, and the Buster in 1942 ; even the White Spar, though it had been
mined early in the century, was for all practical purposes a new dis-
covery when it was reopened in 1942,
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An evaluation of the sheet mica resources depends more on estimates
of the potential for finding important new deposits than on estimates
of the resources in known dep051ts The argument can be offered that
the Intensive search of recent years has uncovered the most promising
deposits. Yet despite a longer and more intensive period of mica min-
ing in comparable areas in the Southeastern States, new deposits have
been found even in very recent years. There was a large element of
good fortune n the discovery of the Buster and the Vlctory deposits;
both were concealed beneath the sur face, and either one of them could
have remained undiscovered to the present day. At least a few other
deposits of the same size surely still exist in the Black Hills. It 18
likely that the resources of mica, like those of both lithium and beryl,
are at least as great aspast productlon

In turning from sheet mica , beryl, and lithium minerals to a resource
evaluation of scr ap mica and potash feldspar, one enters a field with
quite different problems. For scrap mica and potash feldspar are
normal rock-forming minerals that are found, in greater or less quan-
tities, in 11ear1y all Black ITills pegmatites. They can in no way be
described as “rare minerals,” as the others are so commonly called.

The richest deposits mined for scrap mica are in zones that carry
20 to 30 percent muscovite. Additional scrap mica is obtained as a by-
product of sheet mica and feldspar mines, where the mica content may
be much lower. At the Peerless mine, which has produced a large
share of the scrap mica from the Black Hills, the mica is a coproduct
with beryl. Serap mica depends, in fact, so much on other pegmatite
minerals that a quantitative evaluation of its resources, standing sepa-
rately from the other minerals, would be mlsleddlno PlOb"lb]V all
that should be said is that scrap mica outpnt in the future is likely to
hold the same relation to other pegmatite minerals that it has had in
the past.

Potash feldspar deposits range from very rich zones containing as
much as 75 percent potash feldspar, through lower grade but still
minable deposits that generally have 30 to 50 percent potash feldspar,
to the great mass of unzoned pegmatites and Harney Peak granite,
which contain an average of about 20 percent potash fe]dspar The
richer deposits yield more product per ton of rock mined, and they
tend to have large crystals that are relatively free of impurities, and
thus are better r1d‘1p’ted to hand-cobbing methods. Nevertheless, the
difference between a good deposit and a poor one is entirely grada-
tional. Many of the lower grade deposits are of large size, which
itself is an advantage because large-scale mining bl‘ln(TS lower costs
per ton of rock. Another point of prime importance is “distance from
the mill, for trucking costs are a large part of the total cost. The direct
test of a feldspar mine is the cost per ton of feldspar delivered to the
mill, and this test incorporates many variables besides the strictly
geologic ones.

The resources in deposits containing 30 to 50 percent potash feldspar
probably more than equal past pr oduction. Higher grade but undis-
. covered deposits may also exist in concealed inner pfuts of some peg-

matites. The search for these is not likely to be vigorous, for potash
feldspar is of too low value to encourage subsurf‘lce exploration or
to support underoround mining.



132 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

In recent years the feldspar mining industry of the United States
has turned very strongly toward mining large deposits and concen-
trating the feldspar in flotation mills. \pplounmtely two-thirds
of domestic feldspar is now obtained in this way, chiefly from North
Carolina. Such opevations_also yield byproduct quartz and scrap
mica. Some of the lareer deposits in the Black Hills have geologie
characteristics suitable for such operations, but shipping costs over the
long distances to major marlets put them ata competitive disadvantage
with the deposits of other feldspar-producing areas.

FUTURE OUTLOOK

The Black Hills pegmatite area has experienced many vicissitudes
in the past, and will surely experience them in the future. Sheet mica
is the most extreme example, for the demand for Black Hills mica
has sometimes been so great that it could not be fully met, and at other
times the demand h‘lS for all practical purposes, been nonexistent.
On the other hand, pot‘15h feldspar has held a fairly steady, though
now declining, market for three decades.

To one who must assess the future outlook, the magnitude of the
resources must be ranked first among the various considerations, for
without resources there can be no future production. The ex1stmfr
data from Black Hills pegmatite leaves no real doubt that the re-
sources are adequate to yield at least as much production in the future
as in the past.

Questions about the conditions of the future, which surely will
differ from the conditions of the past, are harder to answer than are
simple inquiries about resources. Trends in the methods and costs
of exploration, mining, and processing are hard to predict. These
will change as the richer and more easily found deposits are ex-
hausted, and their places taken by other deposits, probably of lower
average grade. The likelihood of major changes in markets over a
fong perlod of years and the possibility of other economic changes
mtroduce even greater uncertainties.

The competitive position of Black Hills pegmatite mining is now
being eroded by several economic developments that arise from out-
side sources. These, for the most part, are beyond the scope of this
report, but some have been mentioned on the foregoing pages. The
Iithium mining industry, which surely is the most strlklncr example,
was long dominated by the Black Hills, yet during its crre‘tt expansion
in recent _years it has become centered at large mines Wlth enormous
reserves in North Carolina, Quebec, and Southern Rhodesia. Beryl
mining may be entering a similar phase; for when the beryllium
market expands to a pomt at which large nonpegmatitie deposits, such
as those at Spor Mountain, Utah, go into production, they may be
expected to take over much of the market

The more prosaic minerals, feldspar and mica, are subject to changes
of a different nature. Sheet mica is losing some of its uses to various
substitutes, but its total consumption remains fairly stable. Hand-
cobbed po’msh feldspar, on the other hand, is losing ground to flotation
feldspar. The total U.S. feldspar productlon was 498,057 long tons
in 1957 and 492,476 long tons in 1962; the production of hand- cobbed
feldspar went from 221, 326 long tons in 1957 to 113,168 long tons in
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1962, thus giving up about half its market to the flotation product (U.S.
Bur. Mines Minerals Yearbooks). The chief advantage of the hand-
cobbed feldspar is that it contains much less sodium feldspar than
does the flotation product. The feldspar industry of the Black Hills
currently depends on hand-cobbed material processed at a centralized
grinding plant serving many small mines. Whether a flotation mill
and larger mines will ultimately be established depends more on eco-
nomic factors than on the geology of the deposits,

These trends, whatever their long-run importance, are of indirect
rather than direct concern to a pegmatite mine operator. The con-
ventional pegmatite mine of the Black Hills is a small operation
sending produects to somewhat specialized markets—hand-cobbed feld-
spar, sheet mica, beryl, amblygonite, rose quartz, and so on. The
nature of such operations is likely to be much the same in the future
as in the past.

GYPSUM AND ANHYDRITE

(By E. J. Cox, South Dakota State Geological Survey, Belle Fouche, 8. Dak.,
and C. G. Bowles, U.8. Geological Survey, Denver, Colo.)

Gypsum (CaSO,-2H.0) and anhydrite (CaSOy), the hydrous and
anhydrous forms of calcinum sulfate, respectively, are formed by evap-
oration of sea water and less commonly by evaporation of lake water.
Caleium sulfate beds, which are usually anhydrite where deeply buried,
are generally hydrated to gypsum in the presence of near surface
ground-water circulation. Gypsum deposits are mined primarily for
the manufacture of plaster and plaster products (wall board, lath,
sheathing, and tile, etc.), but in addition, large quantities of gypsum
are used as a retarder in portland cement and as an agricultural min-
eral. About 2 percent of the total production of calcium sulfate in
the United States comes from the mining of anhydrite for use in
cement and as an agricultural mineral.

Selective mining of gypsum rather than anhydrite reflects the lower
cost of manufacturing plaster from gypsum rock. The preparation
of plaster requires erushing and caleining, i.e., the conversion of gyp-
sum to hemihydrate (CaSQO,-14H.0O) by heating to 170° C. (338° F.)
(Withington and Jaster, 1960) in order to drive off three-fourths the
water of crystallization. When water 1s added to the plaster, the
lhemihydrate becomes a rigid interlocking network of gypsum crystals,
suitable for use as a construnction material. Anhydrite can be used
in the manufacture of plaster only after it is hydrated to gypsum, an
additional step that increases the costs of processing.

The United States leads the world in production of gypsum. In
1962 about 9,969,000 tons of gypsum, about one-fourth of the world
production, was mined in the ['nited States (I{uster and Mallory,
1963). That same year 23,000 tons of gypsum, representing less than
0.2 percent of the U.S. production, were mined in South Dakota for
use in cement. Total production of gypsum in South Dakota from
1884 to 1963 was 553,548 tons, with a value of $2,5631,134 (W. H. Kerns,
written communication, 1964). More than one-fourth of the total pro-
duetion of gypsum in South Dakota has been mined in the past 8 years.
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TABLE 20.—Q@ypsum production in South Dakota, 1884-19631

Years Quantity Value Years Quantity Value
(short tons) (short tons)

1884-1955_ . . oo . 409, 548 %1,941,134 {| 1961 __ _____ . ___.______ 22,000 $89, 000
1956 . e 16, 000 63,000 || 1962 _ _ .. e .. 23,000 93, 000
1057 . . 13,000 53,000 |} 1963 .. o ... 19,000 76, 000
1988 e 12, 000 49, 000

1959, e 19,000 78,000 Total 1884-1963_ _.__ 553, 548 2,531,134
1960, oo et 20, 000 89, 000

1 Data for 1963 are preliminary.
Source: U.S. Department of the Interior, Bureau of Mincs.

Gypsum was one of the first nonmetallic minerals to be utilized in the
Blaclx Hills, where, since 1884 (So. Dak. State Planning Board, 1936,

h. 50), it has been mined from rocks that were ‘lsqwned by Darton
(1901) to the Spearfish Formation. It is not known whether some
gypsuin was mined from beds now considered to be part of the Gypsum
Spring Formation of Jurassic age (Imlay, 1947). Available records
show that nine plants have processed gypsum in the Black Hills. In
addition to the six processing plants listed below and located on figure
23, other early small producers operated at Sturgis, Whitewood, “and
HmL Springs. The U.S. Gypsum Co. was the moqt persistent processor

of gypsum. Their plant at Piedmont was closed in 1948.  Since 1948,

the only gypsum being produced is that which is mined by the State
cement plant at Rapid City for use as a retarding agent in the manu-
facture of Portland cement.

Plant location Name of plant Onperat-

ing dates

1 Hot Springs_...._._.. ot Springs Gypsuimn Co. . oo o e 1911-12(?)

2 ot Springs._...__.__. Hot Springs Plaster Co. (purchased by U.S. Gypsumn Co. in 1807).._{ 1883-1909
3 Rapid City_....._.__. Black ITills Gypsum Co. (purchased by U.8. Gypsum Co. in 1908).__| 1907-15.
4 Blackhawk. __._ ______ Dakota Plaster Co. (purchased by U.8. Gypsum Co.in 1930) ... ... 1910-30
5 Piedmont._ . __.______ V.S, Gypsuml GO . o o e e 191748
6 Spearfish. ... ____._. Pettigrew Stuceo Co. .o _____11888-1912

Throughout most of western South Dakota anhydrite beds of Mis-
sissippian to Jurassic age are abundant in the subsurface, but in the
Black Hills these beds are generally missing from the outcrops as
a result of solution by circulating ground water. Only in the Spearfish
Formation of Permian and Triassic age and the Gypsum Spring
Formation of Jurassic age do gypsum beds persistently crop out.

The Madison Group of formations of Mississippian age contain
anhydrite beds in the subsurface thronghout the nor’rhwes’r corner of
the State and as far east as west-central Sonth Dakota, but in the Black
Hills the beds do not crop out in the Pahasapa T.imestone, a partial
equivalent of the Madison Groun. The Kibbey Sandstone of Late Mis-
sissippian age also contains anhydrite beds in the subsurface in the
extreme northwest corner of the state. Qutside the Black Hills rocks
of Mississippian age are present at denths ranging from 2,500 feet in
Stanley County to 7,500 feet in Perkins Clounty. Total aggregate
thickness of anhydrite in these rocks ranges from 150 to 190 feet in
eastern Harding Countyv and western Perkins County, and individual
beds are 25 to 30 feet thick (R. P. Sheldon, oral communication, 1964).
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The Minnelusa Formation of Pennsylvanian and Permian age con-
tains an aggregate thickness of as much as 250 feet of a,nhydl ite 1n
the subsurtace of western South Dakota (Bowles and Braddock, 1963),
but only in Hell Canyon in the southern Black Hills (Braddock, 1963)
and in the Sundance-Beulah area of Wyoming (Brady, 1958) do
gypsum beds crop out. Beds of Pennsylvanian age in the Minnelusa
contain nearly 100 feet of anhydrite i the subsurface at the east
margin of the Powder River basin, and beds of Permian age contain
as much as 200 feet of anhydrite. The thickest individual beds of
anhydrite measuring 25 to 30 feet are present in the upper part of the
formation. The eastern limit of the area underlain by anhydrite beds
of the Minnelusa lies between 100° and 101° west longitude (fig. 23).

The Opeche Formation of Permian age contains beds of anhydrite in
the subsurface and beds of gypsum crop yout locally in Hell Canyon and
elsewhere in the Black Hills. Beds are generally less than 10 feet
thick.

The Spearfish Formation of Permian and Triassic age contains anhy-
drite beds intercalated in a 350- to 700-foot-thick section of red shales
and siltstones. The formation encircles the Black Hills in an out-
crop measuring as much as 3 miles across. Gypsum beds which are
mined at the outcmp extend down dip and (rrade into anhydrite beds
that underlie the plains as far east as 102°15 longitude (fig. 23).

Gypsum beds in the outerop of the Spearfish Fornmtlon are re-
stricted almost entirely to rocks of Permian age in the lower 200
to 250 feet of the formation. A bed of gypsum 10 feet thick is present
locally at the base of the Spearfish in an area 20 miles northwest of
Edgemont (Braddock, 1963). The lowermost persistent bed of gyp-
sum 1s 75 to 100 feet above the base of the formation. This bed is as
much as 25 feet thick in the Hot Springs area (Darton and Smith
1904). The bed thickens to about 40 feet in an area 7 miles northeast
of Hot Springs, but is commonly 6 feet thick along the eastern flank
of the Black Hills (I{ulick, 1961, unpublished manuscript, p. 29).
A gypsum bed 170 feet above the base of the formation (Gott and
Schnabel, 1963) is present throughout the southern Black Hills. This
bed, measmmo 30 to 50 feet in thlcl\ness, marks the top of the Permian
System in the Black Hills. A 5- to 10-foot bed of gypsum is present
in rocks of Triassic age, 25 to 50 feet above the main gypsiferous unit
of the Spearfish.

In the northern Black Hills an “upper gypsum” bed near the top
of Spearfish Formation of Darton 1s now considered to be in the
Gypsum Spring Formation of Jurassic age (Imlay, 1947).

The Gypsum Spring Formation contains beds of gypsum in out-
crop in the Black Hills and in the subsurface in the northwest corner
of the State. A massive 25- to 30-foot-thick ledge of white gypsum
is reported in the formation 1 mile northeast of Spearfish - (’V['lpel
and Bergendahl, 1956). This bed that was deseribed by Darton (1925)
in sections 1 the northern Black Hills thins and wedges out south-
ward and is not recognized south of Rapid City.

Preliminary field examinations indicate fhat the Spearfish and
Gypsum Spring Formations contain large reserves of gypsum that are
adaptable to exploitation by surface mining. Samples from localities
located in figure 23 were fmalyzed to indicate the quality of the gypsum
(Darton and Paige, 1925; Ehle, 1911; Connolly and O’Harra, 1929).
These analyses expressed in percent are given in table 21.
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TaBLE 21.—Analyses of gypsum from South Dakota

Location H:0 S10. islazgs CO, 80; MgO | Ca0 [MgCOQ; NaCl | Total
303
186,67 6. 44 1.20 4.69 38.63 2. 30 30,09 (__._____ 0.04 100. 06
19. 94 .10 .36 .80 | 46.30 .15 32.29 | ... .19 100.13
19.49 .20 .30 1.30 45.63 .30 32,29 ||l 99, 91
20.80 .10 .12 .85 45.45 .33 32.44 § i .. 100. 09
20. 85 .12 D : I IR 45.77 .10 33.00 | .. 99, 97
21.41 .09 L 44. 86 .28 32.80 ;... 99. 59
19.29 .28 .52 1.52 45.41 .32 3272 | 100. 06
20.48 .16 A2 .. 44.59 | ... 32.27 0.58 |- 98.20
15,44 .32 .32 2.70 46, 36 L33 | 3437 | 100, 20
18.44 .36 .30 2,23 45,28 .51 33.06 |._._____ .03 100, 21
21.65 L10 A2 45,45 .33 32,44 . ___f_ . ____ 100. 09
19, 82 .44 .26 .56 46, 10 JI17 0 38.04 oo 100. 39
19.35 .80 .40 1.50{ 45.25 37 82,70 | 100..37

NoTe.—A commercial grade of gypsum, which st be 90 to 98 percent pure gypsum (Withington and
Jaster, 1960), was indicated by all analyses except that taken at location A.

The total resources of gypsum and anhydrite in western South
Dakota are very large, but only in the Black Hills does gypsum crop
out, Large reserves of commercial grade gypsum, with very little
overburden exist in the Spearfish and vasum Spring Formations
in the Black Hills. If a gypsum processing plant were established
in the Black Hills, it would meet strong competition from existing
plants. Plants pleseuﬂy producing prefabricated gypsum products
are located at Heath, Mont. Cody,Wyo Florence, Colo., Blue Rapids,
Kans., and Fort Dodﬂe, Towa. ~Plants which produce oul;7 calcined

material but do not prof'lbumte are located at Fort Collins, Colo.,
‘md Medicine Lodge, Kans.

A southern Black Hills processing plant could competitively deliver
prefabricated material to 900,000 people (So. Dak. University Di-
rector, Business Research Bure‘lu 1961, written communication), but
only fwo-thirds of this population could be competitively supplied
with calcined material that was not prefabricated. Based on the
national consumption (Kuster and Jensen, 1962, p. 620-642) of gyp-
sum products used per capita, these 900,000 people would use about
85,000 tons of finished product per year.

SALT AND BRINE
(By C. G, Bowles, U.S. Geological Survey, Denver, Colo.)

Salt or halite (NaCl) from evaporation of brines was used chiefly
for domestic purposes during the colonization and settling of the
United States, but with mdustrl‘lll?atlon new uses have absorbed
the major and ever increasing portion of salt production. By 1959,
domestic consumption of salt had fallen far behind industrial and
governmental consumption. TUses of salt for the manufacture of
chlorine and soda ash (NaCO;) consumed 69 percent of all salt pro-
duction in the United States during 1959. Other uses of salt for (1)
snow and ice removal from roads, ( 2) manufacture of textiles, dyes,
soap (including detergents), and all other chemicals, (3) hve%tock,
and (4) meat packing and tanning (MacMillan and Foley, 1960)
also exceeded domestic consumption.
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Sodium sulfate salts are also produced in the United States from
natural deposits in addition to byproduct production from manufac-
turing processes. Sodium sulfate 1s used principally in the manufac-
ture of glass, detergents, stock feeds, dyes, textiles, and medicines.
Salt deposits have also been an important source of potash and borate
salts, in addition to brines rich in calcium, magnesium, boron, lithium,
and bromine.

Caverns dissolved out of thick beds of halite have been used for
underground storage of gas and petroleum products (Matheny and
Billue, 1950) as well as for production of salt. Application of this
storage technique to the disposal of radioactive wastes has been studied
(May, Schnepfe, and Naeser, 1961), but as yet no wastes are stored in
salt solution caverns.

The United States ranks first in the world production and consump-
tion of salt. In 1959, the United States produced about 25 million
tons of salt (NaCl) compared to the total world production of 88,900,-
000 tons (MacMillan and Foley, 1960). Not included in the above
production figures is the annual production of 300,000 tons of sodium
sulfate of which about 120,000 tons are produced from natural deposits
of the salts thenardite and mirabulite.

Salt deposits or brines exist in the majority of states (Lang, 1957),
but no production is recorded for South Dakota. However, in 1878
minor amounts of salt were produced from a spring in Wyoming near
the South Dakota-Wyoming line. Brine from this spring in Salt
Creek north of Newcastle, Wyoming, was evaporated over wood fires
until the salt precipitated (Connolly and O’Harra, 1929). This
method of salt production no longer is used in the United States. Salt
lakes in northwestern North Dakota contain large deposits of sodium
sulfate which were mined as late as 1951 (Hainer, 1956). Similar
deposits are present in Montana and some may be present in South
Dakota.

Bedded salt deposits are formed by the evaporation of brines of ma-
rine or continental origin. Marine salt deposits are formed by precip-
itation of soluable minerals in lagoons, bays, or ther shallow coastal
areas where circulation of sea water is restricted and exaporation ex-
ceeds recharge from the ocean, rivers, and streams. The brine is concen-
trated until saturation is reached, and evaporites are precipitated in
the order of increasing solubility; first, calcium sulfates; secondly,
sodium chlorides; and finally bittern potassium and magne-
sium chlorides. Salt deposits of continental origin are formed in
shallow lakes and playas in internal drainage basins. These deposits
commonly differ in composition from deposits of marine origin be-
cause soluble minerals which comprise continental deposits are limited
to elements leached from nearby rocks and soils. Evaporites deposited
on the plains of the north-central United States contain sodium sul-
fates and sodium carbonates.

Beds of halite are present in rocks of Permian and Triassic age
in the subsurface of northwestern South Dakota (fig. 24). Halite
beds are present in the Opeche Formation of Permian age and the
lower part of the Spearfish Formation of Permian and Triassic age.
Beds in the Opeche are thin in this area and probably are of little eco-
nomic value, In the Spearfish Formation a maximum aggregate
thickness of 125 feet of halite has been drilled at depths ranging from
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4,500 to 6,000 feet. Within these rocks, informally termed the Pine
salt by Zieglar (1955), individual beds attain a thickness of 45 feet.
These beds range greatly in thickness where erosion and local solu-
tion of salt has occurred prior to deposition of sediments of Jurassic
age.

Halite is present in eastern South Dakota in glacial till of Pleisto-
cene age and in the underlying Pierre Shale of Cretaceous age. Todd
(1909) reports that near Northville patches and encrustations of halite
are found in draws, ravines, and shallow basins. Waters from many
shallow wells and some lakes in this area contain caleium, magnesium,
iron, sodium sulfate, and sodium carbonate and were Ieported by Todd
(1909) to be too saline for ordinary uses. The extent and maximum
concentration of the brine in these waters are relatively unknown. The
occurrences of salt and brine appear to be similar to those found in the
Smoke Creek-Medicine Lake-Grenora area of Montana and North
Dakota where deposits of sodium sulfate are present (Witkind, 1959).

The salt resources of western South Dakota might be developed by a
joint program involving solution mining of halite and the construction
of underground caverns for storage of radioactive wastes or petroleum
products Salt is now being mined by solution at a depth of 8,500
feet near Williston, N. Dak. (Mullen, 1962). Halite beds of the Speal-
fish Formation are at shallower depth in northwest South Dakota and
might be considered for future mining. Sandberg (1962) has sug-
cested that halite beds of the Pine salt of the Spemﬁsh Formation
mmht be used for the disposal of radioactive wastes. The low per-
meflblhty of the enclosing redbeds would be advantageous in the con-
trol of any slight leaLaO'e of wastes from the stor‘we chambers.

Additional mvestlgatlon of the salt lakes area n eastern South
Dakota 1s necessary before the economic potential of this area for
halite or other salts or brine can be evaluated.

GEM STONES AND GEM MATERIALS

(By W. L. Roberts and George Rapp, Jr., South Dakota School of Mines and
Technology, Rapid City, 8. Dak.)

A wide variety of minerals and rocks have been mined during the
recorded history of man as gems and semiprecious stones. Artisans
have fashioned these materials into many forms. The demand for
semiprecious stones, particularly, is subject to wide fluctuation. Much
of the production of semiprecious stones is due to the efforts of ama-
teur hobbyists and other part-time collectors. Thus it is difficult to
obtain any figures on the amount of raw material produced or even
the variety of minerals sought as objects for the gem and rock polish-
ing trade.

The economic importance of semiprecious stones in South Dakota
seems to be rising slowly as increasing numbers of collectors journey
to the Black Hills region in search of gem minerals. Tt is estimated
that during 1963 in excess of about $20, OOO worth of gem raw material
was produced in South Dakota. T he value of the “finished product
would be considerably more. Table 22 gives production values for
gem and precious stones from South Dakota, 1906-63.
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TABLE 22.—Gem and precious stone production in South Daekota, 1906—63*

Value Value
1906-52° $75,000 |1959__ . ______ $20, 000
1958 e 5,000 1960 _____________________ 20, 000
1954 500011961 _____________ . _________ 18, 000
195 T,40011962______ ________ __________ 20, 000
1956 10,000 | 1968 __ 20, 000
1957 e 15, 000
1958 _ . _ 18, 600 Total 1906-63__________ 231, 400

1Data for 1963 are preliminary.
2 Estimated.

Source: U.S. Department of the Interlor, Bureau of Mines.

Occurrences of gem material in South Dakota are geologically of
three types. The most important is in pegmatites, a granitic rock com-
posed 0? large crystals of feldspar and a number of other, commonly
rare, minerals. A second type is in sedimentary rocks where circu-
lating ground water has deposited secondary silica in various forms.
At places, broken fragments of the silica are concentrated in stream
gravels. A third and minor mode of occurrence is in the metamorphic
rocks of the Black Hills.

These varieties are discussed by Pearl (1948, p. 120, 211, 219, and
223) and Ziegler (1914) gives descriptions of these gemstones. Hart-
well (1960, p. 331) gives a list of localities where gem materials have
been found in South Dakota.

Several pegmatite minerals are recovered for their value as semi-
precious stones. Rose quartz is mined at the Scott Rose mine, which’
1s the largest producer, and material has also been recovered from the
Wiley, White Elephant, and Big Chief pegmatites. Hiddenite, a
variety of spodumene, is in great “demand for faceting; colorless tri-
phane, another variety, is also faceted. Green , pink, and white spodu-
mene have all been marketed. Cats-eye material is in demand for
cabochons. Major producers have been the Helen Beryl (chatoyant
specimens), Etta and Tin Mountain mines. Specimens of beryl free
from flaws and up to three carats in weight are found, and a few
hundred carats a year are produced from the Duncan Wonder, Ross,
and Helen Beryl mines. Perthite, a red variety of microcline, is mined
near Pringle, South Dalkota, for tumbling into baroques. Minor
amounts of green tourmaline (from the Ingersoll pegmatite) and
ametlyst are also recovered from time to time.

With the exception of barite, all of the gem material found in the
sedimentary rocks is some form of silica. Chief among those sought
are varieties of agate. Four varieties are well known for their occur-
rence in South Dakota: Fairburn, from Pleistocene gravels southeast
of the Black Hills; Tepee Canyon, from the Minnelusa Formation;
Park, from the Minnelusa Formation; and Black, from the Chadron
Formation.

Petrified wood, including fossil cycads, is recovered at several locali-
ties. Jasper is found in Pleistocene deposits. Two varieties of chal-
cedony, blue chalcedony and plume chalcedony, are recovered from
Tertiary formations.

Golden barite has gained in popularity since it was first faceted in
1951. It is found at several localities east and southeast of the Black
Hills. Production has been sporadic but has reached $2,000 per
year.



142 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

In the early 1900’s gem almandine garnet was mined from placer
deposits near Custer, S. Dak., and sold locally.

As yet unexploited is an occurrence of a gem andalusite from meta-
morphic rocks of the Black Hills. The occurrence is the only one in
the United States. ’

Nearly all the gem materials come from Pennington and Custer
Counties and the adjacent area extending to the east of the southern
Black Hills. Isolated occurrences are known of petrified wood and

cycads at Lemmon and of agate along the Missouri Valley but these
occurrences do not constitute a 51gn1ﬁcant part of the known resources.

Resources of gem materials cannot be precisely stated. Production
of some materials could certainly be expanded ; however, most of the
mining is done by hobbyists and part-time collectors instead of com-
mercial firms; hence it is difficult to determine the amount of raw
material produced or the quality of the material sought.
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MINERAL FUEL RESOURCES
COAL
(By E. R. Landis, U.S. Geological Survey, Denver, Colo.)

INTRODUCTION

A large area in northwestern South Dakota is underlain by rocks
that contain lignite. In the southwestern part of the State small
quantities of bituminous coal are present. Both the lignite and the
bituminous coal have been mined to a very limited extent in the past,
and almost all of the coal has been utilized for domestic heating within
relatively short distances of its point of origin. Though the amount
of bituminous coal in the State is small, the lignite of northwestern
South Dakota constitutes a resource of considerable magnitude and
potential value.

GEOLOGIC SETTING

The coal-bearing rocks of South Dakota are of Cretaceous and
Tertiary age. Bituminous coal is reported to be present in the Lakota
Formation of Early Cretaceous age at scattered places in the southern
part of the State, but known resources were delineated only in Fall
River County w here the coal was mined in the past. A total of about
11 thousand tons of bituminous coal is estimated to have originally
been present. The bituminous coal is not discussed further in this
report because it is quantitatively insignificant compared to the lignite.

The lignite of the northwestern part of the State is in the Iell
Creek Formation of latest Cretaceous age and in the Fort Union
FFormation of earliest Tertiary age. The Hell Creek Formation under-
lies most of the northwestern quarter of the State and contains lignite
through much of this area. ILignite from the Hell Creek is at present
mined in the Isabel-Firesteel field of Dewey and Ziebach Counties,
and was formerly mined in central Corson, northern Meade, southern
Perkins, and eastern and northern Harding Counties.

The Fort Union Formation in South Dakota comprises the Ludlow,
Cannonball, and Tongue River Members, in ascending order. The
Ludlow and Tongue River are nonmarine and coal beauncr The
marine Cannonball Member does not contain coal, It 111terﬁno'ers with
the Ludlow and 1s present only in the northern parts of Harding,
Perkins and Corson Counties. The Ludlow Member “is the most
prolific lignite-bearing rock unit in South Dakota” (Brown, 1952, p.
12), and 1s present over a considerable part of the lignite area of
South Dakota. The Tongue River Member is poorly rep1esented in
South Dakota and is present only in the northern parts of Harding
and Perkins Counties. It contains coal beds as much as 9 feet thick
in northern Perkins County. However, the total amount of coal in
the Tongue River in South Dakota is small compared to the amount
in the Ludlow and Hell Creek because of the small area in which the

unit is present.
147
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PRODUCTION

Earliest recorded lignite production in South Dakota is for the
year 1913, but lignite had been mined by ranchers and settlers for
many ye’trs prior To that date. Total recorded production to January
1, 1964, is about 1,357,000 tons, which had a total value of about
‘753,223 600 (table 3) The peak produchon year was 1941 when about
70,000 tons were mined. Brown (1952, p. 17) suggests that produe-
tion has a tendency to decrease in prosperous tlmes and to Increase
during periods of depression.

TapLe 23.—Coal production in South Dakota, 1895-1963 *

Year Quantity Value Year Quantity Value
(short tons) (short tons)

1895-1912__ .. 2 95, 200 2$192,400 (; 1989 oo oo 49, 495 $60, 000

10, 540 20,648 {| 1040 _ . 66, 085 88, 000

11, 850 20, 456 19410 oo 70, 825 108, 000

10, 593 16,384 [: 1042 _____________________ 53, 538 104, 000

8, 886 40, 664 78, 000

8, 042 26, 827 55, 000

7,942 24, 445 53, 000

14, 417 16, 946 36, 362

12, 777 14,618 35,727

7,553 29, 000 86, 000

7,752 26, 000 92, 000

10, 379 25, 000 1950 o 127,000 295, 000

12, 043 36, 000 1951 .- 28,350 99, 008

14, 447 42,000 1952 . 2 25, 000 260, 000

14, 428 42, 000 1983 23, 671 82,117

12, 507 38,000 {| 1954, .. ..o __._ 220, 000 270, 600

13, 929 39,000 || 1055 . o 25,782 90, 240

1929 .. _. .. e ———— 12, 854 38, 000 1056 oo 25, 000 90, 000

1930, oo 12, 810 31, 0600 1957 . o 2 21,000 79 000

1931 e 27,485 64,000 |} 1958 ... 20, 000 78, 000

1932 .. 49, 074 87,000 |} 1059 ___ _____ ... 22, 000 88, 000

1933 .. 59, 375 104, 000 1960 ... 20, 000 83, 000

1934 .. 42, 407 76,000 || 1961 _____________________ 18, 000 75, 000

1935 o ___ 13,243 21,000 || 1962 _________________ 18 000 77, 000

1936, - .. 41, 331 55 000 [§ 1963 . ocmeo 18 600 77,000
1087 e 46, 979 63, 000

1988 e 48, 058 65,000 Total, 1895-1963__._{ 1,357, 000 3,223, 000

1 Data for 1963 are preliminary.
2 Estimated figures,

Source: U.S, Department of the Interior, Bureau of Mines.
MINING

Most of the lignite produced in South Dakota has probably come
from strip mines. Strip mining is more economical and more produc-
tive than underground mining in areas like South Dakota where the
coal beds are overlain by a relatively thin overburden composed of
soft rocks. At present, and for some time past, all recorded produc-
tion has come from one or two strip mines in Dewey and Corzon Coun-
ties. Though there may be some small underground mines active
periodically, the amount of coal produced from them is usually too
small to be recorded.

UTILIZATION

Most of the lignite mined in South Dakota, past and present, is used
locally for domestic heating. In other Northern Great Plains States
lignite is extensively used for electric powel generation. ILignite
lends itself to processes such as carbonization and gasification, and a
great, variety of organic chemical substances can be derived from it
(U.S. Bureau of Mines, 1954 and 1963).
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Uranium-bearing lignite, impure lignite, and lignitic shale are pres-
ent locally in northwestern South Dakota (Vine, 1962, p, 127, 130, and
132). These beds are in the Ludlow Member in the northern Slim
Buttes area, and in the Tongue River Member in northwestern Perkins
County, and are discussed in the urantum section of this report.

ENOWN RESOURCES

Known coal resources can be defined as that part of the total amount
in the ground (the total resource) that has been determined to be pres-
ent by mapping and exploration. The original known resources of
South Dakota were estimated by Brown (1952), using the standard
methods in use by the U.S. Geological Survey (Averltt 1961, p. 14—
22), for a State total of 2,032.91 million short tons in 6 counties (table
24 and fig. 25).

TABLE 24.—Original known resources of lignite in South Dakota, by counties
[In millions of short tons]

Measured Indicated
County
In beds{In bedsiIn beds In beds|Inbeds {In beds
2ato | 5to 10 | more 245 to | 5to 10| more
5 feat feet [than 10| Total | 5 feet feet |{than 10| Total
thick | thick {eet thick | thiek {eet
thick thick
82310« W JEREPSPURY IRPURRRPU PRURURRORUNS FRUUUURUR (SRR 0.54 0,02 ____ .. 0. 56
Dewey. . 104.42 | 33.68 |___._.._ 138.10 oo e
Marding . oo e e e 843.40 | 628.12 51,49 |1, 523,01
Meade.. .o e RN PSRN P 1.38 |o e fcmeeeee 1.38
Perkins_ . e e e e 141.85 | 44.66 |____._.. 186. 51
Ziebach__ e fmmm e R 5311 .69 |._._-. 6. 00
State total. . ... __._. 104. 42 33.68 |- 138,10 | 992.48 | 673.49 51.49 |1, 717. 46
Inferred Total in all categories
In beds|In beds|In beds In bedsiIn beds{in beds|County
2 to | 5to 10 | more 25t0 { 5to 10 | more total
5 feet feet |than 10| Total | 5 feet feet |than 10
thick | thiek feet thiek | thieck feet
thiek thick
[825].5-10) ¢ JE RN NURRIURNE NSNS ORISR (VRPN S 0. 54 0.02 | ______. 0. 56
DeWEY e o oo oo e b 104. 42 33.68 |.___.... 138. 10
Harding. . ... 177,29 0.06 |_.______ 177.35 |1 020 60 | 628.18 51.49 (1, 700. 36
Meade_ __ ..o el 1.38 | coc|accecaa 1.38
Perkins. e oo e e 141. 85 44,66 |.____.__ 186. 51
Ziebaeh_ . e e e 5.3 V69 | 6. 00
State fotal _._______ . ....._. 177.29 0.06 |______._ 177.35 {1,274,19 | 707.23 | 51.49 {2,032.91

The resources determined by mapping and exploration are classi-
fied by the standard reliability of information categories—measured,
mdicated, and inferred—and by the standard (for lignite and sub-
bituminous coal) thickness categories of 214 to 5 feet, 5 to 10 feet, and
more than 10 feet. Overburden thickness categories were not used
because all of the known coal in South Dakota 1s less than 1,000 feet
below the surface (Brown, 1952, p. 7).

Sixty-three percent of the known resources of South Dakota are
In the thin category and only 8 percent are in the thick category.
Because the lignite of South Dakota normally occurs in very lenticular
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beds and because information points were widely spaced and largely
confined to outerops, 84 percent of the known resources of South
Dakota was classed as indicated, 9 percent was classed as inferred, and
only about 7 perceat was classed as measured (Brown, 1952, p. 1).

RECOVERABILITY AND REMAINING RESOURCES

For every ton of coal produced, a certain amount of coal is left
unmined in pillars, roof, or floor, discarded as undersize, lost in
washing or other preparation, or is unrecoverable due to cultural
features, other mining in the area, or oil, gas, or water wells. The
ratio of the coal actually produced to the sum of the coal produced and
the coal lost in mining or unrecoverable is expressed in percentage as
the recoverability factor. A standard recoverability factor of 50
percent is used by the U.S. Geological Survey in areas, such as South
Dakota, where precise information is lacking (Averitt, 1961, p. 23-26).
Therefore, the remaining known resources of South Dakota are the
original known resources minus twice the total past production. To
the end of 1963, the past coal production of South Dakota totaled
about 1,357,000 tons (table 23) and the remaining known lignite re-
sources as of January 1,1963, were about 2,030 million tons.

If we assume that the 50 percent recoverability factor will be valid
in the future, the recoverable known lignite resources of South Dakota
would be about 1,015 million tons. The applicable recoverability
factor for South Dakota should possibly be larger than the factor for
the nation as a whole. As much as 80 percent of the known resources
may be under less than 500 feet of overburden (Brown, 1952, p. 1)
and a large part of the known resources of the State are pro[?ably
strippable. A recoverability factor of 80 percent is commonly used for
strip mining and recoverability is reported to be as much as 90 percent
under favorable conditions (Averitt, 1961, p. 25). For many years
all of the reported coal production of the State has come from strip
mines, and most of the coal produced in the foreseeable future will
probaioly come from strip mines.

Although about 7,700 square miles of South Dakota is underlain by
lignite-bearing rocks, available information allowed delineation of
known resources in only a small part of the area (fig. 25). Though it
is probable that lignite is either very thin or absent in much of the
large area outlined on figure 25, it is obvious that the known resources
%)nl;prise only a part of the total amount of lignite present in South

akota.

PETROLEUM AND NATURAL GAS
(By C. A. Sandberg and G. B, Prichard, U.S. Geological Survey, Denver, Colo.)

Petroleum, or crude oil, provides gasoline, motor and fuel oils, kero-
sene, and many other fuels, lubricants, and solid, liquid, and gaseous
byproducts. Natural gas is an important domestic and industrial heat-
ing fuel.
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Petroleum and natural gas, which may or may not be associated, are
found at shallow to great depths beneath the land surface and most
commonly in natural reservoirs formed by pore spaces in sedimentary
rocks. Such rocks most commonly were derived from weathering and
decomposition of preexisting rocks, deposited in shallow seas, embay-
ments, or sedimentary basins adjacent to or on the continents, and
buried beneath thousands of feet of younger rocks. Organic debris
that was trapped in sedimentary rocks as they were deposited has been
transformed during millions of years of burial through heat, pressure,
and chemical processes into crude oil and natural gas. As these rocks
were being deformed by folding or faulting, the crude oil and natural
gas either were retained in the source rocks or migrated because of
lower specific gravity and hydrodynamic and hydrostatic pressures
into adjacent rocks, If no barrier to their movement was encountered,
the oil and gas finally reached the surface and were dissipated. At a
barrier, however, they were trapped and together with other fluids
completely filled the pore spaces in the rock. Such accumulations are
called pools, from which some of the contained fluids can flow or be
gumped to the surface through drill holes. Many types of geological

eatures may act as traps to form these oil and gas pools. Those
features most likely to be present in South Dakota are: anticlines and
domes, which are upward folds of layers of rock; stratigraphic traps,
in which porous layers of rock pass upward into nonporous layers;
and fault traps, in which rocks are broken and offset so that porous
layers terminate upward against nonporous layers.

Petroleum produced in South Dakota to date has contributed only
a small part of the total annual production of the United States.
This deficiency has resulted in part from the limited area of poten-
tially productive rocks, and in part from limited exploration. South
Dakota’s petroleum potential is believed to be fairly substantial be-
cause the northwestern third of the State is occupied by the southern
part of the huge Williston basin (fig. 26), a structural basin filled by
productive sedimentary rocks. The part of the Williston basin in the
neighboring States of North Dakota and Montana yielded about 45
million barrels of petroleum, or about 114 percent of the total U.S.
production, in 1963. The north end of the much smaller so-called
Kennedy basin extends into the State along its south-central border,
and margins of the Denver-Julesburg basin and of an extension of
the Forest City basin, respectively, may occupy about 200 square miles
each at the southwestern and sontheastern corners of the State (fig.
26). Parts of South Dakota outside the Williston basin, except for
areas of igneous and metamorphic rocks in the Black Hills, Sioux
uplift, and near Big Stone Lake (fig. 26) where no petroleum is be-
lieved to exist, contain much smaller thicknesses of sedimentary rocks
and probably have much lower petrolenm producing potentials than
the Williston basin.

Production of natural gas in South Dakota is at present negligible,
and most of the small production obtained accompanies the production
of petroleum. Natural gas probably will not be of economic signifi-
cance In the near future because of a limited market and because of
large producing gas fieldsin adjoining States.



'R RESOURCES OF SOUTH DAKOTA 153

‘J

!

MINERAL AND WATE

- 4o =zof$zw+xm

SGNMOGHE

r :
U 002 091

‘E10e(] YINOG JO $3ITIEIJ [2INIdNIIS 10[pw pue spPpY [IO

X112 hmumﬁu_

3ITNn¥ag

vHOHNY |
‘,,,r 1
| m. - R \l;w\
, k) ' i

5 XD,ﬁ_ __ NHOBNYS | .ﬁJD(Cw_:
uosipep s HBN[IW ¢ oL j

wm:iWn,_m S}O0I U._,QQ
2PN

\ -IowejawW I0 snoaudl
» uetIiquedarg jodoroing

H
P

A

A

S

uiseq [eInjdnrls
jo eaie ajewixoaddy

T
ozt

97 TANDL]

i

Y el
:Qk:mm
.,.J _1

NONNY 1g

NISVE.

e - ¥3ANAG

¥EAIY

a7v




154 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

HISTORY

The petroleum and natural gas industry in South Dakota is still in
its infancy. Only 426 scattered test wells had been drilled in the
State through the end of 1963. The important events and dates
of exploitation and development are summarized largely on the basis
of reports by Agnew and Lange (1961), Gries (1963, 1964), Rothrock
(1944, 1955), and Wilson (1929).

Water well drilling, 1881-1906.—A 25-year period, during which
many petroleum discoveries were rumored but only submarginal pro-
duction of shallow natural gas for local consumption definitely was
established, preceded the drilling of the first unsuccessful test well
in 1906. Most discoveries in this period were incidental to the digging
or drilling of water wells.

The earliest exploitation of petrolenm or any of its byproducts
was during the early 1880’s, when a heavy grease that was found in
shallow water wells along the north edge of the Black Hills was used
to lubricate mill machinery (Rothrock, 1955). At about the same
time, swamp gas that was discovered in hand-dug wells in the glacial
drift east of the Missouri River was used locally for heat, light, and
cooking (Rothrock, 1944). Both occurrences were commercially un-
important, but the presence of heavy grease in shallow wells sug-
gested that significant accumulations of crude oil might be present
at greater depth.

The first commercial exploitation of natural gas in or about 1900
followed 1ts discovery in a water well drilled to the Dakota Sandstone
of Cretaceous age, beneath glacial drift at the Indian School at Pierre
in 1894. Several producing natural gas wells were drilled between
1900 and 1905 and a few development wells were drilled between 1929
and 1945 in an area that was termed the Pierre gas field (Wing, 1938).
Although the flow from this so-called gas field was so small that pro-
duction could not be considered commercial by present standards, pro-
duction nevertheless was sufficient for limited domestic and industrial
.use of natural gas in Plerre and Fort Pierre for at least 45 years (Wil-
son, 1922; Rothrock, 1944). Following the discovery at Pierre, flows
of natural gas from artesian water wells in several counties in cen-
tral South Dakota were utilized locally for domestic purposes.

Sporadic test well drilling, 1906-50—FExploration progressed slowly
between 1906, when the first test well reportedly was drilled (Agnew
and Lange, 1961), and 1950. During this period only about 135
scattered wells considered to be primarily petrolewm or natural gas
tests were drilled throughout South Dakota. Some of these wells were
concentrated on the flanks of the Black Hills, where the only promis-
ing events of this period occurred. ‘

Between 1928 and 1930, several tests drilled on geologically favora-
ble structures mapped in the rocks at the surface on the south flank of
the Black Hills recorded good oil shows but could not be completed
as commercial producers (Rothrock, 1955; Gries, 1964). :

Also in the area south of the Black Hills but just north of the Ne-
braska State line, the Ardmore gas field on the southward-plunging
Chilson anticline was discovered and outlined through ten shallow test
wells drilled between 1943 and 1946. Seven tests were completed as
small natural gas wells, but these were later shut in and the field is
now abandoned (Gries, 1963).
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Intensified test well drilling, 1951-63—Several petroleum dis-
coveries in the Montana and North Dakota parts of the Williston basin
during 1951 gave impetus to exploration in South Dakota. Between
1951 and 1963, approximately 285 test wells, or more than twice the
number in the preceding hali-century, were drilled in South Dakota.
These tests resulted in the discovery of 2 oil fields, from which 21 wells
were producing by the end of 1963. During the past 13 years, ap-
proximately 258 exploratory wells were drilled and 6 of these were
successful m discovering new production. This represents a success

ratio of 1:43 for the perlod 1951-63 in South Dakota. For compari-
son, the national success ratio for 1962 was about 1:5 (Carsey and
Roberts, 1963).
PETROLEUM PRODUCTION

The production of petroleum in South Dakota has totaled 1,223,000
42-gallon barrels during its first 10 years, 1954-63, as an oil-producing
State. This entire pr oduction came from the Buffalo oil field except
for an estimated 37,904 barrels produced from the single well in the
Barker Dome oil field. The following summary of annual petroleum
production is prepared by the South Dakota State Geological Survey :

TABLE 25.—Petroleum (crude oil) production im South Dakota, 1954~1963

[In barrels—42 gallons]

Quantity Quantity
1954 37,303 |1960_______ __ 281, 221
1955 30,467 | 1961 233, 338
196 __ . 36,759 | 1962 . __ ___ e 168, 644
1957 55,217 11963 __ ____ o _ 214, 566
1958 60, 937 —_—
1959 __. 152, 359 Total, 1954-63_._____ 1, 270, 811

Buffalo oil fleld—Petroleum production in South Dakota began
early in 1954, with completion of the Shell Oil Co. 1 State A well
in the center SW1,SE14 sec. 9, T, 21 N, R. 4 E., Harding County.
This discovery well for the Buftalo oil field (fig. 26) had an initial
pumping production of 80 barrels of 31.6° API gravity oil and 200
barrels of water per day from the Red River Formation of Ordovician
age at depths of 8,587 to 8,600 and 8,660 to 8,681 feet. The initial
discover y was followed several months later bV a successful confirma-
tion well, the Shell Qil Co. 32-16, in the SW14NE1 sec. 16 of the same
r(mnshlp Petroleum was ploduced from these two wells between
1954 and 1957, with no further development of the oil field. However,
between 1958 and 1960, 20 additional producing swells were completed
(Cox, 1960; Agnew and Lange, 1961). Twelve of these wells served
to extend and define a main pool in which the original two wells were
included, and eight wells discovered and developed four small pools,
which as yet have not been connected by drilling with the main pool.
Two years of inactivity in 1961 and 1962 were followed by the drilling
and completion of two more producing wells in the Buffalo oil field
in 1963. Of the 24 producing wells completed in the field, 4 were
later shut in or abandoned so that 20 wells were on productlon as of
January 1, 1964.

The Buffalo oil field consists at present of one large and three small
producing pools. The single well that formerly produced from the
small southwestern pool (fig fig. 26) now has been shut in or abandoned.

33-085 0—64——11
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The large pool and the two small pools alined to the southeast (fig. 26)
probably are on a small fold or anticline subsidiary to and east of a
large fold known as the Cedar Creek anticline. The one producing
pool and the now abandoned pool on the west appear to be on the
main Cedar Creel anticline near its south termination, although they
may be slightly east of the crest or on anotlier subsidiary fold. The
crest of the 125-mile-long Cedar Creek antieline is highly productive.
It contains at least 14 commercial oil fields and a large shallow gas
field in eastern Montana and southwestern North Dalota, and two
small marginal oil fields are located on its east flank or on small sub-
sidiary folds in eastern Montana (Sandherg, 1962, fig. 3).

The economics of the presently defined Buffalo oil field arve not good
hecause the field averages only about 40 barrels of petroleum daily
per well and some wells produce in addition to the petroleum as much
as 200 barrels of water daily (Agnew, 1960, p. 53). However, the
field has not been fully defined and future drilling may disclose other
more productive pools to the west and north of the present field and
closer to the crest of the productive Cedar Creek antichine. '

Barker Dome oil field—The discovery well for the second oil field
in South Dakota was the Helms 1 Coffing in the SW14NE1, NW1, sec.
34, T. 6 S, R 2 E., Custer County. Produetion from this well began
on August 15, 1955, and the first petroleum was marketed in Septem-
ber 1955. Black 30° API gravity oil from a saturated zone in the
Minnelusa Formation of Pennsylvanian and Permian age between
depths of 1,391 and 1,392.5 feet was produced initially by natural flow
at a rate of 80 barrels per day, but after a short time pumping became
necessary. The quantity of natural gas produced with the oil was
very small at first, but the volume gradually increased to about. 100,000
cubic feet per day after 3 months before it began to decrease (Gries,
1964). Through the end of 1963 about 10 additional wells were
drilled on the structural feature known as Barker dome, from which
the field was named. Production increased markedly to 26,819 bar-
rels in 1963 (McGregor, written communication, 1964). Three new
field wells are in production early in 1964. These are the first success-
ful wells in the field since the discovery well.

The Barker dome on the Cottonwood anticline on the southwestern
flank of the Black Hills was recognized by reconnaissance mapping of
surface rocks early in 1929. The first well on this structural feature
was the Black Hills Petroleum Co. 1 Barker, drilled by cable tools
between 1929 and 1930. Oil-saturated sandstone in the Minnelusa
Formation was reached at a depth of 1,327 feet, and black oil was
collected from a depth of 1,344 feet. The estimated yield by bailing
was reported to be 20 to 25 barrels of oil per day, but soon after the
well had been fractured by an explosive charge in an attempt to in-
crease production it produced only water (Gries, 1964). With luck
or a better technique for completing this well, South Dakota might
have become an oil-producing State nearly a quarter-century sooner.

NATURAL GAS PRODUCTION

The production of natural gas in South Dakota, mainly as a by-
product of petroleum production from the Buffalo and Barker dome
oil fields, was negligible during the period 1954-63. The quantity
produced was too small to be marketable with only 119 million cubic
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feet- having been recorded in that period (McGregor, written commu-
nication, 1964) Most of the gas probably was flared. Consequently,
the 1ncomplete production data available are meaningless. Data on
natural gas produced prior to 1954 also are of no sw*mﬁc'mce because
the total production for more than 50 years pr obably was much less
than the total annual production from an average present-day gas
well in the United States.

POTENTIAL RESOURCES

South Dakota was considered a future petroleum-producing pro-
vince by petroleum geologists prior to the discovery of commercial
production (Tulsa Geolodml Society, 1941, 1951; Ballard, 1942).
Exploratory drilling is still so limited that this potentnl has been
but little explored.

The ultimate resources of South Dakota are difficult to estimate in
scientifically precise terms of millions of barrels of petroleum or
of millions of cubic feet of natural gas because of a searcity of usable
drilling and production data. The 420 test wells drilled to date in
the approximately 74,000 square miles of South Dakota underlain by
sedimentary rocks represent a density of only about one well for each
175 square miles. The majority of these test wells were shallower
than 1,500 feet and hence did not adequately test the total thickness
of sedimentary rocks between the surface and the unproductive meta-
morphic and igneous rocks at depth. Furthermore, only the Red
River Formation of Ordovician age and the Minnelusa Formation
of Pennsylvanian and Permian age “Thave been productive to date.

On the basis of comparisons with producing sedimentary forma-
tions in South Dakota and the adjacent States of North Dakota,
Montana, Wyoming, and Nebraska, it is possible to predict roughly
which formations are potentially produetive in South Dakota. This
analysis is presented in two parts, for the Williston basin and for all
areas outside the Williston b‘l%ln with the potentially productive
formations discussed according to their relative importance and 1in
order of decreasing geologic age from Ordovician to Cretaceous.
Older sedimentary “rocks of Cambrian age are productive at only
a few localities in the United States and hence are not regarded to
be potentially productive in South Dakota. Younger sedimentary
rocks of Tertiary age are predominantly nonmarine in origin in
South Dakota and hence are also considered to be unproductive.

Williston basin—The greater part of the potential for producing
petroleum and natural gas in South Dakota lies in the 25,000-square-
mile area of the Williston basin (fig. 26). There the thickness of
Ordovician to Cretaceous rocks ranges from 2,500 feet east of the
Missouri River to as much as 9,000 feot along the North Dakota State
line in northern Harding and Perkins Counties. Although the
potential is less than that. of the Central Williston basin, a moderately
productive area of about 22,000 square miles in North Dakota and
eastern Montana (Sandberg, 1()6 figs. 1, 8), it. is roughly comparable
to that of parts of southeastern Montana and north-central North
Dakota outside the central basin. These areas contain many oil fields
and significant reserves of petroleum and natural gas in rocks whose
char fl(,ter, thickness, and stratigraphic relations are similar to those
of rocks in the South Dakota part of the Williston basin.
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The major detraction from the potential of the Williston basin in
South Dakota is the presence of strong flows of fresh water in the
sedimentary rocks. Some fornntlons which are productive else-
where, serve as aquifers in this area. Fresh waters flow under con-
51demb1e hydrostatic head through these aquifers from intake areas
in the nearby Black Hills. These flows of fresh water may have
flushed and dispersed many preexisting accumulations of petroleum
and natural gas, as evidenced by the weak flows of natural gas and
the shows of petroleumn that accompany the flows of fresh water
for artesian wells along the east side of the basin in central South
Dakota. Some accumulations of petroleum and natural gas may
have been protected from flushing because they were trapped on high
structural features such as anticlines and domes, or against faults, un-
conformities, and relatively impermeable rocls. Except for the
Cedar Creek and Camp Crook anticlines and their subsidiary folds
in Harding and Butte Counties, large structural features are un-
known in the South Dakota part of the Williston basin. Moreover,
because of insufficient well data, many small folds, which might con-
tain petroleum and natural gas, have been 1nadequately defined and
stratigraphic studies have not been sufficiently detailed to indicate
areas where accumulations might have been trapped against faults,
unconformities, or im »ermeable rocks.

The greatest potential is in the Red River Formation of Ordovician
age and the rocks of the Madison Group of Mississippian age (table 1),
on the basis of their high productivity elsewhere. These rocks account
for 80 to 90 percent of the petroleum produced in the U.S. part of the
Williston basin. The Minnelusa Formation of Pennsylvanian and
Permian age was regarded as highly favorable by Agnew and Gries
(1960) and by Wulf and Gries (1963) because it contains many otl
shows on the flanks of the Black Hills and is productive in the Powder
River Basin, west of the Black Hills in northeastern Wyoming. It has
not yet been productlve however, in other parts of the Williston basin.

Of secondary importance in poten’rml production are the Winnipeg
Formation of Ordovician age, rocks of Silurian age, and the Duperosw
and Birdbear Formations of Devonian age ( table 1) All except the
Winnipeg produce from scattered small oil fields in the Montana and
North Dakota parts of the Williston basin. The Winnipeg Formation
has yielded many promising oil shows in North Dakota, but it may
have been largely flushed in South Dakota.

Other Jess important potential production may come from the Sun-
dance Formation of Jurassic age and from sandstones of Cretaceous
nge (table 1), although these rocks are not regarded favorably by the
“authors. According to Agnew and Gries (1960) two tests in the Sun-
dance on the flank of the Black Hills and in central South Dakota
had an oil show and an o1l stain, respectively, and beds of sandstone in
the Sundance have petroleum po%mbllltleq where they rest directly
on the Madison Group along the north-central border of the State.
However, as shown by S”mdberg (1962, fig. 6), the Minnelusa Forma-
tion generally intervenes between the Sundance and the Madison.
Some sandstone beds of Cretaceous age were considered by Agnew and
Gries (1960) to have locally good pefroleum potentials because of
stratigraphic and structural settings similar to those in the Denver-
Julesburg basin of Nebraska and in the Powder River basin of
\Vyommg, where the same or related rocks are productive. It should
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be pointed out, however, that Cretaceous rocks are not yet productive
anywhere in the Williston basin.

Areas outside the Williston basin—Upper Paleozoic formations dip
southwestward off the flanks of the Black Hills into the margin of the
Denver-Julesburg basin, which may occupy the extreme southwest
corner of the State. Although lower Paleozoic formations are largely
absent there, Devonian and younger formations are present and some
of these are ploductlve nearby. Petrolenm production from Barker
dome oil field on the Cottonwood anticline and from many oil fields
in the adjacent Powder River basin comes from the Minnelusa Forma-
tion of Peunsylvanian and Permian age. This is the most potentially
productive formation in southwestern South Dakota. It is present
in the Chilson anticline extending southward from the Black Hills
toward the Denver-Julesburg basin and in the Cascade anticline ex-
tending southeastward towar d the Chadron arch of northwestern Ne-
braska. All three anticlines may be favorable for the accumulation of
petrolenm and natural gas in the Minnelusa Formation, and none have
been adequately tested. Sandstones of Cretaceous age have less po-
tential than the Minnelusa Formation. The Cretaceous D and J sands
of informal subsurface usage are productive about 80 miles to the south
in northwestern Vebldskfl but they apparently lie just east of the
margin of the Denver Julesbul*rr basin in South Dakota, as shown by
Wulf and Gries (1963, fig. 3). ‘\I1531551ppnn and Devonian rocks are
very thin and probably have little potential. However, they have
been madequately tested because less than 12 wells have penetrated
the pre-Penusylvanian rocks of this area.

The Kennedy basin of northern Nebraska is clearly delineated
on a contour map of the Precambrian surface of that State, as shown
by Carlson (1963). Its northward extent into southern South Da-
kota had been postulated earlier by Agnew and Gries (1960). The
exact limits of the Kennedy basin (fig. 26) are unknown because of a
lack of drilling, and a connection with the south end of the Williston
basin may exist. The Minnelusa Formation and younger rocks are
known to occupy the Kennedy basin but the presence or absence of
Mississippian and older rocks 1s conjectural due to the absence of deep
testing. The most promising petroleum potential is in sandstones of
Cretaceous age, particularly the D and J sands of informal subsurface
usage, which e‘(tend into south-central and eentral South Dakota from
the Denver-Julesburg basin (Wulf and Gries, 1963). The Minnelusa
Formation also is potentnlly productive in the Kennedy basin as well
as in other parts of South Dakota, south of the Williston basin.

A small avea in the extreme southeastern tip of South Dakota, where
the sedimentary rocks dip southward off the south flank of the Sioux
uplift has been related to an extension of the Forest City basin of
Nebraska by Agnew and Gries (1960) and Carlson (1963). TRocks of
Cambrian, Or dovmmn and possibly Devonian age are present beneath
Cretaceous rocks in this avea. A few oil shows were found in test
wells drilled in Union County, but the petroleum potential of this area
is not great because of its small size and the thinness of the sedimentary
rocks.

The large area of South Dakota north of the Sioux uplift and east
of the Williston basin apparently has little petrolenm or natural gas
potential. Sedimentary rocks range in thickness from 0 to 2,500 feet
in this area and their average thickness probably is less than 1 ,500
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feet. The only potentially productive rocks, those of Ordovician to
Pennsylvanian age, have a maximum thickness of about 700 feet along
the eastern margin of the Williston basin and an average thickness
that 1s 001151demb1y less throughout most of the area. The overlying
rocks of Cretaceous age or largely nonmarine and are not regarded
as sources of petroleum and natural gas. Furthermore, the Cretaceous
sandstones probably have been W]dely flushed by fresh waters so that
accumulations, which might have been derived from the underlying
Paleozoic rocks, have been dispersed.
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WATER RESOURCES

(By I. E. Powell, J. . Wagar, and L. R. Petri, U.8. Geological Survey, lurun,
S. Dak., Pierre, 8. Dak., and Lincoln, Nebr.)

INTRODUCTION

About 60 percent of South Dakota’s 76,536 square miles is in the
Great Plains physiographic province; the balance is in the Central
Lowlands physiographic province (Fenneman, 1946). The boundary
between the Great Plains and the Central Low {ands coincides roughly -
with the western margin of the James River basin. The Great Plains
province in South Dakota includes the High Plains section along the
south edge of the State, the Black Hills section near the southw estern
corner of the State, and the Missouri Plateau section. The latter can
be further subdivided into a large, unglaciated area west of the Mis-
sourl River, and a smaller, glaciated area east of the river.

A section known since the time of the early French fur traders as
the Coteau des Prairies, or Prairie Hills country, occupies the area
between the Minnesota River valley, which drains a small part of the
northeastern corner of the State, and the James River valley.

The southeastern part of the Central Lowlands in South Dakota is
made up largely of the drainage area of the Big Sioux River, and is
in the Dissected Till Plain section of the Central Lowlands.

For the purpose of a discussion of water resources, the State may
be divided generally into the glaciated section east of the Missouri
River and the unglaciated section west of the Missouri River. Figure
27 shows the physmgmphlc divisions of South Dakota as used in this
report.

The average annual precipitation in South Dakota is about 18
inches; it ranges from less than 13 inches in the northwestern corner
of the State to about 25 inches in the southeastern corner. Figure 28
shows the distribution of precipitation in South Dakota.

In most years, three-fourtlis to four-fifths of the precipitation falls
during the Ap111 to September growing season. There are, however,
great variations in the State from year “to year. In the 30 years pre-
cedm(r 1959, the average annual precipitation over the entire Slzate
ranged from as much as 30 inches fo as little as 12. In the eastern part
of the State alone, however, precipitation has ranged from a maximum
of 50 to a minimum of 10 inches annually. Periods of successive dry
years, or years that are wetter than normal, are frequent.

South Dakota is near the paths of many cyclones and anti-cyclones.
Because it is a great distance from any large body of water, the State
has a typical continental climate, with extremes of summer heat and
winter cold. Daily, monthly, and annual temperature ranges are great.
Temperatures of 100 degrees Fahrenheit or higher are common in
some parts of the State ‘each summer, and below zero temperatures
occur frequently in midwinter. The lowest temperature on record in
the State is —58° F. observed on February 17, 1936, at McIntosh. The
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highest temperature on record, 120° F., was recorded less then 5 months
later at Gann Valley on July 5,1936. The average annual temperature
for the State as a whole isapproximately 46 degrees.

SURFACE WATER

PRINCIPAL DRAINAGEWAYS

The Missouri River nearly bisects the State and receives drainage
from all but a small area in the northeastern corner. It flows generally
south from the North Dakota border to Pierre, then south-southeast-
ward to the Nebraska border. Thence it forms the South Dakota-
Nebraska border to the southeast corner of South Dakota. TIts course
roughly defines the boundary between the unglaciated region to the
west and the glaciated region to the east.

A small area in the northeastern corner of the State around Lake
Traverse is drained northward to the Hudson Bay basin through the
Bois de Sioux and Red River of the North. A short distance south of
Lake Traverse are the headwaters of the Minnesota River, which
forms part of the Upper Mississippi drainage.

The principal drainageways and relative discharge of the main
streams in South Dakota are shown schematically on figure 29. Line
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FiGURE 29.—Average discharge, in cubic feet per second, of principal rivers. (Width
of river line indicates average discharge.)

width of streams on the map is proportional to the mean discharge.

Missouri River tributaries draining the eastern, glaciated region
flow generally southward. The most important tributaries are the
James, Big Sioux, the Vermillion Rivers, which drain that part of
the State in the Central Lowlands physiographic province.

Much of the glaciated region of South Dakota does not have inte-
grated drainage. The post-glacial land surface has low relief and was
dotted with numerous, shallow, lake-filled depressions; drainage con-
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nections to established water courses have not yet developed on large
areas of the State. Water falling on these areas is trapped in the
lakes, sloughs, and “prairie potholes,” as the smaller depressions are
called, and is consumed by evaporation and transpiration or seeps
into the ground. During droughts, many of the lakes and potholes
become dry.

The region between the Minnesota River valley and the James River
valley is known as the Coteau des Prairies or Prairie Hills. On the
west the Prairie Hills are marked by a gentle slope that rises about
300 feet above the James River valley and on the east by a much
steeper slope that is 600 feet above the Minnesota River valley. The
topography of the Coteau is somewhat more rugged than that of the
lowlands but the Coteau does have numerous lakes and ill-defined
drainage. The headwaters of the Big Sioux River are in the northern
part of this region.

The principal tributaries entering the Missouri from the west in
South Dakota are the Grand, Moreau, Cheyenne, Bad, and White
Rivers. The Keya Paha River drains a small area in south-central
South Dakota and enters the Niobrara River, a tributary of the Mis-
souri, in Nebraska. The Little Missouri drains the northwestern
corner of the State and enters the Missouri in North Dakota. The
Cheyenne is the largest of the western tributaries and drains the
South Dakota part of the Black Hills.

The part of the State west of the Missouri River is in the Great
Plains physiographic province; however, the “plains” are anything
but flat. Rolling hills with a great many prominent buttes and can-
yons are the main topographic features. The flatness of the plains
in times past, before eroston by streams and wind, is evidenced by sev-
eral flat-topped buttes and a few small tablelands. Drainage patterns
in the “west-river” area are generally well defined and stream gradi-
ents are considerably steeper than those in the area east of the Missouri.

RUNOFF

Runoff is the water that drains from the land into creeks and rivers.
It is chiefly the residual of rainfall after Nature’s take—that is, after
the demands of evaporation and transpiration have been met. The
mean annual runoff in South Dakota ranges from about 0.25 inch to
nearly 2.5 inches and averages about 0.7 inch for the nearly 77,000
square mile area of the State. Expressed in other terms, the runoff
is equivalent to a flow of 2.6 bgd (billion gallons per day) or about
3 million acre-feet per year. Areal distribution of runoff as equivalent
inches of depth over the land surface is shown in figure 30.

Runoff does not necessarily increase as precipitation increases, asmay
be seen by comparison of figures 28 and 30. For example, the north-
central part of the State, drained principally by the James River, has
an average annual precipitation of 18 or 19 inches but has an average
runoft of only 0.25 inch. On the other hand, northwestern South Da-
kota, drained principally by the Grand and the Moreau Rivers, has an
average annual precipitation of about 15 inches and an average runoff
of about 0.5 inch. Evaporation losses from the numerous potholes and
lakes, low gradients of the tributaries and mainstream, and infiltration
in the glaciated James River drainage basin are probably the main
causes of low runoff in the area.
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Monthly distribution of runoff for South Dakota streams is ex-
tremely variable, but, on the average, most runoff takes place from
March through July, with March, April, and June showing greatest
amounts. The high runoff in March and April is primarily the result
of snowmelt, which usually begins during the last half of March.
Snowfall accumulations generally are heaviest in the east and average
monthly runoff for the eastern streams is greatest in March or April.
The high runoff in June is the result of rainfall; precipitation records
show that June is normally the month of greatest precipitation. In
streams of west-central South Dakota, June is the month of highest
average runoff. In individual years, runoff may vary widely from
the average; in fact, during the drought period in the late 1950’s,
several streams in the upper James River valley had no runoff for
periods of 18 to 20 months. In some years the runoff from an indivi-
dual storm may be the only runoff during the year for a particular
stream.

All major tributaries of the Missouri River in South Dakota, ex-
cept the White and the Big Sioux Rivers, have had one or more periods
of no flow at their mouths within the last 40 years. The minimum
flow of the White River at Oacoma during the period 1928-62 was 0.5
cfs (cubic feet per second). The minimum flow of the Big Sioux at
Akron, Towa, during the same period was 7 c¢fs. With the exception
of the South Fork of the White River and some streams in the Black
Hills, most of the smaller streams and a few of the larger ones have
no flow for long periods each year.

The variability of annual runoff and the cycles of wet and dry
years are apparent from figures 31 and 32, which show the annual
runoff and average runoff of selected streams.

WATER QUALITY

The quality of surface water depends largely on the material that
is dissolved and suspended in it. The concentrations and characteris-
tics of both the dissolved solids and the sediment in the water are
influenced by such factors as climate, amount and variableness of
streamflow, geology, topography, and water-management practices.
Because these factors differ markedly from one part of the State to
another, the quality of water in most streams also differs from one
part of the State to another. '

Chemical guality

The dissolved-solids content of water from the streams in South
Dakota varies inversely with water discharge. During floods, the
water may contain less than 200 ppm (parts per million) but during
periods of low flow, water from most of the major streams may contain
more than 2,000 ppm. Dissolved solids in water from the Missouri
River and from a few streams in south-central South Dakota seldom
exceeds 500 ppm.

The prevailing dissolved-solids content of water from the major
streams in South Dakota is indicated by ranges in figure 33.
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FIGURE 31.—Yearly stream flow (runoff) of selected streams. (Cheyenne, White, and
Big Sioux Rivers.)
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The dissolved solids of water from dry washes and other minor
streams may differ considerably from those of water from major
streams. Major streams that drain the sandhills area of south-central
South Dakota and the Black Hills area usually contain lower concen-
trations of dissolved solids than those of other parts of South Dakota.
Of the major streams, those with the most concentrated water usually
drain the areas underlain directly by Pierre Shale in west-central
South Dakota.

Besides differing in dissolved-solids concentration, waters from the
major streams differ also in the relative proportions of the individual
chemical constituents. The cations caleium, magnesium, sodium, and
potassium and the anions carbonate, bicarbonate, sulfate, and chloride
are present in some degree in all surface waters. During high flows,
calcium and magnesium tend to be the most abundant cations in the
water, and carbonate and bicarbonate tend to be the most abundant
anions. During low or medium flows, however, the cation, sodium,
and the anions, sulfate and chlorine, are the predominant ions.

Calcium and magnesium are the predominant cations in water from
most of the State. (See fig. 34.) Even where sodium and potassium
are the predominant cations, calcium and magneisum generally are
present in high concentrations. A hardness (mainly caleium and mag-
nesium hardness) as CaCQO; of more than 160 ppm is normal for
water from most streams, and a hardness of more than 500 ppm is
not uncommon.

Concentrations of several minor, but nonetheless important, con-
stituents are relatively low. Iron and probably maganese seldom
exceed 0.3 ppm in most of the streams, and boron and fluoride seldom
exceed 1 ppm. Selenium in concentrations of several hundredths of
a part per million have been detected in water from several streams in
the White River basin.

Generally, streamflow in South Dakota 1s only slightly colored.
Color in excess of 30 Hazen units is rather rare in most of the State, but
%olor of as much as 60 units is common in the eastern one-third of the
State.

Fluvial sediment

Suspended-sediment concentrations and discharges range widely
in the streams of South Dakota. The highest sediment concentrations
are in the semi-arid western half of the State, where high erosion
rates are prevalent because of locally steepened topography, shallow
soils, and less resistant types of bedrocks.

Suspended-sediment concentration commonly is expressed in parts
per million. Tt is the ratio of the weight of the dried sediment to the
weight of the water-sediment mixture. Discharge-weighted concentra-
tion for a specified period is the concentration that would result if all
the water and all the suspended sediment of the stream during that
period were uniformly mixed. In general, discharge-weighted con-
centrations of streams east of the Missouri River are much lower than
concentrations of streams west of the Missouri River. (See fig. 35.)
Discharge-weighted concentrations are estimated to be in the 500- to
2,000-ppm range in the eastern half of the State. Discharge-weighted
concentrations for major streams in the western half of the State prob-



171

MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

L o f oww cw_ o._.: o_m c.v m ’ c<~ i o_v
USRS L ‘SWeans Jolew woIJ I91eM Ul SPIJOS PIA[OSSIP 810, — ¢¢ T¥NOI]
= ™y T e - \ 0; .
. M BN N S N NN y N oE¥
- ,\, ey A
NN AX ! ; N v |
= OGNS RN 4 PaVA 4 LN K : -
Ni N N ™ R ) \ K : N ; !
y N . L /' = N
™ NG ) ¢ VAW, S
TN b % ™~ / g
S S ; g ) —
‘< e Org : Y ! Ey 7 <
e R ! V. % NP N T t
[ ! 4
LG WY/ Sy
N - STSFS y, 1 e At o
533 / AL SN
O N - |~
S5 7 N L S A FY ory
_ f o 113 \\‘\‘ g prawy >l K
N / P RSOSS ST DN A .V
—r . =N =t 1 o -
oS ) N <_Wml MoMyMa!] 2P 3 - T
@ A f =\ Y Py b ) |- b1 AENRRED. ‘ M
‘G o uryl 310 09S ‘Z-T108 ‘T - |k “ \;f\m N - e
SN - FA/R M _:_:__ ~¥ | MHH\\J\H\ 3 I MIE L R 7/
X ( \ : AN b T
P ; ; : A L,\, 4 | 4+ SN P i
3 St 77 / S AT ANEANEEERRN . T ¢4
RNt ) 008 ‘T-181 ‘T owH A _..on SONGHTH : ; ..f_ EERES . LKL S
1 7 v ~ 1 \ 3 ~
. ; X S ) !
! ) X 7/// i _ H DM &1 (2| |l
S S ) ; 4 A3 |4 h [
X Y N 00L-1%¢ 0¥e-011 c | N
- N 1.1 i
Ly / /| > :, ! T N \\.!.; |7 ~HL
NN e S y a
//J/c i (IO, wonTi 1ad sjzed \HHH Y X
A\ LS y Ul ‘SuoIjelIjusad2uon) ; \ 17/
L L LA s A [ 7
NOILVNVIJIXHA \r: % ) A
o / 4 J
> G.n.m 86 omm ooE 01 220l . L£01

o¥0T

2

3-085 0—64——1



MINERAL AND WATER RESQOURCES OF SQUTH DAKOTA

172

091

T
[eFAY oe

ot

"SWEaI3s Yolew woly Ja3em UI SIUINIISUOD [EXIWIYD

%
{
77 i ., N
7 f) VeSS
e pav s
'S 1
f (! 4 d /
Ay A S ES 7
¢ 5
,W L/ i
©, y AN :
g
J - \
aplI0o]y2-23eI[ns /N

: N

A

7

wnissejod-wnipeg

Y

8jrUOQLeD1I(-d)jeuoqIes
wnissejod-wnipeg

(I

aplIOYD-2ajeIIns
wnisaudewi- WNid1e)

/]

27eU0QIeD1(- 23RUOQIED
wnisaudew - wWN1d(e)

S NOILVNVIAXH

266 5001

o101

0

ob01



AND WATER RESOURCES OF SOUTH DAKOTA 173

MINERAL

a ; : -
\ S 002 09!t 0zt 08 ov 0 oz oy

("paytssepd
SWiB3138 JO{BW Ul UOHEIIUIIUOD JUSUIPIS-pIpuadsng—-C¢ FUNOI

10U §§ WEIIISUTBW IFATY LINOSSIY )

: ‘ 00062

(P10021 Jo saead
2I0W 10 U0 UO paseq).
UQTEIJUDIUOD JUIWIPIS
Pa1ydtom a3aeyosi(
000 ‘¥
v

000 ‘0£-100 ‘sT 000 °‘S-T100°
mmm - S
2 000°ST-100°S 000 ‘2-005%

= L/

uot i xsd sijaed
uil ‘suoijeajuaduc’)

NOTLVYNVIdX3E

LSS A LSS L AL L

°86 266




174 MINERAL AND WATER RESOURCES OF SOUTH DAKOTA

ably range from about 500 ppm in parts of the Black Hills and in the
sandhills area along the Nebraska border to 30,000 ppm in parts of the
White River and Bad River basins.

Usually sediment concentrations during short periods of rapid
runoff that results from summer thunderstorms greatly exceed the
long-term discharge-weighted concentrations. Maximum daily con-
centrations have been computed to be about 35,000 ppm in the White
River, 55,000 ppm in the Cheyenne River, and 19,000 ppm in the
Grand River. Much of the annual sediment discharge of such streams
commonly occurs during a small part of the year; 90 percent or more of
the annual sediment load may be discharged during less than 10 per-
cent of the days. Thus, many streams that have extremely high
concentrations during floods and that have high discharge-weighted
concentrations have concentrations of only a few hundred parts per
million during long periods of low flow each year. '

Nearly all the suspended-sediment load of streams throughout the
State 1is silt and clay; very little sand is transported in suspension.

The suspended-sediment load of a stream does not include sedi-
ment that may be moved in almost continuous contact with the stream-
bed. Thus, the total sediment discharge of some streams may be
significantly greater than the suspended-sediment discharge. For all
major streams in South Dakota, however, the suspended-sediment load
of the stream probably is 90 percent or more of the total sediment load.

In general, sediment concentration and sediment discharge increase
as streamflow increases.. During floods caused by thunderstorms the
maximum sediment concentration may precede by several hours the
maximum stream flow. Also, the sediment concentration during high
streamflow that results from snowmelt probably is significantly less
than the concentration during similarly high streamflow that results
from intense summer thunderstorms.

The construction of dams and reservoirs on a stream results in
marked changes in sediment concentration and discharge characteris-
tics. Nearly all the sediment that enters a reservoir on a major stream
is trapped; the water that is released from the reservoir contains
very little sediment. For example, the average sediment concentra-
tion in the water that enters Angostura Reservoir on the Chevenne
River in extreme southwestern South Dakota is greater than 10,000
ppm; the average sediment concentration of the water that is released
from the reservoir is less than 50 ppm. Thus a 99.5 percent decrease
in average suspended-sediment concentration results as the water passes
through the reservoir,

Although zones in which discharge-weighted concentrations gen-
erally are similar can be outlined as in figure 35, erosion, sediment
yield, and sediment concentrations may have a wide range within any
given zone. If sediment data are obtained only for the major streams,
the data can lead to an erroneous conception of uniform erosion, sed:-
ment yield, and sediment concentrations throughout a basin of several
hundred or thousand square miles. The data for such streams should
be considered as a composite of data from inumerable small basins
and parts of basins in which erosion and sediment yield characteristies
differ markedly. The contribution of large percentage of the sedi-
ment load of a basin by a minor part of the basin is analogous to dis-
charge of a large percentage of the annual sediment load during a small
part of the year.
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Sedimentation data on major streams are useful in defining the
utility of water or in determining the amount of space that should be
allocated for sediment storage in reservoirs, but data on major streams
are not particularly useful for determmmg the source of the sediment
and the effect of conservation programs within small parts of the

major basin. Nearly all sediment data in South Dakota have been
obtained for design purposes or for post-construction evaluation
in that part of the State west of the Missouri River. The data are
insufficient to determine the relative importance of sheet, gully, and
channel erosion ; the relation between the natural environment and the
sediment yield and erosion rates in small areas; or the effect of small
agricultural reservoirs and other conservation practices on the sedi-
ment yield of a basin.

DEVELOPMENT OF SURFACE WATER

Surface-water use

The major uses of surface water include irrigation, municipal, in-
dustrial, and stock water supplies, waste dllutlon, conservation and
propagation of wildlife, recreation, and production of hydroelectric
power. A complete discussion of the major surface-water uses hsted
above is contained in part IT of this report.

Surface-water problems

South Dakota’s primary surface-water problems are those related to
water supply, which is variable and commonly inadequate unless
storage facilities are provided. Maintenance of an adequate supply
requires that water be stored in periods of considerable runoff for use
during periods of little runoff. It is not merely a matter of storing
spring runoff for use during the summer and fall, as it often is with
mountain streams, but rather it is a matter of storing runoff for use a
number of years hence. Even with the low normal runoff there is
the nroblem of large floods.

The basic problems of evaluating the supply, and planning for its
utilization and management to meet present and future demands re-
quires solution of many complex technical problems. Adequate
basic information regarding both quantity and quality of water is
essential. Iong-term, contmuous records of flow are necessary to plan
appropriate storage facilities and to design spillways to pass floods.
Adequate knowledge of the quality of water is essential to determine if
the water is suitable for intended use. ILack of sufficient basic data has
often caused delay or abandonment of a project. Projects designed

~and completed without sufficient data may not fulfill the desired pur-
pose.

In South Dakota long-term stream-gaging records are available
only on the principal rivers. Additional data are needed and the
stream-gaging program is being expanded to include many additional
streams, Continued expansion will be necessary to prov1de for future
needs. Quality-of-water data are insufficient and there is a definite
need for expansion of this program.

Use of refined techniques for the analysis and interpretation of basic
data will provide more usable data and should be intensified. For ex-
ample, statistical studies can be accomplished by the use of electronic
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computors. Duration tables, frequency computations, and other sta-
tistical data, which formerly required tedious calculation, now can be
obtained relatively easily.

GROUND WATER
GENERAL STATEMENT

South Dakota is underlain by consolidated to semiconsolidated sedi-
mentary rocks of Paleozoic, Mesozoic, and early Tertiary age. These
rocks are mantled in the High Plains by semiconsolidated to uncon-
solidated sediments of middle and late Tertiary age, and in virtually
all the area east of the Missour: River by glacial drift of Quaternary
age. The drift ranges in thickness from a thin veneer along the
Missouri River to a maximum known thickness of 700 feet in the north-
eastern part of the State. Extensive deposits of alluvium and some
glacial outwash are found in the Missouri River Valley and in most
stream valleys in the glaciated area. The sedimentary rocks of Paleo-
zolc and Mesozoic age form a shallow basin lying between the struc-
turally high areas of the Black Hills in the west, and the nearly buried
Sioux Quartzite ridge in the east. The strata dip gently except near
the Black Hills where they are upturned steeply.

Precambrian basement rocks crop out in the core of the Black Hills
in the western and southwestern parts of the State, in a small area
near Milbank (Grant County) in the northeastern part of the State,
and in small areas of Minnehaha, Turner, McCook, and Hanson Coun-
ties in southeastern South Dakota.

Ground-water reservoirs constitute a large and reliable source of
water for domestic, industrial, stock, and municipal use. Most of the
State is underlain by one or more aquifers that yield small to very
large supplies of water of varying quality. The major undeveloped
source of water in South Dakota is in ground-water aquifers.

Artesian water has been very important in the settlement of the
State, and in the development of agriculture, the chief industry.
Artesian aguifers from which water flows, or can be pumped from
moderate depth, underlie nearly all the State. Shallow ground water
is absent or scarce in much of the State, especially in the unglaciated
western two-thirds. Hence, the availability of artesian water and the
development of low-cost methods of drilling deep wells were of special
importance in bringing about settlement, which otherwise might have
been confined to river valleys where water is available from shallow
deposits of alluvium. Much of the artesian water is of poor chemical
quality, but it has been used nevertheless. Any large-scale utilization
of the enormous quantities of saline ground water contained in the
deeper aquifers underlying central and western South Dakota will
depend upon development of an economic conversion process for saline
water.

In recent years, the potential importance of ground water from
the glacial drift in the eastern part of the State and from uncon-
solidated deposits in the western part has become more generally
realized. Most current ground-water studies are devoted to these
unconsolidated rock aquifers.
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Discharge from shallow aquifers on both sides of the Missouri
River is by pumping or flow from wells, by transpiration by plants,
an{)iI by seepage to springs, lakes, and streams that intercept the water
table.

Discharge from the deeper aquifers is mostly by flowing or pumped
wells. Some water is discharged from the bedrock aquifers in 1solated
areas around the Black Hills where artesian springs occur. In other
areas, water is discharged by the deeper aquifers to overlying aquifers
through semipermeable, confining beds.

Recharge to the shallow aquifers in both the glaciated and ungla-
ciated areas of the State 1s largely through infiltration of precipitation
that falls upon the immediate area.

The mechanics of recharge to the deeper aquifers is not yet fully
understood ; however, some recharge doubtlessly occurs in the Black
Hills where streams cross the exposed surfaces of the aquifers. Addi-
tional recharge possibly occurs to the west where the deeper aquifers
crop out in the Rocky Mountains. v

Table 26 lists, for the principal bedrock aquifers in the State, the
geological age to which each belongs (in descending order as the rock
strata are penetrated by the drill), and summarizes the approximate
area and maximum thickness, the ground-water potential, the state of
development, and the salinity of the water. The latter three items
are shown by numbers from 0 throngh 5 to facilitate comparisons.

TABLE 26.—Principal bedrock aquifers in South Dalota

Estimated | Maximuom | Estimated | State of
Aquifer and geologic age extent thickness | potential develop- Salinity
(square (feet) 1s aquifer ! ment 3 of water 3
miles)
Ogallala Formation, Pliocene._____________ 3,000 250+ 3 1 1-2
Arikaree Formation, Miocene.__._________. 5, 000 1,000 3 1 1-2
White River Group, Oligocene_________ — (O] 600 0-1 0-1 1-3
Fort Union Formation, Paleocene, _______. 2,700 1,000 1 2 2-4
Hell Creek Formation, Upper Cretaceous. 8, 700 425 1 1 3
Fox Hills Sandstone, Upper Cretaceous._.. 11, 600 250 1 3 1-3
Niobrara Formation and Codell Sand-

stone Member of Carlile Shale, Upper

CretaceonsS . o i oo 50, 000+ 180 3 3 34
Greenhorn Limestone, Upper Cretaceous. . 50, 000+ 180+ 1 3—4 4-5
Dakota Sandstone, Upper and Lower Cre-

RO e 33, 000 460 5 4 35
Newcastle Sandstone, Lower Cretaceous___| . 1 50 1 0 3-5
Inyan Kara Group, Lower Cretaceous-... 46, 000 600 3 1-2 3-5
Sundance Formation, Upper Jurassic..____ 40, 000 450 0-1 1 5
Minnelusa Formation, Pennsylvanianand

Permian. . oo 37, 000 1, 300 3 1 1-5
Pahasapa Limestone and Madison Group,

Mississippian. oL 39, 000 1, 0004+ 34 -1 1-5
Whitewood Dolomite and Red River

Formation, Upper Ordovieian.__._...._. 35, 000 550 5 0 35
Winnipeg Formation, Middle Qrdovician. 30,000 180 3 1] 3-5
Dcadwood Formation, Lower Ordovician

and Upper Cambrian________________._._ Q) 450+ 2 1 2-5

1 g indicates an aquifer of almost no potential and 5 an aquifer of high potential.

2 0 indicates a virtually undeveloped aquifcr, 1 to 3 indicate increasingly greater withdrawal, 4 indicates
a withdrawal about equal to the amount of water an aquifer can supply without further decline in rate of
yield, and 5 indicates withdrawal in excess of estitnated current replenishinent,

31 to 5indicate the following concentrations, in parts per million of dissolved solids: 1—0 to 500; 2—500
to 1,000; 3—1,000 to 2,000; 4—2,000 to 3,000; 5—3,000 or more,

¢ Unknown.
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GROUND WATER EAST OF THE MISSISSIPPI RIVER

Glacial drift

One of the major undeveloped ground-water systems in the State is
the glacial drift that blankets South Dakota east of the Missour:
River. Several hundred million acre-feet of water, much of it suitable
for irrigation, is stored in glacial outwash and alluvium. These de-
posits are irregular in shape and size, and are scattered throughout
the area, but they should be easy to develop once they are located
and mapped. Figure 36 shows areas in the State where glacial de-
posits containing large amounts of shallow ground water are known
to occur, and areas that are considered to have good potential for
additional large, shallow, ground-water supplies.

Glacial drift constitutes the surface deposits over most of the area
east of the Missouri River. It is as much as 700 feet thick near Eden
in Marshall County in the northeast part of the State (U.S. Geological
Survey, unpublished information) but the average thickness is much
less; perhaps no more than 40 feet (Flint 1955, p. 27). The drift
consists mainly of clay with admixed sand, gravel, and boulders, but
contains lenses or surficial sheets of outwash sand and gravel which
collectively constitute the most promising source of ground water of
good quality for future development in the State.

Aquifers in the glacial drift have been extensively developed in
several areas in eastern South Dakota. One area of approximately
886,000 acres, in the vicinity of the James River between Aberdeen and
Woonsocket, is underlain by sand and gravel that ranges in thickness
from 10 feet to more than 100 feet. This area, including parts of
Sanborn, Beadle, Spink, Hand, and Brown Counties, may contain more
than 11 million acre-feet of ground water in transient storage. In
three parts of the area, totaling more than 80,000 acres, the thickness
of the sand and gravel deposits exceeds 100 feet. An additional major
source of ground-water supply, a buried outwash aquifer underlying
much of Clay County, is estimated to contain 6 million acre-feet of
water in transient storage. The areas where the permeable deposits
are thickest bear little relation to the distribution of surficial ma-
terials; similar conditions have been observed in other areas studied
and doubtless will be shown in future studies in other parts of eastern
South Dakota.

Surficial deposits, especially along perennial streams, are easily
recharged and are obvious and readily accessible sources for immediate
ground-water development. Most of them are either supplying water
or have a water-supply potential. They are usually narrow, and are
along nearly all the larger streams, including most of the course of
the Missouri River through the State, many of the creeks that enter
the Missourl, and the James, Vermillion, and Big Sioux Rivers and
their principal tributaries. The largest areas of surficial outwash
occur in widened portions of some of the river valleys, such as that of
the Missouri downstream from Yankton, the James River in northern
Beadle County and southern Spink County, the Big Sioux and Deer
Creek valleys in the vicinity of Brookings, and the Big Sioux valley
in the vieinity of Sioux Falls.

Large surficial outwash deposits bearing little or no relation to pres-
ent streams include one in Campbell and northern Walworth Counties
crossing the Spring Creek valley and underlying Mound City, one east
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of Swan Lake in southeastern Walworth and northeastern Potter
Counties, one south of Redfield, one east of Woonsocket, and a long,
narrow deposit extending from north of Clark in Clark County to
beyond Lake Thompson in Kingsbury County, then passing down the
east fork of the Vermillion River. Of the above aquifers, only that
north of Huron, and the aquifer along the Vermillion River in the
Parker-Centerville area have been developed substantially.

Deeper aquifers

Precambrian rocks—The Sioux Quartzite of Precambrian age un-
derlies most of southeastern South Dakota (fig. 5) ; it crops out be-
neath the glacial drift in a sizable area, and crops out in small areas,
in Hanson, McCook, Minnehaha, and Turner Counties. It consists
of massive quartzite interbedded with thin shale and a few zones of
poorly cemented quartz sand. Locally, it yields small quantities of
water from fractures or from porous zones.

Dakota Sandstone.—The Dakota Sandstone underlies about 33,000
square miles in eastern South Dakota. As used in this report, the
Dakota Sandstone refers to those rocks in eastern South Dakota which
may in part be correlative with rocks assigned to the Belle Fourche,
Mowry, Newcastle, and Skull Creek Formations, and the Inyan Kara
Group in the Black Hills. Tt consists of soft, fine- to moderately fine-
grained, porous, light-gray sandstone interbedded with dark- to light-
gray shale, and is as much as 460 feet thick. The depths of wells
penetrating the Dakota in eastern South Dakota range from about
300 feet near the Sioux Quartzite ridge and in extreme southeastern
South Dakota to about 1,400 feet near the Missouri River; in the
James River valley in central South Dakota, they range from about
750 feet to 1,100 feet. In some areas in eastern South Dakota, wells
finished in the Dakota flow; in other areas they must be pumped.
Flows range from a maximum of about 1,500 gpm (gallons per min-
ute) in the Missouri River valley to less than 10 gpm in the James
River valley in central South Dakota, and about 10 to 15 gpm in south-
eastern South Dakota.

The Dakota Sandstone is a major source of ground water in eastern
South Dakota. It is not uniformly permeable, but yields water in
varying amounts from zones of relatively great permeability sep-
arated by zones of lesser permeability. In parts of eastern and central
South Dakota there are two aquifers in the Dakota ; the deeper aquifer
is commonly called the second flow by residents and drillers. Asmany
as seven separate zones are recognized in some places in the central
part of the State.

The Dakota Sandstone is tapped by thousands of flowing and
pumped wells in eastern South Dakota, but is developed most heavily
in the James River basin where the total discharge (1960) of 16
mgd (millions of gallons per day) is probably declining slowly to-
wards the rate of maximum sustained yield. Information in the files
of the U.S. Geological Survey indicates that a total of about 40 mgd
was withdrawn from the Dakota Sandstone in 1960; about 36 mgd
from flowing wells and 4 mgd from pumped wells. Most of the with-
drawal was in the Missouri River valley, the valleys of its tributaries,
and the James River valley. Water from the Dakota is not suitable
for irrigation because of its high salinity hazard.

Figure 37 shows the areal extent of the Dakota Sandstone in South
Dakota where it is more than 50 feet thick.
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Greenhorn Limestone—The Greenhorn Limestone of Late Cretace-
ous age underlies virtually all the State except for the area of older
rocks in the Black Hills, the area of Millbank Granite in the north-
eastern part of the State and the areas where the Sioux Quartzite is the
bedrock in southeastern South Dakota. In the eastern part of the
State, the Greenhorn is generally a dark-gray, calcareous shale and thin
shaly limestone, but in the western part, where the thin Orman Lake
Limestone Member is at the base there is as much as 30 feet of slabby,
impure limestone at the top of the Greenhorn. The Greenhorn ranges
in thickness from about 30 feet in southeastern South Dakota to about
250 feet in western South Dakota. In the eastern part of the State,
the Greenhorn yields soft, saline water to some wells that are used for
stock and domestic supplies. In some areas, flowing wells yield about
5 gpm, but most wells must be pumped. The Greenhorn is not widely
used 'as an aquifer, and its potential for additional development 1is
very small. Unpublished information in the files of the U.S. Geolog-
ical Survey indicates that the artesian pressure in the aquifer is low,
and that i1t has decreased since 1890.

Carlile Shale and Niobrara Formaiion—Above the Greenhorn
Limestone are the Carlile Shale and Niobrara Formation of Late
Cretaceous age, which crop out around the Black Hills and underlie
an area similar to that underlain by the Greenhorn. Both the Carlile
and the Niobrara crop out locally in southeastern South Dakota, and
the Niobrara crops out along the Missouri River at, and south of, Fort
Thompson. ‘

The Carlile Shale consists of as much as 500 feet of shale ranging
from dark gray at the bottom to light gray at the top. It contains
many large concretions in sandy layers. The Codell Sandstone Mem-
ber, a fine-grained quartz sandstone as much as 80 feet thick, is at or
near the top of the Carlile. The Niobrara Formation is a chalky marl
containing shale and clay that ranges in thickness from 120 feet in the
east to about 300 feet in western South Dakota.

The Codell and Niobrara appear to form a single aquifer as much
as 180 feet thick in eastern South Dakota. Water from this aquifer is
generally soft and saline. The aquifer is developed for stock and
domestic use in central South Dakota and in the southern James
River basin. '

GROUND WATER WEST OF THE MISSOURI RIVER

Precambrian rocks

Precambrian basement rocks consisting of schist, quartzite, slate,
marble, pegmatite, granite, and amphibolite crop out in perhaps 1,500
square miles in the core of the Black Hills uplift in Lawrence, Meade,
Pennington, and Custer Counties. These rocks discharge some tens of
thousands of acre-feet per year of water of good quality into streams
through springs and seeps emerging from rock fractures. Small quan-
tities of water can be obtained locally in the Black Hills area by wells
penetrating these rocks.

Deadwood Formation

The Deadwood Formation of Late Cambrian and Early Ordovician
nge crops out around the Black Hills and underlies a large area north
aund east of the Hills. The Deadwood has a maximum known thick-



MINERAL AND WATER RESOURCES OF SOUTH DAKOTA 183

ness of 450 feet in the Black Hills but is thicker in the subsurface
(Sandburg, 1962). It consists of quartz sandstone, which is commonly
conglomeratic, gray and green shale, and limestone. Where it is thick-
est, it 1s a soft, thin-bedded, sandstone interbedded with clay. Aqui-
fers in the Deadwood Formation yield small to moderate amounts of
good to saline water for stock and domestic supplies; locally, the aqui-
fers can support a modest increase in withdrawal.
Winnipeg Formation , '

Sandstone and shale of the Winnipeg Formation of Middle Ordo-
vician age overlie the Deadwood Formation in the northern Black
Hills and in the subsurface north and northeast of the Black Hills.
The formation has a maximum known thickness of 180 feet in north-
central South Dakota (Sandburg, 1962). A sandstone unit of the
Winnipeg is reported to yield saline water under artesian pressure,
where it has been penetrated by o1l testholes in northwestern South
Dakota. The water in the formation has not been used and the unde-
veloped potential is unknown, but on the basis of reported yields it is
estimated to be about average.

The areal extent of the Winnipeg Formation is shown in Figure 38.

W hitewood Dolomite and Red River Formation

The Whitewood Dolomite of Late Ordovician age crops out in a
narrow band around the northern side of the Black Hills. The equiva-
lent subsurface formation, the Red River, thickens eastward and
northward from the Hills and, as shown on Figure 39, underlies about
35,000 square miles 1n the western, northwestern, and north-central
parts of the State. It extends south to Pennington County, east to
Brown County, and southeast. to 20 or 30 miles northwest of Pierre.
The Red River consists of massive, buff limestone and dolomite with a
maximum thickness of about 550 feet in northern Perkins County. It
contains an enormous volume of saline water under high artesian
pressure at temperatures as high as 185°. Aquifers in the Red River
arenot used as a source of water in South Dakota.

Uppermost Ordovician, Silurian, and Devonian rocks

Rocks of latest Ordovician, Silurian, and Devonian age, except for
the Englewood Formation of Devonian and Mississippian age, do not
crop out, but are present in the subsurface in northwestern and north-
central South Dakota (Sandberg, 1962). They have not been devel-
oped as sources of water, and their potential as aquifers, while thought
to be small, is unknown. Water contained in the Uppermost Ordovi-
cian Silurian, and Devonian rocks is probably highly saline.

Pahasapa Limestone and Madison Group

In the Black Hills, the Pahasapa Limestone, which is equivalent
to the lower part of the subsurface Madison Group of Mississippian
age, is fine-grained, massive, light-gray to buff-colored limestone and
dolomite containing numerous caverns, some of which are lined with
calcite crystals. The outecropping Pahasapa ranges in thickness from
about 250 to 600 feet; its subsurface equivalent, the Madison Group,
thins to the south and east, and in the central and southern parts of
the State it pinches out between the Minnelusa Formation and pre-
Mississippian rocks.
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The subsurface Madison Group yields large quantities of good to sa-
line water that is under high artesian pressure. Several wells in the
Madison are more than 4,000 feet deep and flow more than 100 gpm.
These wells supply stock water for ranches and municipal supplies for
the towns of Philip, Midland, and Eagle Butte. The Madison has a
high potential for future development. The Pahasapa outcrop en-
circles the Black Hills, and surface streams that cross it lose all or
part of their water to the formation. Much of the recharge to the
Madison is accomplished in this manner.

Figure 40 shows the areal extent of the Pahasapa leestone and
Madison Group.

Minnelusa Formation

The Minnelusa Formation, the only rock unit of Pennsylvanian
age reported in South Dakota, includes beds of Permian
age In 1ts upper part. At its outcrop in the Black Hills, the
Minnelusa is predominantly a white and red, caleareous sandstone.
Locally, it contains limestone in the middle and lower parts, and the
basal part is bright red shale with thin layers of white limestone. The
Minnelusa ranges from 300 to 850 feet thick at its outecrops around the
Black Hills, and has a maximum thickness of 1,300 feet near the south-
west corner of the State. It thins to the east and northeast, and the
areal extent in these directions is not definitely known,

Several irrigation wells near the northern Black Hills obtain good
quality irrigation water from the Minnelusa. A well penetrating the
Minnelusa near Sturgis initially yielded 4,000 gpm at a temperature
of 68° F. The flow was later reduced to about 750 gpm at a closed-in
pressure of 160 psi (pounds per square inch). The Minnelusa could
support a much higher yield than it does at present.

Smundance Formation

The Sundance Formation of Late Jurassic age underlies about
40,000 square miles of western South Dakota. It consists of as much
as 450 feet of gray-green shale with some limestone, sandstone, and red
shale. At its outcrop in the Black Hills area, the formation ranges
in thickness from 200 to 300 feet. Water in the Sundance is reported
to be highly mineralized, although locally near its outcrop it yields
less mineralized water that is suitable for domestic use.

Inyan Kara Group

The Inyan Kara Group comprises the Lakota and Fall River For-
mations of Early Cretaceous age in South Dakota. The basal Chilson
Member of the Lakota Formation, formerly considered a separate for-
mation, underlies a large area in western South Dakota, but is indis-
tlnoulshable from the rest of the Inyan Kara Group a short distance
east of the Black Hills. The Chilson Member is a hard, coarse, locally
conglomeratic sandstone, which has a maximum known thlckness of
485 feet. Ttisa permeable and productive aquifer but, except in and
near the area of outerop in the Black Hills, it yields saline water that
usually is under enough pressure to flow from wells. The supply 1s
developed moderately and the formation could support a larger with-
drawal even though the recharge is small and most of the water with-
drawn would come from storaO‘e The Chilson Member is overlain in
the southeastern Black Hills by the thin and impermeable Minne-
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waste Limestone Member and the Fuson Shale Member. These were
formerly recognized as separate formations. They are not considered
to be aquifers.

The Fall River Formation overlies the Lakota Formation and cov-
ers a larger area, mainly in the western part of the State. It consists
of as much as 200 feet of fine- to medium-grained, massive, white
to buff sandstone containing thin layers of silt and clay. The Fall
River is seldom differentiated in drill holes from the sandstone of the
Lakota Formation below, and little is known of its water-bearing ca-
pacity; hence it is not listed in the table on properties of aquifers.
The sandstoue of the Fall River Formation and the Newecastle Sand-
stone are the “Dakota” Sandstone of older reports on western South
Dakota and adjoining areas.

Figure 41 shows the areal extent of the Inyan Kara Group.

Newcastle Sandstone

The Newcastle Sandstone of Early Cretaceous age is above the
Inyan Kara Group and separated from it by the intervening Skull
Creek Shale. The sandstone is as much as 50 feet thick and covers -
an unknown area in western South Dakota and adjacent areas. It 1s
an lmportant producer of saline water in Wyoming, but its potential
in South Dakota appears to be low.

Fox Hills Sandstone

The Fox Hills Sandstone of Late Cretaceous age crops out north,
northeast, and east of the Black Hills, Tt consists of grayish-white to
yellow sandstone and has a maximum thickness of 250 feet. The Fox
Hills yields moderate quantities of water of good quality to properly
constructed wells. Although it has only a modest potential as a source
of water, the Fox Hills could support an increase in withdrawals.
The formation supplies water for mnany farm and ranch wells and
furnishes all or part of the municipal supplies for the cities of Dupree,
Bison, Timber Lake, and Lemmon.

Figure 42 shows the areal extent of the Fox Hills sandstone.

Hell Creek Formation

The Hell Creek Formation is the youngest Cretaceous formation in
South Dakota, and overlies the Fox Hills Sandstone in about 8,700
square miles of the northwestern part of the State. The Hell Creek
1s composed of alternating layers of somber-colored, soft, brown shale,
gray sandstone, and sand, gravel, and clay layers. In its lower part,
the Hell Creek is sandy and contains lignite lenses. Log-like concre-
tions and lenses of iron carbonate are also common. The Hell Creek
Formation supplies small amounts of highly mineralized water to
farms and ranches west of the Missouri in Corson, Harding, Perkins,
and Ziebach Counties and could support a modest increase in with-
drawals,

Tertiary rocles

Fort Union Formation—Three members make up the Paleocene
Fort Union Formation in South Dakota. The basal Ludlow Member
has a maximum thickness of 350 feet and 1s composed of gray clay and
sandstone with thin beds of lignite. The Cannonball Member con-
sists of marine green shale and yellow sandstone; it has a maximum
known thickness of about 225 feet. The upper Tongue River Member
consists of light-colored clay and sand, locally contains coal beds, and
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has a maximum known thickness of about 420 feet. The Fort Unilon
has a modest potential as a source of ground water, and is developed to
a limited extent. The city of Temmon obtains prrt of its water supply
from two wells that tap the Fort Union. The Fort Union also sup-
plies water to farms and ranches in parts of northern Perkins and
Harding Counties; the water is saline, has a high sodium sulfate con-
tent and is barely potable

White River Growp.—The White River Group of Oligocene age con-
sists of the basal Chadron Formation and the ove,rlymor Brule Forma-
tion. It has a maximum thickness of about 600 feet and consists of
light-colored eclay, channel sandstones, and limestone lenses. The
Chadron is as much as 150 feet thick and the Brule as much as 450 feet
thick. Both the Chadron and Brule yield small amounts of good
quality water to shallow wells and a few springs in deeply incised
valleys of the White River Badlands in southwestern South Dakota.
As all water yielded by the Chadron and Brule is supplied by local
precipitation, the amount of water available from them is limited by
scant rainfall in the area of outcrop.

Arikaree and Ogallale Formations—The Arikaree Formation of
Miocene age is a soft, buff to light-gray, fine-grained, silty, sandstone.
It is usuftlly masswely to poorly-bedded, but locqlly it contains lenticu-
lar beds of nodular concretions that consist of lime-cemented silt and
sand. The Arikaree has a maximum known thickness of about 1,000
feet. The Pliocene Ogallala Formation has a maximum known thick-
ness of more than 250 feet and consists of light-colored sand and silt.
The Arikaree and Ogallala underlie about, 5,000 and 3,000 square miles
respectively in the High Plains area south of the outerop of the
White River Group as shown on Figure 43. The Arikaree and Ogal-
lala are only moderately permeable, “and hence, wells that ave intended
for irrigation use must penetrate 150 to 200 feet of saturated material
to obtain sufficient water. Stock and domestic wells, on the other
hand, generally obtain sufficient water if they penetrate from 15 to
30 feet of saturated material. Water from the Arikaree and Ogallala
is of good quality for both irrigation and domestic use.

CHEMICAL QUALITY

Ground water is used for about 96 percent of the municipal supplies
in South Dakota. Because the public supplies are widely distributed
throughout the State and because they generally obtain water from the
most economical aquifers in their 1espect1ve areas, data on the chemi-
cal quality of the water for public supplies prov1de good information
on the general quality of the readily available ground water through-
out the State.

Chemical analyses of ground water for about 235 separate public
supplies are given by the ‘South Dakota Department of Health (South
Dakota Public Water Supply Data, 1959). Data for selected chemical
constituents from these analyses are given in table 27.
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TaBLE 27.—Selected deta on chemical analyses of public ground-water
supplies

Percentage of
public ground-
Constituents Concentration { water supplies

in ppm exceeding
stated
concentration

o
[= Y 8C7|OCJ1
888833885
COUPWOOWHOOWODOOOOOOOO
&

Lo,

Fluoride. oo ————— .

W=, o,

Table 27 indicates that, in general, the water for public supplies
has a high dissolved-solids content, which consists mainly of sulfate and
either calcium or sodium. The water for most of the supplies is very
hard (more than 180 ppm as CaCQ;). Both iron and manganese are
present in troublesome concentrations (more than 0.3 ppm and 0.1
ppm, respectively) in water for about half the supplies. Concentra-
tions of fluoride are high in water for many of the supplies.

The general chemical quality of water from most of the principal
aquifers is indicated in table 28. Because the quality of water from
various locations within individual aquifers may differ greatly, at least
two analyses are given for each aquifers. The analyses for the Fort
Union Formation are of water from southwestern North Dakota.

The range in chemical quality of water within many of the indi-

- vidual aquifers is greater than the range between aquifers. The water
from glacial drift probably has a greater range than the water from
‘any of the other principal aquifers. Quality ranges in individual
aquifers are due to local differences in factors such as recharge, chemi-
cal and physical properties of the materials that compose the aquifer,
and the nature of the overlying material through which water infil-
trates to the aquifer.
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DEVELOPMENT OF GROUND WATER

Ground-water use

Because of low rainfall, the development of ground-water supplies
in South Dakota began shortly after the area was opened to settle-
ment. More than 1,000 flowing wells had been drilled by 1900, and
more than 10,000 by 1915. The present number of water wells in the
State is unknown, but the rate of drilling both deep and shallow wells
increased from 1915 until about 1940. During the 1940’s, wartime
shortages of manpower and materials forced a curtailment of well
drilling. Since about 1950, however, the number of wells drilled each
year has again been increased steadily.

Ground water is one of South Dakota’s most important natural re-
sources. Data collected in 1960 indicate that most of the water used in
the State for municipal, domestie, stock, and industrial purposes, was
obtained from wells. Of the 351 towns in the State that have munici-
pally owned or controlled water supplies, 336 depend primarily or com-
pletely upon ground water. Ground water thus furnishes the supply
for 96 percent of the municipal water system in the State. The total
population served by the 351 municipal water supply sources was
nearly 412,000; ground water sources supplied 79 percent of this total
or about 325,000 persons. The total amount of water used by the popu-
lation served by municipal water systems was 54.5 mgd, or an average
of 132 gpd per person.

Irrigation is an additional major ground water use. Ground water
supplied 43 percent—69 mgd or 77,000 acre-feet—of the irrigation
water applied to crops in South Dakota in 1960.

Essentially all rural domestic water is obtained from wells. Ac-
cording to figures from the U.S. Census of 1960, the population of
South Dakota was approximately 680,000 of which about 270,000 are
classified as farm dwellers, In farm homes with running water, the
per capita use is estimated to be about 50 gpd, and in farm homes with-
out running water, about 10 gpd, or an average of about 30 gpd. The
farm domestic ground-water use based upon these assumptions is
about 8 mgd. Livestock on South Dakota farms in 1960 consumed an
additional 26 mgd of ground water.

Ground-water problems

South Dakota’s ground-water problems, though frequently inter-
related, may be listed under the three following general categories:
(1) chemical quality of water; (2) quantity of water available; (3) de-
cline in artesian head.

Chemical quality of water.—With the exception of water from the
Fox Hills Sandstone in the northwestern part of the State and the
Arikaree and Ogallala Formations in the southwestern part of the
State, almost all water from deep wells in South Dakota has a high
dissolved mineral content. As a consequence, economic growth and
development is severely hampered, especially west of the Missouri
River where nonsaline ground water is very scarce. East of the Mis-
souri River, where considerable quantities of ground water are ob-
tained from buried glacial outwash deposits, from alluvium and
glacial outwash in river valleys, and from sand and gravel lenses in
the glacial till, the water is usually hard but, with proper application,
it can often be used for irrigation of selected crops. Recent develop-

*
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ments in saline water conversion hold great promise for the future
utilization of the enormous amounts of water in the deeper aquifers
that underlie much of South Dakota. The development and commer-
cial application of such methods, however, will require considerably
more detailed information about the physical characteristics of the
aquifers and the nature of the dissolved minerals contained in the
water than is now available.

Water quantity.—Supplies of water of suitable quality for domestic
use are inadequate, or indeed, unavaillable in large areas of South
Dakota. In certain locations in the State, no ground water what-
soever 1s availlable. FElsewhere, the aquifers are deeply buried and the
cost of drilling deep wells prohibits development of a ground-water
supply by individual landowners. Large quantities of water are
contained in the glacial drift in eastern South Dakota, but the location
and extent of the water-bearing parts of the drift are largely unknown.
Wells completed in the glacial deposits in certain areas have produced
as much as 1,500 gpm of good quality water for irrigation. Other
large areas are known to have a sumiliar potential supply but must
be investigated further to determine i1f the water is suitable for
irrigation.

Decrease in artesian pressure~—Studies by the U.S. Geological
Survey, in cooperation with the South Dakota State Water Resources
Commission, and the South Dakota State Geological Survey have
shown that artesian pressures in some deep aquifers have decreased
drastically since 1890. The loss of artesian head locally exceeds 350
feet, and, in some areas, artesian pressure has dropped so low that in
individual aquifers wells no longer flow, but must be pumped.

The drop 1n pressure is due not only to widespread development of
certain artesian aquifers, but also to poor well construction and waste-
ful practices. Many wells are wild or have uncontrolled flows; they
waste water, damage farmland, and cause needless loss of artesian
pressure. For example, 46 such wells along the Missouri River be-
tween Yankton and Chamberlain, low a total of 16 mgd ; most, or all
of this water, is wasted.

The source, location, and mechanics of recharge to the various
artesian aquifers of the State are unknown, or little understood.
Hydrologic models based upon early mnvestigations have been shown to
be invalid by more recent study. The newer data are insufficient, how-
ever, to determine the correct hydrologic models. Considerable addi-
tional basic data on stratigraphy, hydrology, and quality of water are
required to solve preblems thaf will arise in connection with artesian
aquifers in the State.

Suggested program to solve the ground-water problems

The following three categories of investigations, listed in order of
priority, are believed to be necessary in order to provide basic informa-
tion on ground-water resources in South Dakota :
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(1) Studies of specific areas (preferably counties) that will provide
detailed information on the quantity and quality of ground water
available for agricultural, domestic, and industrial needs. The objec-
tive of such investigations should be to provide complete data on
ground-water occurrence in all parts of the county. The information
would be available to farmers and ranchers interested in stock or irri-
gation-well development, to municipalities contemplating new water
systems or extension of existing systems, to industries interested in es-
tablishing water-using plants in the area, and to rural residents inter-
ested 1n constructing new or better domestic water systems.

Studies of counties are being made jointly by the U.S. Geological
Survey and the South Dakota State Geological Survey. The program
should, however, be accelerated to meet the rapidly increasing demand
for ground-water information.

(2) General studies to provide information on the occurrence of
ground water in deep artesian aquifers in central and western South
Dakota. Evaluation of the artesian water supplies in South Dakota
is particularly important in view of the new and more economical
methods of treatment of saline water which are being developed.
Future developments unquestionably hold great promise for an eco-
nomical method of demineralizing the enormous supplies of saline
water in the deeper aquifers underlying South Dakota. These stud-
les, therefore, should determine the quantity of water that may safely
be drawn from the artesian aquifers without lowering the artesian
pressure, and also the chemical quality of water contained in the
aquifers.

(3) Studies of the hydrology of the glacial drift in drainage basins
in eastern South Dakota. Such studies would determine the general
extent of glacial-drift aquifers and gather preliminary data on the
quantity and quality of water contaied in the aquifers. The drain-
age-basin studies would include the total glaciated area of South
Dakota, and they would provide general information on ground water
throughout the eastern part of the State. More detailed information
on the feasibility of irrigation could be provided through county
studies in area containing significant ground-water reservoirs,

BASIN APPRAISALS OF WATER RESOURCES

The preceding discussion has presented general information on the
water resources of South Dakota. The basin appraisals that follow
gives more specific information about surface water and water qual-
ity in the individual basins. Adquifers that underlie the major drain-
age basins are summarized in table 29. Most of the aquifers listed
underlie the Missouri River main stem at one or more places in South
Dalkota ; hence, the Missouri River main stem is not included.
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TABLE 29.—Aquifers that underlie the major drainage dagins in South Dakota

Drainage basin

[=+]
QGeologic source Age "é § =
-Bi58(88 Zla Bl s
gl R wnEiak
SEISH SR 3 ER 28
G- ST = -
Allavium.__.____ Recent...___ X I XX X|1X|X
Glacial outwash Pleistocene. ... - RV DRSNS IR I
Arikaree and Ogallala Forma- | Miocene and P X | X [cama
tions.
‘White River Group......_.___.. Oligocene__ . PR SRR RV I O
Fort Union Formatio; _.--| Paleoeene___ I [ G SN RO
Hell Creek Formation.. ___.| Cretaceons_ A XXX L.
Fox Hills Sandstone ... _..______{ ... do.__._____ XXX |-
Niobrara Formation and Codell {____. QO U U A N
Sandstone Member of Carlile
Shale.
Qreenhorn Limestone. ... _______|.o.._ 6 (o T SR NV U SRS SN S
Dakota Sandstone. .o o.oo.o..___. cemefornfeeen] XX | X
Invan Karsé GrouPececccacceoo . XIXX|X
Sundanee Formation. ..._.._____ [N N B G SO IR SR
Minnelusa Formation_...________ Pennsylvanianand Permian |____|.___| X |.___[ ?
Pahasapa Limestone and Madi- | Mississippian. oo XI1X|x\{? |-
son Group.
‘Whitewood Dolomite and Red | Ordovician_ .. _____._._. X|IX|X|X|7? |-a-u
River Formation.
Winnipeg Formation..._..______j..... Ao el X | X | X | X jaeee|eeee
Deadwood Formation.._.___._.__ Cambrian and Ordovician__| X | X | X Jeawa|ecaa|-ocn

ermillion

River
River

"
2

=

w

2

jas}
X
X

e |V

The number of irrigation systems and the estimated number of
acres irrigated with surface water in South Dakota are summarized
in table 30. Regular irrigation systems that divert water from water
courses or storage facilities require water rights and are regulated

by the State Water Resources Commission.

The number of water

rights on file with the commission and the total acreage irrigated by
regular irrigation systems as of July 1, 1963, are given in the column

headed “Direct diversions.”

TasLE 30.—Estimated acreage irrigated with surface water

Direct diversions Spreader systems
Number of Acres Number of Acres
Irrigators irrigated irrigators Irrigated

Bad River. ..o 4 380 9 620
Big Sioux River ... .. 25 2,280 .o
Belle Fourche River_ ... .. ________.__ 55 7,170 57 5,460
Minor tributaries. .. 26 2,830 e e
Belle Fourche Projeet_ - ... _____________ 435 57,060 |- e
Redwater River 1__________ ... 82 8,730 ||
Spearfish Creek 1 ..o 81 4,850 ||
Cheyenne River. ..o oo, 54 7, 690 134 15, 930
Minor tributaries. ___.____ ... 18 1,670 |- oo e
Angostura Project. ... _____. 100 12,160 | e ieen
Battle Creeko .. 2 -2 I RS DI
Beaver Creek. .. ... 9 1,670 | oo femaamcmam e
Rapid Creek_.____ ... 53 {0 P N
Spring Creek_ . ... 4 2,400 {. o
Grand River.. ... ... 20 2, 040 78 11, 500
James River. . .o e .. 35 4,810 |oerroemammea o=
Keya Paha River. . oo ... 15 1,280 13 1,270
Little Missouri River. . ... ... .. 19 3,170 8 630
Missouri River (main stem) ... _ocoeeoi._ 43 8720 Juoe oo e
Morealt RiVer. .o oo 2 510 52 E, 760
White River. . ... ... 60 4,880 21 1, 880
Total_ - o e e 1,142 142, 320 3713 43,060

I Including tributaries.

Bource: Compiled from records of South Dakota Water Resources Commission as of July 1, 1963.
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Spreader irrigation systems spread floodwaters from small drain-
ageways over grasslands and many of these systems do not require
water rights. Water rights have been filed for some spreader systems,
however, and the numbers of these rights and acreage irrigated are
given in the column headed “Spreader systems.” Not all the acreage
irrigated by spreader systems 1s shown in table 30—the total acreage
irrigated is estimated to be at least twice that for which water rights
have been filed.

MISSOURL RIVER MAIN STEM

The Missouri River is the only stream in the State that has a large
sustained flow and, therefore, is the greatest source of water for de-
velopment. Some data on the flows of the Missouri River are listed
below :

Drainage Average Extremes of discharge

area Years of | discharge | (cubic feet per second)
Station (square record (cubic feet
miles) persecond)

Mazximum | Minimum

Missouri River at Bismarck, N. Dak______ 186, 400 34 20, 620 500, 000 1,800
Missouri River near Mobridge, S. Dak_.__ 208, 700 33 21, 560 443, 000 12,600
Missouri River at Pierre, S. Dak._________ 243, 500 33 22.080 440, 000 23824
Missouri River at Yankton, S. Dak._ ... 279, 500 32 24,700 480, 000 2,700
Missouri River at Sioux City, Jowa_______ 314, 600 65 32, 280 441, 000 2,500

1 Minimum, daily discharge.
2 Regulated minimum dally discharge.

With the completion of Big Bend Dam, the Missouri, within the
State of South Dakota, will have become a chain of lakes with only
a few miles of river channel remaining below the dams at Fort Randall
and Gavins Point. These lakes provide for storage of many millions
of acre-feet of water for flood control, power generation, recreation,
navigation, irrigation, and municipal and industrial supplies. Table
31 gives pertinent information about each reservoir.
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The chemical quality of the water in the Missouri River varies only
slightly. Because the river is a series of large lakes that provide ex-
cellent opportunity for mixing of water, the variations in water quality
are gradual. Most of the water in the river originates outside the
State; therefore, local differences in climate, geology, and other fac-
tors do not greatly influence the quality of the river water. The water
generally is good for irrigation and many industrial uses, but it re-
quires softening for municipal use.

GRAND RIVER

The Grand River drainage basin includes an area of about 5,200
square miles in the northern part of the State west of the Missouri
River. An additional 500 square miles is in the headwaters of the
North Fork in southwestern North Dakota. The South Fork heads
just east of the Little Missouri River and drains an area of about 1,400
square miles. The two forks join at Shadehill Reservoir south of
Lemmon, South Dakota. This reservoir, which was completed in
1951, has a capacity of 409,000 acre-feet, of which 269,000 acre-feet is
reserved for flood control, 81,400 acre-feet is for irrigation and con-
servation, and 58,600 acre-feet for sediment deposition.

Stream gradients for the two forks are nearly equal and average
about 5 feet per mile. The average gradient of the main stream below
Shadehill Reservoir is about 314 feet per mile.

A large percentage of the annual runoff in the Grand River drain-
age basin normally occurs during the snowmelt period. This is par-
ticularly true in the upper basin where annual precipitation is at lléast
13 inches. From August to late March, runoff is usually small and
most streams have no flow for at least part of the period. Some dis-
charge data for the Grand River and its tributaries are given below:

Drainage Average Extremes of discharge
Station area Years of discharge | (cubic feet per second)
{square record (cubic feet
miles) per second)
Meaximum | Minimum
North Fork Grand River st Haley, N. Dak. 509 26 20.5 14, 100
North Fork Grand River near White
Butte, 8. Dak_ oo ... 1,180 17 60. 3 30, 600 0
South Fork Grand River at Bufialo,
S.Dak. . 148 7 5.23 1,020 )
South Fork Grand River near Cash,
ek . 1,350 17 56, 4 27,000 0
QGrand River at Shadehill, 8, Dak,! _______ 3,120 19 128 58, 000 0
Grand River near Wakpala, 8. DPak.2 _____ &, 510 38 270 82, 200 1]

1 Flow completely regulated by Shadehlll Reservolr since July 1950.
? Flow regulated in part by Shadehill Reservolir since July 1950.

The chemical quality of water from the North and South Forks of
the Grand River is similar. The dissolved-solids content of the water
ranges from about 200 ppm during floods to about 2,500 ppm during
low flows. Storage and mixing of water in Shadehill Reservoir im-
prove the quality of the water downstream. The dissolved-solids
content of water from the reservoir averaged about 1,000 ppm for the
1958-62 period. Even though the water generally is hard, sodium
rather than calcium or magnesium is by far the most abundant cation
present. A high proportion of sodium detracts from the suitability of
water for irrigation.

33085 0—64——14
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MOREATU RIVER

The Moreau River, from its headwaters near the western border of
the State to its confluence with the Missouri River, follows a course.
generally parallel to, and about 40 miles south of, the Grand River.
The Moreau River drainage basin is very similar to that of the Grand
River. Its area, about 5,400 square miles, is only slightly smaller
and itsshape, stream gradients, runoff characteristics, and topography
are, in general, much like those of the Grand River drainage. Some
discharge data for the Moreau River are given below:

Drainage Averags Extremes of discharge

area Years of | discharge | (cubie feet per second)
Station (square record (cubic fest
miles) per second)

Maximum | Minimum

Moreau River at Bixby, 8. Dak_._.________ 1,570 14 69 15,300 0
Moreau River near Feith, 8. Dak_______.. 2,660 16 146 26, 000 0
Moreau River near Whitehorse, 8. Dak. .. 4, 880 8 107 17, 500 0
Moreau River at Promise, S. Dak_........ 5,228 28 282 36, 900 0

The chemical quality of water in the Moreau River is highly variable
because water discharge of the stream is highly erratic. The dis-
solved-solids content of the water fluctuates widely; it is as little as
200 ppm during floods and as much as 4,000 ppm during periods of
very low flow. Drainage from the areas underlain by Pierre Shale
contains predominantly sodium and sulfate and contributes more dis-
solved solids to the river than drainage from other areas. The water
is of relatively poor quality for use most of the.time.

CHEYENNE RIVER

The Cheyenne River is the largest of the western tributaries of
the Missouri. It drains an area of about 25,500 square miles, of which
about 60 percent is in South Dakota and about 40 percent is in Wyo-
ming. The river partially encircles the Black Hills on the south
and 1s joined east of the Hills by its major tributary, the Belle Fourche,
which flows around the northern margin of the Hills. Thence the
Cheyenne flows generally eastward to the Missouri.

Some Black Hills streams have a high sustained flow and thus
- differ markedly from other streams in South Dakota. Most Black
Hills streams, however, lose part or all their normal flow where they
cross the cavernous Pahasapa Limestone outcrop near the outer edge
of the Black Hills uplift area. The streams that have sustained flows
provide some excellent trout fishing and have been important in mak-
ing the Black Hills one of the major recreational areas in the midcon-
tinent region.

Various facilities for utilizing the sustained flow of Black Hills
streams have been developed. Small hydroelectric power plants have
been installed on Fall River and Spearfish Creek. Rapid Creek pro-
vides part of the municipal water supply for Rapid City and irriga-
tion water for almost 8,000 acres downstream from Rapid City. Be-
cause of heavy water demand in the Rapid Creek valley, two reser-
voirs, Deerfield and Pactola, have been constructed in the upper Rapid
Creek watershed. In addition to providing storage and regulation
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for irrigation and municipal needs, these reservoirs afford a degree of
ﬂolod protection for the lower valley and have a high recreation
value.

The largest irrigation projects completed in the State are in the
Cheyenne basin. The Belle Fourche project is the largest with 57,050
acres under irrigation; the Angostura project comprises 12,150 acres;
and the Rapid Valley unit comprises about 7,750 acres. More in-
formation regarding these projects is contained in part IT of this
report. About 114,000 acres, nearly 80 percent of the State’s total
acreage irrigated from surface supplies, is irrigated with water from
the Cheyenne and its tributaries.

Streamflow data for the Cheyenne drainage are given below:

Drainage Average Extremes of discharga
Station ares Years of | discharge | (cublc feet per second)
(square record (cubic feet
miles) iper second)
Maximum | Minimum
Cheyenne River at Edgemont, S, Dak____ 7,143 20 114 13, 500 1]
Hat Creek near Edgemont, 8. Dak_._.._.. 1,044 13 21.7 9,430 0
Cheyenne River near Hot Springs, 8. Dak. 8,710 25 270 114,000 2.8
Fall River at Hot Springs, 8. Dak._.._.___. 137 25 27.2 13,100 4.0
Castle Creek above Deerfield Reservoir

near Hill City, S, Dak___________________ 83 14 7. 97 615 1.4
Rapid Creek above Canyon Lake near

Rapid City, S. Dak_____________