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INTRODUCTION

South Dakota has been a mineral producing state since
1874 when gold was discovered in the Black Hills. Since that
time, however, mineral production has spread till there is no
part of the state that is not affected by the production or
use of mineral products. Some products, like the metals, are
useful for their monetary value, while others like fuels and
water supplies are valuable because they offer materials need-
ed to make living and working in South Dakota easier. The
problem of mineral development is not solely a question of
how much can be mined and sold, but also how much can be
used, and of methods of conserving certain resources so that
they will serve as long as they are needed.

The total income from mineral production has increased
steadily during the history of the state and has reached the
point where an appreciable portion of the population de-
pends on it for a living. Starting as a series of roistering gold
camps in the Black Hills, the industry has spread to include
the production of rare metals, fuels, building and ornamental
stone, crushed stone, sands and gravels, the ceramic mate-
rials, clay, and feldspar, and some miscellaneous materials
used locally and for export. South Dakota’s mineral deposits
are, however, still poorly developed, and many are lying un-
used, waiting either for market demand or for human initia- -
tive to put them to use.

Any attempt to make a complete list of the possible
mineral resources of South Dakota would end in failure be-
cause of the changing demands of industry for mineral pro-
ducts and the delicate balance between profitable and un-
profitable mineral operaticn. A few years ago experimenta-
tion with filaments for radic tubes showed that caesium had
decided advantages over the ordinary metals, producing
certain characteristics. Immediately caesium became an im-
portant mineral rescurce and much money and effort was
spent in trying to find a supply. Before the supply came into
production, however, it was discovered that certain tungsten
alloys would produce the same characéteristics, and caesium
again became just an interesting metal with no market
value. Small changes in mining or metallurgical practices
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make it possible to use lower grade deposits than were

thought practicable, and such deposits immediately became -

ores. The fortunes of the recent war show how quickly the
demand for a mineral deposit can be credted and lost.

Political expediency, slight economic and geographic ad-
vantages, all play a part in determining whether a state’s
mineral deposits will be exploited. Thus the commercial
value of any metal deposit depends upon a rather delicate bal-
ance of factors. The size of a deposit and the percentage of
values it can produce are of prime importance. This, however,
is much tempered by the economic considerations of location,
cost of extraction,.and competition.

Ail of these factors are further modified by the factor
of human industry, managing ability, and capitalization. In’
some cases’a very poor deposit may be made into a producing
mine, while in other cases a very high grade deposit may net
its developers nothing. A good example of this balance was
afforded when the price of gold was raised, allowing many
low grade deposits, which had been lying idle, to be put into
production. Since this condition exists in the mining in-
dustry, this compilation will attempt to set down only such
materials as have proved valuable in the past economy of the
State or seem to offer some chance for development in the
near future and under the conditions that probably will pre-
vail during our generation.

Few states offer as large a variety of mineral products
as South Dakota. They include representatives of nearly
every large group of mineral products. Metals are represent-
ed by commercial gold and silver, some shews of iron, lead,
copper, zine, and manganese, and the rare metals, lithium,
beryllium, tungsten and tin, and caesium. Fuels are repre-
sented by large deposits of lignite coal, small gas shows, and
petroleum as shale c¢il and possible pool oil. Ceramic mate-
rials and clays are abundant and some unusual ones are-in
production. Structural and ornamental stone, and sand and
gravel form a substantial part of the State’s industry. Water
supplies are cne of the State’s most important resources.
They have been brought sharply to our attention since the
last drouth, by difficulties encountered in supplying agricul-
tural, industrial and municipal needs.

In order to obtain organization in the description of such
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a variety of products, it will be best to group them under the
following headings:
I Metals
II Fuels
IIT Structural Materials
1V  Clays and Ceramic Materials
'V Miscellaneous Minerals Products
VI Water Supplies
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DIVISION 1 METALS

The metals that have been produced in South Dakota

have all come from the centra! part of the Black Hills, This
is due in part to the fact that it is a region where there was
a great deal of volcanic activity in the past, and many metal
deposits are formed by vulcanism. It is also due in part to
the early discovery of precious metals in this region. The
importance of other metals in the future economy of the State
makes it important, however, to consider in this report certain
undeveloped deposits which lie in other parts of the State.
Precious metals, gold and silver, have been the chief in-
come producers in South Dakota metal mining. Second in
importance has been a group of rare metals which are found
in only a few places in North America outside of the Black
Hills. The so-called base metals, iron, aluminum, etc., are
present in small amounts but have never been 1mportant in
our mineral economy. This is a rather unusual situation, but
as time goes on and metheds of beneficiating lower grade
ores are developed, the base metals will doubtless assume
greater importance and may even take a very important place
in mineral production.
Metal depoesits of South Dakota, therefore, will be
grouped in this report as follows: .
I Precious Metals.
Gold, Silver
II Rare Metals.
Beryllium, Caesium, Lithium, Tin, Tungsten,
Uranium
IIT Base Metials.
Aluminum, Copper, Jron, Lead, Magnesium,
Manganese, Zine
Though the distribution of deposits, as will be shown
covers a wider area, commercial production of metals has
come from the core of the Black Hills. This region is locally
divided into.two parts; a northern one centering at Lead and
Deadwood called the Nerthern Hills, and a southern one cov-
ering a somewhat larger area about Harney Peak. The last
is usually referred to as the Southern Hills, though it actu-
ally lies near the center of the mountains.
The Northern Hills region is characterized by vein de-
posits, and its chief output is gold and silver. Small amounts
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of tungsten, lead and copper have also been encountered.
The Southern Hills or Harney Peak region includes similar
vein deposits and pegmatite dikes, evidently offshoots of the
near-by Harney Peak granite. Ifs chief metallic ocutput is
gold, silver and rare metals, particularly lithium, tungsten
and beryllium. Tin, tantalum, and uramum have also been
found in these dikes.

This geographic distributicn appears destined to persist
{or the present at least, but certain types of metal production
could be developed in other parts of the state. The use of
magnesium from dolomites might lead to mining industries
around the outer edge of the Black Hills; manufacture of
sponge iron might lead to the use of iron deposits in the nor-
thern plains, and the development of manganese could open
a large metal. industry in the lower Missouri Valley. Should

“the manufacture of aluminum from low grade shales and clays

ever become feasible, operations might be opened in almost
any part of the state.

With this general picture of the kinds of metals and
their locations in mind, it is now in order to give more de-
tailed descripticn of the metal deposits.
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PRECIOUS METALS

Gold nuggets have been found in the glacial gravels of

the Big Sioux Valley in eastern South Dakota; these at one ” v
time created sufficient interest to cause the opening of a PRE-CAMBRIAN GOLD DISTRICTS
gold mine in the gravels at Big Stone City. None of these : : N THE
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“shows, however, have been of sufficient importance to fur-
nish commercial production.

IFor a good many years, however, South Dakota has been ;
a leading gold producing state because of the deposits in the !
core of the Black Hills. The discovery was made in the
valley of French Creek, ncar the site of the present city of
Custer, in 1874, by Horatio N. Ross, a miner attached to a
military exploring expedition headed by General George A. . o»
Custer. During that winter a party of miners moved in and
extracted seventy ounces of gold valued at twenty dollars an
ounce before they were ejected by soldiers. The stampede
of prospectors that would have followed was held back by the
United States Government because of a treaty with the Sioux
Indians. The pressure finally became too strong, and in
February, 1877, the country was thrown open to white occu-
pation and immediately swarmed with gold miners. The.
placer claims on French Creek were not suificiently rich to
support the number of prospectors that came, and they
spread northward. The first lode claims, the Grant and Old
Abe, near Deadwood were located by J. P. Pearson, on De-
cember 11, 1875. Thegse claims constituted the first openings
on what is now the Homestake lode.

This early mining was done by small operators, usually ‘
prospectors, working singly or in pairs. In the fall of 1877, .
however, the original Homestake claim, which had been lo-
cated by Moses Manuel and Hank Harney a year before, was
purchased by George Hurst and consolidated with the ad-
joining Gold Star claim. Thus the entire Homestake property
at the time of the incorporation of the Homestake Mining
Company covered aboutf, 14 acres. This mine has since grown
to become the largest gold producer in the United States.
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Other lode mines have been worked by smaller companies and
added their share to the total gold production. Tt is, how-
ever, relatively small compared to the production from the
Homestake mine. According to the best records available,
South Dakota producea $182,925,217 worth of gold between

Iig. 1. Locations of Vein and Shear Zone Deposits.

“r

O
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1876 and 1942, when all gold mining was stopped by govern-
ment order. During that time gold production had steadily
increased until in 1941 it had reached 600,637 ounces, valued
at $21,022,295.

Three types of precious metal deposits occur in South
Dakota.

I. Vein and Shear Zone Deposits: Ore bodies of these
deposits are formed by filling openings in the country rock
with minerals precipitated from volcanic soluticns.

II. Replacement Deposits: Ore bodies of these deposits
-are formed by replacing the country rock with meta's de-
rived from volecanic solutions.

III. Placer Deposits: These are mechanical concentra-
tions of gold in the channels of ancient and modern streams.

In the following descriptions, the Black Hills gold de-
pesits will be grouped according to the foregoing classifica-
tion of their origins.

I. VEIN AND SHEAR ZONE DEPOSITS

A. In Pre-Cambrian Racks.

Though none of the deposits of this type have been as
valuable as some of the other types, from a commercial point
of view, they are by far the most numerous gold deposits in
the Black Hills. Such deposits are products of the conling
of large masses of volcanic rock, wnich in the case of the
Black Hills was probably the same rock mass that is exposed
in Harney Peak. Vapor solutions from such a cooling mass
-work their way towards the surface through cracks or joints
in the country rock, filling them with mineral matter. Most
of the mineral matter is quartz, and in the Black Hills this
takes the form of white milky quartz, smoky quartz, and
even rose quartz. In some of the solutions, metallic minerals
were deposited with the quartz, forming what are usually
called fissure veing or fissure filled veins.

Shear zone deposits are somewhat similar {o fissure veins
except that the joints are not so conspicuous. These occur
along fracture zcneg in the schists of the country rock. Such
" fracture zones make many openings along which volecanic

solutions can escape to the surface. These openings ave filled

with quartz, sometimes carrying metallic values.
The two types of depesits are alike in that they are
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made by filling openings with mineral matter. Veins, how-
ever, are characterized by being single masses of quartz;
whereas shear zones are brecciated masses of country rock
with vein quartz filling all the interstices. The quartz varies
all the way from little stringers to veins six feet across and
several hundred feet in length.

Gold-Silver Deposits:

Quartz veing are sprinkled thrcughout most of the pre-
Cambrian area of the Black Hills. The goid bearing veins
and shear zones, however, can be roughly organized into six
dislricts.

I. In the vicinity of lLead, two mines have been opened
cn this type of deposit: one, the Pennsylvania mine, two
miles northwest of Lead, which produces from a shear zone;
and a second, the famous Cloverleaf or Uncle Sam mine at
Roubaix, which is a typical vein deposit.

II. The Nigger Hill district is on the state line directly
west of Lead. Small gold quartz veins, which have furnished
considerable gold to placers of the district, appear in this re-
gion, but no veins have been discovered large enough to work
profitably. . :

IIT. The Rochford district includes the mines in a belt
nine miles long, which extends four miles southwest of Roch-
ford to Myersville and five miles north 30 degrees west of
Rochford to Nahant. The same formations that occur in the
Homestake mine in Lead have been recognized in the Roch-
ford district but the ore occurs in shear zones.” This region
has also been characterized as the “hornblende belt” and the
“iron quartz-tremolite beit.”’

IV. The Hill City belt includes mines lying in a strip ex-
tending from six miles southwest of Hill City to five miles
northeast. The Hill City deposits are quartz, fissure veins,
and mineralized shear zones.

V. The Keystone district is a short belt about five miles
long extending three and a half miles northwest of Keystone
to one and a half miles southeast of it. Shear zone and fissure
vein deposits characterize this region. -

VI. The Custer district includes a group of scattered
mines to the west, northwest, and southwest 6f the city of

10’Harra, B. M., The gold-bearing and quartz-tremolite belt of the
Rlack Hills: Eng. and Min. Jour. vel. 101, pp. 770-773, 1916.
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Custer. These are alil fissure veins and furnished the placer
deposits discovered in French Creek by Horatio Ross,” which
started gold mining in the Black Hills.

It is interesting to note that in all of the districts re-

corded, except the Custer area, both shear zones and quartz -

veins carry gold values. In the Custer district, fissure veins
are the only type of deposit. It is not certain that there is
any significance in this distribution. These deposits are all
in pre-Cambrian rock and appear to have been formed in pre-
Cambrian times by solutions rising from the cooling of the
Haruey Peak katholith which underlies the entire region.

Three famous vein mines are worth describing as exam-
ples of this type of deposit. The most northern is the Clover-
leaf mine, which is aboul seven miles from Lead; the south-
ernmost is the Holy Terror mine in the Keystone district,
and the westernmost is the Standby mine at Rochford.

The Cloverleaf Mine

“The country reck in the vicinity of Roubaix is Algonkian
mica schist, with some associated mica slates, chloritic schists,
quartzite, and amphibolites.

The strike and dip of the metamorphics vary a good deal,
especially in the vicinity of the vein. The principal ore body
‘is a large saddle-shaped-mass of quartz on a pitching anti-
clinal fold in the mica schist. The crest of the anticline
strikes about N. 64 degrees, W., and the pitch, measured from
the surface to the fifth level, is 31 degrees to the southeast.
The northern limb of the vein, designated in the camp as the
“North” or “Vertical” vein, strikes about N. 40 degrees W.,
has a very steep dip to the northeast from the surface to the
fourth level and is practically vertical from there to the sev-
enth level. Toward the crest, of course, the dip approaches
the pitch of the fold. The south limb, known as the “South”
or “Dipping” vein, strikes S. 75 degrees W. Its southwesterly
extensgion dips to the northwest abcut 75 degrees. Toward
the crest of the fold the dip reverses and lessens until it con-
forms with the pitch-of the fold. The “Ncrth Vein” has an
average thickness of about 20 feet, the “South Vein” about
12 feet. The thickest part of-a vein is at the crest. The
operators thought of these as two separate infersecting veins.
‘The discovery was made in the large body of quartz at the
crest of the fold or “intersection’ of the veins.
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The prineipal gangue minerals are white milky quartz,
with some included chlorite and mica from the schist walls.
The gold is fairly coarse free gold and some handsome speci-
mens have been taken out. Galena, zinc blende, and pyrite
are present in some abundance, and the gold is closely asso-
ciated with all of these metallic minerals, more particularly
with the galena. The zinc blende containg minute inclusions
of chalcopyrite.”? )

According to an engineer’s report by Waldemar M. Ervin,
“the graphitic schist adiacent to the quartz ore bodies is min-
eralized for & considerable distance from the crest of the fold.
This mineralized schist and included small lenses of quartz
contain pyrite, pyrrhotite and arsencpyrite.”? Samples taken
by Mr. Ervin in 1936 showed crude ore averaging from about
3 to 6 dollars a ton.

dhe Holy Terror Mine

The Holy Terror mine is lccated at Keystonz and has
been one of the largest preducers of the fissure vein mines.
Its total recorded production is $1,293,982.50. ‘“The ore de-
posit * * * ig a well defined quartz fissure vein. The strike
of the vein is about N. 8356 W., and the dip 70° to 80° NE.
At the surface the vein was mined for only about 80 feet
along the strike; at the second or 150 foot level, ore shoots
were cpened for 700 feet; at the fifth level 500 feet below
the collar, ore shoots were opened for 1,200 feet along the vein
The vein widens and pinches along the strike, often being only
a narrow seam between lerses. It ranges in width from a
few inches to 18 in the upper workiugs and from 3 to 6 feet
on the lower level.

The gangue material is massive white quartz and the
ore mineral is coarsg idaky gold. Very little arsenopyrite,
pyrite, and other sulphide minerals are reported. From the
record of production, the grade appears to be higher in the
upper and narrower parts of the veéin than in the lower and
wider parts.

1Connolly, J. P., and O’Ha ra, C. C., Mineral Wealth of the Black
Hills: South Dakota School of Mires, Bull. 16, ». 118, 1920

2Allsman, Paul T., Reconnoissance of gold mining district in the
Plack Hil's, South_Dakota: Bull. 427, U. S. Bu-. M'res. p 15, -
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The mine is open to a depth of about 1200 feet.”’!

The Standby Mine i

The description of this mine is included here as an ex-
ample of the shear zone deposits. 'The Standby mine lies
about one-half mile east of Rochford. Though not a big pro-
ducer, its workings huave recently been accessible and have
been studied by sevaral investigators. 1t, therefore, orfers a
good example of this type of deposit. '

The Standby deposits are in pre-Cambrian metamorphic
rocks which can he correlated with the formations about the
Homestake mine. They ave intensely folded, the strike be-
ing N. 40° W., and the dip 63° to 80° NE. Most of the ore
bodies lie in the quartz-cummingtonite schist.

“The ore shoots are irregular lenses in an intenscly
folded section of the quartz-cummingtonite schist. Generally
the plane of schistocity is visible; however, where ore bodies -
are formed the schist is masgive. Two ages of quartz are
found in the ore bodies. The earlier quartz exists as string-
ers and lenses interbanded with the schist and following its
schistocity. The later quartz is found in stringers and lenses
occupying fissures and cutting across the schistocity at vari--
ous angles. Where quartz of the second type occurs, the
rock also contains considerable chlorite and more gold; fre-
quently considerable arsencpyrite and pyrite are also present.

The lengths of the ore shoots that have been mined
range from 120 to 160 feet and the width {rom 50 to 100 feet.
The ore shoots have been continuous to a depth of 200 feet.
The ore has not been follcwed bevond this level; however,
stoping on the 425-foot level indicated either that the ore
shcots opened above pitch to the southeast or that a new ore
shoet has been found.”

Silver-Lead-Gold Deposits

While most of the veins of the Black Hills are gold-
bearing cuartz veing, two districls are of interest hecause they
carry a suite of metals which includes lead-silver ores and
scme zine. One I8 kncwn as the Silver City Distriet from

1Allsman, Paul T., Ihid. .
2Allsman, Paul T., Ihid., p. 113.
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Silver City on Rapid Creek. The mining area occurs about
two miles north of Silver City. The other is at Spokane, four
miles south and two miles east of Keystone on Spokane
Creek. _—

Silver City District

The schist and slates in this district stand vertically and
are cut by narrow veins 10.to 24 inches wide, strike N. 45° E.
nearly at right angles to the strike of the country rock.

The ore mineral in this deposit is jamesonite, a com-
pound of sulphur antimony and lead (2Pb.SbsS;). This min-
eral carries varying amounts of silver. Associated with the
jamesonite is arsenopyrite (FeAsS) in considerable abundance
It varies somewhat in the amount with jamesonite. Where
ihe latter is abundant, arsenopyrite is scarce and vice versa.
Pyrite (FeS) is also abundant and the zine minerals, shalerite
(ZnS) and the copper mineral chalcopyrite (CuFcS,) make un
the metal bearing minerals. The rest of the vein iz of quartz
with fine sericite mica.

Gold and silver values are carried by jamesonite, the
highér grade ore averaging about .8 ounces of gold and a little
more than two ounces of silver pear ton.:

The gold is free milling, yielding 70% or more to amalga-
mation. :

Spokane District ,

At the Spokane mine, the ore body is a quartz vein which
contains occasional crystals of microcline feldspar. Near th_e
surface it is about 15 inches wide, increasing to about 10 feet
_on the 200-foot level and is reported to be wider at greater
depths. Alteration of the wall rock has introduced arsenopy-
rite and pyrite into the mica schist which was the country
rock. The ore minerals are sphalerite and silver bearing
galena accompanied by consideralle pyrite. The gilver ap-
parently occurs in an isomorphous mixture or solid solution
with the galena, and is sometimes associated with the sphal.
erite. No definite silver minerals have been reported from
any of the observations made on this ore.

1Connolly, J. P.; and O’Har:a, C. C., Mincral Wealth of the Black
Hills: S. Dak. School ¢f Mines Bull. 16, pp. 174-175, 1£29.
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The ratio of silver to lead varies from 32 to 82 ounces of
silver per ton for each percent of lead.! ‘

B. Veing in Tertiary Porphyry

In the northern mineralized section of the Black Hills,
gold veins have been encountered, cutting Tertiary porphyry.
One area lies northwest of Lead, its northern extremity being
near Maitland. Mines have been worked in a porphyry mass
that runs from Maitland abecut three miles, south and east.
The second area is about two miles west of Galena or six miles
southeast of Lead where mines have been opened along Straw-

berry Creek.

The following description”of the Cutting mine, which
was opened in 2 large irregular mass of quartz monzonite
porphyry, on the south side of Blacktail Gulch, near Central
City, will illustrate the character of these veins: “The main
‘vein’ is a brecciated zone in the porphyry along a fault that
strikes N. 7H degrees E. and dips steeply to the south-
eagt. ¥ * ¥

“The mineralization has consisted of intense silicification
and some’sericitization of the porphyry faull-breccia, deposi-
tion of much fluorite and fine grained, dirty green cpidote,
and the introduction of the ore minerals. The ore mineralg
consist of abundant fine grained pyrite, some tetrahedrite,
and in places much telluride in very fine crystal grains.
Michrochemical tests on polished surfaces indicate that this
telluride is calaverite, * * * _Tt would appear * * * that a
large part of the values was carried in the pyrite and smaller
amounts in the telluride, tetrahedrite, and as native metals,
silver and gold. The Ag/Au ratio is high, 4.49 plus, as is
the case with most of the Tertiary ores in the Black Hills.””?

1Connolly, op. cit. p. 185. ’
2Conmnolly, J. P. and O’Harra, C. C., Mineral wealth of the Black
Hills: S. Dak. School of Mines Bull. 16, pp. 174-175, 1929.
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II. REPLACEMENT DEPOSITS

Depogits of the replacement type are similar in origin to
vein deposits in that they are formed by precipitation from
voleanic solutions working their way towards the surface
through openings in the country rock. They differ from vein
deposits, however. in that the solutions replace some of the
wall rock with volecanic minerals. Minerals of the wall rock
may be dissolved and their place taken by quartz or metallic
minerale or the chemical composition of wall rock minerals
may be changed by the additioen of metallic or other volcanic
elements from the solutions. Such replacement takes place
readily only in carbonate rocks. Limestones, limey shales, and
limey sandstone are the best loci for these ore bodies. Thus
replacement bodies are formed where a joint crosses a limey
stratum. Above and below this limey stratum, both the
vein and wall rock may be barren but in the limey stratum,
an ore body developes on both sides of the joint, reaching
out irregularly as far as the solutions can act.

Replacement deposits are found only in the northern
Black Hills within a radius of about seven miles of the city of
Lead. Some of them, like the ore bodies of the Homestake
lode, occur in pre-Cambrian rocks. A second and most im-
portant group is found in the Cambrian Deadweod formation
and includes the refractory or blue ores, and the gold-tungsten
deposits. The third set of replacements is found in the thick
Pahasapa iimestone (Mississippian) not far from Spearfish
Creek.

A. Pre-Camibrian Replacements

1. The Homestake Lode. The only iarge replacement in
sre-Cambrian rocks has formed the largest gold deposit in
the Black Hills. Thisg is known as the Homestake lode and
underlies the city of Lead. In this vicinity lies a thickness of
9,450 feet of rock which once lay on a sea bottom as horizon-
tal beds of clay, sand, und limestone, Mountain folding, how-
ever, hag changed their appearance and mineral composition
until only an expert could identify their original character.
The same mountain folding has erumpled the beds ag though
they were tissue paper, smashing them into tightly com-
pressed folds, which in places thin and pinch out some forma-
tions while others are swollen to make rock masses many

Yates Shaft at upper left of picture.

The Homestake Mine

Blate 1.
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t'mes their original thickness. The following formations have
been identified in the vicinity of the Homestake mine:

Pluma formation—Alternating beds of garnet schist and

carbcnaceous slates, some of which are pyritiferous—

. 4000 feet

Garfield formation—Banded, fine grained, cherty ferru-

ginous quartzite; black and red bands; pyritiferous;

locally known as the “Iron Dike”; contains some

carbonates— 60 feet

Northwestern formation—--Green, finely foliated garnet
mica schists and quartzites— 2200 feet
Ellison formation--Slate; fine graincd grey slate and

slaty mica schist; thin black quartzite, medium

grained grey micaceous quartzite— 300 feet
Homestake formnation—Cummingtonite and chlorite beds,
with contorted quartz stringers; constitutes main
ledge series, in places dolomitic— 70 feet
De Smet formation—Garnet schist; alternating light and
dark bands; micaceous, fibrous, thinly foliated—-

300 feet

Poorman formation—Slates and phyllites; caleareous,
_graphitie, pyritiferous— 2500 feet
Total— 9430 feet

These rocks have been folded into & large anticline and
syncline which at Lead is about a mile wide and two miles
long whose axes trend north and south and plunge towards
the south. On the flanks of these big folds, lie secondary and
tertiary folds making the entire structure an intricate mass
of tightly compressed fclds. The ores are concentrated at
the anticlinal or eastern fold. .

The rocks were cut with small fissures which allowed
solutions from an underlying volcanic mass, evidently the
Harney Peak granite, to work their way upward. Where the
solutions.crossed the Homestake formaticn, replacement took
place so that the ore bodies are confined entirely to this ‘for-
mation. As pointed out in the above section, the Homestake
formation js characterized by cummingtonite and chlorite
with contorted quartz stringers and in places it is dolomitic.

"This formation according to Connolly,! was made largely of

1Comnolly, J. P., and O’Harra, C. C., Mineral Wealth of the Black
Hills: S. Dak. School of Mines Bull. 16, p. 178, 1929.
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carbonate rock originally, rich in iron and magnesium but
poor in lime. Evidently it was an easily replaceable rock for

the ore bodies lie in the Homestake formation with very few -

exceptions while the other formations are barren.

“Gold occurs in small visible particles of the native metal
in the Homestake ore. Whether it also occurs in other ways
than as free gold has not yet; been demonstrated. ‘Coarse’
gold, or ‘specimen’ ore from the Homestake usually consists
of masses of chlorite and quartz with leaves, rods, or regular
masses of free gold attachad, the size of the gold particles
seldom being more than 7 or & millimeters in largest dimen-
sion, and usually they are much smaller, Such specimen ore
is quite rare. Most of the gold is very fine (in size), inti-
mately associated with the sulphides, and, therefore, to be
ceen only with a microscope.”? -

Connolly also states that the gold is associated with and
often trapped in arsenopyrite (the arsenic ore or white iron
of the miners), pyrite (focls gold), and a great deal of dark
gray quartz.

Minerals containing lead. zine. and copper have been
identified in small quantities and in such places there is an
abundance of calcite and dolomite. The following have been
listed as the gangue minerals of the Horrestake ore bodies:?
Cummingtonite, chlorite, biotite, quartz, iron-magnesian car-
bonates, some calcite, a little garnet, and a very small amount
of fluorite. The ore mineruls are listed as follows: arsencpy-
rite, pyrrhotite, pyrite, magnetite, specularite, chalcopyrite,
gold carrying low silver, galena, sphalerite and a bismuth tel-
luride. »

The gold always carries silver in a ratio of approximate-
ly 5 to 1.2 “Ore bodies range in width from 50 to 150 feet or
more owing to refolding which repeats the bed (Homestake
formation). The length along the strike ranges from 300
to 700 feet and occasionally is much greater. To the scuth-

1Connolly, J. P. ep. cit., p. 96.
2Connolly, op. cit., p. 103.
3Connolly, cp. ecit., p. 107
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east the ore bodies generally terminate against an arch of
glate of the Ellison formation, and to the northwest they ter-
minate against garnet schist of the De Smet formation or
slates and phyllites of the Pcoerman formation.?

Though ore minerals of lead, copper, and zinc are report-
ed in the Homestake qulte only. gold and silver have been
produced from this mine.

Rhyolite and phoneclite dikes cut the pre-Cambrian rock
in the Homestake mine. These volcanic dikes were injected in
Tertiary times (probably Eoceéne) and some mineralization
took place along with this injection. Some authors have gone

-s0 far as to suggest that the entire Homestake deposit was
made by Tertiary volcanism.  Connolly has shown, however,
that this is not the case and that most of the mineralization
was done in pre-Cambrian times, suppiemented to a minor
extent by a Tertiary volcanism. The following table gives
his interpretation of the date of mineralization in this lode:

Mineral

Iron-magnesian
carbonates
{Quartz
Cunimingtonite
Garnet
| Biotite
Chlorite
Caleite
Flunrite
Arscaicpyrite
Pyrite
Pyrrhotite
Gold
Magnetite
Specularite
Chalcopyrite
Sphalerile
Galena
Bismuch Telluride

Pre-Cambrian
Mineralization

Tertiary

Mineralization

1Ajlsman, ap. cit., p. 12.

B —

Head Frame of the Yates Shaft, Homestake Mine.
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The presence of the minerals pyrrhotite, magnetite, and
specularite in the deposit are of particular interest as they
indicate that the Homestake deposits wers formed under
intense volcanic conditions; high temperatures, and pressures.
In other words, a large mass of igneous material, probably
the Harney Peak granite, lies not far below the Homestake
mine.

B. Replacements in the Deadwood Format on

Gold Ores ,

The deposits which can be grouped under this heading.
all lie within a radius of about six miles of Lead and form a
circle of deposits nearly surrounding that city. They are
usually grouped in five areas: the Bald Mountain area south-
west of Lead, the Lead area, in the immediate vieinity of the
city, the Yellow Creek area, a mile and a hall south, the Two
Bit area about five miles east, and the Garden area, five miles
north of the city. These daposits were all made during Ter-
tiary time and are the result of vclcanic solutions rising
through fissures in the Deadwood formation and replacing
limey members of that formation.

The Deadwood formation is roughly described as having
three divisions or members. At its base, is a massive sand-
stone which, in some places, is very conglomeratic. This
sandstone varies from a few feet to a hundred feel in thick-
ness. Above it lies a zone of shale alternating with lime-
stone and sandy limestone. This shale is about 500 fcet thick
and is capped with a hundred feet or more of heavy sand-
stone which is characterized by an abundance of worm bur-
rows which paleontologists have identified as Scolithus. These
burrows are characteristic of the upper Deadwood sandstone
over a large area in the northern Black Hills.

The replacement cre bodies occur in two do'cmitic layers
in the middle section of the Deadwood formation scme 500
feet apart stratigraphically. The upper one, called by miners.

the “upper contact” deposit, lies 8 to 32 feet below the Scoli-

thus sandstone. The lower one lies 15 to 25 feet above the
bottom of the Deadwood formation. In most places’ it is sep-

arated from the pre-Cambrian schist by a thin quartzite and

lies almost directly on top of it, while in other places the

quartzite is missing euntirely and the shales below the lower

R
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contact zone. lic immediately upon schist. Both contacts
have not been worked in any one district largely because each
district has orly one contact exposed. In the Ruby basin dis-
trict of the Bald Mountain area, the lower contact has been
mined exclusively, while in the Portland district of the same
area, the upper contact has furnished the ore. In the Gar-
den, Lead, and Yellow Creek areas, only the lower coutact
oves have been mined as the upper cnes are completely lost
by the erosion.

Since the ore bodies were formed by volcanic solution
rising through vertical cracks and replacement of sedimen-
tary beds where they were crossed by these joints, the ore
bodies ferm long tunnel-like shoots. Where the joints are
sufficiently close together to cause the replacement to over-
lap, large irregular masses are developed. Loeal miners use
the term “flat formaticns” for these ores and the crecks
aleng which replacement took place are usually callad “verti-
cals.” “In vertical dimension they are limited by the thick-
ness of the replaceable beds of rock. Cn the lcwer centeat
the floor of the ore bodies is usually quartzite and the roof is
often shale. On the upper centact the floor is likewise a
quartzite, and the roof is often shale but frequently a porphry
sill. The ore sheets vary in thickness from three or four feet
to eighteen or twenty. Twelve to fifteen feet is perhans a
fair average. In length the variation is great. Some ore
bodies are only a few feet long. Others “made”’ by strong
verticals or an overlapping scries of verticals are several hun-
dred feet long. The variation in width is as great as in
length. In some cases mineralization has extended only a few
inches on each side of a fracture. Where the fractures are
strong, or where the mineralizing solutions apvear to have
been very active, ore has made out into the dolomite for a dis-
tance of eight or ten feet on each side of the vertical. * * *
The greatest ore bodies of &all have been formed where there
arc two sets of closely spaced verticals intersecting each
other. * * * The cross-section shape of the ore bodies is often
very irregular due to beds of impervious or non-replaceable
rock within the main dolomite bed. * * * According to Irving
the ore bodies also have a tendency to widen upward, as
though the mineralizing solutions were impounded and spread
under the impervious shales or porphyries.’”

T 1Cénnolly, J. P., op. cit., pp. 157, 159.
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The primary ore is usually known as blue ore because of
its color, and often as “refractory ore” because of the diffi-
culty of beneficiation. 'The replacement has brought in quartz
and pyrite in very small grains, so fine in fact, that it is diffi-
cult to see them with the unaided eye. Gold is trapped in the
pyrite in even smaller particles, so that it is well shielded from
the ordinary processes of gold extraction. The ore, therefore,
cannot be amalgamated, and ordinary cyanide treatment gives
only poor results zince most of the gold is protected by min-
erals which are not soluble in mercury or cyanide solutions.
Little or no gold is recovered by amalgamation and only 20
to 40 percent upon leaching with cyanide.

The processes of weathering change this ore to a brown.
color and free a larger percentage of the trapped gold allow-
ing higher rates of recovery of precious metals. This effect
is probably due to the fact that weathering disintegrates the
pyrite which traps much of the gold freeing it sufficiently to
make leaching posgible. Most of the production of Deadwood
ore to date has come from these oxidized portions of the ore
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bodies.
In describing the blue ores Connolly! lists the following !
minerals: !
Quartz Si0.
. Pyrite FeS.

Glauconite K. (Mg, Fe)oA1,.(581,01,),(OH) 5
Arsenopyrite  FeAsS (Trace) ,

Sylvanite (Au, Ag)Te, ‘
Fluorite CaF, .
Galena PbS ]
Sphalerite ZnS L &
Stibnite Sbgk 3

Gypsum CaS0,. 2H.O

Barite BaS0O,

The presence of fluorite, stibnite and the telluride syl-
vanite indicate that these deposits were formed at shallow
depths and not under the interise conditions of heat and pres-
sure that obtained when the pre-Cambrian ores were formed.

Connolly also poinits cut that the gold-silver ratios in
Tertiary ores are always less than one and often run one part
of gold to five parts of silver. The presence of more silver

1Connolly, J. P., op. cit., pp. 160-163.

Figure 7
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than gold is in sharp contrast with the pre-Cambrian ores
like those of the Homestake lode in which the opposite ratio
prevails. On the average, smelting ores run 1.42 silver to 1
of gold, though in milling ores it averages higher; namely,
3.77 to 1.1

A classic example of this type of deposit is that in which
the Golden Reward mine has been operated.

The Golden Reward Mine. This mine, which was one of
the largest producers for a good many years, lies in the
southern part of Bald Mountain area. It is a property con.
taining more than 440 claims, including ahout 3400 acres, and
was in continucus operation until 1918 when it was shut
down because of the refractoriness of the ore. It is estimated
that there are about 2,000,000 tons of ore left on the property,
and the company decided tc leave it in the ground rather than
mine it for the low recovery possible with the methods then
available. In the seventeen years of its operation, it is esti-

mated to have produced about 821,000,000 worth of gold,

with gold at S20 an ounce.

“Although most of the deposits are in the lower contact
horizon, they are not mined from a single ievel. Consider-
able faulting and igneous intrusions in the form of laccoliths,
sills, and dikes have displaced the ore bodies both vertically
and horizontally. Often it is necessary to mine from varicus

levels and through inclined drifts and crosscuts.

“It is reported that mining was done from various adits
where the ore outcropped at the surface and from six vertical
shafts, the deepest of which is 587 feet. The property has
nearly 30 miles of lateral werkings, most of which are in-
accessible.”2

This short sketch of the Golden Reward mine and the
accompanying illustrations are characteristic of the geology
of the replacement of bodies in the Deadwood formation.
Gold-Tungsten Ores

In the Lead and Yellow Creek areas and at Deadwood,
replacement deposits in the Deadwood formation carry tungs-
ten. In ncne of these has the tungsten been sufficiently valu-

1Connolly, J. P., and O'Harra, C. C., op. cif. pp. 106-168.
ZAllsman, Paul T., op. cit., p. 39.

o=

The Golden Crest Mine, four miles southeast of Deadweod.

Operating on a Tertiary Replacement of the Deadwood formation.
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able to pay ‘for itself, but with the accompanying gold it has
made commercial mining of these deposits profitable during
times when the price of tungsten was high.

The tungsten replacement deposits represent a bagsic
phase of the siliceous gold ores. Some of them form a rim
around the outer edge of the silicious ore shoots, in some
cases making a capping or partial envelope on the silicious ore
mass. Margins: of this kind are also scattered in irregular
masses +hroughout the silicious otes or may occur as lenses
or stringers in partly silicified:de
thin irregular layers replacing

florescent character of scheelite in tungsten prospecting, it
appears that there is more scheelite in the deposit than has
been: recorded by the earlier investigators.

The Lead area, on top of the hill north of that city, in
part overlies the Homestake mine. During the first World
War, most of -this tungsten was mj “out, and, although it is
still possible to find low grade ore tHis deposit, it has not
been profitable to work any of it since.

“The ore varies from a dense heavy black rock with a fine
fexture to nearly solid wolframite grains, to a grey quartzose
rock containing small black, shiny specks of the mineral. The

wolframite in these phases does not commonly exhibit crystal

boundaries but shows small flat metallic cleavage surfaces.
Individual graing are rarely more than one thirty-second of
an inch in diameter but recently ores have been found that
contain individual cuued cleavage surfaces of more than an
inch in diameter. * * * A considerable amount of hlack man

ganese dioxide in places has inmiprégnated the rock and haQ

- w %

often bzen mistuken for the oré

According to W. J. Sharwood (personal communication)
all analyseq of. the ore have shown the ore minerals to be
wolframite low in manganese with: small amounts of- scheelite.
Thus a typical carload of concentrate containing 60+61% WO,
would probably carry between 3 and 4% manganese, with
about 17% iron and 1% ecalcium, a minute amount of phos-
phorus, and not more than a trace of tin or copper. The

1Paige, Sidney, The central Biack Hills: U. S. Geol. Survey Folio
219, p. 29, 1925,

e mite. It is also found as |
uppermost portion. of the. .
basal quartzite which is calcareous.! Since the use of the-
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following proportions of the principal minerals of a specimen
of the ore have been calculated formerly from analvses by
W. F. Hillebrand. * * *

Wolframite (FeMn) WO, _______________ 75.60
Quartz SiO, - . 12.54
Scheelite CaWoQ - . 4.77
Barite. BaSO, .o .06
Ferriec Oxide Fe.,O05 ___ __ . _______ 3.25
Water H.O __ . ___ ___ 20
Arsenic Oxide __= - ______ 1.25
Residual Clay ka0lin) oo el ___ i34

“In the Homestake cre {(Lead area) tin, copper and anti-
mony, occur only in traces; while in the Wasp No. 2 (Yellow
Creek area) -ore antimony frequently occurs, and occasion-
ally appreciable amounts of copper. * * *

“The ore concentrated at the mill for the past years has
averaged nearly 3 per cent WOQO. and 84.00 in gold per ton.”?
(Gold .at '$20.67 per ounce).

At the Wasp No. 2 mine in the Yellow Creek area, a
similar suite of minerals exist but the percentage of anti-
mony in the form of the mineral stibnite (Sbh.S.) is notice-
zble. Barite (BaSo;) in well formed tabular crystals and in
radiating aggregates is also a prominent feature of this de-
posit.

In the search for tungsten during the first World War,
it was discovered that tungsten ore was used unwittingly as
foundation stone for some houses in Deadwood. Investiga-
tion showed that the mineralization had taken place in cal-
careous ‘nembers of the lewer Deadwocd formation lying
above the city. These are in all respects similar to those in
the Lead and the Yellow Creek area but prospecting has
failed to reveal workable ore bodies of either tungsten or
gold.

A few stray deposits have been found in the Deadwood
formation or Strawberry Ridge a mile and a half or two
miles northeast of the Yellow Creek area. This lies about half
way between the Yellow Creek and the Two Bit areas. At
the north end of the ridge, there are some veins'in Tertiary

1Runner, J. J., The occurrence, chemistry, mctallurgy and uses of
tungsten: Scuth Dakota School of Mines, Bull. 12, pp. 72-74, 1918.



PLATE 4. The Hidden Treasure Mine, on Spring Guich near Lead.

One of the vichest of the fossil placers (Cement Ores)
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porphyrys. The deposits further south, however, are re-
placements in the Deadwoed formation and should be classed
with those of the Yellow Creek and Lead areas.

Age of the Deposits

From what has been said, it is evident that these de-
posits are not of pre-Cambriar age. Both the replacement
gold deposits and tungsten-gold replacements are, therefore,
much younger than the Homestake ore bedies or the quartz
vein and shear zone deposits which have been described. The
presence of tungsten veins in Tertiary intrusives at Straw-
berry Ridge as well as gold bearing veins in intrusives of the
same age, indicate that the time of mineralization occurred
during this period. It probably followed closely intrusion of
the Tertiary igneous masses, solutions rising through eracks
in the schist and overlying sedimentary rocks and depositing
metals where conditions for replacement were favorable. In
the case of the ores just described, these conditions were
found in the lower part of the Deadwood formation.

This Tertiary mineralization has been well described by
Connolly,! and the reader is referred to his report for more
detailed information.

Only two periods of mineralization are recognized
in the Black Hills. The first, the pre-Cambrian, is char-
acterized by the presence of minerals of deep-seated
origin, formed under intense temperature and pressure
conditions. The gold in these deposits is largely free milling,
T0% to 75% being recoverable by amalgamation. This is due
to the amount of free gold that is un-trapped in other min-
erals or is in such large graing that it is easily exposed by
crushing the ore. The ratio of gold to silver is always greater
than one to one and usually approximates five to one.

Minerals associated with the ore include such indicators
as pyrrhotite (Fe;-x3), specularite (Fe.0.), hematite (Fe.0,)
and arsenopyrite (FeAsS) and magnetite (Fe.O,).

Ovres deposited in Tertiary times, on the other hand, are
refractory, yielding little or no gold on amalgaraation and
but 20 to 40 percent of its gold upon ecyaniding. This is
thought to be due to the fineness of the trapped grains of

1Connolly, J. P., Tertiary mineralization of 1he northern Black Hills:
South Dakota School of Mines, Bull. 15, 1927,
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gold which can not be expcsed so ag to contact mercury or
cyanide solutions by the ordinary grinding methods. Its gold
to silver ratio is always less than one and often ag low as one
" to five. Tertiary deposits are also characterized by a suite of
minérals formed under much less intense conditions of tem-
perature and pressure than the pre-Cambrian deposits. Gold
telluride, barite (BaSOQ,), fluorite (CaF,), and carbonate min-

erals are good indicators of such an origin.

Using the characters outlined above, it is not a dlfflcult
matter for a miner or mineralogist to date the deposit which
he may be prospecting.

Silver-Lead Ores

Similar replacement in the Deadwood formation has pro-
duced silver-lead ores in the vicinity of Galena. During the
years 1881 to 1883, they furnished more than $750,000 worth
of silver and lead. Like the gold ores and gold tungsten ores,
the silver-lead ores of the Galena district are found as re-
placements around “verticals” that cut dolomitic and sandy

dolomitic layers in the Deadwood formation. Miues have

been opened on both the unper and lower contacts.
_“The ore in this district lies in shoots or in long irregu-
lar lenticular bodies, which follow vertical fractures that
traverse both the Deadwood strata and the intruded porphyry.
* # * The shoots range from small, scarcely perceptible seams
to flat bodies 20 feet wide and from a few inches to 2 feet
thick, and exceptionally 4 feet thick. * * * The ore-bearing
rocks consist of sandstone cemented by calcite and shaley
limestone, presumably dolomitic. Most of the ore bodies lie in
the uppermost layers, immediately below a cap of shale.”*

Most of the ore that has been mined has been the oxi-
dized portion of the ore bodies. Connolly described this ma-
terial as “puzzling, and baffles exact identification.” It is a
white to yellow, fine grained mixture. In some mines it is
very hard and in others very soft. It always runs high in
lead and very often in silver.

The following minerals have been identified, however, in
{resh and partly oxidized ores: galena (PbS) carrying sil-

1Paige, Sidney, The central Black Hills: U. S. Geol. Survey Iclio
219, p. 29, 1925.
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ver, pyrite (Fel;) carrying a little gold, small amounts of
chalcopyrite (CuFeS,), and a little sphalerite (ZnS). Con-
nolly reports vanadinite (Pb;CI(VO,);) and loellingite
(FeAs,) from the upper contact ores.

The silver content of these ores varies a great deal. Ores
from the Richmond or Sitting Bull mine were rcported to
have yielded as high as 2,000 ounces of silver to the ton.
Most of it, however, averaged closer to 6 or 8 ounces a ton.
Spruce Guleh District

In Spruce Gulch which enters Whitewood Creek Valley
at the eastern end of the city of Deadwood, a small deposit
of silver-lead ore, which has never proved commercially val-
uable, has been opened. The ores are in the lower contact
horizon of the Deadwood formation not far from an intrusion
of Tertiary rhyclite.

The ore minerals are characterized by an abundance of
vyrite (FeS,) and sphalerite (ZnS), minor amounts of galena
{PbS) and arsenopyrite (FeAsS), and a very little chalcopy-
rite (CuFeS,). Low values of gold and silver ore are ob-
tained, apparently trapped in the galena and pyrite a3 in other

‘ores of this nature.

€. Reéplacements in the Pahasapa Limestone

The Pahasapa formation in the northern Black Hills is a
limestone 400 to 600 feet thick. It is of Mississippian age
and, therefore, lies stratigraphically above the Deadwood for-
matlon In fact, it is separated from it by only 140 feet of
Ordovician and carly Mls<1ss1pp1an limestone. As was point-
ed out in Part I of this report, this limestone makes the
platedu ‘surrounding the crystalline area of the Black Hills.

In the part of the plateau between the crystalline area
at Lead and Spearfish Cresk, replacement deposits oceur,
formed by Tertiary volcanic solutions which penetrated the
formation at the same time that the Deadwood replacements
were beitit déposited < Whether these solutions came from
small Tertiary volecanic masses, which are found not far away
from the depbs1t or whether they worked their way through
major jointg, which cut the underlying Cambrian and Ordo-
vician formations, is not certain. Whatever their source.
however, they found,in th@ Pahasapa limestone, an easily re-
placeable rock, and prqceeded to exchange the quartz and

SENN
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metallic minerals which they were carrying for portions of the
‘ limestone.

Gold Ores
Ragged Top Mountain District

Gold bearing replacements have been found in the Pa-
hasapa limestone in a district about five miles long lyving im-
mediately west of Spearfish Creek in the larg2 bend of Spear-
fish Canyon. Ragged Top Mountain is al the center of the
district, and the most productive mines were found near this
mountain which was formed by an intrusion of Tertiary vol-
canic rock. The first mines were opened at a place called
Dacy about a half mile north of the mountain. These were
followed by mines on Calamity and Johnson Creeks, a half
to three-quarters of a mile directly west of the mountain.
Prospecting has- shown that these deposits extend as far as
Annie Creek, two and one-half miles south of the mountain
and as far as the mouth of Squaw Creek, about the same
distance north of the mountain. The general character of
these deposits is perhaps well illustrated by the Ragged Top
Mines group as described by Allsman! as follows:

“The ore bodies are in a series of nearly equally spaced
vertical fractures ranging in strike from N, 36° to 59° E. The
fractures range in width from small crevices to 10 feet. Be-
low the zone of surface alteration the ore passed laterally
into the limestone walls without any structural disturbance.
The veins are said to narrow downward; however, they have
not been explored generally to any great depth.

“The ore is a hard, Jight-buff, highly silicious limestone.
The hardness and color are the only visual means of distin-
guishing the ore from limestone; on close cxamiuation the
limits of mineralization are sharply marked.

“In addition to gold and some silver, the ore contains
tellurium, from which it is concluded that the precious metals
were in the form of tellurides before oxidization. Satisfac-
tory recoveries of gold were made by cyanidization at local
mills, and recent tests by the Ragged Top mines indicate that

1Allsman, op, cit., p. 51.
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by moderately fine grinding the gold becomes eagily amen-
able to cyanidization.” .

Irving, who examined these ores in 1904 when many of
the mines were still accessible, reported that the ores con-
sisted almost entirely of silica, one analysis showing 96% of
that mineral. He also mentions the tellurium referred to
above and the presence of much brilliant purple fluorite. He
also makes the statement that “the mineralized zone nar-
rows downward, so that at a maximum depth of about 60 feet
the ore bodies thin out.”?!

Carbonate District

What is usually called the Carbonate district is really a
continuation of the Ragged Top Mountain mineralization
north of Squaw Creek. The gold bearing ore bodies are
found in a region a little less than a mile square lying on the
divide between Squaw Creek and Rubicon Gulech. Little Crow
Peak is a little Tertiary intrusion lying about the middle of
this area and a second intrusion occupies the northern part
crossing the valley of Rubicon Gulch. About ten mines have
been opened in this area on what appears to be two “verti-
cals.” The mineralized crevices are from one to 20 feet in -
width and strike S. 85° W.

So far as is known, the mineralogy of this region is like
that of the Ragged Top district.

Silver-Lead Ores

Carbonate District

Silver and lead were produced in the early days from a
contact deposit near the mining camp of Carbonate. At this
place, the Tertiary volcanic mass, referred to-above, cuts the
Pahasapa limestone, forming replacement ore bodies near its
boundary. According to Paige, “The ore deposits were- of
two types, the first consisting of large, irregular bodies of lead
carbonate merging into galena and occuring mainly near
porphyry contacts, and the second of veins formed by the par-

rving, J. D., Economic resources of the northern Black Hills: U. 8.
Geol. Survey Prof. Paper 26, p. 127, 1904.

2Paige, Sidney, The Central Black Hills: U. S. Geol. Survey Folio
219, p. 29, 1925; p. 163, 1904.
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tial filling of crevices with galena. lead carbonate, and cerar-
gyrite in connection with extensive replacement of the lime-
stone by ferruginous jasper. A deposit of the first -type,
which was the chief source of silver, was worked most exten-
sively by the Iron Hill mine, which followed the east side of a
wide -porphyry dike. Here also a large mass of vanadinite
(PbsC1(VO,;):) was found, and the minerals cerusite (PkCO.),
cerargyrite (AgCl), matlockite (PbO.PbCly), wulfenite
(PbMo Oy), pyromeorphite -(Pb;Cl(PO,);), plattnerite (PbO.),
and atacamite (Cu,Cl(OH); were associated with the
galena (PbS).” - :
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III. PLACER REPOSITS

4. FOSSIL PLACERS OF THE DEADWOOD FORMATION

While placers of both geld and tin have been worked in
the Black Hills, those producing gold have proved by far the
most profitable. Probably the most unique of these are the
fossil placers found in the Deadwood formation and called
“cement ores” by the miners because they occur in solid rock.
Cement ores have been reported in the Deadwood formation
from three different areas in the Black Hills and probably
occur at many more. The first area which has been the most
important commercially is within a few miles of .Lead. A
second area is ten miles almost due west of Hill City and a
third area is not far from Rockerville, or about five miles
northeast ¢f Keystone. From these locations, it is evident
that the Homestake lode and probably many of the quartz
vein areag in the “‘southern Hills” stocd out as islands or reefs
in the Cambrian sea, probably due to the superior resisiance
of the rocks of which these deposils are composed. Wave
action, however, tore these masses apart and eventuaily
ground them into sands and gravels, releasing the gold which

ihey contained. This gold appears to have been moved by

strong undertow and shore currents into depressions in the
sea bottom and deposited there with the coarser gravels.
Gold is found not only in the gravel itself, but lying in the
schists which formed the sea floor, apparently trapped in
cracks and other irregularities of the surface. The grains are
flattened and rounded as in modern placer gold. The deposit
is similar to the beach placers found in the vicinity of Nome,
Alaska. Gold was deposited in the gravels that lie at the
base of the Deadwood formaiion which was eventually ce-
mented into a conglomerate. _ »

The deposits in the vicinity of Lead have been further
enriched by the Tertiary velcanic solutions which made the
replacement deposits described above. The early investiga-
tors, who had a chance to study the mines while they were
open, state that it is possible to readily distinguish between
pre-Cambrian gold and that introduced by Tertiary solutions.
Apparently the latter gold was but a small addition and these
cement ores, therefore, are classed here as placer deposits.

The first mill brought into the Black Hills to work gold
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was set up a short distance above Gayville in Deadwood
Gulch for the purpose of treating cement ore from the Hidden
Treasure mine. Before the close of the first year, this mi.i
had produced $20,000 in gold. Since the first rich yield in
the 1880’s, however, the cement ores have not been mined
very vigorously.

B. GRAVEL PLACERS -
Big Sioux Placers

As mentioned above, gold has been found in the gravels

of the Big Sioux Valley, but so far, not in workable quantity.
These gravels are of glacial origin having been brought to the
State from southern Canada by ice-sheets of the Pleistocene
epoch, These ice-sheets rode over metal deposits in southern
‘anada, incorporated some of the metals into the debris they
were carrying, and transported them to South Dakota.
Upon melting, the ice sent torrents of water into the
Big Sioux Basin, carrying along the debris from the ice.
Gravel and sand sorted from this debris was deposited in the
channels of the old spillways in which both gold and copper
nuggets have been found. In the gravels near Big Stone

City, sufficient gold was discovered a number of years ago to.

induce the opening of a drift mine in the terrace on the west
side of the channel in which Big Stone Lake lies. Nuggets
have also been found in gravel pits at Hawarden, Iowa, across
the channel of the Big Sicux River from northeastern Union
County. None of these finds, however, have carried suffi-

ciently large pay streaks to make commercial mining possible.

It is possible that similar stray nuggets may be found
in many gravel deposits in eastern South Dakota. 1t is very
doubtful, however, whether any of them would have a con-
centration of gold sufficient to pay for mining.

Black Hills Placers

The following information is taken from an excellent re-
port by Dr. J. P. Connolly.? » :

The Cambrian fossil placers described above are the first
placers developed in the Black Hills. These were followed by

1Connolly, J. P., Geologic history cf Black Hills gold placer: South
Dakcta Geol. Survey Rept. Inv. 16, 1933.
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three periods of placer formation in which the placers are now
found in loose gravels instead of the hard rock of the cement
ores.

The first period occurred in Tertiary times. The Black
Hills had been elevated into mountains shortly before this pe-
riod and the pre-Cambrian rocks containing the gold lode and
veins had been exposed by stream erosion. Gold from the
Homestake lode and quartz veins was washed into the valleys
and perhaps some of the Cambrian fossil placers were torn
apart and redistributed down the Tertiary streams. Thus
placers were formed in what were wide valleys coming out of
the core of the Black Hills.

The second pericd cccurred during the Pleistocene
cpoch. Uplift of the mountains rejuvenated the streams and
caused them to cut sharper, narrower valleys in and across
the old Tertiary valleys. The ancient Tertiary gravels were
left as high terraces on the divides between the younger
streams.’

The third period is the present Since modern streams
have deepened the valleys below the Pleistocene level and are
erming new placer bars at the present levels.

Since Tertiary gravels are now found on divides and
high terraces they are known as the high level bench placers. .
One of the best known of these is at Rockerville, half way be-
tween Rapid City and Keystone, where high level terraces on
the south side of Spring Creek Valley once made a very
thriving gold camp of Rockerville. The name Rockerville is
signiﬁcant of the fact that the gravels lay on high ground
where it was impossible te obtain water enough for sluicing.
The mining and extraction, therefore, had to be done almost
entirely with hand rockers.

These high level terraces are now found lying 100 to 300
feet above the bottoms of the modern stream.

The second (Pleistocene) set of gold bearing gravel
benches lies about 15 to 20 feet above the bottoms of the
modern valleys. These represent the depth to which the
stream had cut during the time between the late Tertiary
period and the Pleistocene epoch. While ice stood over eastern
South Dakota, western South Dakota was deluged with heavy
rain which gorged the valleys draining the Black Hills, widen-
ing them and leaving their channels filled with placer gravels.
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These placers contain gold eroded from the primary deposits
in the crystalline area and probably also from the cement
ores and re-worked material from the high level Tertiary
gravels.

Modern stream vallevs have been cut into these old
Pleistocene valleys, tearing away their gravels and re-working
the gold into placers which now lie as bars in valley flats
and stream beds.

Prospectors thus have three sets of gravels in which to
search for placer gold; first, the high level benches 100 to 300
7eet above the present valleys; second, the low level benches
10 to 15 feet above the bottoms of these valleys; and third,
the bars in the bottoms of these valleys. A list of the placer
districts of the Black Hilis, taken from Connolly’s! report,
is included here. -

County
Custer

Lawrernice

Distriet

French Creek (Custer)

Lightuing Creek

Pleasant Valley Creck

sk ok

Deadwood

Galena

Nigger Hill (Tinton)

Spearfish Creek
Two Bit

1Convolly, J. P., op. cit, pp. 12-13.

Subdivisions

Blacktail Gulch
Bobtail Gulch
Deadwood Creek
Gold- Run

Sawpit Gulch
Whitewood Creek

Bear Butte Creek
Ruby Gulch
Strawberry Creek

Bear Gulch
Beaver Creek
Iron Creek
Mallory Guleh
Nigger Gulch
Poplar Gulch
Potato Gulch
Sand Creek

Spruce Gulch
Two Bit Creek

K
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County District Subdivisions
%k st e ek
Pennington Battle Creek Harney
T Hayward

Castle ‘Creek

Hill City

Junetion
Little Rapid Creek
Rapid Creek

Tron Creek

Cheese Hill.

-.. Crooked Gulc}'{.
Hocdoo Gulch

Mystie o
Newton Ferk -
Palmer Gulch
Upper Spring Creek

Bear Guich
Big Bend

Nielgens
Nugget Gulch
Pactola™ -~
Placerville
: Victoria Creek
~ Rockerville '
' Sheridan: (Lower -
Spring-€reek) . .. . .. .
. Slate Creek and
~... .Skull Gulch

"It will be noted that all of these districts'lie in the outer

‘i smargin of the crystalline area of the Black Hills, and in

stream valleys which head in this area. Gold placers have
been found in regions farther away from the Black Hills, but
workable placers do not seem to have been formed very far
from the source of the gold. Prospecting outside the Hog-
backs which surround the Black Hills has not proven profit-
able.

The placers of the Black Hills also yield other minerals
which under some market conditions have been and might
be of value to the miner. The most important accesgory min-
eral has been cassiterite (tin stone). Some of the placers in
the Nigger Hill district about Tinton have yielded enough
tin to sell. Tin should also be found in placers emanating
from the pegmatite districts of Keystone and Custer. How-
ever, none has been found in sufficient quantities to operate
for tin alone, and Nigger Hill district is the only one which
has furnished saleable quantities. Columbite and tantalite
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have also been reported from placers of the southern Hills.
Placers in the vicinity of Keystone and Custer can furnish
these minerals which yield niobium, and tantalum important
to the steel industry. Other minerals which have been listed,
“rom the placers are,” wolframite - (Fe,Mn) WO,), scheelite
(CaWOy,, (both tungsten ores), zircon (ZrSiO,), beryl (an ore
of beryllium), monazite (thoriuin ore), garnet, magnetite
{iron ore), hematite (iron ore), ilmenite (titanium iron ored
+ourmaline and barite.

The Black Hills placers have sometimes been called “Poor
man’s placers” because the pay streaks have amply repaid
simple mining methods but have not been sufficiently rich to
pay for the investment of a large amount of capital. Some
dredging was tried on Castle Creek and hydraulic methods
on Rapid Creek in the early days of placer mining. However,
these were not profitable and were soon abandoned. During
the recent depression, between 1934 and 1938, there was a
considerable revival of machine mining but most of this was
done with mechanical bowl separators and small power shov-
els. At least three of these machines were used in French
and Spring Creeks and proved fairly successful. Most of the
mining that has been done, however, has been with sluice
bhox, rocker, and hand shoveling. This latter method allowed
‘the miner to follow the pay streaks better than did machine
methods and thus gave him a satisfactory retura for his
labor.

(-
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RARE METALS
I. Pegmatite Deposits

South Dakota has the distinction of producing certain
rare metals, which are found in but a few places. At present,
the demand has been for beryllium for making spring steel
and lithium for a great mauny uses including glass making and

‘welding. In the past, however, the state has produced tin,

tungsten, tantalum, niobium, and caesium. All of these miri-
erals appear in a volcanic rock of rather unusual origin,

_known as pegmatite.

The pegmatites in South Dakota are granites which have
cooled at a low temperature (for volcanic rock) and thereby
allowed unusually large crystals to form. While still in a
liquid  state, the pegmatites injected themselves into coun-
try rock so that they occur as dikes or tabular shaped bodies
bulged so as to resemble an irregular biconvex lens. Most
of them have been pushed between the leaves of the foliated
schists, “Like the water in a blister causing the schist layers
to spread apart. * * * There is definite field evidence that
these bodies are not shaped like a pane of glass, thus extend-
ing down to some mass of parent igneous rock with only
minor changes in thickness. Rather they seem to be more or
less isolated masses suspended at bulges in the schist. . They
are thus not dikes in the ordinary elementary textbook sense
of the word. In places they are so thick that apparently dis-
connected bodies may be part of one single mass which has
extremely pronounced pinch and swell struciure; these may
represent truly disconnected bodies (pinched to zero thick-
ness) or they may be connected below the present surface, or
they may have been connected above the present surface.”’!

In places they take a rounded form more or less beehive in
shape. Such is the case with the famous Etta pegmatite
at Keystone, which was originally called the Etta Knob be-
cause of its topographic appearance, These are also referred
to as conoliths by Gwynne. “There is every gradation from
the dike-like masses having tabular or lenslike outline in cross-
section through those that are elliptical, rounded, and irregu-

1Fisher, D. J., Preliminary report on some pegmatites in the Custer
Distriet: South Dakota Geol. Survey Rept. Inv. 44, p. 5, 1942,



™ PART III. MINERAL RESOURCES . 55

£4 A GEOLOGY OF SOUTH DAKOTA
E lar. Some are massive but of unknown outline, and sorme
shown as massive pegmatites may consist of thick closely.
spaced dikes. * * * Some of the areas underlain by these
_ massive pegmatites are hundreds cof acres in extent.””?
PEGMATIT - , o All investigators concede that these dikes are injections
ES !ETEICTUEWBSEEE DTKEE ROCK BASIN 1 from the Harney Peak bathslith formed during the latter

stages of the batholith’s intrusion.
) STATE GEOI_OGICAL SURVEY : }

A v VERMIHON ) It is believed by most observers that pegmatites are
formed from residual solutions coming from deep in the mag-
ma after a considerable shell has been frozen on the magma.

Cracks in this outer shell allow the solutions to work out of

RANGE 4 EAST
t

GEOLOGY BY C S'GWYNNE

BCPETSCH ' the original mass into the surrounding rccks.
SURVEYING BY DFROTHROCK
ROBTLAWTON . . - -
% In these solutions were collected a suite of rare chemical

clements which did not crystallize at the higher temperature
at which the main mass of the magma froze. These inciude
the rare metals thal have been meniicned above.

o ;’- -
e, ,:I ! Fisher? states that there are at least three stages in the
-y ‘ ,"J - fermation of these pegmatites. The firet takes place while
\\\\\ \‘“\‘\\“\‘ O = the magma is like a boiling cauldron of slag. The higher
' i .\,\\\\\{\Q \‘9 ¥R \‘ /’) ‘ll A" ’ pressure ﬁng’ls certain ]ig}}tel" parts of the magma pushed into
g\g\‘\\x\i\\\\\.{,\__ 2oy AN g the pegmatite zone shoving schist layers apart and forming
--‘;‘5,.‘\.‘).\\\\\\&\\:_. L " N the bulk of the original pegmatite material which consists.
5 - N N e R 5 mostly of potash feldspar, some soda-feldspar, quartz, mus-
“‘A‘;..-l{';;«(\\\\%\“‘\}‘.:.!;‘ ¥ HEZ . covite, mica, and tourmaaline, The second stage of injection
_v‘-\\\k\'\‘\\\\\‘\ W ““a o comes later, as an increasing amount of the magma crystal-
% WA LSRR O A ized at depth. Residual, relatively fluid portions were foreed
B 3‘\‘“|', 4" ‘l‘ ' - out and upward, following the paths of the first injection.
i ald ) ':‘/?,1.‘7' . These sciutions were relatively rich in water and dissolved
LEGEND: i W g7 out some of the earlier formed material, replacing it with
E‘EEE“}I:%E;‘KS'“"“’“‘” . 'ﬁ:“: _"’" y _ ) beryl, mu "ovite‘,'cleavelandi’te (tabqlar _sfod.a spar), . spodu-
) ‘E:gg; +SCHIST CONTACT, Nt "/ [N mene, (lithium silicate) and amblygenite (lithium phosphate? .
i N9 /f The third stage followed sometime after the eolutions them-
: ] Ll selves had cooled down considerably. The tendency was to

get replacement veins cutting through the pegmatite roughly
up-dip and containing apatite (calcium phosphate), lithio-
- v philite (lithinm phosphate) usually altered to purpurite, and

iGwynne, C. 5., Pegmatites in the Beecher Rock Basin: South Da-
kota Geol, Survey Rept. Inv. 48, p. 15, 1944.
2Fishev, op. cit., p. 6.
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loellingite (FeAs.) in close association with the soda feld-
gpar cleavelandite.!

Fisher further states, “No two pegmatites studied were
similar in all respects. In scme the first stage is greatly
dominant or even the only one recognized; in others the in-
termediate stage has been of very great importance. * * #
All pegmatites do not show important developments of all
stages, but there is almost infinite variation.”’:

Pegmatites occur in the so-called southern Black Hills,
roughly surrounding Harney Peak, Important commercial
pegmatites have been operated on ali sides of the outcrop of
the Harney Peak granite except the east. The oldest peg-
raatite mine in the state is the famous Etta mine at Kev
stone which was opened in 1885. Since then several others
have reen opened in that vicinity. A second group of peg-
matites is found in the vicinity of Hill City, some of which
were very important during the tin boom in the earily 1880’s.
A third group lies near Oreville on the west side of the gran-
ite mass, and a fourth about Custer, which is at present the
mest important of the pegmatite districts. In the Custer
district, pegmatites cccur in a strip twelve miles long between
Custer and Pringle. [In the upper part of this area, which
has been termed the Beecher Rock Basin, 1498 dikes were
mapped In an area of 12 square miles.?

An isolated group of pegmatites oceurs at Tinton on the
South Dakota-Wyoming line directly west of Lead.

According to Fisher, these pegmatites are a phenomena
confined to the immediate vicinity of the batholith. The
enormous number of pegmatites hetween Custer and Pringle,
therefore, would indicate that the top of the Harney Peak
batholith was but a short distance below the surface in this
area.

There are many characters that differentiate pegmatites
from ordinary igneoug rocks but the one that strikes the

1Fisher, D. J., op. cit,, p. 6.

2]dem, pp. 6-7.

3Gwynne, C. S., Pegmatites of the Beecher Rock Basin: South Da-
kota Geol. Survey Rept. Inv. 48, 1944.

Spadumene Crystals, Etta Mime, Keystone, S. Dak.
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casual observer most forcibly 1s the size of the grain. In
ordinary granite, grain sizes up to 1/8 of an inch in diameter
are considered coarse. In pegmatites, however, these same
minerals make crystals up to a foot or two in diameter com-
monplace; niica, which ordinarily makes scaleg & quarter inch
or less, comes out of pegmatites in sheets“which may average
anywhere from three or four imches, to. eight or ten inches,
and in some cases one or two feet across.

Giant crystals are not uncommon; especially in some of
the larger pegmatites, the mineral spodumene, a lithium sili-
cate, tends to make long columnar crystals, called “logs,” by
ithe miners. Logs have been reported from the Htta mine
measuring 47 feet in length and in making a scafford a 10
foot plank Was set across the short dimension of a large beryl
crystal at the Bob Ingersol mine near Keystone.

The pegmatites of the Black Hills are granite and, there-
fore, are made largely of quartz, feldspar, and mica,—usually
the white mica, muscovite. In most pegmatites, black tour-
maline crystals are very conspicuous, making long needles or
columns which bresk into chunks recembling hard coal.
Sprinkled through these pegmatites, however, some fifty or
more rainerals have been reported. Sometimes these minerals
are isolated erystals, but in other cases they occur in segre-
gated masses sufficiently large to make ore shoots. The fol-
lowing list of minerals has been compiled by Connolly.!

PEGMATITES
13. Dclomite - 20. Leucopyrite
1. Apatite Feldspar, see al- 21, ILathiophilite
2. Arsenopyrite bite, anorthoclase, 22. Loilingite
3. Autunite microcline, oligo- Mica, see biotite,
4. Barite . clase, orthoclase lepidolite, mus-
5. Beryl 14. Fluorite covite
6. Biotite 15. Galenite 23. Molybdenite
7. Bismuth Garnet, see alman- 24, Monazite
8. Cassiterite diie, grossularite, 25. Pelalite
9. Chalcocite spessartite 26. Pollucite
(secondary) 18. Gold (by assay) 27. Pyrite
10. Chalcopyrite 17. Graphite 28. Quartz
1¥. Cclumbite 18. Griphite 29. Rubellite
12. Corundam (7?) 19. Ilmenite : 30. Scapolite

1Connolly, J. P., and O’Harra, C. C., Mineral wealth of the Black
Hills:: South Dakota School of Mines, Bull, 16, p. 231, 1927.
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PEGMATITES—Continued

31. Siderite 36. Tapiolite 41. Triplite

32. Spodumence 37. Titanitc 42. TUraninite
33. Stannite 38. Torbernite 43. Wolframite
34, Struverite 39. Tourmaline 44. Zircon

85.. Tantalite 40. Triphylite '

Present knowledge of the pegmatites is too limited te
predict the mineral make-up of an unprospected pegmatite, =
Since the mineral suite depends upon the number of stages of
mineralization that took place, there is a great variation-in
the mineral suite which different dikes contlain‘an_d in the per.-
centage of the same mineral in different dikes. As there must
be some organization tc¢ the minéral make-up iii* different-lo-.
calities, however, it is to be hoped that it will be revealed: in
the near future and thus eliminate a great deal of expensive
exploratory mining. Presernt production may not be an index
of what may be exyp ected in the future, since so few of the
tremendous number of pegmatites have been npened.

Of the rare metals, however, the Custer district has pro
duced considerable lithium from the minerals spodumene
(LiAlsiy04), ambligonite (LiAIRFO:) and a little from: the
lithium mica lepidolite. The Beecher mine has produced all
three lithium minerals. Lepidolite, however, is not wide-
spread in this district. o e G T

Beryl (Be;Al:Sig0,:) is found in a great many mines in
this district. The recent demand for this mineral and the
work of Mr. Lincoln Paige of the U. S. Geological Survey, has
disclosed. a large volume of beryl which had been overlocked
because of its lack of crystal faces and the small size of the
grain... This district should be an important source of the
metal bervlhum

Other rare minerals have been reported but in very small
amounte. .The most interesting is .the meétal caesium which
was found in-the-mineral pollucite (CSJ‘AL‘SL)O,,H OV at the
Tin Mountain mine. A small production was obtained during
a demand in the carly days of the radio because it furnished
a valuable alloy used in radio tubes. TIn spite of the name of
the Tin Mountain mine, tin does not occur in any quantities
which might give commercial production in the Custer peg-
matites., Tungsten minerals are found in some, however.

The Keystone district on the other hand, is a lithium
producer, and has been such since the early days of the peg-
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matite mining. The silicate minerals, lepidelite and spodu-
mene were first used exclusively as ores of this metal. Later
the phosphate ambligonite was discovered and has furnished
most of the production,. For some purposes, as in.the manu-
facture of glass, lepidolite 18 still used.

Most of the metals found in the Custer district occur at
Keystone also, but in minor quantities. They are saved, how-
ever, until enough have accumulated to sell; but they have not
made the important production of the distriet. The most im-
portant of these has been tungsten, usually in the form of
wolframite, the iran tungstate.

It is interesting to note that in none of the pegmatite
districts have rare metals heen found in sufficient gquantities
to pay for mining the pegmatites for them alone. Ag will
be explained under ceramic and miscellaneous minerals, these
regmatites have produced feldspar and mica as their chief
products. So much of these Jatter minerals have to be re-
moved to cbtain a shipment of rare metals that rare metal
mining is to a large extent, dependent on the price of feld-
spar and mica.

Though tin was first discovered in 1883 at the Etta mine
near Keystone and during a koem in the 1880’s, tin mining
was attempted at Hill City, the chief interest and the largest
tin deposits seemed to be the pegmatites of the Tinton dis-
trict on the Wyoming line in Lawrence Ccunty. A careful in-
vestigation was made of this district and a report issued by
Ward C. Smith and ILincoln R. Paige.l

Though 240 pegmatites were examined w1’fh core drills,
only 40 contained tin, the richest ore containing not over two
percent cassiterite (SnQ.), the onlv tin ore mineral. Most of
these cassiterite bearing pegmatites lay along the crest of
Nigger Hill or east of it. Cassiterite is scattered through
the dikes sometimes in grains and clusters of grains as large
as two inches in diameter. Much of it is disseminated
through the ore shoots in small grains, known to the miners

as ‘“pepper tin,” however, the average content of the best

pegmatite examined was 6.33 pounds of tin per ton. - When
the examination was made in 1941, the average price of tin

18mith, W. C., Paige, L. R.. Tin-bearing pegmatites of the Tinton
District in Lawrence Co., South Dakota U. S. Geol. Survey Bull. Q22 T,
1941.
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was about fifty cents a pound and the cost of producing tin
at Tinton was about one dollar a pound. For this reason,
these pegmatites have not yiclded to commercial exploitation.
It has been estimated that the best pegmatites in the Tinton
district contain about 11,002 tons per 100 feet depth and
enough ore is in sight to run a 150 ton mill about three years.!

Leecher Lode

The Beecher lode, 415 miles' S-SE of Custer, contains
many characters common to all pegmatites and the description
of it is here included to illustrate the general occurrence of
these bodies and their mineral contents.

“This (The Beecher Pegmatite) consists of a lenticular

"mass about 200 yards long extending north-south; it appears

to have a maximum thickness slightly in excess of 100 feet
at the outcrop * * *. The exposures are practically limited
to the three main pits sunk in it * * * together with sub-
sidiary “gopher holes” and tunnels, since the surface is other-
wise covered with a very thick scrubby secondary growth. At
first glance one is reminded of a baby duplicate of the famous
Iitta mine, because of the rusty appearance and the large
powdery spodumene logs, shown especially well in the east
walls of the Middle and South Pits. In general the best speci-
mens can be collected from the numerous small dump piles.
since large parts of the mine itself are covered with-debris and
many of the small holes are badly caved. It is very difficult
to find specimens that are free from limonite stains or other

-alterations. The first impression might indicate that this is

bLecause of weathering that has occurred largely subsequent
to the time of starting mining operations. However, the per-
sistence of the limonite veinlets and staining films with depth

clearly indicates that secondary deposition has been very im-

portant, and in the main this antedated man’s activities here.
One of the most important problems in connection with fur-

ther development, espscially as regards possible util'zation - -

of the feldspar, is to determine to what depth such alteration
has proceeded. .

“Little is known of the actual dip of the pegmatite body.
Drill holes numbers 1 and 3 * * * were put down in the sum-

1Gardner, E. D., Tin Deposits of the Black Hills, Sovth Dakota:
U. 3. Bureau of Mines Infcrmation Circular, 7069, p. 56.
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mer of 1941 and were reported to cut the footwall at depths
of 51 feet and 23 feet respectively. No. 1 struck a serpen-
tinized amphibolite with the amount of dip of its schistoxity
about 20 degrees different from the dip of the hcle 65 de-
grees due west; No. 3 dip 62 degreces due east went into mica
schist. The average dip of the base of the pegmatite between
these two-holes is thus approximately 25 degress to the west
The collars of these holes were at an elevation of ‘5531 feet.
Drill hole No. 2 in the base of a stone of the North Pit with
collar at 5552 feet went through 59 feet of pegmatite and %
feet of amphibolite carrying small lilac garnsts. The dip of
the amphibolite schistosity was parallel to the din of the hale
45 degrees to-N. 80 degrees west. * * *

““Exposures in- the three appreximately horlzontal tun
nels which havé-been put into.the pegmatite ars s'gn’fican!
in this conneetidon., The adit (floor at 5571 feet) to the Nor:ih
Pit is cut through footwall mica schist dipping from 25 de-
grees-to 45 degrees in. a westerly direction. The tunne! (floor
at 5551 feet) tc the Middle Pit shows footwa!l mica schst
with schistosity approximately horizontal; however, just in-
side the pit (well seen near the east side of the north end)
this plunges off steeply to the west. In short here the base
of the east edge of the pegmatite is neariy horizontal as if
it were lying down. * * * The small tunnel (fleor at 5521 feet)
near the south end of the Beecher pegmatita * * * cuts

through pegmatite with many large spodumene lo3s 16 fzet
or more long and 18 inches or more through. But at the west
end of this adit the floor extends intc mica schist with neariy
horizental schistosity. In short, here too, the pegmatic flsor

"

lg more or less horizontal, with rolls in the und r}vmg 3chig
“At the southwest corner of ths Mlddle "Pit there is

remnant of a:teurmalinized. schist bleek-analogcus to a ‘:rv"a1

roof péndant. A few yards to the ncr thwest there are frag-
ments of schist probably not far out of place. Thsare is 2
large<mass.of . infolded schist at the. northwest c01ne1 Qf the
North Pit. - This. carries many tiny lilac spodumenes

“Altheugh some spodumenes or spodumene remnants are

found in. many pegmatites of the Custer area, at no other
place observed except the Louise Lode *-* *-{s spodumene s0
sbundant; * * * the spods are really large logs only at the
Beecher. The latter is also unique for the Custer area be-
cause of its peculiar milky beryls that lack crystal faces.

"/————_ - mg——
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Moreover the large reported columbite yield could not have
been found at any other known Custer-district mine.

“The North Pit shows in its west wall large surfaces of
rusty microeline, with only a few spodumenes. These are
mere pronounced in the east wall, where they are of medium
to large size, but less thick than in the same wall of the other
two pits. Nodules of amblygonite may be seen in the stope
in the west wall opposite the tunnel. This siopss down at
shout 45 degrees and extends from the 5570 level of the main
pit to the lower tunnel (running north from the middie pit)
al about the 5552 level. A few feet north of the entrance
to this stope is a Y-shaped tunnel sloping down from the 5570
level towards the west from which fair samples of cleave.
landite cutting the microcline perthite were obtained. An-
cther similar sloping entry is shown * * * at the north end
of the pit. Just south of the end cof thiz is where the origi-
nal shaft opening of the Beecher Lode is reported to have
been sunk 60 feet deep; this is now completely covered by
debris. * * * Three yards north of the North Pit * * * is a
small pit about 10 feet deep; its walls are composed of quartz-
cleavelandite-muscovite rock, except near its east sice, where
the quartz rapidly disappears and cassiterite becomes im-
portant. Hand samples with 5% of this tin mineral are easily
collected here, presumably not far from the footwall.

“The spods of the west wall of the Middle Pit are nearly
limited to its lower third; they are much more pronounced
in the east wall where they occur in a heavily limonite-stained
cleavelandite-muscovite-quartz rock which is locally very rich
in muscovite. There is a large mass of limonite-stained bull
quartz (translucent whitish, not true milky) in the lower part
of the south half of the west wall of this pit. This is cut by
the striated molds made Ly platy euhedral spodumenes, up
10 3 feet long and 6 by 2 inches in cross-szsction, which for-
merly cut through it at all angles. Such spodumenes com-
monly show a partial aureole of cleavelandite-muscovite
quartz rock, as is so well exhibited at the Hugo and Etta
mines near Keystone. The upper part of this wall seems to
be mainly quartz-cleavelandite-muscovite rock. * * *

“The spire between the Middle and South Plts that rises
1o B58T feet is capped by about 6 feet of coarse microcline
resting on massive whitish quartz; the contact betwesn these

“two dips about 45 degrees to the west. This same quartz is
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prominent in both walls of the trench immediately to the
;Jast; much columbite is reported to have been removed from
ere.

- “The South Pit, like the North one, has its floor covered
with debris. The walls seem to be mainly a quartz-rich
cleavelandite-muscovite rock with much spodumene in the
east wall * * * considerable less on the west. A couple of
“gopher holes” * * * extend 4 to 5 yards sloping down 30 de-
grees into the east wall; they show some large spods. From
& shaft sunk in this pit much spodumene is reported t> have
~ been removed.”

This description is taken from a report by Dr. Fisher.!

11 Replacer_nent Deposits

The only rare metal that occurs in replacement deposits
is tungsten. These deposits are found only in the northern
Black Hills in connection with Tertiary gold replacements in
the Deadwood formation. Since they have been described
in previous pages (see pages 36 to 42), the descriptions will
not be repeated here.

III Tin and Tungsten Placers

The tin ore mineral, cassiterite, and tungsten mineral,
wolframite, are very heavy and, therefore, yield readily to
concentration in the gravel bars of streams in the vicinity of
tin or tungsten-bearing primary deposits. - Placers in the
northern Hills and in the Custer district have yielded small
amounts of these mincrals. However, they have not been in
sufficient quantitics to pay for exiraction.

The placer deposits in the viecinity of Tinton have yielded
a little tin and at varicus times small amounts have been sold
by placer miners. So far, these placers have yielded neither
a large nor a steady production. In times of crises, however,
they might supply an amount sufficient to make their opera-
tion worthwhile.

1Fisher, D. J., op. cit., p. 25,
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BASE METALS
" T Aluminum

The metallurgist’s dream of producing aluminum from
clays and shales has captured the popular fancy in South Da-
kota to a point where it seems advisable to insert a note on
the possibilities of obtaining this metal in the State. The
idea originated from the fact that the basis of most clays
and shaleg is the mineral kaolin, a hydrous silicate of alumi-
num (Al,05.28i0,.2H,0). The mineral now used as aluminum
ore is the oxide, bauxite (Al,0;). Since the supply of bauxite
is limited, and clay or shale is feund nearly everywhere, it is
argued that all that is needed is a process of extraction to
produce an inexhaustible supply of the metal.

Pure kaolin contains 89.5% alumina (Al:Q;) which
would make a good ore if the mineral bauxite (Al.0;.2H.0),
did not contain 73.9% alumina, _Added t¢ the difference in
the amount of metal contained by the two minerals is the fact
that alumina and silica form a chemical bond which is not
easy to break with commercial processes, though it can be
done in the laboratory. The bonds betweeni aluminum and
oxygen in bauxite, on the other hand, can be easily and
cheaply broken. The problem, therefcre, reduces itself to one
of economics. As long as bauxite can be obtained easily and
cheaply and in sufficient quantities, it will be much more
attractive to aluminum producers than will clay and shale.
However, if a cheap process of extracting aluminum from
clay is developed, the picture will reverse.

Pure kaolin contains a fairly large per cent of alumma,
bul few shales or clays are made of pure kaolin. Much
quartz, mica, organic matter and other materials go into the
make-up of the average clay or shale, and most of these are
non-aluminum bearing; therefore, most clays and shales can-
not yicld nearly as large a quantity of the metal as the
bauxite ores or even as good kaolin. '

Few of South Dakota’s shales have beei analyzed for
their aluminum content, but an investigation was made of the
Pierre shale along the Missouri River and of some miscel-
laneous samples collected about the Black Hills. The average
of six miscellaneous samples from the Pierre shales around

" the Black Hills, the horizon of which is not known, gave
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18.3% alumina (AL,0;) or about 9.9% of metallic alumipum.~
The following table gives the aluminum content of the Pierre
shales along the Missouri River.

ALUMINUM CONTENT OF THE PIERRE SHALES1

Member of Pierre Formation Location Per Cent Aluminum
Verendrye — e oo Stanley County —----—————- 9.74
08COMA  — oo mmeme —mm e Stanley County ——v--om-m—- 7.15
Virgin Creek oo~ 2 miles east of Teton,
° - Stanley Co. ——--—coeoen 10.84
gory shale —o_ oo Sce. 32, T. 98, R. 5 K.,
Gregory shale Fall River Co. o= 12.27
Sharon Springs o _______ Sec, 32, T. 98, R. 5 E,
Fall River Co. o 8.04 |
Elk Butte _ oo ___ e Sec. 3, T. 96 N, R. 68 W.,
. Gregory Cov oo 12.67
Mobridge — o “ “« ————_ 821
Upper Virgin Creek . __________ & € . 11.52
Lower Virgin Creek . _____ “ © 10.96
Verendrye _______________________ “ “ o - 3.64
02€0M2 - s« “o 10.97
Gregory cllalk____,_T ______________ . 6 “o 4.52

If the extraction of aluminum from shale becomes metal-
lurgically and economically possible, South Dakota can offer
several sources of raw material. The Pierre shales exposed
in the Missouri Valley and outcropping over about a third of
the state west of the Missouri have been mentioned. Certain
clays in the Tertiary rocks of the Bad Lands, south of the
White River, might yield useable materials. Under-clays be-
neath the coal beds in the upper Cretaceous formations north
of the Moreau River also offer some interesting possibilities.

East of the Missouri River, the entire country is
veneered with glacial drift. These clays vary a great deal in
material, some being sandy and others sticky gumbo. All of
them contain aluminum, though, like the bed rock shales west
of the River, there has been no attempt to analyze them with
their aluminum possibilities in mind.

Assuming these low grade shales and clays could be
used, the location of plants would depend more on fuel, trans-
portation, and other geographic facters than on the grade of
ore available. The enormous amounts of clay and shale scat-
tered widely over the state do not give any region an advan-
tage in materials.

1Gries, J. P., Economic possibilities of the Pierre shale: South Da-
kota Geol. Survey Rept. Tnv. 43, p. 66, 1942.

PART III. MINERAL RESOURCES 67

I1 Iron

The recent search for limornite deposits t¢ be used in
making iron and steel by the so-called “sponge iron’ process,
raised the question whether the state could supply any ma-
terial of thal sort. Iron is the fourth most abundant element
in the outer shell of the earth but it is concentrated in deposits
that can be worked as ore in only a few places. Attention hag
been focused on two possible sources: first, hematite deposits
in the pre-Cambrian rocks of the Black Hilis, and secend, con-
centrations of limonite in gravels which occur on the Great
Plains.

Hematite Ores

Hematite ores have been reported from five places in the
Black Hills. Four of these deposits are interbedded with the
pre-Cambrian rocks in much the same manner as the Lake
Superior ores. This has given rise to the idea that the rocks
of the two regions were approximately of the same age. Such
inter-bedded ores occur in the upper Boxelder Valley near
Nemo, at Bench Mark, at Hat Mound, ten miles northwest of
Rapid City, and at Iron Mountain, three miles south of Key-
stone. The total thickness of iron-bearing rocks at Iron
Mountain is about a thousand feet. The cre bodies show an
approximate thickness of iifty feet and can be traced for
about a mile. A fifth location is on Battle Creek near Hay-
ward and occurs on the divide between Battle Creek and Fos-
ter Guleh. This deposit is a replacement deposit lying at the
contact of the pre-Cambrian shales and the Cambrian con-
glomerates.

~ The following analyses will give an 1dea of the character
of the ore. The analyses of Hat Mound iron ore, representing
a general sample across the face of the ore body.

Analyses of Hat Mound Iron Orel

Fe,O . __  __ ____ 84.050
Si0y . 11.220
ALO, . 3.380
P.O; 0.601

TAnalyses as given by Coolidge, C. W., and Overpeck, L. S., in Min-
ing Science vol. 60, p. 319, 1909.
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S e 0.080
MnOs e Trace
Ca0 Trace
MgO o Trace
Analyses of Hayward Red Hematite!

Fe oo 50.30%
Si0y o —_ _ 21770
AlL,Os ——__- J U S, Trace
P o 0.15
S 0.17
MnOs oo Trace
Ca0 1.08

' MgO Trace

It has not been profitable to mine this iron.
Limonite Ores

The sponge iron process uses the mineral limonite
(2Fe203.3H20), instead of hematite which is the common
iron ore mineral in United States. Limonite ig a secondary
product usually caused by the weathering of hematite or
magnetite ores and often precipitated in the bottoms of stag-
nant marshes and ponds in a spongy mass known as bog ore.
It often takes a buck-shot structure due to the formation of
small limonite coneretions in it. ' -

Such a deposit of bog ore occurs in a number of patches
in the bottom of the north and south forks of Rapid Creek
near Rochford and has furnished a small commercial produec-
tion. One of the patches is about a thousand feet long and
forty to sixty feet wide with an average depth of six feet.

In the early 1900’s it supplied paint rock for a amall mill in -

Custer. These deposits were formed by the weathering of
jron-bearing minerals in the pre-Cambrian rocks of the neigh-
borhood. :

Some interesting bog ore deposits are found in the north-
western quarter of the state where iron is leached from the
upper Cretaceous sedimentary formations, particularly the
Hell Creeck formation. Limonite is precipitated as concretions
and small masses of bog ore which are concentrated in the
stream valleys as gravel deposits. These gravels are found
as terraces along the Moreau and its tributaries and in some

1Coolidge, C. W., and Overbeck. L. S., Idem.
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places have been used as road gravel. A few of these deposits
were mapped northwest of Timber Lake. They lie on valley
bluffs as terraces in which the limonite is three or four feet
thick and in deposits containing volumes up to 200,000 cubie
yards. Similar deposits have been noted in many places on
the Hell Creek formation and in the stream valleys immedi-
ately surrounding its outcrops. While not large deposits, un-
der the proper economic conditions, these might be used as
raw materials for sponge iron or paint rock. Most of the de-
posits contain considerable clay making yellow and brown
ochers. Much of it is also characterized by the buck-shot
structure which makes possible its use as road gravel.
However, the concretions are so firmly cemented in the pit
that it is necessary to blast the iron loose before it can be
handled with shovels or serapers. '

III Magnesium

A search for sources of magnesium has been aroused by
the present war, and while most of it produced thus far has
been obtained from sea water, scme has come from dolomitic
limestone. There has been considerable interest in the possi-
bility of obtaining more from this source.

Magnesium is a metal that has about half the weight of
aluminum and offers certain distinct advantages by causing
reduction of weight when alloyed with various other metals.
It has been used in making castings, engine crank cases,
bearings, microscope parts, moving picture machine parts,
surveying instruments and as a flashlight powder.

Pure dolomite contains 47.9% carbon dioxide, 34% lime
and 21.7% magnesian (MgO). Most dolomitic limestones,
however, do not reach this percentage because of foreign
maftter in the rock. '

- Three formations in South Dakota would offer an un-
limited amount of dolemite as a source of magnesium. The
biggest one is the Pahasapa formation which makes most of
the limestone outcropping on the limestone platean in the

lack Hills. This is of Mississippian age. Above it, the Per-
mian Minnekahta limestcne, though only 40 feet thick, out-
crops in such a manner that it can easily be quarried at many

_places. In the northern Black Hills, the Whitewood lime-

stone lying below the Pahasapa also offers a source of this
material. :
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Systematic sampling and analysis of these limestones
has not been carried on. It is of interest to note, however,
that the following analyses show nearly 20% magnesia from
the Minnekahta limestone.

Analysis of Minnekahta Limestone!
by Geo. Steiger of the U. S. Geological Survey

Constituent Per Cent
Lime - 31.51
Magnesia ______ - __ 19.85

* Alumina, iron, ete. ________________ .36
Water . _____ e 1.25
Carbonie acid ___ . ____ . 44.66
Sulphuric acid (SO2) oo~ .07
Siliea - e 1.12
Manganese, soda, and potash _______ None

98.82

At several places in the Hills, fine grained dolomite sand
has been formed by the disintegration of the Pahasapa for-
mation. A -chemical analysis of the largest of these deposits
which lics near Piedmont, gave 49.89% magnesium-carbonate.
This is about the percentage found in pure dolomite. An ana-
lysis of the Whitewood limestone not far from the city of
Deadwood, showed a magnesium carbonate content of 85.89%.
These limestones, therefore, might offer a profitable source
of magnesium if a,demand were created for carbcnate ores.

IV Manganese

The largest manganese deposit in the United States lies
in the lower part of the Missouri Valley in South Dakota.
During the earlier part of the war, it attracted considerable
national attenticn which resuited in the ercction of a pilot
plant near Chamberlain by the U. S. Bureau of Mines for a
series of experiments. This plant was later used by the In-
~ ternational Metals Corporation which had planned to mine
and beneficiate this ore. The international situation halted
the project, however, and this huge deposit has not yet been
exploited.

The deposit is of sedimentary origin, the manganese oc-

1Darton, N. H., Central Black Hilis Folio 219, p. 9, 1925.
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curring in iren carbonate nodules which are concentrated in
a zone in the lower part of the marine Pierre formation. This
formation consists of a thick series of grey shales, some
zones of which are sufficiently calcareous to be termed marl
or even chalk. These shales overlie the Niobrara formation
with apparent conformity and form the bed rock over most
of the area in the manganese district. The Pierre formation
has been divided into six members as indiecated on the follow-
ing table:
Elk Butte Member
Medium gray shale, flaky, few ferruginous concretions, mostly
small.
Thickness: 100-243 feet.
Mobridge Member
Chalky shale and chalk which weathers to shades of buff on
outerop.
Thickness: 90-241 fect.
Virgin Creek Member
Upper Virgin Creek: Yellowish. gray shale which weathers to
gumbo and in upper Missouri Valley is silicious.
Thickness: 65-142 feet.
Lower Virgin Creck: Shale, bluish-gray with many bentonites.
Thickness: 26-145 feet.

Sully Member o

YVerendrye Zone: Gray shale with abundant flat sideritic con-
creticns.

Thickness: 88-180 feet.

Agency-Oacoma Zone: Gray, dominantly siliceous shale with
many bentonites, siliceous in the nerth, manganese-hearing
in the south.

Thickness: 23-124 feet.

Crow Creek Zone: Chalk and sand.

Thickness: 2-15 feet.

Gregory Member

Light gray to buff shale with many cencrctions and caleareous
layers.

Thickness: 35-125 feet.

Sharon Springs Member
Dark bituminous shale with abundant fish scales.
Thickness: 7-35 feet. )
Niobrara Formation

Chalk rock.
Thickness- 200 feet.

The manganese lies in the Agency-Ooacoma zone of the
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Sully member. This zone, therefore, is the only one of in-
terest to this description.. In the upper part of the Missouri
Valley where it is exposed from the mouth of the Grand to

“the city of Pierre, this zone is a giliceous shale with few con-

cretions. This was called the Agency shaie zone. South of
Pierre, however, it changes its character and becomes a gum-
bo shale with many concretionary nodules of iron-carhonate
which carry manganese. 'This has been designated as the
Oacoma zone. Since the two are variations of the same zone,
the names were combined into Agency-Oacoma zone,

The manganese-bearing portion of the QOacoma beds has
been traced from DeGrey, 20 miles east of Pierre, to the Rogeé-
bud bridge in Gregory County. This may be considered the
workable extent of the deposit, since it is the portion of the
zone in which the manganese-bearing concretions are suffi-
ciently concentrated to offer commercial possibilities. )

The Oacoma zone is characterized by an abundance of
bentonite beds separated by shale, which gives it a tendency
to weather in step-like forms, the bentonite making the
treads and the shale, the risers. In the eastern and southern
paris of the area, Fort Thompson to the Rosebud bridge, the
shales are gummy and clay-like in structure. Towards the
wesl and north, however, there is a noticeable increase in
siliceous material and the shales take on a paper-like appear-
ance which was noted and described in the area around Fort
Pierre and ncrthward.! The lower limit of the zone is quite
sharp, being designated as the top of a chalky marl, the Crow
Creek marl, about seven feet thick. Immediately below the
mar] lies a thin, very persistent sand about a foot thick,
known as the Crow Creek sand. These two conspicuous beds
make the bottom of the zone extremely easy to identify. '

~ The upper limit iz not so .easily placed. Manganese-
bearing concretions in some sections are scattered sparingly,
high up in the shales of the Verendrye zone, which overlies
the QOacoma. In all good sections, however, the concentra-
tion of nodules thick enough to be of possible commercial in-
terest, ends rather abruptly at the base of, or in the lower
few feet of a light colored shale which has been designated
as the “banded beds.” In most of the area, the ‘top of the

1Wing, M. E., A structural survey of the Pierre gas field: South
Dakota Geol. Survey Rept. Inv. 29, 1938.



PLATE 6. A Typical Outerop of Manganese Ore in the Missouri Valley Near Chamberlain

Manganese zone makes the top of all the choulders seen in the center of the picture.
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Oacoma is five to ten feet below a layer of large rusty concre-
tions and about ten or twelve feet above a twelve-inch ben-
tonite bed, thick and persistent enough to be a good marker.
The Oacoma zone outerops on both bluffs of the Missouri and
up its tributaries for a distance of several miles and is known
to underlie the uplands on both sides of the Missouri Valley
at a depth of about 200 feect. Judging from the location of
the outerop, it is fairly safe to assume that it underlies about
one-eighth of the area of the State.
Thickness

The thickness of the zene varies considerably but there
seems to be no order in the variation. Opposite the mouth
of the White River, 65 feet were measured, while at the Rose-
bud bridge, near the southern limit of the deposit. the zone
was 35 feet thick. At De Grey, at the northern end of the
deposit, 34 feet were exposed. Over most of the area, how-
ever, a ratner uniform thickness averaging 44 feet was ob-
served.

Manganese-bearing Nodules

The manganese is carried in concretions of iron-carbonate
which occur in layers parallel to the bedding, and separated
from each other hy one to two feet of shale. Some of these
nodules are small, being little larger than marbles, while
others are very large, making continuous layers or beds a
gcore or more feet across. They vary in thickness from a half
inch to five or six inches. Many of the concretionary lavers
seem to be associated with bentonite beds lyving either di-
rectly over or directly under the bentonite. It is not clear
whether there is any relation between the two, however. The
nucleus of most of these concretions is not apparent. Many,
however, are formed about the shells of mollusks and it is of
interest to note that the mollusk shells and also the bones of
vertebrate fossils found in the zone are usually impregnated
with manganese. Though a search was made, no manganese
was feund in the shales separating these layers, nor do any
veins or vein-like structures carrying manganese oceur.

The method of occurrence of the metal in the nodules is
largely a matter of conjecture. Under the high powered mi-
croscope, the grains are too small to be easily identified.
Nothing resembling the pink manganese carbonate, rhodo-
chrosite, could be identified. It is probable that the mangan-
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ese occurs as a compound of manganese carbonate and iron
carbonate, sometimes known as mangano-siderite and man-
gano-calcite. In the weathered portions of the mnodules,
bluish-black metallic grains of pyrolusite, the mangancse
dioxide, were identified. These are apparently a secondary
product caused by the weathering of the nodules. A qualita-
tive analysis of one of the nodules showed the following ele-
" ments to be present:

Manganese Magnesium (small amount)
Iron Carbonate

Aluminum Phosphate

Calcium Silicate

. The presence of aluminum and silica is accounted for
largely’ by the clay trapped in the concretions. Iron and the
carbonate radical make up the bulk of the concretions. Sam-
ples run for iron and manganese show that where the per-
centage of manganese is high, the percentage of iron is low

and vice versa. Thig suggests the presence of a double salt.

of magnesigm and calcium-carbonate. A chemical analysis
of thirteen samples which did not give the minor constituents

showed an average phosphate content of 0.407%, silica

12.39%, alumina_ 2.65%.1

An average of more than two hundred analyses taken be-
tween Fort Thompson and the White River showed 17% man-
ganese. Between Fort Thompsgon and DeGrey, a similar num-
ber of analyses gave a little higher average, 18.9%. The
lowesl manganese percentage in any layer was 9% and the
highest 31.3%. These are extremes, however, most of the
analyses showing a percentage near the average.

The following analyses show the manganese content of
the individual layers in four columnar sections:

ON WHITE RIVER
Section 36, T. 104 N., R. 74 W., Lyman Countyl

Layer % Mn % Fe Layer % Mn % Fe
A 25.73 5.02 J 27.562 8.27
B . 16.82 17.83 Koo 22.51 - 9.04
C e 27.99 4.00 L . 18.57 3.64

D ___ - 27.47 5.66 - Mo 21.40 18.02

1Hewitt, D. F., Manganese-iron carbonate near Chamberlain, South
Dakota: U. S. Geol. Survey, Memo for the press, Feb. 5, 1930.
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E o 26.42 3.20 N oo 21.59 3.37
B 16.09 18.76 O e 25.02 3.44
G o 24.65 3.03 P oo 24.2 2.83
H o ___ 27.68 3.32 Q e 19.01 2.98
I . 21.47 4.96 o
Average: 21.30 - 6.9

N. E. OF OACOMA
Section 6, T. 104 N., R. 71 W., Lyman County!

Layer % Mn % Fe Layver % Mn % Fe
. 20.58 6.69 I . 20.27 478
B ___ 18.44 13.50 1S I 18.69 12.88
C oo 13.23 19.28 K o ___ 21.05 : 7.30
D . _____ 10.54 11.77 L 20.86 3.06
E o 23,18 2.99 ) M 21.92 3.26
F 19.63 3.07 N~ 21.81 2.55
G . 20.15 5.33 . O . _____ 22.72 2.88
H_ ____.__ 22.79 3.3b P oo __ 22.43 4.72

’ Average 20.40 6.72

DE GREY SECTION
SWi4 of Sec 6, T. 109 N., R. 76 W., Hughes County?2

Layer % Mn Layer % Mn
A L 15.82 I 21.39
B e 1¢.99 K o= 19.45
C o 23.03 ) T - 20.04
D e 24.66 M oo 19.50 l
E oo 20.21 N cmeeee 21.32 o
F . 25.84 O oo 21.09
G . 23.78 P o 20.98
H . ___. 19.76 Q o 12.74
I . 2846 = .7

Adding the thicknesses of the concretions only, the thick-
ness of manganese nodules in an average section is found to
vary between 28.6 and 55 inches, with an average of 39
inches (314 feet). Thus the manganese concretions make up
approximately 7% of the volume of the Oacoma zone.

Results obtained in test mining at the Pilot mine of the
Y. S. Bureau of Mines at Chamberlain showed a ratio of
nodules to shale of one to twenty-five, or four per cent. This
figure is probably low, due to a loss of much small material

r

1Rothrock, E. P., and Gries, J. P., Manganese deposits of the lower
Missouri Valiey in South Dakota: South Dakota Geol. Sirvey Rept. Inv.
38, pp. 73-74, 1941.

2Rothrock, E. P., Missouri Valley manganese deposits between
Lower Brule and De Grey South Dakota Geol. Survey Rept Inv. 46,|
pp. 34-36, 1943. 1



Excavating Manganese Ore

U. 8. Bureau of Mines pilot mine at Qacoma

PLATE 7.
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through the screens. Concentrations vary widely from four
per cent in some sections to ten per cent in others.

Figures for the amount of ore available, vary consider-
ably because of the necessity of estimating. There is avail-
able on the outcrops, however, about 22,395 acres which
can be easily excavated. The best figures indicate that there
are about 5,500 tons of nodules per acre. Using these fig-
ures, there are about 185,000,000 tons of ore on the outcrop
This would yield some 35,000,000 tons of metallic manganese
Estimates of the amount under ground run to four or five
billion tons of ore.

Mining and Beneficiation

As with most low grade ores, the problem of operating
this deposit is one of mining and metallurgy. Large volumes
must be handled cheaply to make mining profitable. A num-
ber of experiments were carried out in an effort to determine
a cheap and easy way to remove the nodules from the clay
which sticks to them very tightly. Crushing, washing, and
explosion by steam under pressure did not yield satisfactory
results. Hand picking reduced the cost considerably but
wasted a great deal of material.

The most satisfactory process yet devised appears to be
one using a jig which concentrates cheaply and with a mini-
mum of waste.

Being a carbonate ore, it is possible to reduce it fairly
easily by processes involving leaching and electroplating.

The obstacles in the way of mining this manganese are
not insurmountable and this deposit should some day be con-
tributing its share to the American Steel Industry.



Pilot Plant of the U. 8. Bureau of Mines at Oacoma, S. D.

PLATE 8.

experimentation on manganese ores.
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DIVISION II FUELS

Fuels are the most important mineral resource in the de-
velopment of any regicn. Under the existing industrial order
they are an absolute necessity for power, for manufacturing,
and transportation. In a climate like South Dakota’s they
are a necessity for domestic and public heating. It is doubt
ful, therefore, whether we could have a population in this
state if it were not for mineral fuels. Being bulky commodi-
ties, transported fuels are expensive. It will pay South Da-
kotans well, therefore, to develop the local supply to the ut-
most.

South Dakota has coal, gas, and oil shale within its hor-
ders, and it is still gcod prospecting ground for pool cil. Very
little use i¢ made of these fuels at present. The coal lies dor-
marnt, gas is being wasled into the air, the oil shale has never
been touched, and only haphazard testing for pool oil has been
carried on.

COAL

I. COALS IN THE DAKOTA SERIES
A. East of the Missouri River

Though the commercial coal fields of South Dakota lie
in the northwestern quarter of the State, attention has beern
repeatedly called to the fact that coal is present in the south-
eastern quarter. Coal flakes are frequently found in the gla-
cial drifi south of Highway 16 between Sioux Fails and Mitch-
ell. Two to four inch seams are exposed in the Dakota for-
mation of the Big Sioux Valley and in the Niobrara forma-
tion near Springfield. Water well drillers have encountered
coal at depths varying from 60 to 100 feet in the vicinity of
Stickney in Aurora County, Geddes in Charles Mix County,
and near Fulton in Hangson County. These coals have at times
caused considerable excitement locally, as they lie in a region
far from fuel supplies. According to legend, interest waxed
so strong in homestead days that a shooting affair occurred
over a thin seam in the Big Sioux Valley.

These coals all lie in the sand series in the base of the
Cretaceous system in or near the top of the Dakota sand-
stone and the sandy base of the Graneros formation. Though
some of the coals are shiny and have been mistaken for high
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rank bituminous and even anthracite, they have all proved
to be lignite. :

Outcropping seams in the Big Sioux Valley have never
exceeded four to six incheg in thickness, most of them aver-
aging but one or two inches. Reports of 8 to 10 feet of
coal both south and east of Mitchell have been investigated
but never verified. Subsequent testing. has shown these to
be less than a foot in thickness, black shale above or below
the seam being mistaken for coal. )

In spite of this adverse evidence, however, it is well to
remember that these occur in a typical coal making situation,
the sands and shales representing the shoreline of an advanc-
ing sea. Lagoons and swamps abound in such situations, and
there is no reason to believe that coal materials might not
have accumulated to a sufficient depth locally to be of com-
mercial importance.

TUnder these conditions, therefore, it would be unwise to
condemn any coal find in scutheastern South Dakota without
a careful investigation. Coal seams of this type pinch and
swell notably, and it is entirely possible that some of these
seams could yield a supply for local consumption, even though
it might be too small for ccmmercial exploitation.

B. West of the Missouri River :

Similar small seams are exposed in the Dakota-Lakota
sand series in-the southern Black Hills not far from Edge-
mont, and some mining has been attempted there. An un
successful attempt was made to mine one such seam north of
Rapid City. Coal in a similar position has been also reported
from near Whitewood.!

Coal mines were opened in the coals near Edgemont in
the early 1900’s, but have long since been unused. “On the
south bank of the river (Cheyenne) three miles below the
town (Edgemont) a drift has been run in on a thin bed of

coal in the basal portion of the Dakota sandstone fifty feet

below the top ledges of this formation, in which a thickness
of three feet of coal of fairly good quality is exposed. Be-
ginning at the second bend of the river, five miles southeast
of Edgemont, where the stream is flowing nearly due south,
there are a number of coal openings in the bluffs on the east

1Todd, J. E.. Mineral resources of South Dakota: South Dakota
Geol, Survey, Bull. 3, p. 111, 1902.
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bhank. * * * In the bend where the river turns east northeast
again, there is a mine which has been worked to a small ex-
tent, exhibiting four feet of coal lying in a basin which is seen
thinning out to the east. * * * It lies * * * gbout 40 feet
above the base of the Lakota formation.”?

II. COALS IN UPPER CRETACEOUS FORMATIONS

Coals offering commercial possibilities lie in the north-
western quarter of the State in Harding, Perkins, northern
Meade, Dewey, and Corson Counties. More than one hillion
tons of coal in beds more than twe feet ten inches thick are
available in Harding and Perkins Counties according to an
cld estimate made by the federal government.? This estimate
does not include the entire coal reserve in South Dakota since
it leaves out an enormous guantity of coal in less than two
footl beds, and it does not cover the entire coal area. If all
the. coal that could be mined were included, the figure would
be much higher, perhaps double or treble the old estimate.

A. Fox Hills Coal

The oldest coal-bearing formation in this part of the
Ztate is the Fox Hills formation, a sandy series of beds lying
immediately on the thick Fierre shale. It represents the first
shore deposits of the retreating Cretaceous sea. Though the
Fox Hills is fairly extensive in this part of the State, it car-
ries ccal only in a small area in northern Meade County im-
mediately south of the Moreau River in the vicinity of Stone-
ville and Center Point post offices. It underlies an area of 30
to 40 square miles.

A generalized section of the Fox Hills in the Stoneville
area follows:

Upper sandstone member Thickness in feet
Sandstone, with thin beds of shale. '
Clays occur in the upper part______________ 139-149
Stoneville member :
Shale, clay, sandstone, coal_______________ 10-46+

Lower sandstone member

55i‘)]))arton, N. H., U, S. Geol. Survey 21st Ann. Report., Part IV.
p- .

2Winchester, D. E. and others, The lignite field of northwestern
South Dakota: U. S. Geol. Survey Bull. 627, p. 46, 1916.
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Sandstone with thin beds of shale___.__._______ 135
Shale and sandstone member
Shale and sandstone in salternating layers__._._ 150+
Total - ___._ 434-480 feet

The Stoneville coal-bearing member thus lies in the upper
third of the formation. It is characterized by a thin succes-
sion of beds composed of clay, sandstone and coal and is

wholly or in part of continental origin. It carries one or more .

thin beds of coal and several other zones of highly carbon-
aceous shale known to the miners in the region as ‘“black-
jack.” This blackjack or bone coal contains beds of coalified
plant matter inter-bedded and mixed with considerable clay.
There is considerable variation in the thickness of the com-
ponents of this member. In some sections where coal and
carbonaceous beds are thickest, no sandstone is reported,
whereas, elsewhere, most of the zone is sandstone and the
shales and carbonaceous beds are thin. The occurrence of

these beds is well illustrated in a secfcion measured two miles

east of Stoneville.

Shaft log of York mine, in the NE1j, NE14, Sec. 9, T. 9N,, R.
12E., Meade County. Reported by Mr. D. E. York.

Stoneville member

Shale _________ 20 feet
Sand with roek .. T feet
Blackjack 4-6 feet
Soapstone, light gray . ________ 4 feet
Blaukj aCK 6 feet
Coal 25/6-45/12 feet
Blackjaek oo 0-5/6 feet
Lower sandstone member

Hard sand, in sump _ . _______ 314-4 feet

Depth of shaft to bottom of sump____ 49, feet

The coal is bright black, hard and relatively brittle. Its
streak (color of the powder) is brown. It is much darker,
however, than most of the South Dakota coal. Analysis shows
it to be a lignite of high rank, as indicated by its vertical
jointing which breaks it into blocks, similar to the frac-
ture of bituminous coal. Like the Hell Creek coal at Isabel,
the Stoneville contains resin bodies in unusual amounts. They
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are pale lemon yellow and irregularly shaped. Some speci-
mens of coal show several of these pelletg of resin to the cubic
inch ranging in size from mere specks to one quarter inch in

“diameter. Some have been reported over a half inch across.

At some places, small pebble-like masses of light gray
shale one-half inch or more in diameter, occur in the coal, and
some small sandy pebbles have also been reported. These
coals are also cut in some places by sandstone dikes, strongly
impregnated with iron pyrite.

The coal seams vary in thickness from a few inches up
to four and a half feet thick. Over most of the area, how-
ever, the thickness averages two feet or less.

In spite of the lenticular character of the coal, it has been
estimated that at least 50,000,000 tons of coal underlie the
Stoneville area including thick and thin seams.! Of this total,
however, only abecut 1,220,000 tons appeared to be thick
enough and sufficiently accessible for mining.

B. Hell Creek Coal

Overlying the Fox Hills formation is the Heil Creek
member of the Lance which carries a large part of the coal in
South Dakota. These beds outerop in a rough semicircle
through Corson, Dewey, Perkins, and Harding Counties.

-Throughout the formation, thin seams of coal are common.

In three places they have become sufficiently thick to mine
commercially. The easternmost is the Isabel-Firesteel area
in northwestern Dewey County. The second region is near
Gopher, northwest of Isabel in Corson County. The third is
in and about the Slim Buttes of Hardmg and Pprkm% Coun-
ties.

The name “somber beds” used by earlier writers in de-
scribing the Hell Creek beds was well chosen; for it describes
well the impression they make on the observer. Dark gray
buttes rising above dark gray badlands give an impression
of color monotony which would be depressing if it were not.
for the variety of topographic forms which this formation
makes.

Gumbo is present in many of the beds of this member.
Buttes and badlands display bare slopes of sand and clay

1Searight, W. V., The Stoneville coal area: South Dakota Geol Sur-
vey Rept. Inv. 22, p. 17, 1934,
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COAL OUTCROPS
ABOUT THE CAVE HR”E‘E_S' HARDING COUNTY

SO
NORTH|
\

AAICAVE

e NP

LUDLOW MEMBER
LANCE FM'{HELL CREEK MEMBER [___ ]

(AFTER D.E. WINCHESTER)

FORT UNION FM. COAL QUTCROP

" Figure 10

- S

PART III. MINERAL RESOURCES 87

which stand nearly vertical. The material is slippery when
wet, but when dry is so tough that it is with difficulty that
2 pick is driven into it. In a few places, the sand becomes
loose enough to blowd uring very dry times, but on most dry
outerops a pick bounces off or loosens only small chips. It
is as though the sand grains were stuck together with stiff
tar. These gray gumbo sands contrast sharply with the loose
veliow sand of the underlying Fox Hills formatior: and the
overlying yellow Ludlow formation and red Fort Union beds.

Bone fragments of Cretaceous reptiles are not uncommon
in these beds. Their presence led paleontologists to designate
them as the “Ceratops Beds” because of the abundance of
bones of the dinosaur Triceratops. .

The formation measures 452 feet thick at the southern
end of the Slim Buttes.!

In the eastern end of the area, the Isabel-Firesteel re-
gion, one coal bed occurs whose relation to the other rocks of
the Hell Creek formation is illustrated by the following sec-
tion taken not far from Isabel:

SECTION OF THE HELL CREEK BEDS2
Showing the Isabel-Firesteel coal bed and overlying beds, exposed in an

abandoned mine in the SE4, SWi4, Sec. 22, T. 17 N, R. 22 E.,
Dewey County
. Feet
6. Soil, buff, sandy _._________________________ 1
5. Sandstone, buff to gray in lower part, brown
in upper part, brown in places in lower part;
massive, cross laminated. Cross bedding dips
eastward. Contains large flattish gray calca-
reous concretions. Rests on coal at east side
of mine and also at southwest side __________ 8
4. Shale, brownish gray, hard. Contains sticks
and stems and glance coal. Pinches out at

southwest and east ends of mine —._________ 0-1
3. Coal, Isabel-Firesteel bed, black, vertically
jointed ____________________ _______ 3
2. Shale “blackjack”, black, carbonaceous _.____ Y
1. Clay, dark gray, exposed __._______________ 3
Total 1 _121%_-13%

A typical section in the western end of the area was taken at the
northern -end of Slim Buttes.

1Winchester, D. K., The lignite field of northwestern South Dakota:
U. S. Geol. Survey Bull. 627, p. 19, 1916.

ZSearight, W. V., The Isabel-Firesteel coal area: South Dakota
Geol. Survey Rept. Inv. 10, p. 11, 1931,
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SECTION OF THE HELL CREEK BEDS NORTHWEST OF
SLIM BUTTES!

Qections & and 9, T. 19N, R. 7K., Havrding County

Feet
Goal et aiedin e B e Bebny S ol 2
Sand and clay, sand yellew; this interval not detailed-_ 62
Sand, vellew-gray with shelly ledges ——______________ 5
Lignitic shale, mavks the base of the Ludlow ________ .3
Banded beds, alternating yellow sands and gray gum-
be elay. Beds average one inch thiek ___________ 15
Upper Ceal zone:
B 1y - Py S 2 feet
08, iz mme s eyl e 1 foct
6 ol O Ot s 8, 3.1 (7 gl 2 feet
Lignitiec shale and blackjack_____ 1 foot
6o7:; |SETROREE - VS S (OSSO N = 11 fect 7.5
Sandy-elay o oom e e s unsaairmusscmenbe s o 5
Coal and Blackjack, designated Middle Coal _________ 3
Gumbo Clay, dark gray; some sandy —_______________ 9
B4 U710 0 S LT s Lo TGN ey ) CRPNCRG OO e B WS S b
Blackjack and coal —_-.__________ 1 foot
Clay, top is black fireclay ______1%% feet
Coal and blackjack,
Clower ©@oal) wooomre oo 11,-2 feet 4
GaHbY;,: dabls oAy cuseempesss s Lo s s 20
Gumbe sand, yellow; designated Bull Creek sard in
rgry25,08 075 01 A R EMMNT T D e S M W T e S 10
(o1 R S e SRR e S S s I N SR 1
Gumibo; dark Pray rcowesmermr o ne Lo nn - o as 7
ol e e s e e S S S 1
e ke T orae SRR s R e e 10

Gumbec sand, yellow; designated as sand X in mapping 15

The coal of the Hell Creek member is black, has well
developed cleavage and is jointed vertically, Tts streak is
brown, indicating that it is a lignite but it lacks the woody
texture and structure common to most lignite, The black
eclor and lack of woody texture ave characteristic of bitumin-
ous coal. The brown streak, certain chemical propertieg, the
presence of moisture, and the nigh percentage of volatile
matter shown in the acecmpanying analyses indicate lignite.
These properties, both chemical and physical, indicate that
the coal is of higher rank than brown lignite, however, and
resembles what has been called sub-bituminous coal.

1Rothrock, E. P., Structural conditions in Harding County. South
Dakota Geol. Survey Rept. Inv. 28, p. 12, 1937,
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PLATE 9. Outerop cf a ten-foot coal seam near the north end of the Slim Buttes in Harding County.



The Firesteel Coal Seam in the Runkle Mine, Firesteel, S. Dak.

PLATE 10.
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A perusal of the accompanying analyses shows that the
moisture content is relaiively high for sub-bituminous coal
but is low compared with brown lignite. The average mois-
ture of the samples as received at the mine is 36.8%, In
some cases it runs as high as 42%. Volatile matter, a charac-
teristic of lignite coal which makes it burn easily, averages
26.6%. This is a little higher than ir typical sub-bituminous
coal. Fixed carbon on the other hand is 29.4% whnrich is a
little less. The coal, therefore, should be properly classed as
a high rank lignite or low rank sub-bituminous coal.
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LOCALITIES: As stated above, Hell Creek coal beds: occur
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Section of coal and associated beds in Hammerly mine in
the NE1j sec. 18, T. 17 N., R. 23 E.

Feet

6. Clay, shale, brown, bedding obseure _____________ 3=4
5. Siltstone and fine sandstone, light gray, weathers

buff and yellow ______ o __ 7-8
4. Clay shale, hard, medium gray, bedding cbscure or

absent _____________ 7-8

3. Shale, carbonaceous, “blackjack” ____.__._________ %-5/6
2. Coal, clean, black, bright ________________________
1. Clay, hard. gray _ . ___________ exposed

Total _ oo 22%-255/6

A coal bed, possibly the same as that of the Hammerly
mine, is present north, northeast, and southwest of Firesteel
in Secs. 15, 16, and 21, T. 17 N,, R. 23 E., where the thickness
has been reported as ranging between 5 and 7 feet.

Coal beds of the Hell Creek member occur also southwest
of Isabel and south of Firesteel. The tables of succession
which follow indicate the thickness of the coal beds and the
character and thickness of the associated strata southwest
of Isabel.

Section of Hell Creek coal exposed in Hammond strip
mine in NE14, sec. 8, T. 16 N., R. 22 E.

- Feet

5. Sandstone, friable, and slope mantle - _________ 4-12
4. Shale, brown to drab, brittle ___________________ 9-12
3. Shale, klack, carbonaceous - _..____.______________ 2
2. Coal, black _.____________ . 3%,
1. Shale, black, beny coal or “blacklack” ___________ 5/6-1
Total __ oo 191/3

Section exposed in Reichert mine in the NW1j sec. 7,
T. 16 N,, R. 22 E.
5. Sandstone, friable, gray to buft, Ccross- -bedded, fine,

claylike at top oo __ 10-12

4. Coal, black .. 1/6-%

8. Shale, carbonaceous, ‘blackjack” or bone ________ Sh-1
2. Shale, black and carbonaceous at top, dark gray

at base, tough —________________________________ 2
1. Coal, blaek . ___ 4

Total - oo 16 11,/12-19%

Coal of similar character and relations occurs along Irish
Creek where the average thickness is reported as five feet.
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The succession in which the coal occurs is shown in the table
which follows:

Section of coal and associated beds exposed in the Tidbail
(Rosander) mine in the NE14 sec. 23, T. 16 N, R. 20 E.

Ieet
7. Covered, probably shale and friable sandstone ____ 30
6. Shale and friable sandstone . __________________ 6
5. Shale, brown. earbonaceous, and fine; hard white
sandstone in lenses, sandstone cuts through shale
and rests on coal along 200-300 feet of the outerop__ 2-6
4. Shale, black, carbonaceous, “blackiack,” cut out by
overlying white sandstone in places _____________ 0-1
3. Coal, black, bright _____________________________ 5
2. Shale, black carbonaceous, bene of “blackjack”_ ___ 5/6
1. Clay, hard gray, structureless - ___________ : 1
Total o ___ 445/6-495/6

Gopher locality. In the Gopher locality clean, black ver-
tically jointed coal occurs in a bed of sufficient thickness for
mining. The succession in thig locality is well exposed in
mines in the southern part of Sec. 7, T. 18 N,, R. 20 E., as
shown in the table which follows:

Section of Hell Creek coal and associated strata exposed
in the Kennedy and Anderson mines in the SElj of SKY,
and SW14 of SE14, sec. 7, T. 18 N., R. 20 E.

Feet
4. Sandstone, light gray, fine, much clay, bedding ob-
scurely crossbedded and thin bedded, 1cgs of glance
ccal in lower 1 foot. Erodes to badlands —_______ 34
8. Coal, black, bright, brittle, vertically jointed _____ 5%
2. Shale, black, carbonaceous —_____________________ %
1. Clay, drab at top, dark brown below, sandy, starchy
fracture . __ 7
Total o 4714

Laightcap locality. A very similar succession inciuding a
coal bed has been observed southwest of Lightcap in Sces. 25-
36, T. 19 N., R. 21 E., where there are sevaral small local
strip mines. The similarity of this succession with that
of the Gopher locality suggests that the coal of the two lo-
calities may be continuous. The succession near Lightcap is
given in the table which follows: '

Feet
4. Clays, and sandy clays, light, medium and dark
gray, in beds from few inches to 15 feet of one
shade, beds continuous for % mile or more. Li-
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Figure 11
Columnar Section showing position and numbers of Ceals in the
Hell Creck Beds of Harding County, S. Dak.
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monite concretions (bog iron in masses up to 10 in.
thick and & ft. in diameter) especially abundant in

UPPCY PATt oo e 200+
3. Sandstone, fine, light gray - e~ 15
2. Coal, black, laminated, bright, considerable glance
coal, jointed vertically - ______________ A4
1. Clay, underclay, brown, starchy fracture . _______ 5+
Total 224+

C. Ludlow® Coals

On the Hell Creek beds lie two members of the Lance for-
rmation. ‘In Perkins County, in the eastern part of the coal
field, is a marine member known as the Cannonball member
from Cannonball Creek in North Dakota. . This member is
not coal-bearing. In Harding County at the same. horizon,
terrestrial and shore line deposits occur which are made of
yellow sands and sandy shales with an abundance of lignite
seams. This member was named the “Ludlow lignitic mem-
ber” from Ludlow post office in Harding County.! 'The coals

of this member are the most persistent and the thickest in
the South Dakota ceal field. The greatest thickness measured
iz fourteen feet. The Ludlow beds outerop in an are about
twenty miles wide which enters the state from North Dakota
in Ranges 3E. and 4E. in Harding County and extends south-
east 75 miles to the eastern line of Perkins County in T. 20N.,
R. 17E. :

Physical and Chemical Character

Ludlow coals are typical lignite for the most part. When
fresh the coal is maostly brown in color although lenses and
beds of brownish black and black are common. Indeed, in
some localities, the greater part of the coal is black with only
minor amount of interbedded brown coal. Both brown and
black varieties produce a brown streak. 'The brown part of
the coal is tough, woody and fibrous, whereas the black va-
riety is more or less brittle ahd contains much glance coal.
In beds mostly made up of black coal cleavage is parallel to
the bedding and vertical jointing is common. Fusain, or min-
eral charcoal, is very common in these beds in some localities.

The chemical composition of the coal beds ‘of this mem-

1Winchester, D. E., The }ignipdﬁeld of northwestern South Dakota:
1. 8. Geol. Survey Bull. 627, 1916.
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ber is typical of lignite. The moisture content is high, the
average of available analyses (Table 2) being 37.92 per cent:
Drying of the fuel in air reduces this percentage to an aver-
age of 8.62. Fixed carbon in the coal, as received, averages
26.25 per cent, and volatile matter averages 28.43. In the
moisture free coal, fixed carbon is 37.91 per cent and volatile
matter is 37.26 per cent. The average percentage of ash in
Ludlow coals is 10.55 per cent, as reecived, or 16.17 per cent in
moisture free samples. This figure is somewhat Higher than
the average for the lower Hell Creek beds, and is a little
higher than that of the average Hell Creek coal. The analyses
indicate, however, that the ash content of certain Ludlow
beds in certain localities closely approximates that of the
average Hell Creek coal. Some Ludlow beds contain a very
high percentage of ash. Sulphur is somewhat more abundant
in most Ludlow coals than in the Hell Creek beds although
sulphur content of South Dakota coals is low as compared
with that of eastern coal. Heating value of Ludlow coals, as
indicated by analyses, is somewhat lower than those of the
Hell Creek, the average moisture free heating value of the
former being 9197 B. T. U. as compared with 10696 B. T. U.
in the latter.

Floor, reof, and overburden, The Ludlow coal beds are
underlain by beds of hard gray structureless clay. In some
cases the material is tough. The roof in many places is shale,
shale and sandstone, or sandstone. Over the coal beds of tha
lower part of the Ludlow these beds are relatively soft and
probably would form only fair roof for underground mining.
West of the Slim Buttes, shale and sandstone beds have
proven satisfactory roof materials.

Overburden varies from a few feet to a few hundred feet
in thickness. The beds which must be removed in stripping
operations consist of shales and sandstones which ordinarily
are removed without difficulty. In many places, however,
large sandstone concretions must be removed with the over-
burden. These are particularly troublesome in small scale
. operations. No beds cccur over the available Ludlow coals
which cannot be readily removed by heavy power machinery.

Localities: In the pages which follow, representative lo-
calities are described in which Ludlow coal beds occur. For

J
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descriptions of other beds and localities and for the extent
of these and other beds, the reader is referred te the report
and maps of the Winchester survev.! Typical expesures oc-
cur in the vicinity of Coal Springs, southwest of Bison, and
near Strool in Perkins County and near Reva, west of the Slim
Buttes, south of Ralph, southeast of Ludlow, and near the
Cave Hills in Harding County.

Coal Springs locality. Coal beds lying at and near the
base of the Ludlow member have been mined for many years
in the vieinity of Coal Springs, where coal has been mined
both north and south of Coal Springs, P. O. Wherever ex-
posed in this vicinity, however, coal at this position is split
by shale partings into benches too thin to be of more than
local value. The table of succession in the Sundermeyer mine
is given here for the convenience of the reader.

Section exposed in the Sundermeyer sirip mine in the
NE14 sec. 20, T. 17 N, R. 17 E.

Feet

8. Sandstone, log coneretions in upper 20 feet .______ 36

7. Shale and sandstone in alternating thin beds —.___ 9

6. Coal, black, much glance - ___________________ 2%

5. Clay, shale, medium gray . ____________________ 1
4. Coal black, top 6 inches bony, pyrite masses to six

inches in diameter _____ __ _ _ __ __ ________________ 21/8

3. Clay shale, medium to dark gray ____________.___ i4-2/3
2. Coal, black, vertically jointed. fairly hard, much

glance _____________ __ - 1

1. Clay, drab brown ______________________________ 1

Total e 53

Bison locality. Coal which occurs at the base of the Lud-
low has been mined for many years southwest of Bison. In
this lccality a bed, possibly the lower bench of the Coal
Springs locality, thickens to 5 feet. This coal is black through-
out, hard, bright, and vertically jointed. The lower bed con-
tains no clay or shale, but pyrite occurs in masses of a size
up to one inch thick by 4 inches in diameter which appear,
however, to average a size sufficiently large to be readily dis-

1Winchester, D. E., The Lignite field of Northweztern Seuth Da-
kota, U, S. Geol. Survey Bull. 627, 1916.
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carded in mining. The tables which follow show the coal and
associated beds, the first at the Carlson mine in the NE1j
sec. 20, T. 17 N., R. 13 E,, and the second in the Hafner mine
in the SE14 sec. 17, T. 17 N, R.'13. E.

Section of basal Ludlow exposed in the Carlson mine in
the NW1,, sec. 20, T. 17 N, R, 13 E.

. Feet
8. Grass covered slope - ____________________ 10
7. Shale, medium gray, contains plant remains, leaves
and stems ________________________ L _____ 11
6. Coal, impure, clay streaked ... __________ : 1
5. Shale, medium gray, fairly hard, contains plant
TemMAains .. 3
4. Coal, impure, thinly laminated, with thin  clay
streaks __________________ 1%
3. Shale, lignitic, brown __________________________ Y
2. Coal, black, joints into cubical blocks ____________ 5
1. Clay, hard, gray, somewhat siliceous, contains fos-
sil rootlets ___________~ _ __________________ 5
Total . 363,

Section of the Ludlow exposed in the Hafner mine in fhe
SE14 sec. 17, T. 17T N., R. 13 E.

Feet
8. Soil, sandy . __________ e 1
7. Sandstone and sandy shale, contains large log con-
eretions o e 5
6. Coal, impure, thinly laminated, thin clay streaks._. 1/3-1
5. Shale, light medium to medium dark gray, abund-
ant plant leaves where thinnest . ___________ 2%-18
4. Coal, impure, thin clay streaks __________________ %1%
3. Shale, medium gray, prominently jointed from top
to base. considerakly fractured intc angular pieces 9-15
2, Coal, black, bright, horizontally bedded, hard, ver-
tically jointed _________________ _ ______________ 4%-5
1. Clay, tough, medium gray, jointed: contains root-
Yets 2
Total o _ 181/12-68%%

Strool locality. Coal at the base of the Ludlow member
of the Lance has been mined east and somewhat south of
Strool. Northwest of Strool a coal higher in the member is
mined.

The coal to the east of Strool is only a few miles from
that southwest of Bison and apparently lies in the same
stratigraphic position. As in the Bison locality the coal is

2
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black and bright, but where observed is thinner. In some
places it contains considerable pyrite in flattish masses ar-
ranged along the bedding planes.

The succession in which the coal occurs in the Van

Lee mine is shown in the following table:

Section of basal Ludlow exposed in the Van Lee mine in
the SW1, see. 31, T. 18 N,, R. 12 E.

Feet
8. Soil S 1
7. Sandstone, buff, fine, thin bedded .. ___________ 21
6. Coal, impure __________________________________ 1/12-5/6
5. Sandstone. gray, fine, contains large gray concre-
tions, one being from 8 to 11 inches thick, 80 feet
long; reported more than 40 feet wide ———oo—_.__ 34
4. Clay ir:snstone, concretionary ___________________ 2
3. Shale, and shaly sandstone, for the most part
cross-bedded _____________________________._____ © 8T
2. Conal, black, bright, flattish masses of pyrite along
bedding planes . . 3-4
1. Clay, hard, medium gray —-._ . _________ expesed ’
Total _ 117/12-211/3

Coal mined northwest of Strool is very different from
that in the section described above. This bed contains much
dark brown and brownish black coal, is tough and woody, and
also contains much fusain, or mineral charcoal, where it has
been observed. The succession in which it occurs is different
from that east of Strool and southwest of Bison. The table
of succession which follows shows the coal and the strata
with which it is associated.

Section of Tudlow stratd exposed in the Gray mine in
the SW1j, sec. 26, T. 19 N,, R. 10 E.

. : Feet
6. Sandstone, buff, fine, friable, homogeneous, massive 11
5. Sandstone and shale, inter-bedded; sandstone, buff,
shale light to medium gray; in alternating beds
from 1 to 9 inches thick. Oblate concretions of
hard, bluish gray, limy sandstcne to 4 by 8 feet-or
more at top. Concretions present in upper half__ 20
4. Sandstone, buff, friable. massive, but thin-bedded... 10
3. Sandstone and shale, inter-bedded in thin layers; ’
sandstone buff, shale medium gray . ________ 3
2. Coal, black to brownish black, vertically jointed, 1%
inch of clay, 1 foot from top - _____. 2
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1. Coal, tough, brownish black, somewhat bony, much
fusain . 15/6-35/6
Tetal oo 365,/6

Reva locality. Coal is mined for local use between Reva
and Slim Buttes. A bed mined at the Hodge mine contains
some brown coal, but most of it is black in color. The bed
here is without clay partings and appears to be of good qual-
ity. 'The coal ranges between 12 and 14 feet thick in the
Hodge mine. The table which follows shows the coal and
overlying beds at this place.

Section of the Ludlow in the Hodge strlp mine in the
NE1 sec. 17, T. 18 N, R. 8 E.

Feet
3. Rubble, derived from White River beds __________ 1%
2. Shale, medium gray, silty texture, well preserved
leaves of deciduous trees in lower 3 feet _________ 7
1. Coal, mostly black, some brown ___.____________ 12-14
Total o _ 16%-181%

Locality West of Slim Buttes. Two beds of coal which
occur in the Ludlow member along the west flank of the Slim
Buttes mesa are particularly well exposed in Sec. 36, T. 18 N,
R. 7 E. The lower of these beds is thick and has been minad
by drifts for local use. Where observed, this bed consists of
two benches separated by clay shale which varies in thick-
ness from 3 inches to 3 feet within a half mile. The lower
bench is jointed vertically into blocks of roughly cubical
shape. The upper bench is tough and somewood woody. The
thickest exposure of this coal was noted in the Olsrud mine
in the NW14SE1} sec. 36, T. 18 N.,-R. 7 E. This exposure
and one less than a half mile south are shown with their as-
sociated beds in the tables of succession which follow.

Section of the Ludlow coal and associated beds ex-

posed along west flank of Slim Buttes in the Olsrud mine
in the NW14SE14 sec. 36, T. 18 N, R. 7 E.

Feet
6. Shale, sandy, buff, poorly exposed, exposed along
road o __. 50
5. Shale, gray, and buff, thin bedded —______________ 8
4. Coal, black and brown, tough _______________ 7-8
3. Clay shale, gray . _____.____ _____________-__ %
2. Coal, black, some brown _____.____________.__ 6-7
— 1415
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1. Clay, blue gray; hard - ___ 1
Total e 731,

Section of Ludlow coal and overlying beds exposed at
the opening of the Geisniss mine in the SW14SE1/ sec.
36, T.18 N, R. T E.

Feet

4. Shale, gray and buff, thin-bedded - _______________ 4

3. Coal, black, some brown. woody and tough ___.___ 4-5

2. Clay, shale, light gray, structureless - _.________.__ 3

1. Coal, black, some brown _____ .. ____ T
Total . 18%4-191%

Ralph locality. A thick bed of coal has been mined for
many years southwest of Ralph in northeastern Harding
County. This coal like that in the bed last described is split
into two benches by a clay parting. Here, however, no dif-
perences in character between the upper and lower benches
are apparent, Both benches were black in color but some-
what weathered where observed. The bed is well exposed
at the opening of the Pintar mine in Sec. 35, T. 21 N., R. 8 E.
where the following section was made.

Section of Ludlow coal and overlying beds exposed in
and above the opening of the Pintar mine in Sec. 35,
T.21 N, R. 8 E.

Feet

5. Shale and sandstone, shale sandy and sandstone
argillaceous, inter-bedded _______________________ 8
4. Shale, pinkish gray, irregularly jointed -.________ 3
3. Coal, black, vertically jointed ___________________ %
2. Clay, light gray . ____ %-5/6
1. Coal, black, hard - _______ . ______ 5

Total _ o ___ 233,-241/12

Ludlow locality. Lignite has been mined in this locality
for many years. Two thick beds were mapped in this locality
by Winchester survey.! The Giorinanati bed cccurs in the
upper part of the Ludlow and the Widow Clark 50 to 70 feet
below it. The coal of the Gionnanati bed as observed is black
for the most part. It contains much brown and woody ma-
terial, however. The coal is tough and breaks away from the

1Winchester, D. E. and others, U. S. Geol. Survey Bull. 627, geologic
map, of Harding County, and pp. 94-95, 1918.
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bed when mined in flat, irregularly shaped pieces. This bed
‘and the overlying strata are described in the table of sue-
cession which follows:
Section of the Gionnanati coal bed and overlying
strata in the mine in the NE% sec. 29, T.21 N, R. 7 E.

Feet

3. Sandstone, hard, ripplemarked .. ___________ 4
2. Sandstone, friable, buff and yellow, micaceous;
cross-bedded and massive in lower 18 feet; elon-
gate sandstone concretions to 8 inches thick by 3

feet wide by 12 feet long in basal part —________ 71

1. Coal, black, with considerable brown, tough __..___ 9

" Total e 84

The total thickness of the coal bed is not exposed here.
Two or more feet of coal are reported below that exposed,
separated from a thick lower bench of hard black coal by a
clay bed one foot thick.

A coal bed possibly stratigraphically higher than the
. Gionnanati bed has been mined in recent years near the North

Cave Hills in the SW14, sec. 26, T. 22 N., R.’5 E. The charac- .

ter and thickness of this. bed together w1th associated strata
are shown in the following table: '
Sections of upper Ludlow coal and associated beds
exposed in the Doane strip mine in the SW1/ sec. 26, T.
22 N, R. 5 E.

Feet
4. Bandstone and shale, interbedded; sandstcne shaly,
drab; shale brown; 8 inches of highly lignitic shale
one foot from base . _______ 8
8. Coal, impure, weathered ________________________ 215
2. Coal, brown and black, woody part% brown,
somewhat tough _______________________________ ‘ 5%
_— 8
1. Clay, light gray o e 5
Total o 21

Locality South of Cave Hills. Lignite has been mined
in the southern part of the South Cave Hills for 15 years or
more. The beds from which coal is obtained occur in the up-
per 90 feet of the I.udlow member. The most important bed
is the Hilton bed, formerly mined in the old Hilton mine, in
Sec. 6, T. 20 N, R..5 E,, and this bed is split into five
benches by thin clay partings. The lower three benches ap-
proximate one foot each in thickness, the uppermost is 16 to
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17 inches in thickness, and the fourth bench is 714 feet thick.
This thick bench is composed of coal which is mostly black,
but. it contains some brown woody material. In mining the
coal is taken out in tough sheets.
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D. Fort Union Coal

The Fort Union formation overlies the Ludlow-Cannon-
ball members of the Lance formation, outcropping in a beit
about six miles wide extending southeast from the North Da-
kota line in Range 7E. It occupies about two townships in
the extreme northeastern part of Harding County and about
four in the northwestern part of Perkins County.

At one time, coal beds of this formation covered a fairly
wide area but erosion has reduced the former extent to small
outliers capping only the higher stream divides. Most of the
Fort Unijon coal occurs in northern Perking County in the
vicinity of Lodgepole Post Office although small patches oc-
cur southeast of Ellingson and near the middle of the north-
ern beundary of Perkins County.

Two or more coal beds occur in the Fort Union. The

lower bed which lies above the basal sandstone, however, ap-
pears to be the only bed of sufficient thickness for profitable
mining. :

Physical and chemical character. The coal of the Fort
Union like that of the Hell Creek member of the Lance is
black when fresh. Bright and dull coal commonly occur in
approximately equal amounts as thin laminae. The coal is
commonly fairly brittle, the tough character of Ludlow coals
being absent.

Analyses (Table 3) suggest that in chemical as well as
physical character the Fort Union coal is similar to coals of
the lower Hell Creek. Moisture content, as received, averages
34.26 per cent, volatile matter 29.13 per cent, and fixed car-
bon 29.39. Dry samples average 42.68 per cent, volatile mat-
ter, and 43.35 fixed carbon. Heating values average 7001
B. T. U. as received and 10,269 for moisture free samples.
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TABLE 3

ANALYSES OF FORT UNION COALS!1

HEATING VALUES

ULTIMATE

PROXIMATE

Form

Name

of
Ana-

and
Loca-

B.T.U.

Oxy-
gen  Calories

Nitro-
gen

Sul- Hydro-
phur gen Carbon

Mois- Volatile Fixed
3 ture Matter Carbon Ash

Ana-

Tyst3 lyses’

tion¢

4.76 0.79 — ——— N N N

34.68

7,045
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R I Rt LA
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7,001
10,269

7.14 96 ool el el . 2,880
188 . eeoo el ____ 5728

10.24

29.47
43.35

29.13
42.68

34.26

1./Analyses: 1 and 2 are of sémples of Scuth Dakota coal; 3 and 4 of North Dakota coal added for completeness.

(4) Washburn Lignite Coal Co. mine, Sec. 1, T. 142 N., R. 80 W.
3./Analyst: (M)—Charles Bentley, from Connolly, J. P., and O’Harra, C. C., The Mineral- Wealth of the Black

(3) Nipper and Monroe mine, NW14 sec. 16, T. 129 N., R. 94 W.

(1) Warner mine, SW¥4 sec. 20, T. 21 N., R. 12 E.
(2) Nelson mine, NW1 sec. 29, T. 21 N, R. 12 F.

/

2./Name and location:

Hills, South Dakota School of Mines, Bull. No. 16, p. 396, 1929.

(G)--E E. Somermeier and A. C. Fieldner, U: 8. Geol Survey and U. S. Bureau of Mines.

(A) As received; (B) Air dried; (C) Moisture free; (D) Moisture and ash free.

4./Ferm of Analysis:
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LOCALITIES:

Lodgepole locality. As previously stated, the region
around Lodgepole comprises the greater portion of the Fort
Union coal of the State. The coal underlies two important
areas, one south and one north of Lodgepole. The tables of
successicn which follow indicate the position and thickness of
the coal and associated beds, the first scuth of Lodgepole
P. O. and the second north.

Section of Fort Union coal and associated strata ex-
posed below, in and above the Warner mine in the SW1,
sec. 20, T. 21 N, R. 12 E.

10. Float, quartzite boulders ___.___________________ —
9. Covered _.__ ____ ___ 10
8. Sandstone, white and_ yellow, fiiable, with ovoid

concretions of cross-bedded sandstone to 10 feet in

diameter - ________ . 18
Silt, sandy. brownish yellow . _______. ___________ 10
Bone, brownish black _________ o ____ 2
Ceal, black - - 1
Clay, brown, hard - __ 1
Shale, gray, tough . _________________________ 18
Coal, black, some pyrite __________ S 3
Clay, gray, hard _ . _____ __________________ 1

N IO N

Total . __ 69

Section exposed at opening of Clark mine in the
NE14 sec. 32, T. 22 N, R. 12 E.

Feet

4, Sandstone ___.___ .. ______ o ____ 20

3. Clay shale gray .. _________ . 4
2. Coal, black, few spherical masses of pyrite to 1%

inches ____ L ___ 8

1. Clay, hard, gray - ______ 1

Total . 33

Ellingson locality. Fort Union coal which is apparently
the Lodgepole bed occurs in a narrow flat topped ridge which
forms the divide between North Fork and South Fork of
Grand River. This small area lies six miles south and three
miles .east of Ellingson. Here the coal lies close to the sur-
face and resulting roof conditions are poor. The table which
follows shows the succession at this locality,

T
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Section of Fort Union at opening of the Johnson mine
in the NE14, sec. 9, T. 21 N, R. 11 E. '

. Feet

6. Shale, light gray __________________ ________._ 7
5. Sandstone, hard ___________________________.___ b
4. Shale, light gray, weathered yellow and white ____ 21
3. Shale, brown __________________________________ 1/3
2., Coal, black . __ . 7
1. Clay, underclay, gray, hard —________. __________ 1

Total ____ .. 365"

Wolf Butte locality. Several small areas underlain by
coal occur in the vicinity of Wolf Butte. Locally at least the
coal thickens to an average of 9 feet. Coal of this thickness
with the usual character of the Lodgepole bed is well exposed
at the Butte mine, The succession at this mine is given in
the table which follows:

Section of Fort Union coal and associated beds ex-
posed at the Butts mine in the SE1j sec. 34, T. 22 N,
R. 12 E. -

4. Covered slope

3. Shale, gray, weathers white ____________________ 20

2. Coal, black, average 9 feet thick e 8-10

1. Clay e 1
Total .. 29-31

E. Summary

From the foregoing, it will be evident that there is a large
supply of coal in northwestern South Dakota in beds of suffi-
cient thickness to be workable. The Fox Hills coal is in the
thinnest and the Ludlow coal in the thickest beds. Hell Creek
coal comes in four to six-foot beds.

No attempt has been made to estimate the amount of
available coal except that made by Winchester in 1916.1 In
this estimate it was assumed that the heating value of air
dried samples was 8,830 B. T. U. and that with this B. T. U.
a lignite bed must be two feet and ten inches thick in order
to be considered sufficiently valuable for classification. The
total content of each seam was determined by multiplying its
area in square miles by its average thickness in feet. This
figure was then multiplied by 152,000, the number of short

1Winchester, op. cit., p. 46.



PLATE 11.

Stripping Operations, Runkle Coal Mine, Firesteel, 8. Dak.
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tons of lignite having a specific gravity of 1.3 in a square
mile of land underlain by a bed one foot thick. This computa-
tion gave a total of 1,096,480,000 tons of mineable lignite in
Perking and Harding Counties. Winchester’s estimate did
not include the Hell Creek coal in the vicinity of Isabel in
Dewey and Corson Counties, nor the Fox Hills coal of the
Stoneville area.

The thick coals of the Ludlow member are typical lignite,
being brown in color, giving a brown streak, and having a
woody structure. On the other hand, Hell Creek coals and
Fort Union coals should be classed as high rank lignites or
possibly sub-bituminous coals. Their color is black, the woedy
structure in most of them has disappeared, and the ratio of
volatile matter to fixed carbeon lies nearer to that of typical
sub-bituminous than it does to typical lignite.

All of these coals slack on storage. The slacking indices,
however, do not appear to be directly related to the rank or
quality of the coal. Thus the lignite coals within the Ludlow
member do not show as great a tendency to slack as the coals
at the base of the Ludlow and as the Lodgepocle-Haynes bed
of the Fort Union. Both these latter coals are less lignitic
than most of the Ludlow coal. The coals of the Fort Union
and lower Hell Creek beds, which are similar in other physi-
cal and chemical characteristics, differ considerably from each
other in their slacking character.

Though the B. T. U. is not as high as that of most bitu-
minous coals, these lignites can be used as steam coal. Using
over-draft furnaces and fine grates, similar coal has been used
for firing boilers in a sugar beet factory at Belle Fourche and
in the Homestake mine at Lead. Tests made by the State
Geological Survey indicate that in heating an ordinary house
about twise as much Hell Creek lignite was needed to maintain
the same temperature as that furnished by a good grade of
bituminous coal. In this test, it was discovered that there was
considerable advantage in firing in an over-draft furnace ra-
ther than in the under-draft used in domestic heating with
bituminous coal.

Briquetting hag been tried with some success. It did
away with some of the storage troubles arising from slacking.
The cost of briquetting lignite, however, has never been suffi-
ciently low to make it commercially feasible,
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These coals have never been investigated for their by-
product values. Liquid fuels are being made in foreign coun-
tries by passing super heated steam over lignite coal. It is
probable that Scuth Dakota coals would serve excellently for
this purpose. They may, therefore, offer a source of gaso-
line, should the supply of pool oil run low.
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NATURAL GAS

Small quantities of natural gas have been produced in
South Dakota since the early days of water well drilling.
Though some gas was struck in shallow wells in 1881, it was
not brought to public attention until the carly 1890°s when
the Norbeck Co. developed methods of drilling artesian farm
wells. These small diameter, deep wells ran into gas pockets
in drilling along the Missouri River. No commercial gas field
has been developed from this supply. A relativelw small Dro-
portion of it has been caught and used, but most of it has
been wasted for over forty vears.

Most of this natural gas will burn. Some has been struck,
however, which will not. :

Three geological horions have furnished gas in South
Dakota. The shaliowest comes from glacial drift in the east-
ern part of the State; next in depth is that which comes from
the base of the Niobrara formation, and the deepest of all is
that which- comes from the Dakota sandstone.

I. Gas from Glacial Drift ,

In drilling farm wells east of the Missouri, gas is ofien
struck at depths varying from 50 to 100 feet. Those that
have been investigated showed that this gas came from buried
swamps. In the recent past, geologically, eastern South Da-
kota has been covered by a succession of four ice sheets with
considerable interval of time between invasions. The vounger
ice sheets often over-rode swamps on the surface of debris
left by older ice. Thus it is not uncommon to run across
buried logs and other evidences of vegetation in drilling wells
through these drift sheets. In Day County, such buried
swamps are found at depths as great as 400 feet. This figure,
however, is perhaps the maximum for South Dakota. Marsh
gas (CH,) is generated by the buried vegetation, and can net
escape through the ciays of the drift cover until punctured by

- the well.

One of the earliest reports of gas was given by a Mr.
S. W. Bauman of Ashton, Spink County, South Dakota, who
gave the following account to Mr. James Todd.!

“The gas was first discovered by John Bushell in diggiug
1Todd, J. E., Mineral resources of South Dakota: South Dakota
Geol. Survey Bull. 3, p. 114. 1900. .
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a well near the center of town, at a depth of 66 feet. The
gas took fire from a miner’s candle he was using. He seized
the rope and was drawn up as quickly as possible, but was so
badly burned that he was confined to his bed for six or eight
months. The gas was found in a light colored clay overlaid
by blue clay.

“This was in the fall of 1881. Nothing more was done
until October, 1885, when a three-inch well was put down
through the 66-foot flow to a stronger flow at 89 feet, which
was also in a light colored clay mixed with gravel, overlaid
with blue clay. The closed pressure was forty-six pounds. I
immediately piped this into my hotel and used the gas in my
kitchen and office until the next March, when water broke in
and gave me so much trouble that 1 abandoned it. During
the same time Stevens and Co. heated and lighted their large
general store from the same well. There appeared to be as
much gas when we quit using it as when we commenced.”

Similar wells have been struck near Alexandria in Han-
son County and near Spencer in McCook County. A 125-foot
well at Vermillion gave gas which was largely nitrogen and,
therefore, could not be burned. A similar well drilled on Ree
Heights, south of Miller, in Hand County, blew gas and peb-
bles out of the well with econgiderable force for a day or two
and continued to make gas for about a week.

Enou’gh gas to furnish fuel for cooking was produced
from a hundred-foot well, four miles west of Scatterwood
Lake in Faulk County.

These examples are sufficient to indicate that small pock-
ets of gas are widely spread over eastern South Dakota. In
most cases, they were allowed to blow into the air and waste.
Some of the earlier discoveries were harnessed and used for
fuel. '

None of these can be counted on as a commercial supply

and none of them will last very long unless carefully handled.
However, these small supplies, if promptly taken care of when
first struck and used conservatively, can supply gas for do-
mestic uses for a considerable period of time. Such wells
should be well cased and the casings sealed to prevent escape
of gas around the outside. They should also be capped with
a control valve so that only the gas that is to be used can
leave the well.
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Il. Gas in the Niobrara Formation

Small quantities of gas have been encountered at the base
of the Niobrara formation in widely separated parts of South .
Dakota. The most easterly reported is in Aurora and Charles
Mix Counties. A well drilled for soft water a few miles south
and east of Stickney, in Aurora County, struck gas at 280
feet, after drilling 11 feet into a chalk rock. This gas was
struck in 1931 and used in the farm house of the owner, Mr.
John Houtkooper. A second show occurred in Charles Mix
County, four miles west and two miles south of the city of
Wagner, on land owned by the Tabor State Bank. A water
well drilled for the farm house struck gas at about 200 feet
which gave a sufficient flow to furnish cooking fuel and light
for about twenty years. It might have continued indefinitely
had it not been flooded out by water from an oil test drilled
near by. The following analysis of this gas was made by the
Omaha Testing Laboratories:

Analysis of gas from farm well, NW of SW1, sec.
15, T. 95 N., R. 64 W., Charles Mix County. :

COs . 0.6%

O 2.0%

CO . None
Unsaturates __________________ None

Water _______________________ None

CH, ______ o ____ 30.0% methane
N __67.9%

No test on B. T. U. but estimated by 1aboratory at
300 to 500. , :

. The depth at which gas was reported from some wells
in the area ahout Aberdeen, suggests that the gas came from
the Niobrara. However, these wells have not been investi-
gated. :

On Bull Creek, south of Chamberlain, three wells have
produced gas from this horizon. One in Section 1, T. 102,
R. 73; the second well, a half mile south of the one just men-
tioned; and the third, three miles south of the first well, in
Section 23, T. 102, R. 73. These wells are 350 feet deep. Their
curbing lies about 40 or 50 feet above the Niobrara and they
produced from the base of the formation or immediately be-
low it. The gas has been used in the ranch house but diffi-
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culties in keeping the wells and equipment in repair caused
the owner to discontinue its use.

A third locality where gas has been produced from the
Nicbrara is at Prove in Fall River County. On the western
flank of the big Chilson Anticline, there is a minor structural
fold which brings the Niobrara to the surface. At Provo, a
number of shallow water wells have been drilled which pro-
duced gas. This gas has never been used so far as our records
show. It was usually burned in a flambean and-according to
reports made an interesting spectacle for the local inhabitants
and for travelers on the Burlington trains passing through
Provo.

Like the gas from glacial drift, that from the hase of the
Niobrara formation does not give much prospect of commer-
cial production. However, it apparently occurs in larger
quantities, since flows like the one at Wagner, promised to
last indefinitely for the small domestic use to which they are
put, while most of the drift wells are rather short lived.

11I. Gas from the Dakota Sandstone

The first record of gas from the Dakota sandstone is
from a well drilled for the Indian school at Pierre in 1894.
This was followed by a well drilled by the proprietor of the
Locke Hotel in Pierre. In 1898 a company was organized to
sink a well for gas and power. They succeeded in tinding a
supply estimated at 80,000 cubic feet per day, which sup-
plied fuel for a 60-horse power engine for their pumping sta-
tion, a B7-horse power engine for a mill, and four smaller en-
gines of four-horse power each with enough gas left over
to light the entire city and supply stovés in many houses.

In the decade between 1900 and 1910, a great many ar-
tesian wells which produced gas, were drilled in Hughes,
Stanley, and Lyman Counties. Drilling also was continued
up the river and gas was struck at the Cheyenne Indian
Agency in Dewey County and as far north as Selby in Wal-
worth County.

These wells were all drilled for the purpose of obtaining
artesian water and the gas was a by-product. At Pierre and
Fort Pierre, the gas was trapped and sold to the cities. A
few ranch houses also installed traps and used the gas for

iTodd, op. cit., p. 116.

PART III. MINERAL RESOURCES 121

heating and lighting. The water from these artcsian sands,
however, is very corrcsive and well casings were soon disin-
tegrated. Owing to the difficulty of keeping wells properly
cased, most of them have been allowed to run wild, the gas
escaping into the air.

This gas lies in a belt roughly paralleling the upper Mis-
souri Valley. The southernmost wells are about latitude 44°
N. which crosses in the middle of Lyman County Wells at
McClure in Lyman County, Capa in Jones County, and Mid-
land and Nowlin in Haakon County, seem to mark the south-
ern boundary of the gas wroducing area. Deep wells south
of this boundary have not produced gas from the artesian
sands. At its southern end, the belt is about 60 miles wide.

Most of the deep wells in Stanley and eastern ‘Haakon
Counties have given shows of gas. This includes the area
about Fort Pierre; and it is interesting to note that one town-
ship in Stanlev County, southeast of Fort Pierre, has been
named the “Gas Belt Township.” A number of township wells
in Stanley County were drilled in the early davs for com-
munity water supplies and all of them gave small shows of
gas. Typical are the wells at the old Lacy post office, Mesrs
township and Willow Creek township. The most westerly
well at this latitude was found near West Fork post office on
the Dan Bierwagen Ranch. '

Farther north, the field narrows considerably, the wells
being confined to a belt not more than 25 miles in width. Gas
was struck at Cheyenne Agency, but not at Gettysburg 20
miles to the east. It was also struck along the Missouri River

_in the vieinity of Akaska and Selby in Walworth County.. Gas

has also been reported from a well at Pollock in Campbeil
County, only a couple of miles from the North Dakota line.

Source of Dakota Gas

Though the first investigators assumed this gas came
irom the sandstone, for many years it was thought that it was
shale gas which was generating slowly and, therefore, gave
the wells a long life.!

Later studies, however, seem to indicate that it is an ac-
cumulation in the sands of the Dakota. In the first place, it

‘ 1Moulton, G. F., Natural Resources of South Dakota: Circular 186,
0. 21, 1924. '
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is not produced until the artesian water horizon is encoun-
tered. In the second place, the belt extends along the front
of a large structural terrace, the Eureka-Mission Terrace,
which lies on the east flank of the Lemmon geo-syncline, to be
described later under the head of petroleum. (See p. 183). The
gas lies on the front of the terrace, in a region where a steep
westerly dip of the reservoir rock is changed to a nearly hori-
zontal position. Such terrace structures are natural places
for the accumulation of oil and gas. Gas is localized in smaller
folds on the main structure. For example, though most of
the gas in Pierre and in wells to the east rises with artesian
water, dry gas was struck in a well on a pronounced struec-
ture which acted as a trap on Dry Run, six miles east of the
city. - As far as it has been possible to map structures, it ap-
pears that even the gas in the artesian water is confined to
structurally high areas. '

Composition

There are only a few analyses of this gas, but those avail-
able show it to run high in marsh gas, (methane, CH,), the
important ingredient in fuel gas. None of the analyses show
sulphur, and the nitrogen and inert gases make a very small
percentage. The composition of the gas in the southern part
of the field may be represented by the following analysis of
the gas from the well at the State Capitol at Pierre.

Analysis of gas from State Capitol Well, Pierre, South
Dakota. Analysts: A. Karsten and Charles Bentley.

Methane (CH,) _____________________ 94.00%
Carbon Dioxide (CO,) __ . ____ .06%
Oxygen (0.) ________________________ 13%
Muminants (C.H,, ete)) . __________ .00%
Carbon Monoxide (CO) _____ . ______ 00%
Higher hydrocarbons (C.Hg, ete.) _.____ 00%
Inert Gas (No,ete.) _____ . 5.70%
99.89%

B. T. U. per cu. ft. (theoretically calculated from
the above chemical analysis as at 60° F. and
27.77 inches mercury plus 12.5 inches water
pressure) ____ _______________ 907.0 B. T. U.

A sample of gas from the Pierre city wells was analyzed

ey
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in 1939, in the laboratories of the Carter Oil Company, giving
the following results:

Analysis of gas from Municipal Wells, Pierre, South
Dakota. Analyzed by the Carter Oil Company.

Gas Vol. per cent  G. P. M.

Methane _________________- 748 -
Ethane . ________ __________ 13.2 _—
Propane _____._____________ 10.7 2.62
Iso-Butane ________________ 4 13
N-Butane _________________ 9 .25

Total _______ . ____ 100.0 3.00

The following analysis will represent the gas in the nor-

. thern part of the belt. The sample was taken from a well in

Potter County a few miles east of the Cheyenne Agency, and
the analysis made in the U. S. Geological Survey laberatory
in Casper, Wyoming. '
Gas analysis from well in Sec. 5, 118 N, R. 178 W,
Potter County. Analysis by U. S. Geological Survey.

Carbon Dioxide ___ ____ . _____________ 0.25%
Oxygen ____________________________ 0.49
Methane ____________________________ 92.01
Ethane and higher __________________ 3.77
Nitrogen _.._________ ________________ 3.48
Specific Gravity (calculated) ______.___ 0.592
‘Specific Gravity (observed)__Insuffic’t sample
Average ‘n” _______ ________________._ 1.04

Calculated Gross B. T. U. per cu. ft. at 60° F. and
15.025 1bs. per square inch pressure—I1015.

An interesting analysis was made at the U. S. Bureau of
Mines laboratory in Amarillo, Texasg, on a sample of gas col-
lected by the Geological Survey from the well at the old Lacy
post office.

Analysis of gas from old Lacy post office, Sec. 35,
T. 7 N., R. 28 E., Stanley County, S. Dak. Analysis by
U. S. Bureau of Mines.

Carbon dioxide _____________________ i 81%
Oxygen . ______ oo ____ 0.6
Methane ____ . _____ 8.7 -
Ethane _______ __________________ __ 00



Nitr 1id heli iffer —— .
itrogen an ium by difference —7 6_ PETROLEUM
Total - 100.0 The dream of making South Dakota a petroleum produc-
Helium content ______________________ 0.04% ing state is an old one. The first report of this Survey! de-

This analysis shows about the same proportion of meth-
ane and other gases as do the preceding analyses. It is of :
special interest, however, in that it shows a small percentage CORRELATION CHART
of helium. Since helium is a very important gas commercial-
ly, and is obtained in only a few places in the world, it is in-
teresting to note that it can be obtained from the gases along 3
the Missouri Valley. The content indicated is very small but "‘
it is belween one-third and one-half of the helium content ‘
of the gases from which helium is now being extracted com- ' 2000
mercially. In case of a suitable market, it might be possible - o
to obtain helium from South Dakota gases. i
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The wells at Pierre and Fort Pierre have furnished
enough gas for limited use in those cities since 1890. None
of the gas shows, sc far, have given a large enough volume
to be called commercial. Dry gas struck in a weil east of
Pierre, however, raises hope that similar structures elsewhere
will have accumulated a sufficient quantity of dry gas to al-
low the. development of a useable field. It should be borne in
mind, however, that scme of these wells have more than . i
enough gas for heat, light, and cooking in a large ranch house. - - . EREEEON
In a country where fuel is as scarce as in the gas region,
therefore, it is a waste not to make the best use of it. The
use of carefully sealed wells, cased with noncorroding pipée
which is changed sufficiently often to keep the well in good : _ — o T e
condition, can supply a ranch or even a small community. =
There is always the possibility that some large structure may
exist in which a pocl of commercial proportions may be de-
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veloped. This gas is too important as a fuel for this region, l Figure 12. Sedimentary formations underlying South Dakota between
and as a possible source of helium, to allow it to be wasted | Rapid City and Mitchell.

into the air, as is the case in most of the wells from which it — )

is issuing. . . 1Todd, J. E., A preliminary report of the geology of South Dakota:

,‘ South Dakota Geol. Survey Bull 1, 1894.
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votes considerable space to its possibilities. The numerous
reports that have been published since, indicate the sustained
interest of South Dakota’s citizens and absentee land owners
in petroleum possibilities. Though wildcat oil tests have been
drilled at widely separated points, no production has yet bean
encountered. However, the finding of oil in neighboring
states in formations which also underlie South Dakota, the
encountering of small shows of oil in wells as widely separated
 as Rapid City and the Standing Butte well, 25 miles northwest
of Pierre, and the presence of gas in the Missouri Valley just
described, and in Fall River County, have kept interest in the
state alive and warrant considerable further investigation.

Prospecting has been retarded in South Dakota by a com-
bination of factors. Probably the most important factor was
the lack of geological information on structure and strafi-
graphy. The eastern half of the State is mantled by a veneer
of glacial drift and much of the western half exposes only
the Pierre shale. Karly geologists, therefore, could not un-
earth much of the information on which oil prospecting de-
pends. Changing techniques and new instruments have al-
lowed geological prespecting to proceed rapidly in the last
few years and much valuable information has been unearthed.
There is still much wovk of this nature that needs to be done,
however.

The large area of the State and the small size of the
largest oil pool make a haphazard search much like the pro-
verbial search for the needle in the haystack. The cost of
drilling to the necessary depths to make complete tests has
also been prohibitive to prospecting by drilling alone. Wells,
4,000 to 8,000 feet depths are very expensive and can be at-
tempted only when all other signs are favorakle. Thus pro-
ducing companies have been slow to attempt work in South
Dakota, preferring to prospect areas near known pools and ir
regions where drilling was less expensive.

The discovery of new oil pools, however, has not kept pace
with the rate at which old pools are being depleted. It is,

therefore, largely a matter of time before such areas as South

Dakota must be thoroughly prospected in order to keep the
necessary supplies of petroleum available. The stratigraphic
and structural conditions affecting oil, therefore, will be con-
sidered in order.
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I. Stratigraphy

Petroleum, like natural gas, originates only in sedimen-
tary rocks. Tt collects in porous strata through which it
moves until it is caught by some sort of trap. The kinds of
rock underlying any region are, therefore, of first concern
to an oil prospector. As is pointed out in Part II in this
treatise, most of the State is underlain by sedimentary rocks.
These include the ordinary limestone, sandstone, and shales,
and many of them are equivalents of the oil-bearing strata in
neighboring parts of the United States. A generalized column
of these rocks follows:

System Formation Description Thickness

Quaternary — Glacial drift covering the east-
ern half of the State. Of no in-
terest as an oil prospect —__.___ 0-400 F't.
Clays and sands exposed largely
south of White River as the Bad
Land beds. Not interesting as an
oil prospeet . _________ 0-475 F't.
Cladron Chadron makes base of White
River beds, heavy gumbo clay,
and arkosic sand _____________ 0-180 F't.
Cretaceous Fort Union Sandstone; occupies small area
in Harding and Perkins Coun-
ties. Not interesting as an oil
prospect . _________ 425 Ft.
Lance Lance formation cccupying the
northwestern corner of State
only; coal beds, clay, gumbo, and
sand, not a possible oil horizon__600-800 F't.
Fox Hills Sandstone with some shale; a
. good water sand but not of in-
terest as an oil prospeet ______ 25 Ft
R Pierre Occupies most of South Dakota.
Shdles with -some chalk and a
few sandy beds; oil shales mak-
ing the bottom member -in the
Misscuri Valley ___._________ 1000-1500 F't.
Niobrara Underlies most of South Dakota.
Chalk rock in some places sha-
ly; produces gas in small quan-
tities in Fall River County and
along the Missouri River, gave a
show of oil at Ponca, Neb.; op-

Tertiary Brule

posite Elk Point —_____________ 200 Ft.
Carlile . Mostly shale, contains Wall

Creek sand, a good oil horizon, in

western South Dakota__________ 215-750 Ft.
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System

Jurassic

Triassie

Permian

Pennsylvanian

Mississippian

Formation
Greenhorn

Graneros

Dakota-
Lakota
Series

Morrison

Unkpapa

Sundance

‘Spearfish

Minnekahta
Limestone

Opeche

Minnelusa

Big Snowy
Croup

Description Thickness

Shaly limestone * with some
chalk beds above and below.
Some shale is also included in
this formation. A good horizon
marker but not a good oil reser-
VOIY e 25-65 F't.
Darlk shale, carries Newecastle
sand in the west which is a good
oil and gas hovizon ___________ 65-11560 Ft.
Largely sand; in the west separ-
ated into the Dakota Fuson and
Lakota formations. In the east,
a series of thrce to five sands
separated by shale. These carry
0il in the Wyoming fields ______ 150-700 Ft.
Matoon, brown, and black and
various colored shales with some
thin sand beds - _____._______ 0-150 IFt.
Patchy bright red, white, yellow,
lavendar colored thin sandstone_ (-225 Ft.

. Sandstone at top and base, with

center section of limestone, thin
sandstone and green shale. A
possible oil horizon; carries at
least one seep at the northern
end of the Black Hills _________ 0-300 Ft.
Red beds; sand, sandy shales,
and silt stone with” much gyp-
SUM oo 0-700 Ft.
Found only in western South
Dakota. Thin bedded almost to
lamination; gives bituminous
odor from fresh break _____ e 0-40 Ft.
Red beds, dark maroon sands
and shales with a little gypsum_ 0-130 Ft.
In Black Hills outcrop, thick
sandstone at the top and alter-
nations of sand, lime and shale,
in typical Pennsylvarian style in
lower part of formation. Top
sandstone thins rapidly east-
ward. A good oil horizon which
has given shows about the Black
Hills o _____ 0-500 Ft.
A series of partly terrestrial
formations which underlies the
northern and central portions of
South. Dakota ccvering nearly
half of the State, but does not
outcrop. The Heath sand, shales,
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System Formation

Pahasapa

Englewooed

Ordovician Whitewood

Cambrian Deadwood

Pre-Cambrian Group

Description Thickness

and gypsum, Otter limestone,

Kibbey gypsum, sand, and shale;

Charles limestonc with beds of

anhydrite are represented. Thick-

NESS e 0-600 F't.
Massive limestone outcropping

in the Black Hills and underly-

ing the western half of South

Dakota. Oil bearing in widely
separated wells . __.___ 0-600 F't.
Purple limestone, very fossili-

fEIOUS oo o — 0-50 Ft.
Yellow limestone and buft lime-

stone occupying northern part of

Black Hills and probably under-

lying northern half of western

South Dakota _._________—___ 0-80 F't. -
In western South Dakota heavy

sandstone or top and bottom

with intermediate member of al-

ternating sands, shales, and thin
limestones. Probably thing east-

ward and southward; represent-

ed by thin sandstone at Abet-

deen; gave oil show in a deep

well in Harding County, cther-

wise not commonly oil-bearing_ 0-450 Ft.
Designated “‘granite” by drillers

and lies below 2]l possible oil-

bearing strata. Pink quartzite in

the east; schist, and gneiss and

dark granite in northeast quar-

ter of the State, white granite
encountered in the James Val-

~ley; schists, quartzite, marble in

western half.

1t will be noted that some of these formsations do not un-

derlie the entire State.

This is especially true of the younger

formations, namely, those above the Pierre and of all the Pa.
leozoic formations. The former have been removed by erosion
as they once covered all or nearly all of the State. The older
ones, however, probably never did cover more than they do

at present. In general,

it should be noted that the Paleozoic

rocks thin towards the east and many of them overlap one
another and are overlapped in turn by formations of the Cre-
taccous system. There are few parts of the State that do not
have some formations which might carry oil.
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The only areas that can be condemned ag oil prospects
are (1) the core of the Black Hills, (2) the region between
Sioux Falls and Mitchell underlain by the Sioux formation,
largely pink quartzite and (3) a small area just west of Big
Stone Lake. In these regions, the pre-Cambrian rocks are
at the surface. Pre-Cambrian rocks for several reasons, which
need not be discussed here, do not carry oil. It is, therefore,
hopeless to drill in the areas where they outerop since young-
er rocks cannot lie beneath them. Neither is it profitable to
dril! into them where they underlie the younger formations.
These pre-Cambrian beds form the basement or foundation
on which all possible cil-bearing strata rest.

From the foregoing, it is evident that the sedimentary
sections vary greatly in different parts of the State, and where
complete testing is to be done, the entire section should be

penetrated. The available information indicates that the '

thickest section of sedimentary rocks lies in the northwestern
corner of the State. Eight thousand feet were penetrated in
two wells in Harding County. In the upper Missouri Valley,
in Potter County, 3,600 feet were drilled. At Aberdeen, the
thickness of sediments was 1,142 feet, and at Milbank in
Grant County, the sediments thin to zero.

There is no series of wells farther south in the State
which have been drilled through to the pre-Cambrian; how-
ever, it is estimated that approximately 5,000 feet should be
encountered near Ardmore in Fall River County, 3-4,000 fect
in the vicinity of Chamberlain, and zero feel at Mitchell. In
Charles Mix County, four miles west and two south of Wag-
ner, pre-Cambrian was struck at 1,400 feet, at Yankton at
£98-feet, at Vermillion at 420 feet, and at Jefferson at 1,030
feet.

In general the sections are thicker toward the northwest
and thin toward the east.

II. Stratigraphic Traps

The thitming of sedimentary strata makes traps in which
oil and gas pools can accumulate. If a reserveir rock like a
sandstone formation, lying between two impermeable shale
formations, thins out, oil will migrate to the point of thin-
ning, but can go no farther. The same is true of overlapping
formations. If an impermeable shale overlaps a permeable
sandstone, it effectively seals in the end of the sand forma-

L it g
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tion, causing a trap in which oil and gas may accumulate.
Such traps occur in South Dakota. :

It is known that the Ordovician system thins out south-
ward in its outcrops in the Black Hills and also in sections.
found in well logs between Aberdeen and Rapid City. This!
offers a chance for stratigraphic traps in a northeast-south-:

west direction across the middle of western South Dakota.: .

The exact location of these traps, however, is dependent upon :
sub-surface information which is not now available and which :
can be obtained only from the records of many wells.

As has been pointed -out, the other Paleozoic formations, :
which outerop in the Black Hills, thin eastward, disappearing
somewhere between the Missouri valley and the Big Sioux -
valley. From the information now available, it seems that -
most of them pinch out between the Missouri and the James
valleys. They are all overlapped by Cretaceous formations, :
thereby offering another good set of stratigraphic traps run-.
ning roughly north and south. :

The Big Snowy Group of the Mississippian system de-:
scribed above, does not outecrop in the State. It is known only
from well records. These, however, indicate that it enters
the State from Montana and North Dakota underlying the
rorthwestern quarter and thins southward. Its edge lies in
a festoon-like curve from the State boundary in Butte County -
southward to Wall in Pennington County and thence eastward
as far, at least, as the Cheyenne Indian Agency in Dewey
County.

This edge offers another series of stratigraphic traps
caused by pinching of the formations in the Big Snowy Group
itself and by the overlapping of this group by the Pennsyl-
vanian Minnelusa formation.

Stratigraphic traps are the most difficult of all to locate
since their whereabouts has to be determined largely through
drilling and careful recording of well cuttings. Certain types
of geophysical prospecting have assisted in their location.
Geophysies, however, has been most successful in determin-
ing the exact location of the trap after its approximate posi-
tion has been ascertained from drilling records.

311, Structures

Structure (the attitude of sedimentary beds) has played
a very important part in the accumulation of oil pools and for
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Contoured on the top of the Dakota Sandstone.

Contour interval 100 feet.

Structure Map of South Dakota.
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a great many years was the only basis for scientific prospect-
ing. When an oil reservoir rock, such as a bed of sandstone,
is tilted, oil migrates up the slope until it is stopped by some
sort of bend or flexure in the bed which prevents it from
rising higher. Some of these flexures are in the form of great
arches or troughg covering many hundreds or thousands of
square miles, the geanticlines and geosynclines. Both are of
interest because oil tends to migrate out of geosynclines and
lodge in small anticlines about its edge. This has given rise
to the “basin theory” of oil accumulation which has guided
prospecting a great deal in the past. Such geossynclines as the
Powder River Basin in Wyoming, may be rimmed with a great
many oil pools in some cases, while in others only a few scat-
tered pools are to be found.

The dominant structure in South Dakota is the southern

~end of one of these great basins which reaches northward

through North Dakota and into Saskatchewan, Canada. This
great basin is knowrn as the Moose Jaw Synclinorium and is a
trough caused by the pressures which thrust up the Black
Hills and the Cedar Creek anticline in Montana. The
southern end of this fold lies between the Black Hills and the
Missouri River with its axis plunging northward into the por-
tion of the geosyncline known as the Williston Bacin in North
Dakota.  This axis trends a little west of north, passing
through the cities of Phillip in Haakon Courty and Lemmon
in Perkins Ceunty. It has been called, therefore, the Lem-
mon geosyncline. Thus the sedimentary beds in all parts of
western South Dakota slepe upward from this axis te the
west, east, and south. This structure is bounded on the west
by the Black Hills and the end of the Cedar Creek anticline in
Montana which separates it from the Powder River Basin in
Wyoming. ]

~ East of the axis the sediments vise until ‘they reach ap-
proximately the longitude of the Missouri River Valley. Here
they flatten to a nearly horizontal position which continues
eastward until they thin out against pre-Cambrian rocks
along the easlern border of the State. This part of the struc-
ture is a terrace and since its front edge has begn traced be-
tween Eureka in McPherson County and Mission in Todd
County, it has been named the Eureka-Missicn Terrace. It is
along the front of thig terrace that so many artesian wells
have encountered gas.
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Harding School Land Well No. 1, four miles west of Camp Crook,
Harding County, S. Dak.
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Along the edge of this big structure lie smaller folds,
generally elongated with their long axes pai-allel to the axis
of the geosyncline. Most of these are lew foids or plains type
of anticlines and, therefore, have been much sought as drilling
sites.

Only a few of these have been mapped and much future
prospecting will depend upon the location of these smaller
structures on the flanks of the geosyncline. The few that
have been mapped, however, give some indication of the size
and character of others which may exist.

In Harding County, three anticlines were mapped on the
structural divide between the Lemmon Basin and the Powder
River Basin in Montana. These are about two miles in length
and a half to three-quarters of & mile in width and lie in the
northwest corner of Harding County. They huve bzen desig-
nated as the Fox Hills dome, Gallop Creek dome, and Camp
Crook anticline. Drilling on the latter has produced several
shows of gasl

On the eastern flank of the geosyncline, one very large
structure was mapped west of Chamberlain, the Medicine
Butte Structure.2 This is a large fold lying in eastern Lyman
County between the Big Bend of the Missouri River and the
mouth of the White River. Its axis has been traced for 42
miles in a northwesterly direction and it covers a width of
20 miles.

Small unnamed structures have been muwpped farther up
the Missouri River, all conforming to the same structurai
pattern.

A structure which has aroused consideranble interest lies
in eastern Haakon County between the Bad River and the
Cheyenne River. West Fork post office is at its north end
and it has been called, therefore, the Wese¢ Fork structure
A gas well rewarded prospectors in a shallow test made many
vears ago on the Dan Bierwagen ranch in S~ction 11, T. 6 N.,
R. 21 E., Haakon County.

1Moulton, G. F., Bass, N. W., Oil and gas pruspects in the Cedar
Creek anticline and vicinity in Montana, Nerth Dakota, and South Da-
kota: U. 8. Geol. Survey, Memo for the press, January 11, 1922,

2Petsch, B. C., The Medicine Butte Anticline: South Dakota Geol.
Survey Rept. Inv. 45, 1942,
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In Fall River County, three structures form a turkey
track oft the southern end of the Black Hills. These are all
plunging anticlines. The easternmost, known as the Cascade
anticline, has its axis trending directly south. It is about
eight miles long and five miles wide. Its neighbor on the west

is the long Chilson anticline which has been followed from-

the Black Hills to the Nebraska state line and is finally lost
benecath the Tertiary sediments in Nebraska. This one has
been mapped for 18 miles north and south and varies from
tent miles in width in the northern end to two miles in width
near Ardmore at the south. A gas field has recently been
encountered on the axis near Ardmore.

The third Fall River structure has no name but lies west
of the Chilson anticline, its axis pointing southwest.

IV. Summary

Oil prospecting in Scuth Dakota has nol yet reached the
stage where it can be stated with certainty that oii will be
produced. It has progressed to the point, however, where the
State cannot be condemned as an oil prespect. Qil-bearing
formations in other states, extend into South Dakota and are
of the same character as in regions where they carry oil.
Stratigraphic traps are abundant but difficult to find. Struc-
tural ceonditions are entirely favorable since a large basin
dominates the structure of most of the State and is surround-
ed by minor structures in which oil and gas can acecumulate.

Oil shows have been encountered in a2 number of places
around the Black Hills; Belle Fourche and Rapid City both
having had good shows, and a small production of approxi-
mately five or ten barvels a day having been pumped from
wells in the Barker structure in southwestern Custer County.
Other oil shows have been encountered zs far east as north-
eastern Stanley County and as far north as Harding County.

The presence of a gas field in Fall River County on a
well developed structure and of gas in the Dakota sands along
the Missouri is also a favorable indication.

Thus the geological conditions are all favorable to oil ac-
cumulation. The answer to the question of where the accu-
mulation may take place is one which will require a great deal
of geologic work and a tremendous amount of test drilling.

The Lemmon geosyncline offers one of the large nros-
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pecting areas in the United States and it is certain that as
supplies of petroleum grow less and the difficulties of obtain-
ing it grow greater, this area will be thoroughly prospected.
South Dakota should yield a rich return in petroleum pro-
duects, but it does not appear from the present indications that
it will be a poor man’s oil paradise. The high cost of pros-
pecting, deep drilling, and the number of wells necessary to
prove a structure make oil huntir_l_% in South Dakota expen-
sive.

OIL SHALE

Oil shale has not been used as a source of petroleum in
this country theugh it is an important souree in: Europe. The
time will come when we will have to turn to it here. Most
states have made a careful survey of their oil shale resources.
In South Dakota, however, we can only give some generaliza-
tions. Oil shale has been noted in the Graneros and Pierre

‘formations. The first formation carries it in the Big Sioux

Valley, but there has never been an opportunity to discover
the amount or the extent of this shale. So far as is known,
the same formation in its western outcrop contains no oit
shale.

The Sharon Springs member of the Pierre is a very per-
sistent oil shale horizon. As was noted under the descrip-
tion of this member, it is characterized hy an abundance of
fish scales and other fish remains which may account for
some of the oil present in it. It has been sold for coal in
Charles Mix County and an open fire was kept burning for
several weeks by simply shoveling more shale onto a burning
heap. It was not very satisfactory as coal, however, because
of the high ash content, as much clay being left as was put
into the furnace. The Burning Bluff, one mile north of the
Rosebud bridge in Gregory County is in this member, and
much of the smoke that issues from it in:wet weather is due
to the fact that the sulphides which ignite are hot enough
to distill and set fire to the oil in the shale.

The Sharon Springs member of the Pierre outcrops in
the Missouri Valley from Yankton te Chamberlain and about
the southern Black Hills and cculd doubtless be excavated
under shallow cover at many places in the State.



PLATE 13. O0il Test on Dry Run -
Five miles east of Pierre in Hughes County, S. Dak.
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DIVISION III. STRUCTURAL MATERIALS

Under the heading of structural materials will be grouped
those mineral products which are used by the building in-
dustry for the construction of buildings, highways, bridges,
ana the like. They fall into three catagories, (1) stone, (2)
sand and gravel, and (3) cement materials. They are the
fundamental building materials in the development of any re-
gion and are especially important to South Dakota because
the State is not near the production centers of such materials.
Asg they are all very heavy, the cost of transperting them is
very high.

Somie use of local material is being made to good advan-
tage. However, a great deal of material is still shipped in
that could be furnished locally. The fellowing descriptions,
therefore, will be an attempt to summarize the building ma-
terials in the State and give the information now at hand
on their possible usefulness.

STONE

Rock suitable for building purposes is found in quantities
only in the extreme eastern and extreme western parts of
the State. In these lccations, bodies of hard rock are large
enougn to allow commercial exploitation. Such hard rock is
available in only two and three per cent of the State’s area,
however.

For small structures, it i1s sometimes possible ta obtain
sufficient local material east of the Missouri River from gla-
cial boulders which are strewn over much of the territory.
West of the River, small amounts of well cemented rock can
be found on butte tops and at the edges of some breaks where
case hardening of sand has made rock that can be quarried.
Such sources can not furnish commercial production, but
the hard rock areas in the extreme eastern and western parts
cf the State can furnish very large quantities and are so
located as to be within easy reach of most parts of the State
where large scale building ig in immediate prospect.

Most stone goes to market as building block, ornamental
stone, rip rap, and crushed rock. Though the use of stone
as building block is not as common as a few years ago, due to
inroads made by concrete construction, there still is a demand
for such material, especially where it has an ornamemtal
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value. Such rock is usually granite, sandstene, quartzite, or
limestone. To be useful for such purposes, a rock must have
a fairly high crushing strength so as to stand the weight of
the structure which rests upon it. It must be umiformly
grainzd and weather to an even color. Blotchy eolor, iron
staing, and other blemishes reduce its valuc as a building
stone,

The two prime requisites for an ornamental stone, which
can be used for monuments, interior finishing. or other deco-
rating, are first, that it take a high polish, second, that it hag
a pleasing color or combination of colors. A porous rock like
sandstone, which might be an excelleni building block, can-
not be used as an ornamental stone because it will not polish.
The openings between the grains prevent it. For exterior
use, ornamental stone must be chemically inert to withscand
weathering. There are numerous examples of marble monu-
ments which have lost all gemblance of polish and inseription
through weathering. For interior decoration, however, such
stones are excellent, providing there ig no wear or abrasion
on them. Thus granite, quartzite, and their relatives are
useful either inside or out and can be used as floors or thres-
holds which take continuous wear. Marbles are best used
for interior decoration as wainscoting or pillars but do not
last well on floors or stair treads.

For use as rip rap or crushed rock, it is most important
that the rock be tough and stand abraison well. It is an asset
Tor a rock used as a concrete aggregate to break in small an-
gular pieces, since they tend to lock, making stronger con.
crete.

Granite

True granite ig a volcanic rock, and occurs in large
magses from which unlimited supplies ecan be obtained. it is
tough and has the highest crushing strength of any rock,—
so high that no structures have been large enough to break
it. It also polishes well and is inert to the chemical processes
of weathering. Granite, therefore, is much used as building
and ornamental stoene where permananency and a pleasing
color are desired. Colors range all the way from nearly pure
white to very dark gray, thereby offering a great variety to
the monument maker.

In South Dakota, two granites occur from which such

PLATE 14
Four miles

Mahogany Granite Quarry
east of Milbank, S. Dak.
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stone can be quarried. One, the Milbank granite, outcrops
in the extreme northeastern corner of the State in Grant
County, and the other, the granite of the Harney Peak batho-
lith in the core of the Black Hills in Custer County.

I. Milbank Granite

This granite outcrops in the northeastern corner of Gran
County about the foot of Big Stene Lake. The westernmost
outcrop lies five miles east and one and one-half miles south
of Milbank, Section 13, T. 120 N, R. 48 W. TFrom this point,
granite can be followed eastward for three miles. A half
dozen quarries have been opened in this area. A second out-
crop lies at the bottom of the valley of Whetstone Creek 2
mile southwest of Big Stone City, SW. corner Section 17,
T. 121 N, R. 46 W, and is reported 27 feet below the bed of
the creck at the railroad bridge, one-quarter mile west of the
outcrep. Tt also outerops in Minnesota in the botlom of the
Minnesota River Valley, a mile east of the State line and
a mile south cf Big Stone City. From the location of the out-
crops and informaticn from various water wells drilled to the
granite, it is evident that this rock underlies at least 30
square miles in the northeastern part of Grant County.

The rock ig a granite, composed of approximately 60 per
cent dark red feldspar belonging to the orthoclase group, 25
per cent clear quartz, and 15 per cent biotite mica. The min-
era! composilion giveg it a rich dark color which is well de-
scribed by its {rade name, “mahogany granite.” The color
varies somewhat in different parts of the outerop, some being
a deeper red than others. This has allowed the quarrying of
two types which are on the market as “mahogany granite”
and “royal mahogany granite.” The rock is medium to coarse
grained, grains averaging one-half to one inch in diameter.
Pegmatite stringers occur here and there in which crystals
three to four inches across have been measured.

Its dark mahogany color and ability to take 2 good polish
make it especially valuable as an ornamental stone. The
joints in the rock are far enough apart to allew the removal
of large blocks. It has been used, therefore, as a bhasis of
South Dakota’s largest stone industry.

Crushing strength measured on this granite exceed
15,000 pounds per square inch. This figure is low for granite
though it exceeds any pressures that may be applied to it in

Quarrying Mahogany Granite

Hunter Granite Co. Quarry, Milbank, 3. Dak.

PLATE 15,
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structures. These tests were made on two inch cubes. The
coarse grain caused the block to fail along cleavage planes in
the feldspar sooner than would be the case if larger blocks
could have been used. This granite is quarried chiefly for
ornamental stone but will serve equally well for building
block, rip rap, or concrete aggregate. It has been used ex-
tensively for some very distinctive public memorialg, notably’
the statue of Patriotism by Paul Barttlett at Duluth, Minne-
sota, and the large columns in the national Cathnlic Shrine at
Washington, D. C.

The first quarrying of this stone was done by Mr. Gus
Swallsoli, stone mason, who used the rock for top stone for
building foundations. Real quarrving operations began about
1908 when Robert Hunter erected the first large derrick and
opened a commercial quarry. It furnished the first dimen-
sion stone quarried in Scuth Dakota which was used in the
State Capitol Building at Pierre in 1912. The original Hun-
ter Company is still in existence and operating two quarries
and a modern finishing plant at Milbank. Five other com-
panies are also in operation in the State. Milbank granite has
been shipped to nearly every state in the Union and also to
Canada.

As mentioned above, at least 30 square miles of Grant
County are underlain by this granite. Quarries have been
opened to a depth of more than 100 feet, showing no changes
in the character of the rock. The distribution of outerops and
the character of the rocks show that this granite occurs in a
batholith, one of the largest of voleanic rock masses. It is of
interest from a commercial point of view because it indicates
that an unlimited supply of this rock is available. The only
limit to the depth of quarries will be the difficulties encoun-
tered in excavation.

II. Black Hills Granite

Granite can be quarried at a great many places in the
crystalline area of the Black Hills. Approximately 60 square
miles of outerop in the vicinity of Harney Peak are occupied
by gramte Dikes of granite can be followed from Harney
Peak-southward to. Pringle. and northward to Hill City, and a
small outcrop of gramte is reported near T]l’lLOll on the State

i

line directly west of-Lead. S e 0

In contrast to the Milbank granl’re, the Black HIHS gramtc,l

.

=
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ig light colorad. The feldspars which control the color are

largely a flesh color or light tan. The rock is composed of

quartz, potash feldspar, and muscovite mica. Ii can be quar-
ried in blocks and will take a polish. The chief Irawback
scems to have been the gize of the crystals which are uniform-
ly large. Pegmatitic masses and dikes are common. The tex-
ture would not be suitable for many of the uses to which
granite is put, particularly for ornamental stones where in-
tricate garving is to be done. Coarse crystals tend to chip out
and smeoth surfaces are difficult to make. For building or
pohshu?{ block, or for rip rap or crashed rock, this granite
should rove an excellent material.

ther granite-like rock has been quarried in the Black
Hiils. One of the most abundant of these is felsite and felsite
porphyry which occurs in censiderable abundance in dikes
and laccoliths in the northern Black Hills. One of the best
known outcerops of this material is in the core of Bear Butte
near Sturgis. A similar rock is quarried at Lead for use
about the city. It is exposed on Whitewood Creek, in Green
Mountain, Custer Peak and in many other laceoliths in the
vieinity. Felsite is a rock having the composition of granite
but net the coarse texture. Grains are microscopic, giving
the surface a uniform dull avpearance, sometimes called
“stony.” Tt will not take a polish and is of no use as an orna-
mental stone. It is very tough, however, and stands abrasion
well. Tt is, therefore, a useful material as rip rap, crushed
rock, and concrete aggregate or for foundation and building
stone wken blocks of sufficient size can be quarried.

Some years age, congiderable interest was evolved in a
green granite which occurred in Rapid Canyon in a dike 200
feet wide, 100 feet liigh and of undetermined length. This
rock was made of a plagioclase feldspar, and quartz with an
excess of hornblende which gave it its dark green color. This
stone is hard and weighs approximately 200 pounds to the
cubic foot. It takes a high polish and has a pleasing dark
color. '

I11. Field Sione

In the glaciated region east of the Missouri' River, bould-
ers are very common, varying all the way from a few inches
in diameter to three or four feet. About 50 per cent of these
boulders are granite, brought from the granite regions in



PLATE 16. Sioux Quartzite
Exposed at the falls of the Big Sioux River
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Canada and strewn over eastern South Dakota by glacial ice.
While these boulders are not the type of deposit on whick
a large stone industry can be built, they do offer some
very pleasing and useful materials for local construction.
They have the advantage of variety over the ordinary quarry
stone. As many ag fifteen or twenty kinds of granite have
baen counted in one gravel pit, differing from each other in
color and texture. These offer a pleasing variety which can
be used eftectively in the making of walls or buildings. They
have been used for this purpose in the city of Pierre where
relaining walls and several buildings have been made of them.
The boulders can be faced or squared exposing the coloration
within. As most of these are medium to fine grained, very
dense granite, they will polish beautifully. Such boulders
have been used as monuments by polishing an area sufficient
for the inscription.

Field stone has also been crushed and used for concrete
cgoregate and screened for road metal.

Quartzites

A quartzite is a sand which has been cementec so firmly
with silica (Si0.) that the pore space hetween the grains is
nearly or entirely filled with the cement. This makes one of
the most durable stones in existence. The quartz of which
both sarnd and cement are made is extremely hard and can
stand a great deal of abrasion. It is also extremecly resistant
to the chemical action of the weather so that little change is
observed in the stcne although it has been expozed for a great
many years. Used as building block, its color remains uni-
form as long as there is any use for the building.

I. Sioux Quartzite

Ledges of pink quartzite belonging to the Sioux forma-
tion outcrop in the valley of the Big Sioux River at ey
Rapids, Sioux Falls, East Sioux Falls, in the valley of the Ver-
million at Parker, of Wolf Creek at Salem, Pierre Creek at
Alexandria, and in the James Vallev south of Mitchell. A
congiderable industry has developed at Sioux Falls, Dell Rap-
ids and Spencer. Quarries have been opened and operated
during prosperous times at East Sioux Falls and at Mitchell.
This quartzite is a uniformly dense rock, though here and
there, cementation has not been perfected. Some porous sand



PLATE 17. Sioux Quartzite
Fxposed at Dell Rapids, S. Dak.
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streaks occur in which it is possible to obtain water wells.
Such places are rare, however.

Like all quartrzite, the rock is not as tough as the granite
and will ghatter if heavy charges of powder or dynamite are
used in quarrying. In most of the rock, the pores are so well
filled with quartz, that it will take a polish. Tests on the
absorption of water by the rock indicate the amount of
pore space. In the case ¢f the commercial stone tested in
this manner, it was less than two per cent. Cross-bedding
and ripple marks have given the rock a grain in some places
though in most of the outcrops, it can be split across these
structures. The following physical tests are representative
of the material:

Quartzite from Wisconsin Granite Quarry, Sioux Falls, S. Dak.
Tested by U. S. Bureau of Public Roads
A. T. Goldberg, Engineer of Tests

S Y aTeT b e e L i R T 2.73
Weight per cubie foot in pounds __._____._____ 170.
Water absorbed per cubic foot (0.30 lbs.) ___.__ 0.18%
Pertcentrotiowean &~ i ol e o
French coefficient of wear
Hardie st s e s T e D
Tonghiiesd oowwnproiumr s o nn S v L Fo
Cementing value —— .
Crushing strength (lbs. per sq. in) ———_________

Sioux Quartzite from L. G. Everist Quarry, Dell Rapids, S. Dak.
Tested by U. S. Bureau of Public Roads
A. T. Goldberg, Engineer of Tests

SpecHIC, ERANVIET e o i e e 2.66
Weight per cubie foot, (in lbs.) _______________ 166.

Water absorbed per cubic foot (.07 lbs.) ————___ 0.04
Perscentilof wear e oo oM B s 2.5
French coefficient of wear ____________________ 16.0
Hatidness e atnme st e (B e o 18.7
M it Tl D bl I B SRR Tl L S s e oA

Gomenting  welie: e Rews S0 i S c el i _—

Crushing strength (lbs. per sq. in.) 51,700
Chemically the stone is alinost pure silica (Si0.), ana-
lyses giving 97 per cent and more. The pink color is due to
a small percentage of iron which the rock contains. The only
other element in appreciable amount ig alumina which comes
from a minute percent of clays included with the sand in its
original deposition. This composition is particularly im-
portant in uses of the stone as a refractory material. TIts




PLATE 18. Quartzite Quarry, Sioux Falls, 8. Dak.
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purity recommendsg it for certain industrial processes where
nearly pure silica is required.

An analysis of the material from Sioux Falls fellows:
Analysis of Sioux Quartzite from Wisconsin Granite Co. Quarries,

Sioux Falls, 8. Dak.
U. S. Bureau of Public Roads

Moisture _ o ____ St
Fenstaonyloss e s X A0 b kS b L de .03
ST fo P S S U NS T S SN 97.58
BIFRINAG, eelose e e me e 0 o 31
Ferrie oxide ___ _____________________________ 1.20
BAME  cocmem o e e 14
Magnesia .10
SUlpltr: R0EHE wammees et o - S A3
LT b A Sy S S, G | ol S| 10
Pobashy e o 8L MJE B4 b ) Do S0 e S 03

Total e e e - 99.62

Analysis of Sioux Quartzite from Dell Rapids, S. Dak.
U. S. Bureau of Public Roads

Silica (BiOs) = i _-99.14%
Ferrier gxidal (Fesln) o ocrninm s msem e ot 0.50%
Alaminum oxide (Al,O05) . _________ 0.28%
Caleivm oxide (Ca0) oo oo oo trace
Manganese oxide (MnOQ) _______ ___________._ trace

Analysis of Quartzite from Spencer, S. Dak.
State Chemical Laboratory, Vermillion, S. Dak.
Tested by Guy G. Frary

Bilica. 810, cmnmm i s e s e e e 07.82¢4;
I¥on! and Alvuminum OxXide cecuvcocamnes bean 2.12%
Epbelrl et canes _ow 8 Lin, ) Ay o e 99.94v%

The physical and chemical characters suit this quartzite
to several types of uses. It has been polished and used as an
ornamental stone, and in the early 1900’s was put on the mar-
ket by the Drake Polishing Co. in Sioux Falls. Most of the
pieces were small monuments or pillars made in sections.
However, pieces large enough to be used as doors on mauso-
leums were polished. Its value as a polished stone lay in
the fact that its ecolor was red with streaks of various shades
running through it.

It can be dressed readily in spite of its hardness and
has been extengively used as a building stone. Most of the
public buildings in Sioux Falls and neighboring cities have
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used this material. It has even been shipped as far away as
Chicago where it was used as paving block.

Bacause of the hardness of the stone, other materials
have been able to compete successfully with it as building
block. The main use for the stone quarried at present is rip
rap and crushed stone. Much of this rock goes into concrete
aggregate and some is used as road metal without a binder.

Its chemical composition makes it a useful material for
{he manufacture of ganister, gilica brick, and similar refrac-
tory materials. These materials are used for furnace linings
and are especially useful in smelting metailic ores. South
Dakota quartzite has never been used for this purpose though
the same formation which outcrops in southern Wisconsin is
used in this manner.

II. Quartzites of the Black Hills

The pre-Cambrian rocks at the core of the Black Hills
contain some very large masses of quartzite. These have
never been mapped or described in detail, but the outcrops
cover many square miles. “It is among the most durable
rocks of the Black Hills. Outcrops are prominent, talus slopes
are nearly always made up of large angular blocks, and quar-
ries could be opened in dozens of placeg convenient to rail
facilities. The hardness of the rock has doubtless been a
factor in preventing its use except for foundations in bridge
and mill structures immediately adjacent to favorable oui-
crops. * * %

“A very dark quartzite, outcropping in Rapid Canyon,
having in it a sprinkling of small bluish pearl-like quartz peb-
bles, was for a while some years ago polished and sold under
the commercial name of ‘pearl granite.” !

One avea ccvering over 50 square miles has been mapped
between Harney Peak and Rapid Creek. Hill City lies on its
western edge and Sheridan on its eastern. Another area cov-
ering approximately 15 square miles lies farther mnorth in
i.awrence County between Bogus Jim Creek and the town of
Bench Mark. There are many thin beds nf quartzite <cattered
through the schist in other parts of the crystailine area. Some
of these can be found near the city of Lead.

iConnolly, J. P., and O’Harra, C. C., The mineral wealth of the
Black Hills: South Dakota Geol. Survey Bull. 16, p. 286.

Loe
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These quartzites vary in gize of grain all the way from
conglomerates to those in which the :ndividual grain can
hardly be seen. They merge, therefore, inlo slates and quartz
schist. “The beds have been compressed and distorted by
crushing, flowage, and recrystallization, and the pebbles and
bhoulders have been squeezed into lenticular forms whose
longest diameter lies parallel to the dip of the beds. The feld-
spathic and clayey material within the matrix has been con-
verted in great part into sericite and chlorite.

Coarse arkosic grits are abuandant in the aren between
Bench Mark and Bogus Jim Creek, where they zrade into the
conglomerate described above. They were composed origi-
nally of quartz and feldspar in various proportions, but most
of the feldspar has been altered to sericite and quartz. * * *
That the grains have been mashed can be plainly seen with
the microscope. The quartz grairs, like the conglomeratc
vekbles, are roughly lenticular. * * * These arkosic rocks have
a distinctly greznish hue, which is due to abundant chlovite,
but weathered surfaces are red, yellow, or light browr, con-
trasting sharply with the dark slates and graywackes of the
more western areas.”!

III. Texrtiary Quartzite

On many of thc buttes on the great plains west of the
Missouri River, quartzite chunks are found breaking oft the
cap rock and rolling down the buttes’ sides. Some of this is
extremely dense and gives the characteristic greasy luster of
good quartzite. Such quartzite is common in the Bijou Hills
in Brule County and in the cap rock of the Iona Hills, across
the Missouri River, in Gregory County. It is also ahundant
on many of the buttes in the vicinity of Winner in Tripp
County. The Antelope Buttes, in Butte County, contain such
an abundance ol it that it was suggested as a source of road
metal. While the quality of this stone often recommends it
for commercial use, the quantity is always too small. This
quartzite has been formed by the evaporation of silica-bear-
ing ground water, which percolates through the cap rock of
the butte and is evaporated upon reaching the face of the cliff.
It usually forms only a thin case hardening over underlying
sandstone, which in some cases is so poorly cetnented that it

1Paige, Sidney, The Central Black Hills: U. S. Geol. Survey Folio
219, p. 3, 1925.
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can be excavated with a shovel. For small structures in the
vicinity of this material, however, there inight be a sufficient
quantity of quartzite to prove very nseful. No attempt should
be made to quarry it for large construction jobs or on a com-
mercial scale. The temptation to use it for such purposes is
strong since most of these deposits lie in regions a long way
removed from other hard rocks that occur in Soutn Dakota.

Sandstone

i. The Dakota-Lakota Sandstone

The only deposits oi sandstone that can be used as a
building material occur around the edge of the Black Hills.
The Cretaceous sandstones which lie in other varts of the
State are too soft, that is, too poorly cemented, to be of com-
mercial use. Where they onterop about the Black Hills, how-
ever, ground water has had a chance to harden them until a
very useable stone has been developsd. The Dakota-Lakotia
sand series offers the only sandstone now being quarried.
Quarries can be opened in these formations almost anywhere
in the Greal Hogback, though the only quarries that have
been in operation thus far are those at Hot Springs. The old-
est and best known of these is the Evans quarry which has
furnished stone for mosl of the buildings in Hot Springs and
n many of the swrrounding cities in South Dakota, Wyoming,
and Nebraska, Todd! states that the Dakota formation was
alsc quarried near Spearfish and at Rapid City. He also gives

the following on crushing strength: “Samples at the Colum-
bian Exposition tested at the U. S. Ordinance Department at
the Watertown Arsenal, Mass., showed a strength of 6,305
rounds to the square inch, and the test stood 7,491 before
yielding. (Specimen from Evans quarry) * * * Tests of this
stone (from the Burt quarry, three miles north of the Evans
quarry) made at the Watertown Arsenal, Mass., Oct. 25, 1900,
show that the strength of the stone is 8,047 pounds per square
inch, and the chemical composition is 97.75 per cent silica and
2.20 per cent alumina. * * *

“Samples tested in 1893 as before mentioned (specimen
from Lovkout Mountain at Spearfish) showed a strength of
4,516 pounds per square inch.”

1Todd, J. E., Mineral Resources of South Dakota: South Dakota
Geol. Survey Bull. 3, p. 97, 1900,

PLATE 19. The Evans Sandstone Quarry, Hot Springs, S. Dak.
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When fresh from the quarries, this stone has a light
gray or delicate pink color which is very pleasing. It weathers
1o a uniform brown which can be seen distributed over the
face of the buildings in Hot Springs and other places where
the stone has been in use since the 1890’s. It is not so well ce-
mented &s the famous Berea stone from Ohio but can be used
for making grindstones.

II. Paleozoic Sandsiones

The outerops of Paleozoic formations about the Black
Hills expose some sandstones which can be used for building.
Apparently none of them are as satisfactory as the Dakota
whicihh has just been described. This may be because a suffi-
ciently careful search for suitable portions of the formations
bas not been made.

Sandstones at the top and bottom of the Deadwood for-

matlion offer excellent prospecting grounds. Most of this sand -

is highly iron-stained and much of it is conglomeratic, espe-
cially the basal sandstone. The upper sandstone, howevér,
contains a considerable thickness of uniformly grained stone
from which a good building block could be quarried. The bet-
ter localities appear tc be in the ncrthern Black Hills near
the city of Deadwood itself and possibly at Nemo. In the
southerr Black Hills, the Deadwood formation is thin and
most of the stone appears to be a less desirable huilding ma-
terial.

The Minnelusa formation also carries a thick sand sevies
in its upper portion and some workable sand beds in tha lower
haif. These would also furnish material which could be quar-
ried on a commercial scale, though much of it is calcareous
and does not weather well,

None of these sandstones are sufliciently indaarated to
be used for anything but building blocks. Some of the stone
can be used for rip rap but the cementaticn is not sufficentiy

-complete to make a good rock for concrete aggregate or other

crushed material. The proximity of pre-Cambrian quartzite,
feldsite, and granite make it unnecessary to use these sand-
stones for such purposes.

Limestones and Marbles

Limestones and marbles are caleareous rocks and, there-
fore, have a wider variety of uses than do the silicous rocks
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described above. The crushing strength of most ¢f them is
sufficiently high to allow. their use as building klock. In faet,
some of them will stand a higher crushing force than the
sandstone. Being soft rocks, (hardness approximately three
on the Moh Scale) they can be easily dressed. They can,
therefore, be eagily cut into building blocks or turned or
carved into pillars or cther ornamental forms. Many of the
denser varieties will take a polish and can be placed on the
market under the trade name of marble. Dense limestone
and marble can also be crushed and broken into blocks for rip
rap and concrete aggregate. Some of these have been used
for road metal but tend to break down under traffic and be-
come very dusty.

Eeing made of calcium carbonate, all of these rocks can
be burned for lime which enters the building industry as ce-
ment and plaster.

1. Pre-Cambrian Marble

Marble has been reported in pre-Cambrian rocks hoth in
the outcrops in the core of the Black Hills and in a well drilled
near Wagner in Charles Mix County. One outcrop three miles
south of Harney Peak has received considerable attention. It
is a dolomitic. marble lying in three to four-foot beds in a for-
mation 40 feet in thickness. The entire formation stands
nearly vertical, dipping south 80° west, and angles vary from
60-70°. The formation has breen traced for a distance of about
five miles and in the early days was opened in several places.

The rcek ig a delomitic, fine grained marble which varies
in color from pure white throcugh gray, and is mottled with
light and dark green specks and particles of serpentine. It
ig very compact and takes a high polish. The difticulties which
beset the expioiters of this deposit seem to have been largely
connected with the quarrying and transportation tc Custer,
which is the shipping point, five miles distant. This rock of-
fers some interesting possibilities in ornamental stone pro-
duction.

II. Paleozoic Limestone

All the dense limestorie which can be used for hard rock
construction, outerops in the Limestone Plateau of the Black
Hills. Two formations have furnished nearly all of this ma-
terial. The most important one is the Pahasapa fermation
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and the next in importance is the Minnekahta. Considerable
limestone from the Whitewood formation has also been ex-
cavated in the vicinity of Deadwcod. This limestone could
be put to a number of uses. Most of it, however, is crushed
and reaches the market as crushed rock, concrete aggregate,
or lime.

Certain layers in the Pahasapa formation have been de-
scribed as suitable for lithographic limestone. “In the upper
pari of the Pahasapa limestone ten miles west of Caster two
or three strata of compact fine grained limestone have been
found which have proved satisfactory for lithographic work.
* % * The stratum is about four feet thick and:lies nearly
horizontal. * * * Mr. W. R. Bond, of Custer, has sent in sam-
ples from the vicinity of Loring, twelve miles south of Custer,
which have proved satisfactory for lithographic work of
smaller size.”?

Since most lithographie printing is no longer done with
stone, this character is not of as much inierest as it used
to be. There is still a market for lithographic stone, how-
ever, and it is well to keep this quality in mind when consid-
ering possible uses of this limestone.

“The Minnekahta limestone, a compact, fine grained rock
“of varied coloring, takes a good pelish and, with its mottled,
pinkish, reddish and purple shades, there seems & possibility,
where the rock is not too thinly bedded, that it could produce
an ornamental stone of some importance.?

~ Burned for lime, both Pahasapa and Minnekanta lime-
stones have found their way into the local industry, particu-
larly for use as flux in metallurgical processes and in the
clarification of sugar. Most of the lime burned, however, goes
into the manufacture of cement and plaster. An idea of the
chemical character of the Pahasapa can be obtained from the
three analyses, the samples for which came from outcrops in
the southern part of the Black Hills.?

Number 1: From the Black Hills Lime Company quarry one
and one-half miles west-southwest of Pringle. Mr.
Charles Bentley, Anaiyst.

1Todd, J. E., Mineral Resources of South Dakota: South Dakota
Geol. Survey Bull. 3, p. 93, 1900.

2Connolly and O'Harra, op. cit. p. 295.
3Connolly and O’Harra, op. cit. pp. 286-288.

o e
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Number 2: The Erpelding quarry just west of Loring Siding.
Mr. Charles Bentley, Analyst.

Number 3: Sample of Pahasapa limestone from near Pringle.
Mr. W. J. Sharwood, Analyst.

1 2 3

Si0y 0.56 0.90 0.91
Fe,Of o ___ 0.20 0.14 ——
: 0.29

AlLO, e 0.06 0.12 -
Ca0 . 53.98 55.24 55.06
MgO ___ o ______ 1.64 0.36 1.18
80y . Trace Trace —
Ignit. Loss oo _____ 43.77 435.25 43.62
Total . _____ 100.21 100.01 100.84

The chemical composition of the Minnekahta limestone
is indicated in the following analyses.!

Lime (CaO) ________________ 31.51 54.65 53.40 52.85
Magnesia (Mg0Q) ___________ 19.85 41 1.57 72
Alumina, iron (Al,0,,Fe,0,)__ .36 .63 1.10 51
Water (H,0) o ______ 1.25 &1 .20 .10
Carbon dioxide (Cep) —ocucoo 44.66 42.30 42.92 4278
Sulphur trioxide (80,) —1____ .07 21 12 12
Sitica (Si0g) oo ____ 1.12 1.21 1.08 1.42
Manganese oxide (MnO) _____ .00 .00 46 a1
Soda (Na,0) _______________ - trace .36 .30
Potash (K,0) . ___________ _- trace .16 10

Total________ 98.82 100.13  100.37 100.24

IfI. Greenhorn Limestone

The Greenhorn formation, which lies in the lower part of
the Cretaceous system, contains a thickness of about 40 feet
of shaly limestone which is made up in large part of the
shells of a Cretaceous pelecypod (clam). The lime beds aver-
age a quarter to a half inch in thickness and are separated
by thin seams of shale. In weslern South Dakota this lime-
stone outerops outside the Dakota Hogbacks of the Black
Hilis. It is well exposed north of Belle Fourche and in Fall
River County. It also outcrops in the Big Sioux Valley in
Union County where its characters are exactly like those in
the western outecrops.

i

iPaige, Sidney. The central Black Hills: U. S. Geol. Survey Foho
219, p. 9, 1925.
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This rock is not sufficiently massive or dense to be used
for building material but it offers a source of burned lime or
cement material which has been overlocked. The western
outcrops are not of much interest since they are located so
close to other sources of lime, but those in the Big Sioux Val-
ley occur in a region where limestone is scarce. It is for this
reason that they arc included in this description. It is worth
invastigation as a source of raw material for the manufac-
ture of rock wool, since both the lime and silica are available
with the same quarrying. The mixture of lime and clay in
the Greenhorn might supply the necessary combination.

Unforiunately, there ig little data on the chemical char-
acter of this formation.

IV. Chalk

The Cretaceous system which underlies most of South
Dukola was so named because it carries the rather unusual
limestone known ag chalk. This differs from the limestones
that have been described, in that it is soft, rubbirg off easily
on the fingers. On the outcrop it usvally appears as a white,
yellow or dirty gray rock. The fresh rock is gray when
dry, but when wet may look almest black or blue-black. Upon
weathering, the cliffs first turn an orange-red and then yel-
low, and finally bleach to white. Under the microscope, well
cuttings of fresh chalk are usually described as speckled
shale, black or gray material being dotted with small white
grains of calecium carbonate.

The purest and largest mass of chalk is known as the
Nicbrara formation. This formation outerops in the Missouri
Valley from Fort Thompson to Yankton. It also occurs on
the Redfield Hills a mile sast ard a mile scuth of that city.
It encircles the Biack Hills where it oceurs in the oottom of
_valleys and 1s very seldom seen. Lesser beds of chalk oceur
in the Greenhorn formaticn and in the Pierre formation. The
lower members of the latter carry a great many beds from
four inches tc twelve inches in thickness. The thickest chalk
in the Pierre formation, however, is the Mobridge member
which lics in ite upper part and has a maximum thickness of
241 feet. This member is so impure, however, that it is not
worthy of consideration as a limestone.

.The Niobrara formation, or the other hand, is a very
pure limestone and can ke used for many purposes. It has
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been used to good advantage for building blocks. A number
of houses are still in good condition that were built more than
fifty years ago. Such houses are found in Yankton, Scotland,
and Mitchell. Recently, a number of houses were constructed
in the vicinity of Springfield. The rock has the advantage of
being easily sawed or shaped and is sufficiently well bound to
hold together for handling. Weathering does not effect light
colored chalk severely, though there is some change in color.
it can be painted and makes a wall which insulates well. One
disadvantage is that it can be easily marked or seratched with
a fairiy soft tocl. Thus it is possible to deface a bu11(hnb to
which the public has access.

halk rock can be burned like any other limestone and
can furnish lime for plaster, cement and the other uses to
which it is put. South Dakota chalk, however, has not been
exploited for this purpose, probably due to the fact that it
has beert cheaper vo ship lime into the State than to ship in
fuel to burn it. This chalk was used at one time in the mak-
ing of cement, however.

The following analyses, made in the State Chemical Lab-
oratory under the direction of Guy G. Frary, will show the
character of the chalk in the different parts of the southeast-
ern quarter of the State.l

Average analysis cf eight samples on Turkey Ridge, Yarkton County,
NE% sec. 12, T. 94 N., R. 52 W.

Calciuma Carbonate (CaCO5) ______________. 90.98%
Alvminum (ALO,) - _______ e -89%
Iron (FeO) . __ 1.40%
Volatile Matter ______ e 2.00¢%
Inscluble Matter . __ . _________________ 5.21%

Total - ___ 106.48¢

Average analysis of five samples from the Missouri Bluﬁ"s immediately
west of Yankton.

Calcium Carbonate (CaCOj, ) _________________ 84.339;
Alumivem (AlL,O) - ____- _______ B817%
Iron (FeG) o L _____ 1L.55%
Volatile Mattev_____ ____ ____________________ 5.10%
Insoluble Matter . _________________ 6.66'7

Total ___ . _________ 98 459

1Roth1ock E. P. A preliminary report on t‘m chalk of eastern South
Dakota:.South, Dakota Geol. Survey Rept. Inv. 2, pp. 10, 17, 21, 27, 33,
38, 42, 1931.
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Analysis cf sample near Springfield, NW4 sec. 27, T. 93 N., R. 60 W.

‘f CLff on west of railroad tracks.
Calcium Carbonate (CaCOy4) o _______ 85.04%
| Aluminum (ALY cospevnne corlmraa e o0 2.31%
] Irany (FeU) oo e i 5.50%
| Volafile Wattar ol e oo o bord (4o 3.157%
i TrutbTubiie: MSEEE ol e e ot e 3.587%
1 Total, e 97.58%
‘ Sample taken from O0ld Quarry, SW corner of NE1i sec. 34, Perry
.f; J Twp., T. 104 N., R. 60 W,
a | el S T Mt 1 O Wy SOl Mot Ly . S 98 4.02%
o | T ) S S R S S P WS 1.40%
> i P L TN R L el N SR BTN et 2.10%
£ { e S R 50.42%
TS ot A AR Dl e A N 8%
E i By it b b bl e Lo 19%
B ; G oo IS et et Sl W o Tl 00%7%
P | 1 b v i | P NV e NS o S SV N T 40.36%
E i 1 [ 2= LS Rt e e S S N 100.17%%
a
a Chalk sample in the vicinity of Mitchell, north bluff of Enemy Creek,
o5 NE4 sec. 24, T. 102 N., R. 62 W., Davison County.
e i Calcium Carbonate (CaCO.) _.._ . ________ 92.36%
= | Altminum. CAlOLY o i i oo 1.60%
2 ‘ Toh! (FeON zewoocvnnenenan s do ntma Bl 1.98%
2 Valztile: Mathell coanecdapacnmun e tnan 1.72'%
2 Insoluhle Matter _ . _____________ 4.72%
o
§ oAl wsecbonmwd e dulnmased 102.38%
i Challe outercps in the Valley of Dawson Creek at Scotland
= Calecium Carbonate (CaCO.) _ . ______ R0.65%
< Alvmpising EALOLY: coie b e BT
— | O D)) e e I e g e S 8 D 164%
) Nalat e Nattea oo e e 28407
< i 12.55'%
o N R
TRl wewszease e e e 97.07 %

Chalk sample taken one and onc-half miles up river from Chamberlain,
Biule County.

Like the foreign chalk, that of South Dakota is physic-
ally amorphous. This term is much used by whiting manu-

‘ Caleimmn Carbonate (CaCO.) T4.15%

Aluminum (ALOY 1.44%

‘ 0 o PP ot L S S U P S S 1.37%

a Vialatale: NIatEE cocdancar e s e i 5.067%

ﬂ Taselible Mathet -2 ssuecoramunmi st 15.467%

i L i RN s B SISO 07.467%
|
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facturers, but its meaning is rather vague. It is used in
connection with chalk to distinguish certain physical proper-
ties of the material which are much desired for many uses

to which whiting is put. Whiting, made by powdering lime- -

stone and marble and precipitating calcite chemically, does
not possess these characters and is termed crystalline. The
amorphous properties, therefore, are probably due to its non-
crystalline character and to the colloidal materials which make
up the bulk of the chalk.

The flint or chert nodules, such as are abundant in the
English chalk, are conspicuous by their absence from the
-chalk of South Dakota. Some concretions of iron are to be
. fouud in a few outcrops, but such material is very scarce.
Gypsum crystals (selenite) are reported by Lounsbery from
the chalk about Mitcheil, and the same were noted ahove the
chalk at Chamberiain and Yankton, and below the chalk on
the Misscuri Bluffs south of Gayville. This gypsum, however,
is confined to the shales above and below the chalk and, there-
fore, should not be a detrimental factor in working the ma-
terial, Selenite found in the bentonite layers in the chalk
is apparently developed by weathering and will bhe found,
therefore, only on the surface.

Physical tests made some years ago on samples taken
near Yankton showed that whiting from the South Dakota
chalk had the same physical characters as that made from
the best imported chalk. The only drawback to its use is the
fact that the trade is not used to eolored materinl. In the
following table, the properties of South Dakota chalk are com-
pared to those of imported chalk then in use by the trade.

qulcanization Test
South Dakota Material (Collected near Yankton)
Tests by Beacon Falls Rubber Shoe Company

Whiting South Dakota Stock
Break 865 1bs. 920 1bs.
P. E. 8.33% 8.33%
Elong . 463% 6337%'
Cure Steam Steam
Per cent whiting used 524 % 52%
Ageing test Satisfactory

“This sample was of a -very dark cclor, which would-
prevent its use in some compourds and contains much
grit which could be removed by proper grinding. No
substances injurious to rubber were found.”

PART III. MINERAL RESOURCES 165

SAND AND GRAVEL

Sand and gravel constitute a low priced but very im-
portant structural material. It makes up somewhat for the
lack of widely distributed stone in South Dakota, hy being
available in almost all parts of the State in large quantities.
There are few areas in the State where sufficient quan-
tities of gravel are not available for local construction. East
of the Missouri Valley, glacial sands and gravels are abund-
ant. West of the Missouri, alluvial deposits are found as
terraces in all of the big valleys. Bed rock sands and some
gravels are available in the northwestern corncr of the State
in Harding and Perking Counties and soulh c¢f the White
River in the Rosebud and Pine Ridge Regervations.

It is impossible to ge into detail on the location and kinds
of gravel to be found in all the deposits of the State. This is
due in small part to the tremendous number of small deposits
available, and in large part to the fact that it has never been
rossible to map and appraise these deposits except in rela-
tively small areas. The following may be helpful, however, in
showing the general location of the deposits and their general
character. The larger deposits that have been mapped to date
are indicated on the economic map accompanying this report.
It is far from complete, however.

I. Glacial Deposits

 The eastern half of South Dakota has been covered sev-
eral times by portions of a continental ice-sheet, tongues of
which moved down the James Valley and spread laterally
rrom this axis till their western edge reached a line somewhere
near the present Missouri River. Such ice carried large loads
of debris. As the ice melted, the torrents of water thus
formed, washed this debris into the spillways, sorting the
fine mud and silt from the coarse sané and gravel to carry
them far away from the ice front. The sands and gravels
were left behind in the channels, sometimes accumulting in
deposits of tremendous size.
Three main spillways existed in South Dakota, one in the
basin of the Big Sioux, the second in the James Basin, and the
third, in the Missouri Basin. Large deposits are, therefore,

‘encountered in all three of these basins. In the upper Big

Sioux, large outwash deposits occur in Day and Roberts
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Counties. Thege outwashes are extensively worked in the
vicinity of Watertown where three channcls come together,
one coming from the north down the Big Sioux, ancther from
Wallace and Florence to the west, and a third, from South
Shore to the east. Other large outwashes oceur near Brook-
ings on the east side of the Sioux River. One of the best
known is the long channel at Madison, starting at Lake Her-
man and emptying inte the Big Sioux through Skunk Creek
near Sicux Falls. Large terraces cccur at Sioux Falls and
farther south at Hudson and at Hawarden, lowa, in the Big
Sioux Valley,

Large depogits are not go common in the James Valley
as in the Big Sicux, though they are far from lacking. Sandy
areas occur in Aberdeen and south of Redfield, and in a long
narrow- pelt north of Woonsocket, followed by Sand Creek.
Gravels are found in the vicinity of Mitchell in some abund-
ance and also south to Olivet and Yankton.

Very large deposits are found in the Missouri Basin.
(utwashes covering several townships lie in the vicinity of
Bowdle, Hoven, and Lebanon in Edmunds and Potter Counties,
and a string of gravel deposits lie in the upper part of Oko-
bojo Creek Valley in Sully County. Nearly every big bend
in the Missouri Valley has a gravel terrace lving about a hun-
dred feet above the present river. Most of these were a re-
sult of glacial outwash from the east. On the high lands
goutn of Miller and west of Wessington Springs, there occur
severa! bodies of outwash formed by drainzge into the Mis-
souri Valley through Elm Creek ard Crow Creek. Other
large denosits are known to occur in Charles Mix County in
the enannel in which Lake Andes lies and in the Missouri
Valley below it.

All of these deposits are typically glacial. Some ave very
well sorted, but most depesits have sands and gravels poorly
sorted, and these require sereening to produce a specified size
of either sand or gravel. 'The constituents vary all the way
from the finest of sand grains to boulders. The majority of the
deposits, however, show predominance of coarse cr medium
gand and fine to medium gravel. The pebbles are largely of
hard materials, granite, quartz, and tough metamorphic rocks.
Muech shale and chalk is supplied locally from the Cretaceous
bed rock in the vicinity.

[

A Typical Deposit of Giacial Gravel
Partial sorting and irregular bedding characterize such deposits.

PLATE 21.

reek, Yankton, S. Dak.

o
]

On Turkey C
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Sprinkled over the surface between the main spillways
are pockets of gravel due to local cenditions in the ice. Some
of these have allowed the opening of “wagon pits” for me-
terials to be used in farm construction or even for local road
graveling. A few of these deposits are kames and eskers, i. e.,
deposits of sand and gravel made by streams flowing through
cracks in the ice and deposited on the surface as sharp ridges
or beehive-shaped hills when the ice melted. Some kames
and eskers contain large amounts of gravel. One of the
largest is a series of kames in Grant County which are called
Mount Tom or Mount Tom Range. This range is a quarter
mile wide at the base, three miles long and 50-100 feet high.
Most eskers and kames in eastern South Dakota, however,
are relatively small, 10,000 to 20,000 vards being a common
volume. Though these are large enough to he' very useful,
they do not compare in volume with the deposits of the Mis-
souri River which contain 20,000,000 to 30,000,000 cubic yards
in a single deposit or those of the Big Sioux with similar
volumes.

The following analysis from the Haves Sand and Gravel
Pit in the Big Sioux Valley, two mileg below Sioux Falls, is
fairly representative of glacial material. This gravel is found
in a long terrace extending nearly three miles along the eaat
bluff of the Big Sioux Valley, which containg some 6,000,000
cubic yards of gravel. An average sample from the &5-foot
face exposed at the Hayes pit gave the following results:

CGravel Analysis, Hayes P’it
Section 11, T. 101 N., R. 49 W., Minnehaha County

Weight per cubie Toot - foece foiran o s 93.2
SPecific pravity e sosscsannlo s aan S e 2.639
Bereentiaoddsin=mp Wi s nttaee i Py 1 E T i 43.5
Percent passing %-inchmesh _._____ .. 100
Rereent mand Doei o n s ai oo e e ot 98
Material passing %4 -inch mesh:

iBéreentipassine 20 megh o C 4 e T v e 64
Bereentipassing s0meshee oo Dl wia u T h L e 3
Percent passing 100mesh o 2 oo i 1
Percant Saliihy mMolEie aems = s e ol o o i 3

1-3 7-day tensile
Character of material retained on %-inch:
PEfeentisoft - s e e e T e R 10
Bereent 'miedinom - __ - oo ______ - ____ 24
Pereent hard _ e 66

A Typical Deposit of Glacial Sands near

Irene, Clay County, S. Dak.

PLATE 22.



170 A GEOLOGY OF SOUTH DAKOTA

~ The material in the Hayes pit is fairly fine since all of
the sample passed through the cne-half inch mesh. In con-
trast to this is another sample taken from a large terrace con-

taining about 32,000,000 cubic yards which lies on the east

bank of Skunk Creek, three miles north of Hartford in Minne-
hana County:

Gravel Analysis Near Skunk Creek
Sec. 34, T. 103 N., R. 51 W., Minnehaha County

Weight per cubic foot —________ . ______ 101.6
Specific gravity __ - 2.544
Percent voids -~ 36
Percent passing %-inch mesh __________ ... 85
Percent sand . __________ i
Material passing %4-inch (sand):
Percent passing 20 mesh _____________________ _ 55
Percent passing 50 mesh .. ___________ S 16
Percent passing 100 mesh ______-______________ 5
Percent silt by volume . ________________ 4.5
1-8 7-day tensile - _______ - .. 192
Character of material retained on %-inch:
Percent soft _____ . 7
Percent mediuvm ___ . __________ . _____________ 70
Percent hard - ____ . ____ 23

Nearly as many different analyses of glacial gravels could
be obiained as there are samples. Some deposits are made
of boulders and cobbles predominantly or in large proportion.
However, sand is much more abundant than coarser material
in most glacial gravels in this State. Some gravels are very
“dirty,” containing large amounts of ¢ilt and clay, and grade
into boulder clay. Most of them, however, are fairly clean.

No figure can be given for the amount of glacial gravels
available, since appraisals have not been made except in rather
limited areas. Deposits like the one at the Hayes pit
contain 6,000,000 cubic yards. Deposits of this size are not
uncommon in the Big Sioux Valley. Some of the outwash at
the head of the basin may contain many times that amount.
The large outwashes in the vicinity of Bowdle and Hoven
cover one to two townships each. Depths of 10 to 14 feet of
gravel in these outwashes give volumes of hundreds of mil-
lions of yards.

1I. Alluvial Deposits

Alluvial gravels are those which have been formed by
stream action as bars, or in the flood plains. Such gravels are

-
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found in the valleys of all the large western rivers flowing into
the Missouri. Smaller deposits are sometimes found in the
tributaries. Most of' these derosits are no longer in the bot-
toms of the valleys bul occur as terraces along its blufts ve-
cause of rzjuvinaticn of the streame since their deposition.
During the Pleistocene epoch, (Ice Age) these valleys filled
with gravel and sand. Subsequent uplift of the Great Plains
caused the streams to cut beiow the oid valley bottoms and
left the Pleistocene gravels perched about 100 feet above
the present streams. The removal of enormous amounts of
gravels which took place in this process has made secondary
bars in the bottoms of the present streams.

The malerials of which these gravels are made are all
local, being concentrates of the coarser and more vesistant
materials which the rocks in the immediate vicinity contain.
In most instances, the coarser material has not moved very
far from its source. Some has been transported a consider-
able distance down the valleys. Small garnets are found
nearly to the Missouri in the Cheyenne and Bad River grav-
els. These have been transported from the Black Hills. Peb-
bles of the White River chalcedony are found in the Missouri
River gravels which may have been movaed half way across
western South Dakota in the White River.

Black Hills Gravels

Most of the gravel deposits in the headwaters of the
Cheyenne and Belle Fourche Rivers contain a great deal of
material from the core of the Black Hills as well as from the
rocks surrcunding the core. Since gradients are slteep com-
ing off from the mountains, the gravel deposits which lie in
these two valleys are large and coarse.

Materials of these gravels vary considerably, depending
largely on the hard material in the rocks of the immediate
vicinity.

Limonite Type Gravels

Gravels in the Grand and Moreau Rivers and headwaters
of the Cheyenne tributary are characterized by the presence
of limonite pebbles. Much of this iron is formed on weather-
ing of the Hell Creek beds and is concentrated in the stream
bars. Some gravels are made almost entirely of the limonite
which assumes the characteristic buck-shot structure of
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residual iron ore. ther'gravels contain miner amounts. A
pebble count taken on the headwaters of the Moreau near
the Butte-Harding County boundary gave the following:

Pebble Count on Limonite Gravel
SWi4 sec. 22, T. 14 N, R. 3 W., Butte County

Bovlders: :
" Fort Union Quartzite, fine grained, porceline-like and
gray quartzitie . _________________________ 1%
) Tertliary ‘conglomerate ________________________ 29
Pebbles (up to 1 and 1% inch in diameter):
Limonite .. 547%
Vein quartz ___________ ___ - ______ 14
Chert oo 12
Chalcedony - 1
Petrified wood oo 1.5
Limestone - _______________________________ 7
Sandstone ____________;______,_ ________________ 8
Caleite from local eonerétions e 1.5

Some of these deposits contain large quantities of sand,

especially in the vicinity of sandy formations such as the Fort-

Union and Fox Hills. While no generalization can be made
on the deposits of this large area, a screen analysis of one
deposit in southwest Perking County may serve to show ap-
proximate sizing.

Analysis of Gravel Terrace Near Inland Post Office
NW of NW sec. 16, T. 13 N., R. 10 E., Perkins County
Analysis by C. J. Loomer, Test Engineer, South Dakota

Highway Commission ‘

Passing Retained Percentage
Oversize None
11 inch 1 inch 3%
1' inch % inch 2.5
% inch . % inch 6.1
%5 inch % inch 28.5
% inch 59.9
Totalv __________________________ 100.00%:

.Material passing
Yi-ineh (sand, silt -

and clay) Retained Percentage
%4 mesh )

@ mesh 10 mesh 48.2%
10 mesh. 20 mesh 15.2

20 mesh 50 mesh 11.6
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50 mesh 200 mesh 19.0
200 mesh 6.0
Total - 100.00% -

White River Type Gravels

In the southwestern quarter of the State, the gravels
are characterized by materials which have been concentrated
from the Tertiary beds of the White River. Much of this is
a soft white limestone which develops from caliche cn the
weathering of many of the sandier beds. Gravelg in the Pine
Ridge and Rosebud Reservations are largely of this type and
are confined to the tributaries of the White River almost en-
tirely.

The large deposits are composed of hard materisls, how-
ever. The characteristic mineral of these gravels is chalce-
dony. A great deal of it occurs in veins, geodes, and concre-
tions 1n certain portions of the Bad Lands, and pebbles from
these, find their way intc the streams draining that country.
Some of it is white and some a dark gray to nearly black.
Most of it, however, is a milky gray which often has a bluish
cast. A second characteristic of this.gravel is feldspar. This
feldspar is derived largely from arkosic sands of the Chadron
formation. It is a flesh colored orthoclase similar to that
found in the pegmatites in the Black Hills and occurs in pieces
from an eighth of an inch to a half inch across. Cleaved faces
are commoin, often giving a startling reflection from the sur-
face of a graveled road.

Such gravels are found in the White River Valley,
throughout its entire length. They are also found in Cotton-
wood Creek and Buffalo Creek at the head waters of the Bad
River. The gravels of the White River between the Murdo
and Kadoka bridges, have been described as follows: “The
gravels are perhaps most interesting because of the predomi-
rance of chalcedony. This mineral makes as high as fifty per
cent of the pebbles and cobbles in some bars. Associated with
it are pebbles of light gray limestone which have come from
the concretions in neighboring bluffs of the Pierre shale, flint
and cherts from the Black Hills, and a few, miseellaneous,
igneous, and metamorphic rocks. Chunks of feldspar, one-
half to one inch across are abundant. These came directly
from the Chadron gravels, and give the gravels and coarse



Excavating With a Sand Pump.
ravel Company Pit, Sioux Falls, 8. Dak.
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sands of some bars an appearance much like that of ~he Chad-
ron gravels found in place. Many of the feldspars are per-
{hitic iike those of the Black Hills pegmatites, from which
they were obviously eraded te form a constituent of the Tex-
tiary gravels, which ware subsequently reworked te form the
vresent valley fill.”"!

The similaritics of the gravels in differeat parts of the
valley are evident from the two following pebble analyses!:

Sample from Test Well on Schwartz Ranch, threze and
one-half miles south of Stamford Bridge
. Depth 10-14 Feet
A, Sand

Vein and chalcedonic quartz .~ 09547
i B R 2 i o e PSS e o B 8 Pt S MRS 1%
Feldspar {probably orthoclase) 17
Giimm el gl oLt St e Tt S WY {1 S5 e 1%
Timpnite et P ST S G U s 1%

B. Coarser material from the same sample, pieces one-fourth to
one-half inch in diameter

R EER T A L AT e e e e A S I 3265
AT e s LIRS R D S e 29%
N AR =2 sl it D b 9%
(Saan it e e o T e e e e 9%
Concretionary limestone o _________ - 16%
Caliche Hmestone oo v nlo e e oo 37

21#

Tron (Hmapite) sosieccssareses ocrnn annan,

Two samples from a test well on the Carley Ranch at the
highway bridge south of Kadoka about 30 miles up the White
River from the section just described, gave the following ac-
count!:

Pebble Count on Gravel from Test Well on Carley Ranch at

Highway Bridge South of Kadoka

Depth Depth
20-23 Feet  26-27 Feet

ot andiohert. Lol B w o e 30 9%
CRATEEAHY it S v it Lo 22, 337%
Vel QUartz o oo seenssustean i ae 44% 23%
Light grey concretionary limestone__ 53% 10%%
Daik erey concretionary limestone__ 4% 2%
Porous lime caliche _____________ __ 11% 2%
Sandstcne, quartzitie ______________ 1% e
Beldapaptoc oo o 00 o o s 2k

Metamorphic rock

1Rothrock, E. P., A hydrologic study of the White River Valley:
South Dakota Gecol, Survey Rept. Inv. 41, p. 15, 1942,
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Pyrite . ____ 2%

Though these are reworked gravels, they give o good pic-
ture of the kinds of materials that are common in the terrace
gravels,

Sorling is not uniform in these eravels but a fair idea can
be obtained from a screen test made on samples coliected on

Buffalo Creek and analyzed in the State Highway Commission
Laboratory. '

Screen Test on Tertiary Gravels Sampled on Buffalo Creek,
S ¥, Sec. 33, 1. 1S, R. 18 W., Jackson Co.

Analyst: J. C. Loomer -

Passing Retained Percent Percent
Right oversize
2 inch 1% inch ) 8:7%
Gravel . : : 324
1% inch 1" inch 3.9
1 inch Y% inch 7.5
% inch - Y% inch 15.
% inech 67.
) . Total __________ 100.00%
Sand 39.1%
1 inch 10 mesh 30.49%%
10 mesh 20 mesh 51.0
40 mesh 50 mesh 12.0
100 mesh 200 mecesh 6.
200 mesh .6
Total___ _______ 10C.00%
Clay ‘ 19.8%

Bed Rock Deposits

As has been stated, the sandstones of the Cretaceous
system are poorly cemented and except for case hardening
those exposed in the plains region in South Dzkota are loose
enough to be excavated with a pick and shovel. These are
a particularly good source of sand, north of the Grand River,
as are also the Tertiary beds south of the White River. The
Arikaree formation south of the White River is very sandy
and during very dry times blows into dunes. Some use hag
been made of this sand near Burke where concrete brick and

e, &

e
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tile are manufactured from it. The sands 1 the Fox Hillg
and Ludlow formations cculd be used in the same way. So
far as is known, however, there are no gravel deposits in these
formations. . o

In the Chadron formation, a beautiful white sand and
gravel is often encountered and hag been used in surfacing
roads in the Pine Ridgz Indian Reservation. The some white
gravel is known on Fox Ridge, in Meade County and small de-
posits of similar material occur near Springfield in Bon
Homme County and north of Volin on Turkey Ridge in Yank-
ton County. This white Chadron sand and gravel is highly
arkosic and made largely of vein quartz, chalcedony and other
hard materials with consvicuous feldspar. Its light color
makes it a rather unusual material. The white vein quartz
and pink feldspar with an occasional dark flint make a rather
spectacular gravel which should be used for more small showy
construction than it is. Most of the nuterops of this Chadron
gravel are found in the breaks of the White River and in a
few.spots east of the Missouri which were mentioned. No
appraisal has been made of the volume of this material, but it
is significant that large enough deposits have been found to -
gravel most of the federal highway running through the Pine
Ridge and the Rosebud Indian Reservations.
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CEMENT MATERIALS

With the increase in the use of coacrete in construction,
it has become increasingly important to know where mate-
rials of which it can be made are available. This is especially
important in a state like South Dakota which is far from lum-
bering centers and in which large aveas are not adjacent to
sources of building stone. Building stones are not available
over most of the State and the soft character of most of the
rocks make it essential that large structures be built of con-
crete. -

Portland cement is mads of three essential materials:
lime, 60-70%, silica 20-21%., and alumina and iron 5-12%:.
Less than three per cent of gypsum is usually included to re-
tard setting. This cement is used to bind an aggregate of
pebbles or crushed rock and is then called ecncrete. A con-
crete structure, therefore, must draw on all of these materials.
As they are heavy and bulky, their cost of transportation is
high. The shorter the transportation te any building sife,
therefore, the cheaper will be the cost of its construction.

I. Sources of Lime

Lime is obtained by buraing limestone, the sources of
which have been discussed under the heading Stone. As has
been pointed out m this discussion, limestones are availapble
in the Black Hills, in the Misgouri Valley, in the lower James
and the iower Big Sioux Valley. The northern haif of the
State is eniirely destitute of such materials except for a chalk
outerop at Redfield. )

Iz the Black Hills, the hard limestones of the Paleozoic
formations offer a limitless supply. At prescit, these are the
Whitewood, Englewood, Pahasapa, and Minnekahta forma-
tions which outcrop in the limestone platcau about the crys-
talline core of the mountains. The Minnekahta limestone is
paing used at present as a source of lime for the State Cement
Plant at Rapid City.

The Greenhorn and Niobrara formations also outcrop
about the Black Hills but are not as easily accessible as the
limestoncs mentioned and, therefore, will not e of as much
interest as a source of lime in this region. They are impor-
tant sources of lime farther east, however. In the lower
Missouri Valley, the Niokrara chalk is available from Fort

B
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Thomypsen to Yankton. It has the advantage of being in close
proximity to shale so that little hauling is necessary-to obtain
the two most important and bulkiest ingredients in the man-
ufacture of cement. Cement was manufactured using the
Niobrara chalk-at a plant operated by the Western Portland
Cement Company, four miles west of Yankton. . The plant
was erected in 1889 and 1850. In Septembher 1890, production
wag started which continued to 1910 when the plant was seld
to the Medusa Portland Cement Company of Cleveland, The
plant had a capacity of 250 harrels a day.

As was indicated in the description of chalk under the
heading of Stone, the Niobrara formation, in the vicinity of
Yankton, contains 87 to 90% of lime. Its other ingredients
are all useful in the manufacture of Portland Cement. The
Missouri River, therefore, offers an excellent lecation for the
ercction of a cement plant, especially if fuels can be cheaply
imported by rail or by water.

The Greennorn fermation outerops in the lower end of
the Big Sioux Valley. It is especially zcnspicuous ai the vil-
lage of Richland, five miles north of Elk Point in Union Coun-
1y. It underlies the divide between the lewcr Big Sioux and
Brule Creek. Much of it is covered with a deposit of glacial
drift which can be easily stripped. As pointed out in the de-
scrintion of the Greevhorn formation, shale partings occur
between the slaLby lime heds which would furnish part of the
necessary silica. A thin chalk bed occurs below the limestone.
All of this material, however, is useable in the manutfacture
of cement. It is unfortunate that a more detailed investiga-
tion has not been made of this formation with the view to its
Ppossible uses. However, the location of this outeron, makes
the Greenhorn worth investigating in any search for cement
materials.

II.—Sources of Alumina and Siliea

Alumina (AlLO;) and Silica (Si0,) are constituents of
nearly all clays and shales. Clay makes about a quarter cf
the average Portland cement mixture and is one of the easiest
constituents to supply. All the shale formativns of the State

contain alumina in greater or less proportions.. Those most

available near the limestones are the Cretaceous shales of
the Granerous, Carlisle, and Pierre formations. Some ana-
lyses of the Yierre formation follow:
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P’ierre Shale
Sample obtained from a quarry located aleng the Northwegtern
Railroad and U. S. Highway 14-16, five miles east of Rapid City, Pen-
ningtor County.

S10, o 56.22%
ALOy e 19.63
Fey0y o 6.84
Ca0 o e 2.57
MO0 e e 1.90
SO - L 1.78
Ten, 1088 = oo oo 9.60
N D oo e 1.46
Total - 100.00<%

Sample obtained from Missouri Bluffs near Wheeler, S. Dak. Tested
by R. A. Kuever, Consulting Chemist, Iowa City, Iowa.

Silica (810,) —eim e 43.25%%
Alumira (ALO3) o 3.42
Caleium (CaQ) o 5.60
Carbon Dioxide (CO5) oo ——— 4.40
TPON o e e trace
Alkali (K,0Na,0) —coommmmmmmmmeemo trace
Ol e 2.32
Watel o 11.02
Total o e 99.91¢

Since Pierre shale occurs everywherc close to possible
Jime supplies, except in the lower edge of the Big Sioux Val-
ley, it will probably be found the most convenient to use. In
the lower Big Sioux Valley, however, the Carlizle and the
Graneros are expcsed. The former is close io the Greenhorn
outerop and probably the most accessible, Glacial clays are
.available but probably not sufficiently consiant in crmposition
to he used.

1II. Sources of Gypsum

A little gypsum (Ca80,) is added to most Portland ce-
ment to retard its setting. This must always be less than
three per cent. Since it takes 680 pounds cf raw materisls
to make a barrel of cement, less than 20 pounds of gypsum
is sufticient for a barrel of finished cement.

Gypsum is fairly abundant in most Cretacecus forma

tions. It is found in the bentonite of the Niobrara formation
snd occurs as crystals on the outcrops of all the shale forma-
tions mentioned above. While this would have to be consid-
ered in cement manufacturing, so far as is known, it is in no

PART III. MINERAL RESOURCES ' 181

place sufficient to supply all of the gypsum that is needed.

Forty-six analyses of chalk rock were presented to the
South Dakota Cement Commission! in a report by Carlson and
Lonesbury. -

These analyses show varying amounts of gypsum from
a small fraction of a per cent to about seven per cent. The
latter figure was obtained in only two samples which were
very much above the average. Most of the samples were
very low, the average of the entire group being .78 %.

Analyses of the Chalk from the Firesteel Creek
S in Ignition

MgO ‘
Si0, Fe,0;  Al,O, Ca0 Mgo S0, Pyrite  Loss
4.56 2.38 1.26 50.85 0.33 0.04 0.060 40.57
3.06 1.12 1.52 51.38 032 - 0,03 0.60 41.64
24.08 4.72 9.18 28.69 0.56 0.91 1.2 31.74
2412 2.83 - .73 32.49 1.89 ‘121 3.85 28.44
238.16 3.46 9.76 30.02 0.52 0.85 0.55 31.56

The commercial gypsum in South Dakota is all found in
the Triassic redbeds which come to the surface at the Red
Valley surrounding the core of the Black Hills. Here there
are a great many lenses of rock gypsum varying all the way
from veinlets to beds 20 feet thick. The largest one seems
to be a 20-foot bed which can be traced from Spearfish to
Rapid City. A great many 4 and 5-foot beds ocecur through-
out the outerop. Calcining plants have been in operation on
this gypsum at Hot Springs, Rapid City, and Black Hawk.

_The only one which is now in operation ig at Tilford, where

the gypsum is being mined by underground methods and
calcined by the U. S. Gypsum Company.
Besides its use in cement, gyvpsum is used for plaster,

~ wall board, various kinds of insulating blocks, and other build-

ing materials. Some of it is dense enough to have been used
a3 the ornamental stone, alabaster.

1II. Aggregate Materials

Materials for concrete aggregate have been discussed un-
der the head of Stone. Mogt concrete mixtures call for a
coarse aggregate with pieces approximately one inch in dia
meter. This is mixed with finer aggregute, which is either

1Private report by Carlson and Lonesbury, E. D., Report to the
South Dakota Cement Commission, p. 14, August 18, 1920.



182 A GEOLOGY OF SOUTH DAKOTA

medium gravel or sand, which fills the interstices between the
grains of the coarse aggregate. This makes sufficient strength
and uses a minimum amount of zement. The cost is thus re-
duced by using materials cheaper than cement. Such aggre-
gaie material, for best results, should be clean and fairly well
soried as to size. It should also be made of hard material
wh-ch will not break or weather cut on the surface, leaving
chips or holes. For highway construction, it must also take
meost of the wear the pavement receives. The aggregate used
in most construction is either crushed rock or sand and
gravel -

As has been stated, rock sufficient!y dense for crushing
can be found in the eastern part of the State where the Sioux
quartzite outcrops petween Sioux Falls and Mitchell. It is
alse possible to use the granite at Milbank for this purpose.
Either of these slones makes an excellent concrete material
when - properly screened, and because of its loecation can be
used to supply projects in the eastern half of South Dakcia
and adjacent states, direct from the quarries by either rail-
road or truck. In western South Dakota, rock suitable for
aggregate is 2ll in the Black Hills. The quartzite and granite
in the core of the mountains and the limestones about the
core furnish an abundance of material for crushing. As has
been stated, limestone is not as hard as the quartzites and
granites and, therefore, will not take the same amount of
wear. However, it is used a great deal in walls and pavernent
and is cheaper to crush.

" Though crushed rock has the advantage of locking grains,
which takes some of the stress from cement in structures
where heavy stresses have to be sustained, sand and gravels
are mosl commonly used as aggregate materials because of

their ease of preparaticn. They are very widespread in South '

Dakota, as has been indicated, being found in large deposits
in the Big Sioux, James, and Missouri V alleys and in all the
big river valleys of western South Dakota.

The glacial gravels of the east contain a high percentage
of hard materials: granite, quartzite, vein quartz, flint, and

chert, and gneiss. In most deposits, however, there is a.

sprinkling of soft materials such as chalk and shale. The
gravels in the valleys west of the Missouri also contain a pre-
Jominance of hard materials. In this case, however, the ma-
terials are largely varieties of quartz. Vein quartz, chaice-
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dony, chert and flint predominate. Those iin the northern
streams carry rather high concentrates of iroa oxide which
is yather soft and weathers upon exposure. Gravels around
the Black Hills contain a mixture of chert and flint, quartzite,
vein quartz, limestone, and sandstone. These gravels are all
easily excavated with power shovels or drag lines and, with a
little screening and washing, will make good concrete aggre-
gate of any size required.
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DIVISION IV
CLAYS AND CERAMIC MATERIALS

, Though clays are one of the most widespread mineral
products in South Dakota, very little is known about them.
The sticky gumbo clays found west of the Missouri, forced
themselves on the attenticn of early travelers by their ability
to “roll up” on the wheels of vehicles until progress was im-
possible. Certain glacial clays were used for brick before the
competition of rail hauled lumber forced them off the market.
The startling exposures of clays in the Bad Lands areas of
the State have caused many citizens to opine that they should
‘be good for something. Such casual observations are of in-
terest but will hardly develop a ceramic industry. 'There is,
therefore, a great need for a careful examination of the clays
available in the State.

Useable clays are known to occur in the Paleozoic forma-
tions but are confined to the Black Hills. Cretaceous shales
are very widespread over the State and certain formations
have furnished commercial clay. These include the Fuson,
Graneros, Carlisle, and Pierre. Other Cretaceous formations
. are of types that could furnish useful clays. Tertiary clays
so widely exposed south of the White River may offer some
useful material, Most of them, however, have such high
shrinkage coefficients that no sweeping statements can be
made of their useability. (Glacial clays found universally east
of the Missouri Valley have heen used for brick making and
while not ideal clays for this purpose might be a very im-
portant material for some ceramics.

The following descriptions of clays, which have been
brought to public attention through geclogical exploration
and commercial exploitation, will serve to reveal some of the
possibilities of South Dakota clays.

Bentonite

‘Bentonite is an unusual clay, formed by the alteration of
volcanic ash under sea water. Tt is very smooth, very white
in color, and usually contains no grit. Most of it has the
property of swelling to several times its normal size under
water. Under the microscope, it shows the splintery struc-
ture of voleanic glass. It is very colloidal and weathers to a
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smooth sticky gumbo. It is responsible for the gumbe char-
acter of much of the Pierre shale.

This clay has found its way into commerce largely on its
ability to swell and because of its fineness of grain. The
largest percentage of the production at present is being used
by well driilers in the making of drilling mud. Tt is also used
in medical dressing for burns, and in salves, and in cosmetics
where it forms the “Denver Mud” of commerce which is the
basis of most cosmetic clays. It has even keen used in the
manufacturing of a paper, sold under the trade name of Alsi-
film used for the making of permanent recerds. Alsifilm is
resistant to fire and cannot be destroyed by mildew or insects
which destroy ordinary paper.

Bentonite is very common in the rocks of the Cretaceous
system, being found from the extreme eastern to the extreme
western boundary of the State. Most of the beds are tco
thin for commercial exploitation, a quarter of an inch to a few
inches in thickness being common. There is, however, a large
tonnage of bentonite in these thin beds, and in many localities,
especially in the Missouri Valley, there are zones composed of
several closely spaced beds which would add up to a consider-
able thickness. If some method could be devised to separate
bentonite from the enclosing shales many deposits which are
now unnoticed might be commercialized.

I. Pierre Bentonite

Only one zone in this formation has produced benrtonite.
It outcrops in the lower Missouri valley and in Fall River
County. It has been quarried in the latter location for use
as a water softener. This zone lies at the base of the Pierre
formation in the Sharon Springs bituminous member, In
the lower Missouri valley, ‘“‘Numerous bentonite beds are a
corspicuous feature of the outerop. They are usuaily thin, -
though one-foot beds are not unusual and one measuring cver
two feet was observed. In a fourteen foot section near the
mouth of Crow Creek, Buffalo County, a total of 44 inches of
bentoiite was recorded.” 'These have been noted as far north
as Fort Thompson Indian Agency, and as far south as Yank-
ton.

1Rothrock, E. P.,, Manganecse deposits of the lower Missouri Valley
in South Dakota: South Dakota Geol. Survey Rept. Inv. 38, p. 10, 1941,



Bentonite in the Base of the Pierre Formation

in the Missouri Valley near Chamberlain.,

PLATE 24.
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The following section is characteristic of the zone in the
Missouri Valley:
Detail ¢f Niohrara-Pierre Contact
NW14 gec. 9, T. 102 N., R. 71 W.
Pierre Formation—
Sharon Springs Meniber Foct Inches
shale, dark gray, weathers with forma-
tion of yellow veins; fish fragments.
5 thin streaks may be bentonites;
[£5°¢| 1)1 {12 S QU VO ST O SN |
Bentomite: coebae Db i dione e s —
Shale, as above oo e oo L
Bentonite ____________________________ —
Shale;as above oo oo =
Behtoiite e oot oo —
Shale, same, with 34" bentonites _____ 1
Bendortbe: o Seo L0 ol Se s 00 —
Shale s above sl s b il 47 1
Bentbrite e emate e i bn s gt s 1
SHAT TR s 8" Rt o Sl g e pn LB (i B EE.
Benignitesu catualios Wiy (IVE . o Gk =
Shaled sty e L e —
Selenite dayer whr s snansnnn e ==, Ly
Niobrara Foermation— :
i i T B 6 plus

>

[l

=1

[ AR =T B B B S == e B

In the cuterops in Fall River Countly, a zone of bentonite
which appears fo correlate with the one just described, lies
100 feet above the bottom of the Pierre formation. It can be
traced northward past Provo a distance of 15 miles on the
west side of the Chilson anticline. It can also be traced about
¢ix miles north cn the eastern side of the anticline. At Avrd.
more, it is excavated and processed as a water softener. The
zone in this region consists of a bed of bentonite about 38
inches thick above which lie a varying number of thinner
heds from four to six or eight inches thick, separated by one
or two-foot partings of dark shale. A section taken at the
pit of the Refinite Company invmediately west of Ardmore,
showed the following alternations of shale and bentonite:

Eection of Lower Pierre Formation
In NW1 gec. 8, T. 12 5., R. 4 15.. Fall River County
Feet  Inches Soil
28 — Bhale, with a laver of zray limestens
coneretions 5 feet abeve the base and
anothev layer 20 feet from the bottom.
- 7 Bentonite
i Shale

—t
=1
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Soil
Bentonite
Shale

- Bentonite

Shale

Bentonite

Shale

Bentonite

Shale

Bentonite

Shale

Bentonite

Shale -

Bentonite

Shale

Bentonite

Shale .
Bentonite, “Ardmorite”
Shale, containing numerous gray lime-
stone concretions
Bentonite

Shale

Shale, with' few scattered limestcne
. concretions

Shale
Bentonite

Shale

Bentonite

Shale

Bentonite
Shale

Bentonite

Shale

Bentonite

Shale

. Bentonite

Shale
Bentonite
Shale
Bentonite
Shale
Bentonite
Shale
Bentonite
Shale
Bentonite
Shale
Chalk, Niobrara, bottom not expesed

Total Section
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This bentonite zone has been traced around on the easi-
ern side of the Black Hills to a point about 36 miles north-
west of Belle Fourche. No attempt has been made to exploit
it, however, except at Ardmore.

II. Graneros Bentoniie

The only other formation which carries bentonite of com-
mercial thickness, so far as is now kunown, is the Graneros
formation. In the exposures in eastern South Dakota, along
the Big Sicux Valley, this formation does not carry bentonite
of sufficient thickness *o Le of interest commercially, butl in
the Black Hills region, two zones are of importance. “Ren-
tonite occurs in the Graneros at several horizons. There are
three o five thin beds in the upper part and about 130 feet
below the top of the formation a three or four-foot bed is
usually present, In the oligonite zone, (near middle of the
formation) al least one bentonite is present at all outerops
where the lower part of the zone is exposed. In a few ex-
posures as many as four bentonites ranging in thickness up
to three feel can be geen.”’!

These ‘two bentonite zones were traced from the State
line south of the Cheyenne River through Fall River, Custer,
and Pennington Counties. North of Rapid City, the upper
zone was lost and the lower zone disappeared for a distance
of 20 or 80 miles. This lower zone, however, reappears north
of the Rlack Hills and is quarried at Belle Fourche and far-
ther west in Wyoming. The lower zone can be identified as
it lics just above or immediately on top of the Mowry mem-
ber of the Graneros formaticn. This is a silicous shale, light
gray in color and carrying an abundance of fish scales and
spines.

Coinposition .

The mineral compositicn of bentonite as determined frem
samples taken in western South Dakota is largely montmoril-
lonite, the formula for which has becn given as
A]2034S.OZHH20.2

1Spivey, R. C., Bentonite in zouthwestern South Dakota: South Da-

- kota Geol. Survey Rept. Inv. 36, p. 17, 1940.

2Ross, G. F., and Shannon, E. G,, Minerals of the bentonite and re-
lated clays and their physical properties: Am. Ceramic Soc. Jour. vol.
9, pp. 77-79, 1926.



Bentonite at the Base of the Pierre Formation

Near Ardmore in Fall River County

PLATE 25.

PART ITII. MINERAL RESOURCES 191

The fellowing chemical analyvses will illustrate the chem-
ical composition of South Dakota bentonite:!

‘ Bentonite Analyses

l 1 2 3 4
SiO: R S v - (01 £6.42 55 b2 53.7T7
AVE, ol TG 23.62 21.95 22.70
Regly wocionsouce, BIBT 1.64 1.91 4.05
T Rt e B ST o ! O T e i
MAll e n o 0.04 AL Vo
(ST 6 MEREE R T 1.91 0.62 0.6b 1.23
Mzl e 4.41 4.24 3.43 3.25

: 1L DA NS e e 17 0.01 w34 ol

[ Wagd & Lemodotobe 1.38 0.07 3.32 2.46
S0 cmcsnnas ko Trace LA sl
Moisture at 110° C. ____ 6.13 St e
Loss on Ignition_-_ 16.91 7.18 13.28 12.17

1. Bluish gray bentonite from Ardmore bed of Pierre formation
about 14 miles south of Hot Springs, Fall River County, S. Dal.,

‘ SE1 sec. 32, T. 9 S., R. 6 E. (Analysis made at South Dakota

State Chemical Laboratory, Guy G. Frary, State Chemist, 1939.)

Light c¢olored sample from property of the Refinite Company,

Ardmore. 5. Dak. (Analysis by Charles Bentley in Connolly and

O'Harra, South Daketa School of Mines, Bulletin No. 16, pags

331, 1929.)

3. Bentonite frem upper part Graneros formation, about 14 miles
south of Hot Springs, 8. Dak., SEl4 sec. 18, T. 9 S, R. 5§ E
(Analysis at South Dakota State Chemical Laboratory.)

4.  Bentonite from oligonite zone of Graneros formation, one mile
west of Edgemont, South Dakota. (Analysis at South Dakota
State Chemical Laboratory.)

[ A chemical analysis of the high grade Belle Fourche bentonite

| shows the following constituents:

[84)

i Analysis of Bentonite, American Colloid Company Pits

NW of Belle Fourche, Sec. 15, 23, 25, T. 9 N., R. 1 E., Butte County
Analyst: W. A. Selvig, U. S. Bureau of Mines.2
e mmsracesonees G064 PRE CERT
| / 0 e = PR DG eY aanh
‘ 2.92 per cent
A2 per et

&l - e s D Ca e R W T B e 59 per cent
,,,,,,,,,,,,,,,,,,,,,,,,, S T L i e o
_____________ 37 per cent

18pivey, R. 8., Bentonite in southwestern Scuth Dakota: South Da-
kota Geol. Survey Rept. Inv. 26, p. 51, 1940,

2Analysis by W. A. Selvig, bentonite—Private publication ¢f the
Eelle Tourche Bent nite Products Co., Inec.

3



PLATE 26. Bentonite in the Graneros Formation

Near Edgemont in Fall River County, S. Dak.

SEE ey
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NagQ 4.33 per cent
HoO e e __ 2.83 per cont

Properties of Bentonite

Bentonite is often divided into two types; one, that which
swells with the addition of water, and two, o non-swelling
type. Aside from this property, the physical characters of
ihe two seem to be much alike. The following information on
the character and uses of bentonite is taken from a report by
Dr. Monta E. Wing:!

One of the outstanding characteristics of type one ben-
tonite and one upon which many of its properties depend is its
extremely minute grain size or texture. Bentonite is cem-
nosed of flake-like cryvstals which ave exceedingly small in
diameter. Crystals of montmorillonite, the principal mineral
found in type one bentonite, are between 1 and 0.1 micron in
size. Tt is estimated thut while English ball clay has an
average of 3,400 grains per linear cm., bentenite has 20,000.2
In other words, bentonite particles have a ailameter of nnly
one-sixth that of English clay.

Because of the shape of its particles and its extremely
minute grain size, type one bentonite has a very large surface
area per unit volume of meterial. Again comparing Fnglish
hall clay with bentonite,> the former has an average area of
7,400 sq. cm. per gram, while bentonite has an area of 50,000
S(. cm. Der gram.

Type onc bentonite will take up six to seven times its
weight of water and in doing so will expand as much as fiftecn
times ite dry velume. In this condition il forms gels which
Wave the congistency of heavy grease. Water rot enly enters
the lattice structure of the crystal, but a film cf water covers
the surface of each. Since the surface area per volume i8 ex-
tremely large, the amount of water absorbed by hentonite is
very large and it swells enormously.

1VWing, M. 0., Bentonites of the Belle Fourch district: South Dakota
Geoi. Survey Rept. Inv. 35, pp. 12-19.
2Norton and Hodgdon, Some Notes on the Nature of Clay: Am.

2]

Ceramic Soc. Jour., vol. 15, p. 3, 1932,
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This power of swelling is reversible and is not diminighed
unless drying is done at over 400° F. It is not totally lost
until bentonite is heated to 1200° F. Bentonite will not swell
in aleohol, gasoline or similar liquids.

Another property of tyve one bentonite is that it will re-
“main in suspension in distilled water even as dilute as one
part in 10,000. This property is caused by the extremely
minute character of the particles as well as by the electric
charge carried by each particle.

Bentonite particles are negatively charged and when
placed in turbid liquids particles attract positively charged im-
_purities causing flocculation. Thus the liquid is freed of im-
purities held in suspension.

Type one bentonite has base exchange properties also. In
solutions the sodium and potassium of the bentonite are ex-
changed fer caleium and magnesium, thus making a material
which can be used as a water softener. ’

Other properties of this type of bentonite are its high
degree of plasticity, its great bonding strength, and its spe-
cific gravity of 2.65. It fuses completely at 2400° F.

Uses of Bentonite

Bentonite has heen called the “clay with a thousand
vses”. - Some of the more important uses are described.below.
Since these are definitely related to the unusual properties of
bentonite, attention is called to the particular property or
properties which make the use possible. A study of these
will undoubtedly suggest many additional places where ben-
tonite will fit into industry. »

As a Drilling Mud

One of the principal uses of bentonite is found in oil well
drilling where the rotary system is used. This system em-
ploys a cutting tool fastened to a drill pipe which extends
frora the surface to the bottom of the hole. The pipe is ro-
tated by means of machinery at the surface. Cuttings must
be removed from the hole, and this can be accomplished only
by floating them out by forcing a liquid into the hole through
the drill pipe and allowing it to escape around the outside.

-“,

——
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Various muds have been developed for this purpose, but
type one bentonite of high quality such ag that from the Belle
Fourche district is superior to others, because only a relative-
ly small quantity must be mixed with water in order to pro-
duce a gel capable of suspending and carrying cuttings from
the hole, and because this type of bentonite will remain sus-
pended in water indefinitely instead of settling as will ordi-
nary muds.

A good drilling mud should also be free from abrasive
grits and should have some lubricating qualities. Here again
Belle Fourche type bentonite is superior to the ordinary muds
vsed for this purpose.

Bentonite is also effective in sealing sands through which
the drill has passed against loss of water.

It is suggested further that where drillers fill the space
between the casing and wall of the well with mud, in ordey fo
prevent corrosion of the casing or to shut off water above {he
vil-bearing sand, bentonite might, be used to advantage. Ben-
tonite will maintain its gel-like consistency indefinitely. Thus,
it seems that the use of bentonite in this way might prevent
the casing from “freezing” in the hele ard might permit its
removal later with much greater ease.

It is suggested further that during timeg of over-produc-
tion or when a well 18 shut down for any reason, it be pluggzed
with a kentonite mud-fluid or gel. Bentonite will form an im-

srvious plug and should protect the well until it is desired
to overate it again.

As a Bonding Agent in Foundry Sands

Bentonite is being used extansively in foundries as a
bonding agerit in sand.

Foundry sands vary a great deal in quality, depending
on the type of metal being pourad and on the particular class
of woerk. In general, however, foundry sands should possess
important properties. They should possess plasticity so as to
increase their workability. They should be as fine as possible
so as to give a smooth surface to the casting. They should
possess mechanical strength so that the mold or core can be
handled and will be able to withstand the pressure and wash-
ing effect of molten metal. They should not fuse when the
molten metal comes in contact with the sand of the core or
mold. Lastly, sands should be permeable so as to permit the
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escape of gases generated when the hot metal is poured into
the mold.

Obviously these properties depend primarily on the gand,
but they are also dependent in part on the character of the
bond in the sand. Bentonite of the Belle Fourche type is
highly plastic and adds to the ease with which sands may be
molded. It has greater bond strength than other clays, and
50, less may be used in obtaining the desired strength in
sand. This, in turn, increases the permeability of sand, since
clay tends to fill the openings between sand eorain. Thus, a
finer sand may be used and still maintain the same perme-
ability. The use of a finer sand gives a smoother finish to the
casting. Bentonite centains no organic matter, and in addi-
tion leas water is required when bentonite i used, so that less
steam or other gases are generated when the hot metal comes
into contact with the sand. Finally, bentonite does not act as
a flux, nor lower appreciably the fusion point of sand. A
small percentage of the bentonite may. because of the high
temperature involved, lose some of its proparties, but the
necessary replacement is small. :

Thus in foundries where scientific management or con-
trol is maintained, bentonite of the Belle Fourche type is used
as the bondirg agent. The principal vse is as a hinder for
silica sand, but bentonite is used also for reclaiming sand and
for making molds and corss and core washes.

As a Water Seal

Bentonite has another important use in stopping water
flow and it is very effective in waterprcofing concrete and
stucce, but its more important use is in scaling TeServoirs
againgt leakage and especially in preventing seepage under-
neath dams. For the latter purpose bentonite iz mixed with
water to the desired congistency and is injected intc the sand
or gravel under pressure. Irrigation ditches and reservoirs
can be made leak-proof if bentonite is mixed with the upper
several inches of sand and clay while the sand and clay are
still dry.

Type one bentonite is an excellent grouting material be-
cause it is exceedingly fine grained when mixed with water.
It has greater slipperiness than any other material used. Be-
cause of these two properties it can be forced into very small

P'LATE 27. Bentenite in the Grancrous Formaticn
American Colloid Company’s pit near Belle Fourche, S. Dal:.

The cover has been stripped from the bentonite bed preparatory lo execavating it.



198' A GEOLOGY OF SOUTH DAKOTA

openings in the rocks. When so used it has been very effec-
tive in stopping the leakage of water.

As a Coagulent in the Purification of Water or as a
Clarifying Agent ,

Bentonite is used in sanitary engineering as a coagulent
in the purification of water. Olin and Gauler! say i-n- discuss-
ing this use, “The alkali bentonites in water dispersm_p form
in general highly colloidal systems of negatively charged par-
ticles which react with mono-, di-, and -trivalent cations to
form absorptive flocs in accordance with well established
physical laws.” Tt is also pointed out by these auth_ors- that,
“[,ime softening of a water containing carbonate hardness
presents a particularly favorable situation for use of bent‘(jnite
for clerification.” In other words, bentonite may perform a
double function when used in treating a waler supply. It will
clarify the water by forming readily filterable flocs of im-
purities held in suspension and it will serve to reduce 'the
hardness of water by exchanging its sodium and potassium
for the calcium and magnesium in. solution in the water.

Olin, Campbell and Gauler? in a later paper showed that

bentonite can be used econcmically and effectively in treating
sewage.

Still further uses based on this property of bentonite to
attract positively charged particles of matter in suspension is
in clarifying wines, honey, fruit juices, vinegar and other
liguids.

In the Ceramic Industry

The use of bentonite in the ceramic industry is growing
rapidly.

Bentonite of the Belle Fourche type is comvosed largely
of colloidal particles and is remarkably plastic. Even when
a small quantity is added to non-plastic and lean ceramic ma-
terials, the mobility and the ease with which the latter may
be worked is greatly enhanced. At the same time, the

10lin, H. L., and Gauler, J. V., The Use of Bentonite Clays in Water
Treatment: Am. Water Works Assoc. Jour., vol. 30, pp. 498-506, March,
1938. ) )

20lin, H. L., Campbell, Chas. L., and Gauler, J. V., Experience with
Bentonite in the Purification of Sewage: Waterworks and Sewerage, July
1937. ) ‘
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strength of the ceramic body is greatly increased and its por-
osity reduced. There are no adverse effects such as an in-
crease in drying and fire shrinkage or discoloration caused by
firing as long as bentonite is used in small quantities. Only
a small quantity need be added to clay to greatly increase its
plasticity and workability.

In Concrete

Likewise bentonite when added to a concrete mix will in-
crease workability of the latter. The concrete will be made
waterproof. The strength of Portland cement used will be in-
creased and its time of set reduced. Bentonite also serves to
hold sand and gravel particles in suspension and will result in
a better distribution of these ingredients in the concrate.

In Laundries

One of the oldest uses of bentonite is in washing blan-
kets, overalls, shop rags, etc. This use was probably suggest-
ed because of the resemblance of bentonite mud to soft soap.
Indians are reported to have washed their blankets in benton-
ite, and later the Hudson’s Bay Company adopted the same
practice. Now many commercial laundries use pentonite
wholly cr partly in place of soap. '

The detergent value of bentonite is due to its dispersing,
emulsifying, and suspending energies. It unites with oils or
greases readily to form an emulsion which is easily removed.
Its negatively charged particules attract positively charged
particles of dirt, which are floated away.

Bentonite is also used as an ingredient of soaps, clean-
sers, and polishes, and as such, it is not merely a filler but pos-
sesses unique properties which function actively.

In Making Alsifilm

The most interesting new use for bentonite is in making
Alsifilm, a transparent, flexible and fairly tough paper or film.
mhis film has the further beneficial properties of being fire-
proof, waterproof, and chemically inert. It is unaffected by
mold and unattractive to insects. It has been suggested that
this new product be used for wrapping electric wircs and tele-
phone cables, for permanent documents, or to line food or
beverage containers, and to wrap butter, tobacco, cigarettes,
and other perishable or oily products. Alsifilm was discov-
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ered by Dr. Earne A. Hauser, Massachusetts Institute of
Technology in 1938.

Other Uses

Other uses of bentonite are:

1. As a susvending, spreading, and adhesive agent in
making horticultural sprays, insecticides, fungicides.

9. TIn making emulsions and aqucous suspengions of
bitumens, asphalts, latex, rubber, rosins, and other water-
immersible substances.

3. As a thickening and suspending agent for valve-
grinding and other pastes and in polishes and clcansers.

4. In adhesives and sizings in combination with starches
and other substances.

5. As lubricant in combination with geled oil.

6. In pharmaceuticals and cosmetics and as a sorbent,
penetrant and gelatinizing medium.!

1Repcrted m Minerals Yearbook, 1938.
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POTTERY CLAYS

Clays suitable for the manufacture of pottery -loubtless
exist in Scuth Dakota. No investigation of them has been
made and very little attempt has been made to use them. The
clays over most of the State either burn red or do not have the
physical character of pottery clays. It is of interest to note,
however, that certain clays from the upper part of the Cre-
taceous system have been used rather cxtensively in the
manufacture of pottery in North Dakota. The same clays
are to be found as underclayvs of the coal beds in the Hell
Creek beds of northwestern South Dakota and could doubtless
be used for the same purpose. Certain of the clays in the
Fuson formation have been used for making some types of
pottery in the Black Hills. None of these, however, have
reached the commercial stage.” The entire subject of pottery
clay, therefore, is one which still needs investigation.

The chemical character of some of the under clays from
the Cretaceous formations follows:

Analyses of Clays from the Lignite Fieldl
Analyst: Charles Bentley, State School of Mines, Raid City, S Dak.
Hodge Mine Robbins Mine Warner Mine

Si0 - 62.04 62.20 . /3.62
Fe,Of oo 2.76 4.10 2.20
AlOg 15.94 . 19.28 . 20.94
MngO, - 0.24 0.16 0.24
CaO o __ 2.56 1.26 0.66
MO oo 2.96 2.34 1.76
KO0 . 2.64 . —
N2,0 o 1.36 e -
Yo Y 0.12 0.02 0.08
Moisture ———————____ 1.51 2.20 1.22
" Loss on Ignition __.. 7.76 5.99 6.85

Total —___ 99.89 97.55 97.57

Because of their light color, the clays of the White River
Bad Lands are often suggested as a source of pottery or china
clays. There may be beds in these sediments that could be
used for this purpose but the general information now at hand
is not as favorable for this use as would seem on casual ob-
servation. Most of these clays are very smooth and plastic

1Connolly, J. P., and O’Harra, C. C., The mineral wealth of the
Black Hills: South Dakota School of Mines, Bull. 16, p. 312. 1929.
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when wet but shrink on drying, leaving a rubble of gumbo
over the surface which attains depths of a foot or more in
dry weather. This makes trouble in air drying products
made from clay. The fire shrinkage which occurs when the
clays are burned is not so great at lower heats but does be-
come high at temperatures over 1,000 degrees centigrade.

One analysis from each of the two formations found in
the White River beds will illustrate the general characteristics
of these clays.

Analysis of Clay from Thin-Bedded Shaly Sandstone in Lower
Oreodon, White River Bad Lands
Tested by Heinrich Ries

Texture we-—ceom o Fine grained, much fine silt
Plasticity oo Good
Water of plastieity - ——-———- e 40.00%
HCL ireatment ____ - No effervesconce
Behavior in drying -~ No warping or cracking
Linear air shrinkage - oo oo 12.00¢:
Modulus of rupture - 850 1bs. per sq. in.
Fire Tests:
Temp. Fire Shrinkage Absorption Color
950 C. - 0.0% 11.4% Red
1050 C. 3.0% 11.2% Red
109G C. - 4.0% 3.5% Red
1150 C. 5.0% 2.8% Red
1190 C. Viscous

Analysis of Clay from the Upper Titanotherium Beds, White
River Bad Lands
Tested by: Heinrich Ries

TexXtUre — - oo Fine grained
Plasticity oo Good
Water of plasticity - oo 50.00%
HCL treatment — Some effervescence
Behavior in drying oo —- Warps and cracks badly
Linear air shrinkage - 14.00%
Modulus of rupture __._ Not tested, bars cracked in drymg
Fire Tests:
Temp. Fire Shrinkage Absorption Color
950 C. 3.00% 4.19% Pink
1050 C. 3.00% 3.5% _Red
1090 C. 4.00% 1.2% ‘Red
1150 C. Viscous -

FEp—-
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BRICK AND TILE CLAYS

“In the 18907, brick plants sprang up in a great many
places in South Dakota. Nearly every town on the Missouri

‘River had a small nne and similar plants were erected at

Rapid City and the larger towns in the Black Hills. In all
cases, local material was used and the plants abandoned when
the immediate demand was satisfied. The coming cf cheaper
lumber, however, forced these plants entirely out of existence
and no permanent brick industry remained.

South Dakota is well supplied with brick and tile clays.
The glaciated eastern half of this country offers useable ma-
terial almost any place that a plant can be erscted. Much of
this clay contains chalk, however, which tends to make the
brick soft. Because of the cheapness and abundance of this
material, however, it should be possible to overcome the han-
dicaps of the boulder clay with modern methods of handling.
Large aveas in the Big Sioux Valley from Watertown south,
have a cover of loess which is a useable material for this pur-
pose and does not contain the boulders and pebhles such as
raust be separated from the ordinary glacial till or boulder
clay.

The Pieire shales outcropping over a large area in west-
ern South Dakota can be used for this purpese as can most
of the other shale formations. A brick plant at Mina. Ed-
munds County, used Pierre shale. One now operating in Sioux
City, lowa, uses Graneros shale and loess., A brick nlant at
Belle Fourche, now in operation, manufactures brick and tile
from the shales of the Fuson formation.

Clays can probably be found in the Tertiary area though
the air and fire shrinkage test will have to be applied experi-
mentally before recommending any clay frem this region.

REFRACTORY MATERIALS

I. Fire Clays

Refractory clays are those used to make furnace linings
and articles that have to withstand high heats. Such clays
are characterized by a high content of silica (Si0,). Two
sources of such materials present themselves in South Dako-
ta; one, zones of silicous clays in the Pierre and Graneros
formations and, two, the fire clays in the Fuson formation.



Fire Clays in the Fuson Formation

Near Rapid City, Pennington County, S. Dak.

PLATE 28.
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A gilicous shale known as the Mowry member of the
Graneros has been widely publicized in geological literature.
This enters the State from the west, outcropping both north
and south of the Black Hills. The shale breaks inte small
flakes which rattle when shaken together and which do not
make mud when wet. They are characterized by an abund-
ance of fish remaing, spines, scales, ete. So far as is known,
this has never been used ag a fire clay, nor has its pogsibilities
been examined. If refractery materials are wanted, however,
this clay contains the necesgary silica.

Two similar silicous shales occur in the middle part of
the Pierre formation in the Missouri Valley. The first is
known as the Agency member because it outcrops near the
Cheyenne Agency. It was first recognized in this region be-
cause of its failure to become wet and slippery after a rain.
In fact, it was used as a road metal on that account. The
silicous Agency member disappears under ground at the
mouth of the Moreau and changes tc a gumibo shale south of
Pierre.

A higher member of the Pierre formation known as the
Virgin Creek member, is a gumbo shale, over most of the
State. In the vicinity of Mobridge, however, it turns silicous,
forming a wedge of silicous shale, thinning southward. Its
southern limit lies about six or eight miles north of the mouth
of the Moreau River. Its northern limit has never been de-
termined. Above Mobridge it makes the cliffs exposed by the
River’s under-cutting.

Like the Mowry shales, the silicous members of the
Pierre, have never been investigated and are mentioned there
because they appear to offer a source of refractories for use in
any metallurgical development that may comie with power on
the Missouri.

Fire clays from the Black Hills were much advertised in
the ecarly days. A large outcrop in the Fuson formation on
the Hogback south of Rapid City shows a seam 45 feet thick.
It is a very light colored silicous clay breaking with a peculiar
concoidal fracture and apparently covering a large territory.
Between Rapid City and Sturgis, this clay was used for a
while by a local brick plant for making furnace lining for
Black Hills smelters. The following analyses were made by
Dr. R. L. Slagle at the South Dakota School of Mines:



PLATE 29. Outcrop of Siliceous Shale in the Pierre Formation
Tn the Missouri Valley near the mouth of Swan Creek,
Walworth County, 8. Dak.
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Analysis of Fire Clays from Fuson Formation, near Rapid City!

76.78 81.98

__ 1443 13.08
.18 21

2,18 1.46

.95 .31
Trace Trace
4.62 4.07
99.14 100.86

Doubtless other formations could yield fire clays if search
were made for them. Much fire clay is obtained from the
clays beneath coal beds in the eastern coal regions of United
States. Investigation of the underclays in the coal regions
of South Dakota should reveal clays useful for this purpose.
Available analyses of the underclays showed a high per cent
of silica, though not as high as in the fire clay of the Fuson
ziven above. The three analyses on page 201 of this report
show a clay in Harding Ceounty with 62.04% silica and 15.96 %
alumina; a clay from near Isabel in Dewey County with
62.20% silica and 19.28% alumina; and a clay from Lodge-
pole in Perking County with 63 % silica and 20.94% alumina.
It would appear from these analyses that the underclays were
fairly similar over most of the coal region and carry enough
of the refractory elements to he worth consideration in a
search for fire clays.

II. Quartzite

Under the description of stone, the possibility of using
quartzite for making refractories has been mentioned. The
purity of the gilica in the Sioux formation offers an especially
good source of this material for mixture with other ingredi-
ents used in the manufacture of such refractories as silica or
magnesite brick. As was peinted out, this stone contains
about 97% silica. 'The quartzites of the Black Hills have
never been examined with this point in view but it is probable
that many of them will show similar percentages of silica.
The small amount of iron in the Sioux quartzite precludes its
use for transparent glass but by mixing with other materials

as flux, a good refractory glass should be obtained.

1Todd, J. E., Mineral Resources of South Dakota: South Dakota
Geol. Survey, Bull. 3, p. 104, 1900.
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I1I. Sillimanite and Andalusite
These two minerals are sometimes called the “spark plug

minerals” because of their use in making refractory clays for

the manufacture of spark plugs. They are alumiunum sili-
cates (ALSiO;) and when fused give a material that melts
at a temperature of 3,300 degrees Fahrenheit, is very strong,
is a poor conductor of electricity, and has a low coefficient of
expansion. These minerals are found in limited quantities
along the contacts of pegmatite dikes in the vicinity of Cus-
ter. They were formed as an alteration product where the
voleanic pegmatites cut through aluminum bearing rocks. No
production of these minerals has been developed in South Da-
kota, probably because prospecting for them has not been
carried on with sufficient diligence.

Conelusion

As stated above, iittle iz known of the possibilities of
South Dakota’s refractories. The foregoing has been present-
ed, however, to show that refractory materizls are present in
the State in considerable abundance. The development of
these materials will depend in part on the demand for them
and in part on human aggressiveness.

FULLER’S EARTH

Just before the turn of the century clays were discovered
in western South Dakota which had the properties of fuller’s
earth. These clays lay at the base of the Chadron formation
in the Titanotherium beds. “These beds seemed to have been
formed in the valleys of the Cretaceous clay before the mass
of the Tertiary was laid upon them.”?

“Iome of the clays, especially those near the bottom of
the Titanotherium beds have the property of declorizing or
clarifying oilg.””?

“In the Chadron formation adjoining the Black Hills
there are thousands of square miles of deposits having the
chemical and physical properties of fuller’s earth. * * * Mining
operations were begun at a point three miles southwest of

1Todd, J. E., Mineral resources of South Dakota: South Dakota
Geol. Survey, Bull. 8, p. 108, 1900.

20’Harra, C. C., White River Badlands: State School of Mines, Bull.
13, p. 61, 1920.

e

PART TII. MINERAL RESOURCES 209

Argyle, and on the east side of the Hills three miles south
of Fairburn, but the first shipment failed to yield satisfactory
results. * * * It is claimed by owners of the Argyle property
that their trial shipment was not selected with sufficient care
exclude extensive admixture with the more sandy associated
beds, and the failure at Fairburn appears to be due to a simi-
lar hasty shipment without careful selection of the best ma-
terial. As tests of the small samples were satisfactory, the.
miners supposed that the earth was all serviceable and did
fiot discriminate in making a bulk shipment. * * * The tests
made of small samples of these earths from Argyle and from
beds a mile northeast of Fairburn have given excellent results
with cottonseed oil and, as they possess all the characteristics
of genuine commercial fuller’s earth, they deserve to be care-
fully developed.” Connolly described the Fairburn carth as
“yellowish gritty clay having a somewhat nodular structure.
Tt makes up a bed having a thickness of eight feet. * * * There
iq a fuller’s earth bed 18 feet thick two miles west of Argyle
It covers a fairly large area and according to Ries has the
same character as the earth near Fairburn. Other deposits
are kuown to occur near Hermosa and farther east and south-
east toward and beyond the Cheyenne River.

“The fuller’s earth from both the Argyle and the Fair-
burn deposits when properly prepared was found to possess
excellent bleaching qualities.””?

Chemical analysis does not seem to have much to do with
the clarifying property of fuller’s earth. Some analyses made
years ago may be of interest, hewever.

Analyses of Fuller’s Earth3
Sample from Fairburn  Sample from Argyle

Silica (Si0p) —cccoom- 62.23 57.00
Alumina (Al,O5) ——————- 14.93 17.37
Ferrous Oxide (FeO) _—-__ 3.15 2.63
Lime (Ca0) oo~ 2.93 3.00
Magnesia (MgO) - 0.87 3.03
Loss on Ignition ________ 6.20 15.35

96.31 98.38

1Darton, N. H., U. S. Geol. Survey 21st Ann. Rept. part vi, p. 591
1900.

2Connolly, J. P., and O'Harra, C. E., op. cit., p. 317.

3Analyses made by Prof. Flinterman at South Dakota School of
Mines.



PLATE 30. A Feldspar Mine Near Custer
Elkhorn Mine, Custer County, S. Dak.
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As there ig a large market for this clay in the refining
of petroleum produets, it would be profitable to have more in-
formation on the fuller's earth of South Dakota.

FELDSPAR

Feldspar is an extremely useful product since it furnishes
a great many necessary things from the enamel on the kitchen
sink to grandmother’s false teeth. It is also used as an abra-
sive, espzcially in polishing powders which are not supposed to
scratch glass or the finer metals. This mineral 1s fairly abun-
dant in the rocks of South Dakota but is usually in such
small pieces that commercial extraction is imprseticable. The
pegmatite dikes in Custer Counly and Pennington County
offer, in their huge crystals, an easily obtainable supply of
this mineral. The principal variety is microcline, 2 potassium
bearing feldspar usually of a pale buff or cream color. A
considerable abundance of the white, soda-bearing feldspar,
albite, is also present. Orthoclase, the pink or flesh colored
potash feldspar, is present in considerable quantity. Of these
feldspars, the microcline and orthoclage are most important
commercially. They are used in making enamel, in glazing
china and pottery, and as abrasive material in scouring
soaps. Crushing plants are now in operation at both Key-
stone and Custer and the number of pegmatites in this region
offers a supply of this material which should keep the indus-
try in South Dakota indefinitely.



PLATE 31. Feldspar Mine at Keystone
Hugo Mine, Pennington County, S. Dak.
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DIVISION V.—MISCELLANEOUS MINERALS
GEM STONES

There iz a fairly steady business in ornamental stonag
in South Dakota, carried on largely through sm2ll shops for
the tourist trade. No gems of great value have been discov-
ered, but South Dakota has a great many minor semi-preci-
ous stores which can be cut and polished into ornaments.
A list of them would include such minerals as moss and band-
ed agates, garnets, gem varieties of spodumene, and feld-
spars, gem tourmaline, and rose quartz.

There are also ernamental stones and souvenirs made by
cementing collections of curious and bright colored bits of
rocks and minerals on ornamental bases. The pre-Cambrian
rocks contain some highly colored, well cemented conglomer-
ates, slates, and schists banded with .white quartz, green
chlorite, and other colors which make them aitractive.

Such gems are by ne means confined to the Black Hills.
The glacial gravels contain considerable quantities of the
more common jasper, brown and yellow flint, and gray and
mottled flint. Agates are found in the Big Sioux Basin and
in some places along the Missouri. In the gravel terraces
along the valleys west of the Missouri, one finds the milky
and smoky quartz, brown and tan flint, and a great variety
of calcedony, much of which contains moss agate. Nearly o
peck of this material was cellected from the top of Fox Ridge
in Meade County. Bits of opalized wood in these same gravels
offer interesting gem hunting as do also the small garnets
which have been washed into the gravels from the Black Hiils.
The garnets, however, are, in most cases, too small to cut.

Other semi-precious stones are found in the Black Hills.
Garnets as large ag the end of one's thumb have been picked
up and enormous amounts of smaller ones. Green tour-
maline occurs in at least one of the pegmatite mines near
Keystone, and the pale moonlight variety of spodumene known
as kunzite is occasionally encountered among the spodumene
logs of the pegmatites,

The most important of the semi-precious stones, commer-
cially, is rose quartz which is mined from a vein south of
Custer known as the Scolt rose quartz mine. The white and
smoky varieties of quartz are very common and need nothing
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but the skill of the lapidary to make them into pleasing sets
for rings or brooches.

The mineral beryl occurs in a number of pegmatites and
much of it ig yellow. Diligent search might reveal golden
beryl of gem quality though none has been placed on the
market.

Gem production from South Dakota will be a hap-
hazard affair as it will have to depend on the sharp eyesight
and persistence of individual gem collectors.

Large quantities of the semi-precious minerals are on
hand but large amounts must be searched to find specimens
of gem quality. Several small businesses are carried on to
supply the tourist trade. These include several lapidaries, at
least one souvenir manufacturer specializing 1 Black Hilis
minerals, and makers of alabaster, book ends, and other orna-
ments. ,

Whether they ever develop into large industries or not,
these gems will always offer interesting and profitable gearch
for the amateur collector and small dealer.

MICA

A lively ‘mica business was carried on in the vicinity of
Custer during the early 1900’s. After 1912 production de-
clined greatly and was not revived till the present war shut
off foreign supplies and made mica a very important strategic
material.

The mica of commercial size all occurs in the pegmatites
about Harney Peak in the Black Hills from which the feld-
spars and rare minerals are produced. Some of these dikes
carry large crystals of mica but the shape of the crystals and
their interference with other minerals have made it impos-
sible to extract a great quantity of “plate” mica, most of the
mica being shipped as punch and scrap. Pieces up fo six
inches across, however, are easily obtained.

The mica grows in platy. crystalline masses called
“phooks” by the miners. It belongs to the variety known as
muscovite, sometimes called muscovy glass, or the potash
mica. It is of good -quality and much of it has been called
rum or wine mica because of its pale rose or brown tint. Most
of the books are fauity. Some are “ruled,” that is, they have
an exira cleavage nearly perpendicular to the basal cleavage
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which causes the flakes to break into narrow ribbons. Others
are wedge-shaped with quartz or feldspar crystals in the thick
part of the wedge which interferes with splitting aniformly
sized pieces out of the books. )

“Phe individual mica books found near Custer are, as a
rule. larger than those found near Keystone.”! For this rea-
son the making of sheet mica has been confined largely to
that southern part of the Black Hills, the Keystone and Nig-
ger Hills regions furnishing largely scrap mica. The use of
bullt—qp mica made of “splittings,” irregular sheets 1/1000th
of an inch thick and not less than one square inch in area has
f)pened up a large field for the use of scrap mica. With the
impetias mica production has received, it should be possible
to keep this industry in South Dakota, which once furnished
one-third of the mica produced in the United States.

VOLCANIC ASH

This is one of the products that has made itself very im-
portant as an abrasive. Volcauic ash contairs a largeu pro-
portiqn of glass, usually devitrified, which makes an excellent
scouring material. It is not as hard as quariz or corundum
and yet is a little harder than most surfaces which have to
be polished. Tt is fine grained and needs only a small amount
of processing to put it on the market.

Volce.mic ash was spread over the State from early Cre-
taceous times to the close of the Ice Age. Some of this ash,
as hag been explained above, was turned to bentonite which
has no value as a polishing material. Other ashes, however
are still gritty and can be used in powders, soans, and otheli
scouring material. ’

. In the White River Badlands, at the top of the Brule
ormation, is a layer of ash which has been designat
“White Ash Layer.”? : tgnated the
It ig .fai.rly pure ash over a large area. In some places,
ho wever, it is mixed with other sediments.. Tt is thickest in
the Big Badlandswhere it reaches 15 feet or more. The ash

iDarton, N. H., and Paige, Sidney, Central Black Hill io:
Geol. Survey Folio 219, p. 30, 1925. ills Fotio: U- &

2Wanless, op. city., p. 190-269.



PLATE 32. Volcanic Ash Deposit on Turtle Buttes
Near Wewela, Tripp County, 8. Dak.
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runs high in silica and alumina and low in bases as is shown
by the following analysis:!
White Ash Bed in the Badlands
Analyst, A. H. Phillips, Princeton University

Siea (Rl e o 0 L e r, ) ISR 63.21
Alummiineg CATNORN oo B e 10.97
Iron Sesguinxide (Fes0s) oo commeo o ooe 2.89
Iron Brotoxide (FeQy o . = 0.13
Manganese Oxide (MnO) _____________________ 0.12
Meipeiosia (Mol e oo s s st oty 1.13
167 T (4 551 O e S~ SRS e e R 1.08
Soda{NasUypl Cebega Aif e 2o v nl < Bl e £ 313
Potash (Bo0) cecmas o ol e 220 4.41
Pitaiiiom. Oide (Ti0s) comereec e 0.32
Weahe o e e s 8.06

100.45

An ash which might be known ag the Turtle Butte ash,
because of a small depesit which is found on Turtle Butte in
southern Tripp County, is also in undifferentiated Tertiary
rock, probably of Arikaree age. This ash differs from the
white ash layer in that it is non-resistant to evosion. It oe-
curg in arifts south of the White River throughout the =sast-
ern part of the Pine Ridge and all the Rosebud awea and a
thin bed of it has been found in the Missouri brakes in road
cuts in Nebraska opposite the city of Springficld.

This ash ig silvery gray in color and has a pearly luster.
The microscope shows that it iz made almogst entirely of fresh
glass. This is prebably the veason for the luster since de-
vitrification of the glass teuds te give ash a dull luster. It is
extremely fine grained and cxtremely well sorted as though
it had traveled on the wind a long way. Whether it ig a pro-
duct of the Yeliowstone Park vuleanism to which the white
ash bed was assigned oy Connolly or whather it came from
later explosions in the Cascade rances is uncertain. The
drifts seem to vary in size but those that were meagured con-
tained about 100,000 cubic yards of material each.

A two-inch ash layer occurs in the glacial drifl near Hart-
ford, in Minnehaha County. No sther Pleistocene ach deposits
have appeared in Scuth Dakota though they de occur farther
south. It may be that on further prospecting, especially
among the older drifts, such ash may be uncovered.

1Connolly, J. P., and O'Harra, €. C., Mineral Wealth of Black Hills,
South Dakota School of Mines, Bu'l. 13, n. 326, 1929. i



Voleanic Ash Deposit in the Agency Member of the Pierre Formation.

In the Missouri Valley near the mouth of Steamboat Creck, Potter County, S. Dak.

PLATE 33.
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DIVISION VI. WATER SUPPLIES

The most important mineral resource in the state of
South Dakota is water. Located on the edge of the Great
Plaing, this State is one of the regions where a few showers
in summer gpell the difference between agricultural success
and failure. Surface water, therefore, is not abundant and
ground water must be relied on for much of the supply.

A careful and intelligent use of water supplies is neces-
gary for maintaining the larger cities and towns. Irrigation
can be practiced in some regions to good advantage, but the
water problem is always before the irrigator. Even the small
amounts necessary on the ordinary farm require careful at-
tention, and in many places sericus difliculties have resulted
during drouth periods through inefficient use of available sup-
plies. The problem of censervation of wild life including fish
and game and the recreational facilities of the state are also
vied up with the water supply, both surface and underground.
There are some possibilities of using water as a source of
power which are not fully developed.

In general the water supplies are adequate for all the de-
mands that niay be made on them in the next few generations,
but no one supply, surface water, shallow water, or deep wells,
t¢ sufficient to warrant its waste; and in many instances it
will take the careful use of all supplies to insure an adequate
amount during times of drouth.

SURFACE WATERS

i Rivers

Like all surface water supplies in South Dakota, the
rivers are extremely sensitive to the rainfall of the region.
Streams with a uniform year-around flow do not exist in the
State, and the few that can be called permanent streams
fiuctuate greatly during the season and from year to year.
This is due largely to the fact that the water table is low and
streams are not fed from ground water sources when surface
waters are lacking. These factors tend to make most of the
streams flood channels. :

The Missouri River has the largest flow, but fluctuates
in level many feet. In late fall and early winter it is very low,
often being so shallow that it is possible to wade across it in
places. During spring and early summer, however, it rises to



A source of water power.

PLATE 34. The Falls of the Big Sioux River, Sioux Falls, 8. Dak.
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floods which fill its channels. A small ice jam may send its
waters out of the banks to cover the entire valley lowland.
The highest normal levels are reached each year during the
“June rise” when the water from the melting snows of the
Rocky Mountains reaches this State. Gaging records for the
water year 1936 (Octcher 1935 to September 1936 inclusive)
will serve to illustrate this variation. The figures are taken
from records of the U. S. Geological Survey for the gaging
stations at Mohridge, Pierre, and Yankton.!

Station Mobridge Pierre Yankton
Annual run-off
in acre-feet __________ 11,380,000 11,650,000 13,110,000
January run-off
in acre-feet __________ 356,400 350,500 444,300
June run-off
in acre-feet __________ 2,387,000 2,358,000 2,377,000
Maximum discharge April 16 April 17 April 18
in second-feet _____ —_._ 122,000 104,000 102,000
Minimum discharge Nov. 6-9 Nov. 14-17 Nov. 25-26
in second-feet about ____ 4,300 3,700 3,700
Maximum gage height March 18 March 19 March 21
infeetoet et Ty & £00 12.65 10.90 7.85
(ice jam (ice jam) (ice jam)
Minimum gage height Sept. 15 Sept. 18-28 Nov. 24
i S8t e 215 210 0.20

The eastern tributaries eof the Missouri, the James and
the Big Sioux, carry water most of the time. During the
driest times, however, both of them have ceased tn flow in
parts of their courses. The volume of water flowing in these
streams in ncrmal times, however, is small compared to the
Missouri. A gaging station in the lower James River near
Scotland showed a run-off of 54,970 acre-feet for the water
year of October 1935-September 1936. A re-ord kent on the
Big Sioux at Akron, Towa, gave the run off of 513,300 acre-
feet for that stream during the same year.

The western tributaries, White, Bad, Cheyenne, Grand,
and Moreau, are all very much alike in that they carry enor-
mous quantities of flood water in times of heavy rains or
heavy srows, and are so dry that they can be forded during
most of the summer. Most of them dwindle to small pools
during the hottest part of the year. This is the most danger-

1U. 8. Geol. Survey, Suzface Water Supply of the U. S. 1936, part
€, Missouri River Basin: U. S. Geol. Survey Water Supply Paper 806,
. 29-31, 1928,



A gluggish stream, seldom dry but subjeet to floods,

The James River in Yankton County.

PLATE 35.
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cus season tc be camped in or about the channels of these
sireams, for a sudden thunderstorm up the river will send
an enormous volume of water that brings the river to a flood
stage for a few hours, only to subside again te a dry stream
ied as rapidly as it came. The Bad River receives its name
because of such floods which periodically tear out roads and
bridges and create general havoe in the valley.

The following run-off records, taken near the mouths of
the Grand, Moreau and Bad Rivers for the water vear 193
(Oct. 1935-Sept. 1936) show this seasonal character:!

Grand River Moreau River Bad River
gaging station gaging station gaging staticn

near Wakpala at Promise at F't. Pierre
1935 Acre-feet Acre-feet Acre-feet
October _—___- .. 0 0 0
November _______ 0 0 0
December _______ 0 0 0
1936
Jlpnuary oL F o 0 0 0
February ________ 0 0 0
Mt Copees = - 0 35,650 21,760 14,820
Aprill = 11,180 14,140 7,990
11 E5P e B A D 1,960 451 758
JOE - me e e 352 933 110
T oo a0 0 0 0
Auvugust _________ 0 0 0
September ______ 0 0 0

Totalezanan __- 49,120 37,280 23,680

During this year the Cheyenne and White Rivers showed
a run-off each month of the year though it fluctuated greatly.
The maximum occurred in the summer months ag 1t did for
those just described. During the water vear of 1936 the
Cheyenne run-oft at the station south of Eagle Butte amount-
ed to 250,000 acre-feet varying from a minimum of 1,850 in
February to a maximum of 94,670 ir March. A station near
Oacoma showed that the White River discharged 168,700 acre-
feet during the same year, its low mark was 46 acre-feet in
August while its highest was 103,100 acre-feet which it dis-
charged in March.

The streams in the Black Hills are for the most part live
slreams because of the fairly uniform precipitation due to
thunder showers. During the driest nart of the drouth, how-

1U.8.G.S. op. eit., pp. 149, 150 and 157.
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ever, all but the largest of them went dry. Rapid Creek and
Spearfish Creek are the best known of the permanent streams,
these two being the only streams that can cross the lime-
stone outcrops and flow into the head waters of the Cheyenne
when rainfall ig not abundant. A gaging station at the Big
Bend on Rapid Creek showed an annual discharge of 16,900
acre-feet. The -uniformity of flow is well brought cut by a
comparison of the monthly flow of this stream with that of
the Grand, Moreau, and Bad Rivers given above.

Rapid Creek Run-off at Big Bend, S. Dak.l

1935 Acre-Teet
October . _____ o _ 1,700
November _________ . __ 1,820
December _____ . ___ 1,660
1936
Janvary . ___ . __ 1,290
Febrvuary - _____ L ____ 1,380
March . 1,840
April 2,690
May o 1,860
June _ . ________..__ 1,300
July 253
August, _________________ __ 587
September . ______________________ 476

Total o __ 16,200

These streams are almost entirely undeveloned at pres-
ent, due to the cost of making such development. 'The com-
mon uses of stream water are for power, irrigaticn, and navi-
gation. Six streams are being used for water power at pres-
ent. The Homestake Mining Company has two hydroelectrie
plants on Spearfich creek, one at Spearfish, and one at Mau-
rice. Smaller plants are to be found on Ravpid Creek, Red
Water creek, and Fall River in the Rlack Hills. The Little
White river near the city of White River in KMsailettz county
furnishes power for a hydroelectric piant which supplies cur-
rent iocally. This siream has a minimum fluctnation since it
13 fed by the sands of the Tertiary formations. Still another
hydroelectric plant is located ¢n the Big Sioux at Sioux Falls.
The water power supplies part of the energy used in making
the electricity for the city. The flow is regulated by a dam
at the head of the Falls which impounds water in the Big
Sioux Valley.

1U.8.G.S. op. cit., p. 153.
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The larger streams have never been dammed though
there have been attempts to do so. The Cheyenne River,
especially near its head in Fall River County, offers some ex-
cellent places for such a project. A number of projects have
been promoted along the Missouri River where a total fall of
550 feet across the State seems to offer possihilities of gen-
erating power.

A survey of power possibilities of the Missouri River was
made in 1920 for a power commission created by the previous
legislature.!

Eight possible sites were investigated and the details of
cost.-and construction were estimated for one, the Mobridge
sife, as an example. At this site it was estimated that at the
minimum flow there could be developed 16,000 continuous
horsepower with an eight turbine installation on a dam giving
a thirty-foot head. This power might be increased to 32,000
horsepower in times of high water (100 000 seccnd-feet dis-
charge).

Missouri River power projects, hewever, are still waiting
either cheap transportation of the power generated or a big-
ger market in the immediate vicinity of the river. Though
the generation of enormous amounts of power is not an im-
mediate necessity, it would seem that in a country where fue!
is as scarce and expensive as-it is in South Dakota, the
strears shouid be developed to their full capacity. Small
dams and small power plants can serve an average community
effectively. '

Small scale irrigation is practiced at a number of places
in the State. The only large project, however, centers akout
Newell m Butte County. The targe dam on Owl Creek at
Orma:a impounds 300.000 acre feet of waler and irrigates from
75,000 to 100,000 acres. Water can be impounded in a grcat
many of the streams on the Greaat Plains as the fall is suffi-
cient, especially near the breaks of the large rivers, to give
a considerable depth of water with a relatively small dam.
The farmers and ranchers in these regions have beren using
small dams for stock water and household water ever since
the country was first settled. The Missouri is the only stream

1Mead, D. W., and Seastone, C. V., Feasibility of the Development
of Hydroelectric Power from the Missouri River in the State of South
Dakota: Report to South Dakota’s Hydroelectric Commission, 1920.



Offers water power, irrigation, and navigation

The Missouri River at Pierre

PLATE 36,
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that furnishes sufficient flow for pumping directly trom the
river. The other streams would require dams.

Irrigation, however, has been practiced on a relatively
small scale in the State, and while it is applicable only to
small areas there are enough of these to make it an important
consideration in agricultural development. These regions will
be in the valieys of such sireams as the Missovri, Cheyenne,
Belle Fourche, and possibly the Grand end Moreau.

The only navigable stream in the State is the Missouri
River, which in the early history of this terr:tory was the
main highway between the east and the northwest. It served
a large territory before the railroads came. Cities like Pierre,
Fort Pierre, Chamberlain, and Oacoma cwe their origin large-
Iy vo the fact that they were loading places for river traffic.
Work on the Mississippi and lower Missouri has shown that
it is possible to harness these streams into a channel which
can be kept navigable and a considerable trade is keing de-
veioped on them. The cost of such development, however, is
very large and, therefore, river navigation has been slow in
coming to South Dakota.

Iis chief advantage is that heavy and bulky commodities
can be hauled cheaply. It could be used to good advantage
in importing such commodities as c¢oal and exporting bulky
mineral products. For ordinary commerce, however, the river
is lar toc slow, as food products shrink or decay on long hauls,
and lighter materials can be transported so mneh more quickly
by other meuans. It is hopeless, therefore, tc expect river
traftic to take the place it held in picneer times when every-
thing had to come into the State by water. Navigation of the
Missouri will require confining the river to a dofinite channel
and the maintenance of a channrel deep enough to iloat river
barges. This, of course, 15 expensive, but it is hoped by the
premoters of navigation projects that the dams necessary
for maintaining the depth of the water can aiso be nged for
hydroelectric power and irrigation.

II. Dams and Lakes

Lake basing are abundant, especially in the glaciated
part of the State east of the Missouri River. Lakes,
however, are rather scarce. West of the James Valley
there are but three natural lakes worthy of note. Most
of the natural lakes are clustered at the head of the
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Big Sioux Basin nestling deep in the glacial hills and in
the large gravel outwash plains and valley trains. The rea-
son for this is that lakes, like permanent streams, are de-
pendent on the level of the ground water, the permanent sur-
face of the lake never rising above the level of the water
table. Diversion dams have turned flood waters into lakes
and raised them temporarily only to have them sink again to
the ground water level due to seepage underground. The
fluctuation of the lakes has been shown to be about 15 feet
in eastern Scuth Dakota.l

About 1892, the first great recerded drouth loweved the
water in the lakes until most of them were dry. A few of
the deepest ones like Pickerel and Enemy Swim still con-
tained water. By 1918, the lakes had come back to the high-
est level recorded. They stayed at this level for nearly a
decade. The diminishing rainfalls, however, brought them to
another low stage in 1934, with the lake levels 15 to 18 feet
below the high water mark of 1918, Since that time, in-
creases in ramfall have again raised th= levels. The struggle
of the lakes to maintain themselves is of interest because

measurements since the drouth of 1934 have shown that, in

lakes fed by large gravel channels, water levels raised much
more rapidly than in those which were not. As an example,
Kampeska and Blue Dog Lakes were nearly back to their high
water mark in 1939. Pickerel Lake in Day County, fed by a
large underground outwash, was also back nearly to its high-
est level. ‘Lakes Waubay, Minnewasta, and Roy, with no such
source of supply, barely held their own, or even lost water.

"~ Other factors in determining lake levels are evaporation,
underground seepage, and artificial drainage of the lakes. The
amournt of arnual evaporation is approximately 40 inches
which takes an enormous toll on lakes that do not recharge
rapidly. If this is added to a large outflow over the surface
or through gravel channels underground, the lake hag little
chance of maintaining its level. Enemy Swim Lake is a case
in point. A surface ditch was dug to drain a swamp al one
end of the lake which lowered the lake several feet. Further
drainage by seepage through a gravel channe! leading into

1Rothrock, E. P., and Ullery, Dorothy, Ground Water Fluctuations
in Eastern South Dakota: South Dakota Geol. Survey Rept. Inv. 32
1939. -
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Blue Dog Lake has prevented its return to higher water levels
as rapidly as its neighbor to the south. Kampeska,' on the
other hand, has a large intake. Its waters cannot seep away
because of an underground clay dam not far from its outlet.
Consequently its level raised very rapidly. The same is true
of Pickerel Lake in Day County.2

Sonic attempts have Leen made to maintain lake levels
and to bring water back to the original levels after they had
been lowered. The damming up of outlet channels did very
little gocd because the ground water levels were soon below
them and seepage and evaporation did not stop. Diversion
dams to turn stream water into the lakes had a femporary
effect. During spring floods water levels raised slightly, only
to fall again to ground water level when the surface inflow
of water was not continued. The same difficulty has been
discovered in some dams and artificial lakes.

It is well to take all possible vprecautions to maintain
these lakes at maximum levels, since they afford not only ree-
reational areas, but in many cases they are used as water sup-
plies. Each lake, however, must be studied as an individual
project and its inflow and water losses determined hefore it
is possible to weigh what is best to do. It is necessary to
keep lakes fresh by a change of water. New water must be
added either from the surface or by seevage, and excess wa-
ter must be drained as much as possible. Any means of di-
verting more water into a lake basin and preventing its leak-
age will help to maintain its level. Damming of outlets and
diversion of water, therefore, should be practiced as far as
practicable. Our best-efforts, however, are too puny to rom-
pletely defeat the forces of nature that make and unmake
lakes, and in the end the lake levels will be controlled hy the
amount of rain received and the level of the ground water.
Our duties consist of preventing wasteful drainage of lake
waters and encouraging the recharge of lake and ground wa-
ter reservoirs.

1Rothrock, E. P., Water Supplies and Geology at Lake Kampeska:
South Dakota Geol. Survey, Rept. Inv. 17, 1933.

2Rothrock, E. P., The Geology and Water Resources of Day County,
South Dakota: South Dakota Geol. Survey Rept. Inv. 25, 1935.
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SUB-SURFACE WATER
Shallow Well Supplies

Underflows. Gravel fills occur in most stream valleys
and also in ancient glacial gpillways. These va'r--y‘&i ~depth
from a few feet in the small streams to 240 feet in-the lower
Missouri valley. In the ordinary course of stream flow, the
fine materials ave floated to the top and the coarser materiais
dropped on the hottom. Thus we find the fills of mest valleys
containing considerable amounts of sand, bars of gravel, and
some sheets of clay and loam. Most of the material, how-
ever, is sandy. and in thig zand we find a large volume of wa-
ter moving in the general direction of the stream’s flow. This
is known as the underflow, and in most of the valleys in South
Dakota, it carries more water than does the stream channel.
r'or this reason, underflows are extremely important as
sources of water supply. The Grand, Moreau, Cheyenne, and
White River valleys now carry such underflows as do also
the Missouri, James, and most of the Big Sioux Valley.

Most of these water supplies can be reached by drive
points and bored wells, and make an especially useful source
of water to the rancher and farmer. Scme attempts have
been made to use this water for irrigation with excellent re-
sults. The installation of pumps for the irrigation of gardens
and small fields has proved especially successful in the White
River valley near Kadoka.

These water supplies have the tremendous advantage of
being recharged by every large flow of water that comes down
the channel and, therefore, come back much more rapidly
than do similar supplies taken from bed rock reservoirs. Trri-
gation on a large scale from these sources, however, should
be attempted only after a careful study of the volume nf wa-
ter these reservoirs contain, and the average rate at which
they can be recharged.

Drift Wells. Water is available in the glacial drift at
many places. In some cases it is found by digging into sandy
pockets in the drift which act as coliecting basing for water.
In other cuases it is fed into the well through the till (boulder
clay) itself. Most till is dense, however, and feeds water so
slowly that it is impossible te get large supnlies from these
sources. For farm wells, however, they have proved useful
in a good many localities, since they can be due by hard or




PLATE 38. Dam at Outlet of Swan Lake, in Turner County, S. Dak.
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bored. Such wells are never as satisfactory as wells ending
in a good sand stratum and should never be reclied upon as a
source of supplv where large amounts are needed.

Buried Outwash and Channels. In eastern South Dakota
there are a good many instances of gravel devosits buried be-
neath boulder clay. These make excellent water reservoirs.
In fact, some of them are large enough to ke used as city sup-
plies. One such supply was used for the city of Huron during
the worst of the drouth, The large outwash underlying the
Przairie Hills in Grant County, indicated by a row of springs
about half way down the great escarpment on the rast side
of the Coteau, has been described. Similar buried gravels
have been mapped near Mitchell and along the lower end of
the James Valley, and doubtless occur at a number of places
on the Missouri Coteau. This source of water has been over-
looked and, therefore, very little information on it is obtain-
able. It is capable of supplying enormous quantities, how-
ever, if properly developed, and should be one of the most im-
portant sources of water in eastern South Dakota. 'The only
use of this water at present is in the eity of Huron and for
the city supply at Milbank in Grant County.

Bedrock Reservoirs. Shallow wells are obtainable from
sandstone bedrock over a large area of the State. Most of
this area, however, is west of the Missouri River. East of the
Missouri River the Dakota sandstone may be reached at a
depth of a few hundred feet in parts of Union County and a
corresponding sand outerops in Davison County. Tubular
sands, as they are sometimes called, are within 2 few hun-
dred feet of the surface and are extensively used in the lower
James Valley. Most of these come from the Codell sandstone
at the base of the Niobrara formation. This sand is used
largely in the counties in the James Basin south of Huron. It
is sometimes known as the ‘*pump sand” to distinguish it
from the “artesian sands” which give flowing wells. Its wa-
ter is soft where it has not been contaminated with artesian
water. This sand pinches out east of Yankton and apnarently
ie very poorly represented on Bull Creek south of Chamber-
lain. It is apparently represented by thin, sandy streaks,
“Lubularg” at Huron indicating ils northern limit.

A shallow wel! driller near Miller reports water from the
Pierre shales on the Missouri Coteau northwest of Miller in
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Potter and Sully Counties. The Agency member of the Pierre
shale underlies this region and it is probable that where it
nears the surface water can be obtaired from the joints in the
shale. No information is available on the quantity of water
or the rate at which these wells can produce.

- The sandstones of the upper part of the Cretaceous sys-
tem produce excellent water in“northwestern South Dakota.
The sands of the Fox Hills and the Hell Creek formaticns are
especially good aquifers producing large quantities of excel-
lent water. The Ludlow formation also containg abundant
water which tastes slightly alkaline. The Fort Union forma-
tion containg similar water. Tn areas where these formations
outerop, water sands can be reached near the surface. It is
usually possible to obtain water by drilling immediately be-

low the surface or into the first sand the formation yields.

Seldom will they fail to yleld_ water within a few score feet
of the surface.

These same formations may be reached where they unﬂ,
derlie ycunger rocks by determining the number. of forma-
tions that must be penetrated at the desired location and add-
ing the maximum®thickness indicated for these formations
in the section on stratigraphy.

Some attempts have been made to irrigate with pumps
from wells penetrating these formations. Undoubtedly this
will be possible if irrigation is not attempted on too large a
scale. It must be remembered, howéver, that these sands are
recharged by, local rainfall and;.before extensive operations
are contemplated, carefully colleeted data on the available
water supply and recharge rate -should be ascertained.

The situation in the Tertiary area south of the White

River is similar to that just described in the northwestern
quarter. Parts of the Chadron formation and all the Arika-
ree formations are very sandy and yield excellent wells. Some
sands in the White River beds seem to be good aquifers also,
so that it is usually a matter of drilling into the first sand be-
low the water table to obtain a good supply of water.

In the Black Hills much of the water supply comes from
springs and the only profitable places for shallow wells are in
the shallew fills at the bottom of the gulches. These are
rarely more than a few feet deep.

Thus it will be seen that shallow water supplies are well
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distributed over the State. In most places these are not the
best sources for large quantities of water though in the bed-
rock sands and the larger gravel outwashes, sufficient sup-
plies can be developed for cities and small scale irrigation.
Most of them furnish a much better quality of water than do
the artesian sands. Because of their widespread use as farm
and ranch supplies, they should be considered the State’s
most important source of water.

Artesian Supplies

The term artesian well has been used rather loosely for
wells of several kinds. The original wells at Artois, France,
were drilled into a water horizon from which water rose to
the surface under its own head. Artesian wells, therefore,
were supposed to be those with sufficient head to make -them
flow. In other regions the term was used for any deep well.
In the careful use of the term, artesian wells must be those
in which water rises from a confined aquifer in which a hyd-
raulic pressure has been developed. Water may rise high
enough to flow out at the surface or may rise but a few feet
above the aquifer.

In South Dakota, the latter interpretation has to be used
because it has become a custom to refer to all wells producing
from certain deep sands as artesian though many of thfem
never raised water to the surface. Others which originally
flowed have now ceased to flow due to a lowering of the pres-
sure, and in still other cases, very shallow wellg in sand pock-’
ets in the glacial drift flowed in true artesian fashion.

There may be sev‘eral'ageﬁ_’té‘; ‘which will make wells flow,
but the chief requisites seem to be twofold. First, the aqui-
fer must be sealed beneath impervious beds. This condition
is best reaiized where & porous sandstone underiies a “tight”
shale or clay bed. Second, the system must be on a slope
so that the water level in the upper end of the aquifer is
higher than the surface at the site of the well. Such a sys-
tem developes pressure much as does a city water system in
which the stand pipe corresponds to the sand reservoir and
the faucet in the kitchen sink to the well.

These conditions are weil developed in ‘South Dakota.
The Lemmon geosyncline with its steep eastward slope from
the Black Hills and its more gentle westward slopz from the
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quartzite ridge and pre-Cambrian outcrops has tipped ail
aquifers. The total slope, as has been shown, averages about
10 feet to the mile, making the highest artesian aquifer in
the James Valley, the Dakota-Lakota sands, lie morc than
2500 fect below the elevation of their outcrops in the Black
Hills. This situation is aided by the fact that the James Val-
ley and the Missouri Valley are lowlands compared to the re-
gions in which the aquifers outcrop. Thus a sufficient head
was developed between the outcrops and the location of the
wells to raise the water in some instances two hundred feet
above the surface. Every sand formation lying in the geo-
syncline produces a hydrostatic head so that there are many
artesian sands in the basin.

The stratigraphy of the artesian sands is best known
about the Black Hills where the aquifers can he readily traced
back to the outcrops. Five formations in this region develop
artesian heads. The Dakota-Lakots group can always be
counted upon for one or more good flows at good pressures
and in most parts of the State produces flowing wells. The
Sundance-Morrison group of sands also has given artesian

heads which raised water 500 feet in the Hunter well in Pen-.

nington County and to a reported flow in the Standing Butte
well in Stanley County. In the immediate vicinity of the
Biack Hills, the Minnelusa is an excellent water-sand but 50
_miles east at the Hunter well gave only one bailer of water an
hour. At the Standing Butte well, near Pierre, it was again
reported as furnishing a flow. The porous Pahasapa limestone
which takes nearly all the water from the streams flowing out
of the Black Hills shows two artesian heads in the Hunter
well, one at a depth of 4855 and another at a depth of 49583.
The pressure in the latter horizon raised the water 4000 feet.
Though a thick section of Pahasapa was drilled in the Stand-
ing Butte well, noc water was reported from it. The Dead-
wood sandstone furnishes an artesian head in the immediate
vicinity of the Black Hills. It is used as -the city supply at
Edgemont where the pressure carries it into a reservoir 100
feet above the level of the city.

East of the Missouri River where artesian water is used
in the largest quantities, the only aquifers known are those
of the Dakota-Lakota group. At least three sands furnish
artesian water in this part of the basin. Few wells have been
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drilled below these sands, and the possibilities of underlying
Mesozoic and Paleoroic rocks are not known.

Character of Water. The water from the different arte.
sian sands differs greatly from place to place and systematic
coliections of samples and analyses have not been carried on.
over most of the State, however, the first artesian sand, usu-
ally called the Dakota, carries water highly charged with
solids. In most of the James Valley this water is used largely
for stock though in some places it is being used for city water
supplies. It seems to be more fresh near both eastern and
western outcrops than away from them. Salt (NaCl) is de-
tected in much of this water which contains it in large
enough quantities to be tasted. The most objectionable min-
eral matter, however, is iron sulphate which gives the water
a bitter taste. The saltiest water in the State according to
Guy G. Frary, State Chemist,! was analyzed from the flow

~wells along the Missouri River in Potter County. The wells at

Pierre contain a large percentage of salt. A high salt content

"seems to be roughly associated with the regions in which this

sand produces gas. Water from the deeper flows in many
parts of the State seems to be fresher. It is very difficult,

however, tc get samples which are known to come from this
flow only. The habit of drawing from both artesian sands
and the fact that the water from the upper sand is very cor-
rosive makes it almost impossible to obtain a good sample.
A sample from a deep well drilled at Kadoka, which penetrat-
ed the lower flows but also includes the upper, is here includ-
ed for comparison with the salty waters of the upper flows.

Analysis of Water at Midland, South Dakota

_ P.P.M. G.P.G.
Total Solids . _________________ 2656.0 156.5
Siliea o ____ £3.0 . 1.34
" Sulphate ______ . _____________ 2.0 0.12
Chloride . _________________ 850.0 49.60
Calcium . ______________________ 6.5 0.38
Magnesiom ____________________ 1.5 0.1
Alkalinity as CaCOq
Phenolphthalein . _____________ None
Methyl Orange . _________ 1170.0 . 68.2
- Hardness as CaCOg . __________ 24.0 14
Iron _______ o ._ 1.0 0.06

1Guy G. Frary, State Chemist, Personal Communication.
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Manganese _._____ L _________ None
Fluoride ______ . _______________ 2.5
Hypothetical Combinations
P.P.M. G.P.G.
Silica - L 23.0 1.34
Sodium chloride ________________ 1395 81.35
Sodium sulphate ________________ 3 0.18
Sodium carbonate ____.__________ 1255 73.20
Calcium carbonate ___.__________ 16 0.93
Magnesium carbonate ___________ 5 - 0.29
Iron _____________ e 1 0.06
2698

Analysis of Water Taken from Oil Test South of Kadokal
Lot 1, sec. 32, T. 2 S.,, R. 22 E., Jacksen County

P.P.M. G.P.G.
Dissolved Solids _.____ __.______ 1873 108.6
Loss on Ignition —______________ 26.0 1.5
Silica (Si0g) —coemmo 31.0 1.8
Iron (Fe) o ____ 1.7 1
Caleium (Ca) - __________ 11.6 N
Magnesium (Mg) _._.__________ Trace N
Sulphates (SO,) . _____ 647.5 37.5
Chlorides (Cly o __________ 74.5 4.3
Alkalinity in terms of CaCOy
Phenolphthalein ______________ 12.0 N
Methyl Orange _______________ 704.0 40.8
Hypothetical Combinations
P.P.M. G.P.G.
Sodium chloride (NaCl) _________ 123.0 7.1
Sodium sulphate (Na,SO,) --_—___ 957.0: 55.5
Sodium carbonate (Na,CO;) ____ 915.0 ‘ - 53.0
Calcium carbonate (CaCO,) _____ 29.0 1.7
Ferrous carbonate (FeCO;) _____ 4.0 0.2
Silica (8i0g9) —mcoem 31.0 1.9

In the northern James Basin it is generally recognized
that there is an upper salty and alkaline flow of soft water and

a lower flow of non-saline, nen-alkaline water which is hard.

Analyses of the waters of other sands far enough away:
from the outcrops to give a good idea of their character are:
not available. One from the city of Edgemont, however, =

shows the characteristics of the water from the Deadwood
sandstone.

lAnalysis by State Chemical Laboratory, Guy G. Frary, State
Chemist.

IS
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Analysis of Water at Edgemont, Scuth Dakotatl
Fall River County

P.P.M.
Total Solids 1097.0
Loss on Ignition .~ 47.0
Silica (Si0p) oo 40.5
Tron (Fe) o 1.3
Caleium (Ca) oo 130.0
Magnesium (Mg) oo oo 29.5
Chlorides (Cl) oo e 250.0
Sulphates (SO4) oo 317.0
Alkalinity
Phenolphthalem __ . - None
Methyl Orange oo ©181.0 .
Total Hardness - oo 448.5
Hypothetical Combinations .
Sodium chloride (NaCl) -~ 412.5
Sodium sulphate (N2,80,) oo vommoemmme - 85.2
-i#Caleium sulphate (CaSO,) oo 350.4
Calcium carbonate (CaCog) oo 66.0
“Magnesium carbonate (MgCOy3) oo 103.3 -
Ferrous carbonate (FeCOj3) - O 2.6
Silica (Si0g) — oo 40.5
Loss on Ignition - oo 470 o
1107.5

Origin of the Water. The origin of artesian water has.
not yet- been satisfactorily determined. News stories an'i"
popular scientific articles have led the 1ayman to assume thatf_
water .was poured into the outcrops, moved through the aqul-".'
fers into the basin, and thence out of the artesian wells. This,
of course, would be a diagramatic explanation of an artesian
basin, but it must be remembered that there is an enormous
amount of friction, and that water moves through sandstone
at an exceedingly low velocity. There is little doubt in the’
minds of most hydrologists that pressure is due to the differ-
ence in elevation of the various parts of the aquifer. It has
been estimated, however, that it would take about 400 years
for water to move from the outcrops in the Black Hills to the
James Valley portion of the basin. It would seem probable;’

_ therefore, that much of the water that is being drawn from

the artesian sands is water which was buried ;with the sedi-
ments. Fresh water from the outcrops scarcely has had time

1Analysis made by the State Chemical Laboratory, Vermillion,
South Dakota. :
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to recharge any pait of the arteblan basin since the first ar-
tesian wells were drilled.

Temperature. Over most of the artesian basin no un-

usual temperatures are noted. One interesting phenomena,
however, is the “hot spot” which occurs in the middle of the

State.” Artesian waters at Capa in Jones County were noted

years ago as being much warmer than normal and some at-
tempt was made to capitalize on them as a health resort. The
artesian waters at Pierre are also above body temperature.
Hot artesian waters have since been found to extend from
Philip to somewhere east of Pierre and from Whitehorse in
Dewey County to Kadoka in Jackson County, an area of ap-
proximately 100 by 72 miles. Most of the wells in this region
have water at about 100 degrees Fahrenheit in contrast to
temperatures of 50 to 60 degrees Fahrenheit for normal ar-
tesian water. The hottest water on which there is an accurate
measurement was found in an oil test on the Grang:r Ranch,
south of Kadoka, on the White River, where a temperature
of 130 degrees Fahrenheit was recorded. Wells in Haakon
and Ziebach Counties registered from 96 to 120 degrees Fah-
henheit, in western Stanley County 100 degrees, in eastern
Stanley County from 88 to 90 degrees, and in the northeast-
ern part of the same county 98 degrees. The well at White-
horse in Dewey County has a temperature of 80 degrees
while to the south at Chamberlain, temperatures run about 74
degrees. In Tripp County 85 degrees Fahrenheit is recorded,
and one well reports as high as 114 degrees. It appears, there-
fore, that the center of the “hot spot” lies south of Kadoka,
its axis trending more or less north and south.

No explanation can be giver. for these unusual tempera-
tures. So far as is known, there is no volcanic activity in
this region unless it be so deeply buried that there is no evi-
dence of it. Many minor faults are observed at the surface,
and it is possible that shifting of sediments at depths has
had something to do with heating the rocks. It may be signi-
ficant that the West Fork anticline in Haakon Cc unty lies
‘near the hottest wells.

Conservation of Artesian Water. More than 1600 arte-
sian wells have been drilled in the James Basin alone, and most
of these have been left to run wide open since their drilling.

:Some of them have been running this way for nearly 40

=

Sz,
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years. As a result there has been an enormous drain on the

artesian reservoir which has lowered the pressure over the
entire area and in some places has caused wells to cease flow-
ing. West of the Missouri River, Robinson reports that pres-
sure in a well at Vale in Butte County dropped 2014 feet
between the time it was drilled—sometime between 1909 and
1917—and 1935. This well is but 15 miles from the outcrop
of the Dakota sandstone. The same author reports a drop in
head in the vicinity of Chamberlain of 230 feet since the first
well was drilled in 1891! and at Pierre a drop of 300 feet since
1895.2 In Day County the first artesian pressure was record-
ed in 1904 which raised water to an elevation of 1658 feet
above sea level. By 1934 the level had dropped to an eleva-
tion of 1400 feet, a total of some 258 feet, at a rate aver-
aging 8.6 feet per year.? Rates as high as 15 feet per year
have been recorded by Robinson? for the Chamberlain area,
but the best data available for the James Valley as a whole
gives an average figure in the neighborhood of seven feet.

One thing noficeable in all studies of the fall in the ar-
tesian head is that it varies greatly from place fto place.
Whcre large amounts of water are taken out or wells allowed
to run wild, the drop is much greater than in regions where
this has not happened. Thus it is evident that while the
whole system is more or less affected by waste, the recharge
is so slow that a drain in one area is not felt immediately in
other parts of the basin.

From a perusal of the problem it is very evident that ar-
tesian water will not flow 1n South Dakota very many years
if the present practices are continued. This will be a decided
loss to the State in that much free pumping will be lost and
the cost of installation and operation of pumps and pumping
equipment will be an unnecessary item of expense added to
the farmer’s budget which intelligent control could avoid. It
is doubtful whether we will drain the entire artesian basin,
because as the wells cease to flow, less water will be used and

1Robinson, T. W., Artesian conditions in west-central South Da-
kota: South Dakota Geol. Survey Rept. Inv. 26, pp. 46-48, 1938.

2Robinson, op cit., p. 47.

8Rothrock, E. P., Geology and water resources of Day County:

‘South Dakota Geol. Survey Rept. Inv. 25, p. 37, 1935,

4Robinson, op. ecit., p. 46.



PLATE 39. Artesian Pressure in 1886

This well furnigshed the power for the city light plant at Redfield when
first drilled. Its initial pressure was gaged at 177 pounds per
square inch. Wells about Redfield still flow but under very low
pressures.

PART III. MINERAL RESOURCES 243

the rate of recharge may be able to keep pace with the amount
that is pumped.

Another consideration which presents itself, however, is
the contamination of other waters by waters from the ar-
tesian sand. As has been shown, the artesian water from the
firat flow is high in salt and contains some waterials which
¢re not particularly desirable, and others, like fluorine, which
In high concentrations have a decidedly disadvantageous ef-
fect. Such corrosive water in poorly kept wells soon eats
through the casing and is forced into shallow water sands.
This is particularly true in the glacial area of the James Basin
and could be true of the Tertiary and Cretaceous regions
where shallow wells can be obtained from bedrock. Mixing
these waters with the waters of the shallower sands, con-
taminates the shallow sands by changing the chemical com-
position. Such has been taking place in the Codell sand in
the lower James Basin. This sand used to furnish a very soft
water, but it has been contaminated with artesian waters un-
til in many places the two waters are very similav..

The only complete solution to this problem of contamina-
tion and waste is to plug all unused or wild artesian wells from
the bottom and to maintain well cemented and uncorroded
casing in all wells that are used. These wells should be pro-
vided with cut-off valves so that no more water is used than is
needed. If such a program were carricd out, it iz probable
that the artesian head would remain at least where it is and
might possibly, over a long period of years, be raised some-
what by a recharge of the artesian basin. Such a program
nas not been feasible largely because of the expense involved,
but it is absclutely mandatory if the artesian head is to be
preserved.

From what has been said in the preceding paragraph, it
must be evident that though the most effective work should
be on a state-wide basis, poasibly including even our neighbor
states, it is poszible to do a good deal locally by applying the
same principles. The large loss of head arovnd Chamberlain
15 used as an example because a number of wells in the region
have been allowed to run wild. Irrication wells have been
drilled and allowed to run the year around though their water
is used but a comparatively short time each vear. Such wells
natureally reduce the head locally a great deal ard where such
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conditions exist it is possible to partially remedy the situa-
tion by controlling wells within the localitv. County wide ef-
forts would be a decided hzlp and might spread to state-wide
cooperation. It is to be hoped that the methods will 'be put
into practice before the deeper artesian sands are tavped for
South Dakota has a vast, though not inexhaustible, source
of water which will meet all needs if properly used. The use
of surface supplies, when they are available, will conserve
shallow and deep well supplies. The use of the shallow sup-
plies, where they are available, will preserve the artesian
supplies for areas that cannot obtain shallow water. Thus the
spectre of water famine, whose shadow was so clese during
the recent drouth, need never trouble this State if its water
supplies are intelligently developed and used.

ety
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CONCLUSION

In the preceding pages, an attempt has been made to
give a picture of the geology of South Dakota; its topography
has been described in Part I, the underlying rocks and their
structures have been enumerated in Part II, and the cconomic
products set forth in this volume. No volumes of similar size
could exhaust any one of these subjects, but it is hoped that
what has been said has given the layman an insight intc the
raw materials on which the State must depend for its pros-
perity. and the professional mar a foundation from which he
can start in the solution of the geologic problems which are
now present and which will arise in the future.

Nature has endowed this State with a surface over which
travel is easy. Any part of it can be reached by roads and
raiiroads with a minimum of effort, and access to the large
markets and centers of trade offers no problems. The Black
Hills has been blamed for shunting all transcontinental rail-
roads around the State and for many years the Missouri
River was a serious handicap to east-west travel. Good high-
ways and bridges have caused these cbstacles to disappear
and any part of the State is easily reached by anyone with the
will to travel there. Playgrounds and places of interest for
the tourists abound, and the broad stretches of the central

Jlowland section and the Great Plains offer the best possible

topographic conditions for farming ard grazing.

The underlying rocks earry not only a mcst interesting
record of the history of the State and the forces that were
instrumental in making it what it is today, but contain
a wealth of raw materials with which to supply local needs
and build up industries. Fuels, structural and ceramic mate-
rials, and metals offer a variety of products surpassed by few
plains states. Some have been partly developed and all offer
new fields of endeavor for those who would pioneer in these
mineral industries.

If the geographer's maxim is true, that a community’s
fate is sealed bv threes factors—namely, climate, access, and
resources—South Dakota’s fate should be a geod one. It is
possible, however, that the prediction should be changed to
read that the community’s fate is sealed by the use it makes
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of these factors. Whichever is correct. the g=ology and re-
sources are here for those to use who know how to use them
and f{vr those to enjoy whe know how to enjoy them.
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