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INTRODUCTION

LOCATION OF THE AREA

The area described in this report is in the central
western part of South Dakota. It 1s situated in the
northeastern part of Lawrence County and the south central
part of Butte County (Figure 1). It includes the vicinity
around Orman Lake, sometimes known as the Belle Fourche
Reclamation project, which is north of the Belle Fourche
River, and extends south and east of the city of Saint
Onge, which is south of the river. The city of Belle
Fourche is about 6 miles west of the center of the area.
The area is about 18 miles long and 10 miles wide, and
covers about 180 square miles.,

PURPOSE OF THE REPORT

This investigation is part of a series of studies
undertaken by the South Dakota Geological Survey to deter-
mine the detailed structure of the northern Black Hills
region. It is a continuation of the program for deter-
mining the oil and gas possibilities in South Dakota.

The Whitewood anticline is known from the work of
N. H. Darton and C. C. O'Harra, and this investigation was
made to determine more precisely its structure and other
characteristics.

PREVIOUS INVESTIGATION

The investigation of the geology of the Dakota Terri-
tory began as early as 1804 and continued intermittently
to the present time. It wasn't until 1874 that the inves-
tigations were carried on in the Black Hills proper by
H. N. Winchell and Henry Newton.



The geology of the Belle Fourche Quadrangle was map-
ped in 1906 by N. H. Darton and Dr. C. C. O'Harra (3), at
which time the main structures at the northern margin of
the Black dills were outlined.

METHODS OF WORK

This investigation of the Whitewood anticline was
carried on by a plane table survey. Traverse Iines were
run throughout the area to determine the position of out-
crops of rock formations. ©Sea level altitudes were taken
from bench marks established by the United States Geolog-
ical Survey. A topographic map of the region was made in
1903, hence bench marks are numerous. Prominent outcrops
were measured to determine the sequence of key beds and
the character of formations. Two plane table parties were
used for the survey. The mapping was done on a scale of
one inch to 2500 feet. Most traverses were double-rodded;
they were closed on bench marks or within themselves, and
horizontal control was checked by section corners where-
ever found.
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EXPOSED FORMATIONS

The rock formations on the surface of the area are of
Cretaceous age, and range from the Dakota Sandstone up
into the Carlile shale. Their sequence is as follows
from the youngest at the top downwards:

CARLILE FORMATION
GREENHORN FORMATION
GRANEROS FORMATION
Belle Fourche shale
Orman Lake limestone
Mowry shale
Sandstone dikes and sills
Newcastle sandstone
Skull Creek shale
DAKOTA (FALL RIVER) FORMATION
These formations are made up of shales, limestones, and
sandstones, and comprise about 1500 feet of section.
(Figure 2.)

The surface formations are hidden or covered in part
by the large lake, the wide valley alluvium of the Belle
Fourche River, and older terrace deposits of gravels. The

position of the surface formations are shown on the geo-

logic map (Figure 2) and are described in the text that
follows.



CARLILE FORMATION

The Carlile formation lies on the Greenhorn formation
and is present on the east flank of the anticline on the
east side of the lake, south of the Belle Fourche River;
and on the west flank, west of the lake, west of Susie
Peak.

The formation is a black to dark-gray shale with reg-
ular layers of ferruginous and sandy limestone concre-
tions. Some are a yellow to bright buff and others are
white.

The lower part of the Carlile commonly has "badland"
topography:; it supports a growth of sagebrush difficult to
traverse by car.

A layer of sandstone about 144 feet above the base of
the Carlile has been called the Wall Creek sand of Wyom-
ing. This alternates with, or changes to, huge yellow-
brown concretions (Figure 4 B) forming a continuous hori-
zon used in mapping that portion of the structure. In the
sandstone are groups of bentonitic calcareous sandstone or
silt galls in places numerous enough to form a conglom-
erate. Below this concretion-sandstone horizon is usually
about four feet of dark uncemented sand. The slopes of
this portion of the Carlile section contain many well-
cleaned fossils. Mollusks, sharks teeth (Lamna), and ship
worm borings (Teredolites) are common. Twenty feet above
the yellow-concretion sandstone is a second horizon, anal-
ogous to it (Figure 4 A). The two horizons usually form
a double terrace in the topography which is well display-
ed west of Susie Peak. The sandstone is in thin layers
and weathers out in slabs as much as two feet across and
%2 inch thick. : :
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Carlile Section

Succession of beds of the Carlile formation north-
west of Susie Peak, Sec. 8 and 9, T. 9 N., R. 3 F.

Feet

Shale, dark gray, white limestone
concretions at toOp.ecei it ceenne 101
Sandstone and yellow concretionS.eeeeea.. 1-3
Shale, dark Brgyecececececscscccencccncns 20

Sandstone with galls, and yellow
concretionsS..ceecees. ceeasnes cececerennne 1-3
Uncemented dark sand...cceeeeeeseaccoccces 2
Shale, dark gray, shark teeth............ 40
Concretions, brown to red ironstone...... 0-1
Shale, dark gray...ce.o.. Ceactrteceacnaacaan 104

Top Greenhorn limestone

GREENHORN FORMATION

The Greenhorn formation is usually considered a lime-
stone, but in the area of this report many of the Green-
horn characteristics are lacking. For example, in the
southern part of the Black Hills at Edgemont, the forma-
tion is a prominent ledgemaker which it is not here.

South of Nisland the Greenhorn is difficult to trace
because ledges are absent, and it 1s well grassed over
with no prominent topographic features. ©Small exposures
are to be found in an occasional road cut or creek bank.

In the vicinity of Susie Peak and southwestward, the
Greenhorn has a tendency to form ledges, and its base can
be mapped to a certain extent. .The formation is reported
to be from 25 to 25 feet thick. An interval of 27 feet
was observed from the base of the formation to the top of
its dip slope west of Susie Peak.



Greenhorn-Graneros Section

Succession of beds at the contact at Susie Peak,
Sec. 15, T. 9 N., R. 3 E.

Feet Inches

Shale, light brown calcareouS...cceececas ee 3
Shale, gray-brown calcareous.

Streaks of alkali.cieeiiieeiannans N . 3
Limestone, layer of impure, shelly......... 3
Shale, light and dark brown calcardous..... 1 6
Concretion layer, limey.cicieeeescenacacans 8
Shale, brown calcareoUS..ccae... ceesseeen eees 1
Limestone, shelly impure, brown....... N 4
Shale, brown calcareolUS.ccceceesaans cesecnn 1 2
Shale, black calcareouS..... cerecsienecaene 1 8
Shale, alternate brown and black

CAlCATrEOUSeeeneeecsesocsaaanaanans [P 3 6
Shale, black calcareOUS.iceeeestecacacennnas 2 2
Shale, alternate black and brown

calcareous..... cteescnccatanens ceteecenea 4
Shale, black calcareous...... teeetensenanee 5
Shale, black calcareOUS.cieceessssncaneaens 2 8
Shale, black calcareouUS.cceesesenn cecencnnn 3 1
Shale, alternate black and brown "

calcareouS..eeaens Chtetereeaaeaanan ceeees 2 6
Shale, alternate black and brown

calcareous, mostly blacKk.ieeieeeaieeaeenn. 1 5
Bentonite, gray and brown..cececeecean ceees 1
Shale, black calcareous. Few brown

streaks...ciieeen.. ceccrcesrensaae ceenees .. 15
Bentonite, yelloW..iiei et ieceneacanns 3
Shale, brown-gray calcareous. Some

alkaliieeiiinneennnnnn ceeeen ceeeena e 9 6
Bentonite, yelloW:iieeeeenn ceenecans cececens 1
Shale, black to brown non-calcareouUS....... 4 8
Bentonite, chrome yelloW.e.eeiieeoeaseacannn 3
Shale, black tough non-calcareolS.....eee.. 2 6
Shale, bentonitic, yellowish, layered...... 6
Shale, black to brownish-gray....cceeeeec.. 2
Concretion layer, rusty brown iron

OXid€eoeeeeeeeananns cecectetatrteaccssenan . 2
Shale, brownish-gray non-calcareous.

Occasional bentonite and alkali.ceveeeee. 5 6
Shale, band of rusty colored...... cececsene 1
Shale, gray non-calcareouS..... ceestcnanraen 1 .
Shale, rusty.ieeciecieeetneenienennennna ceacen 2
Shale, brownish with occa51onal rusty

beds of iron..ceeeeece. cheeen ceesecncnaos 30
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Greenhorn Section

Succession of beds on U. S. Highway 212, west
of Nisland; Sec. 3, T. 8 N., R. 4 E.

Feet
Depth

Shell Layer.
Limestone, hard, with broken shells.
Shell Layer.
Clay or chalk, light gray, limey.
Bhell Layereee ettt eittetieieceacnonaeesnoenaasneonnnn 2.2
Shale, light buff, limey, thin shell layers,
broken shell fossils, limestone 3", oil smell.

Shell Layereeeeeeeeeeecaceeeeenaanonaansseanacenses 3.6
Shale, buff to gray, limey, conchoidal fracture.
BhHEL] Lay el eeeeeeeeneeeecaeanaaseannaonconoeneneees 5.4

Limestone, shaly, hard, ochre to gray to buff,
broken shells, beds of pure limestone 2m-1m.
BhNEll LAyl e e ieeeeeeesanoenceeasasoeansconnsanens 6.1
Shale, gray to buff, limey, conchoidal fracture,
concretion horizon (limestone).
Shell Layer. .
Limestone, rusty buff, shaly, broken shells,
lenses of thin limestone.
ST - T o 7.9
Clay, mottled black and gray, limey, conchoidal
fracture; changes to buff. :
Bhell Layereeeeeeeeeeeieieiieeieecenecaseoenennnenns 9.0
Limestone, buff to gray shaly, broken shell
layers, limestone lenses.
S oL - T 9.2
Shale, black to gray mottled, limey, conchoidal
fracture; light rusty brown, thin bedded, al-
most orange in spots.
Shell Layereeeceeeeeceeeecaenaneancens etesstceanns 12.3
Shale or clay, light buff, thin bedded, limey,
broken shells, thin bedded limestone lenses.
Shale, gray to buff, ochre streaks, conchoidal
fracture. '
Shale, rusty brown, weathers to black, lime-
stone lenses. _
Bhell Layereeeeeeieeieceeeeneenecanacnonoaacneenss 14.5
Shale, base of black, weathered, light rusty
buff limey shale layers.
ONEl ]l LAy e eeeeaeeeeaeeeeecenansnacesoecnsennnens 15.6
Shale, black layer 1"-2" thick, limey, conchoidal,
light gray clay.
Limey shell layer.
S oL - ) o 16.1



Bhell Layereieeecieseeetcosccscecnncansnssscsscscsssssces 17.2
Clay layer, conchoidal fracture, buff.

Shell Layer.

Clay, light gray, conchoidal fracture.

Shell Layereieeeeceieceescetasacnsnnasosssstsasessnces 20.0
Shells. :

Clay, gray to buff, limey.

Concealed.

The above section was measured down a 17° sloping

bank of a road cut. A steel tape was stretched down the
slope, and the section was described accordingly.

GRANEROS FORMATION

The Graneros formation forms the thickest and most
extensive exposures on the anticline which covers an area
about 16 miles long, north and south; four miles wide in
the north and eight miles in the south. The formation is
largely composed of shales. The thickness of the forma-
tion was determined to be 1200 feet by solving equations
for intervals between key horizons.

The Graneros formation was named for Graneros Creek,
in the Walsenburg Quadrangle, Pueblo County, Colorado.
The name was suggested by R. C. Hills and applied by G. K.
Gilbert, 1896, to the rocks lying between the overlying
Greenhorn and to the underlying Dakota.

In the region of the Black Hills the Graneros forma-
tion is divided into members as follows in descending
order:

Feet
Belle Fourche shale member.......... 580
Mowry shale member...c.ciceeececennes 250
Nefsy shale member..c.eeiceeeeeacaacen ?
Newcastle sandstone member....cc..... 3-8
Skull Creek shale member...eeeeceecesss 370

- Apparently the Nefsy shale cannot be distinguished from
the Mowry here. The thicknesses given are in the White-
wood anticline.



Belle Fourche Shale Member

The Belle Fourche shale member is the uppermost part
of the Graneros. It is calculated to be 580 feet thick.
On a color basis the member can be divided into two parts:
the lower part is a dark gray shale with bentonite layers
up to the Orman Lake limestone: the upper part, including
the Orman Lake, is brown to buff shale with sandy layers
(one lying about 28 feet below the base of the Greenhorn
limestone) and smells of o0il when struck with a hammer.

The upper part of the Belle Fourche member above.the
slabby limestone (Orman Lake) has been placed in the
Greenhorn (2) on the west side of the Black Hills. This
probably will not hold for localities on the Dakota Basin
side of the Black Hills.

At the base of the Belle Fourche and the upper part
of the Mowry are three bentonite layers.

Orman Lake Limestone

Near the middle of the Belle Fourche shale member of
the Graneros is a horizon of flaggy limestone (Figure 5 A
and B). The limestone forms an escarpment trending north-
west from Belle Fourche along the northeast side of Middle
Creek valley, and is prominent on both sides of the anti-
cline. It was called the Middle Creek limestone by M. E.
Wing (9). The name also is used locally by persons inter-
ested in geology. It is here proposed to abandon the name
Middle Creek for this limestone because the name has prior
usage in eastern Kansas, northwestern Missouri, south-
eastern Nebraska, and southwestern Iowa where it refers to
a Pennsylvanian limestone that outcrops along Middle Creek
in Linn County, Kansas. This bed, therefore, will be
called the Orman Lake limestone in this report.

The name Orman Lake limestone can be applied to this
horizon because very good exposures of it occur on the
west and south sides of that lake and in the peninsula
which extends into the lake from the southeast. On the
peninsula the shore of the lake is covered by many of the
limestone slabs (Figure 5 A).

A similar limestone has been observed at this horizon
at several places around the outskirts of the Black Hills.
It has been described (2) as a thin slabby or flaggy lime-
stone containing fragments of fossils similar to those in
the Greenhorn formation above it near Osage, Wyoming, and
is %eicribed south of the Black Hills in Fall River Coun-
ty (7).

-9~



The Orman Lake limestone is a beach coquina. The
material is composed entirely of broken shells reduced to
all sizes, It contains also black grains and flakes of
organic material and emits a strong petroleum odor when
struck with a hammer. A distinguishing characteristic of
the limestone is its abundance of shark teeth. The rock
is gray-brown when fresh and light buff to yellow when
weathered. It is hard and resistant enough to be a ledge-
maker. At the outcrop it breaks out in large slabs which
are generally used for riprapping stock dams. The lime-
stone occurs in at least three layers.

Orman Lake Section

Succession of beds north of Haystack Buttes in
Sec. 10, T. 8 N., R. 3 E.

Feet Inches

Coquina limestone........ heeen . 1-2
Shale, gray calcareous;

weathers yelloW.iceoeeanenananao 8
Coquina limestone......ccecea. caeee ‘ 1-2
Shale, gray calcareous;

Wweathers yellow.veeeeeenieennens 12
Coquina limestone, slabby........ 2
Bentonite, gray-blue.ciiieceaeean 1
Coquina limeston€..eeeecaca ceeren 2
Shale, blacKk.eeeeiieiaieerncanans 8
Bentonite, impure brown..... ceen 6
Shale, blacKk.siieeieiiiiiiiencanns 5
Bentonite, impure brown...... ceee A

On the crest of the anticline in Sec. 27, T. 9 N.,
R. 3 E., only the lower heavy 12-inch coquina limestone
is present forming dip slopes to the north and west in the
locality. In T. 8 N., R. 4 E., south of the Belle Fourche
River, only the lower member is present and it is usually
covered with older terrace deposits common in the area.
There is an exposure of the lower member in the channel
of the river in Sec. 14, in the above township.

The lower bed which lies on the black shale is an

ideal mapping horizon for structure determination and was
- used as the datum horizon on the structure map.

-10-
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A: Slabs of Orman Lake limestone on the southeast
peninsula of the lake. Sec. 31, T. 9N., R. 4E.

B: Orman Lake limestone along Stinkingwater
Creek. Sec. 36, T. 8N., R. 4E.

Figure S



Mowry Shale Member

The Mowry shale member of the Graneros is separated
from the Skull Creek member below by the Newcastle sand-
stone, and from the Belle Fourche member above by a group
of three bentonite layers. The position of the Mowry
shale on the anticline is generally outlined by forest or -
wooded areas of scrub oak and pine trees (Figure 6). It
has very little soll, and on exposure it is white to sil-
ver gray. The weathered pieces snap or rattle when hand-
led because it is a hard siliceous shale. Roads over the
Mowry are not muddy when wet. The member contains many
detached fish scales. Near the top are several large
cone-in-cone concretions. All these characteristics make
the Mowry . conspicuous and easily identified. There are no
traceable key beds in it. The Mowry shale is well exposed
east of Baldy Peak (Figure 6 A).

Upper Mowry Section

Succession of beds at the contact northeast of
Haystack Buttes in Sec. 15, T. 8 N., R. 3 E.

Feet 1Inches

Bentonite, light gray, contains much

Iron rust.e.ceee et enieennecencncacnns 2
Shale, light gray.cceceeececetceccasacanans 6
Bentonite, grayish tan, nearly pure........ 1 2
Shale, gray MOWIy.eeeeeeeeeiesanenecsconnns 14
Bentonite, grayish tan with 2" bluish
sandy bentonite at base....iiiiiiennnnee. 1
. Shale, gray to silver gray MOWry..ceeeooeon. 9
Bentonite, buff and grainy..c.eeeececeeness 1

Mowry Section

Succession of beds on a steep outcrop on Stink-
ingwater Creek in Sec. 21, T. 7 N., R. 4 E.

Feet Inches

Shale, black hard; weathers silver gray,
platy. Contains fish scales, grades up
PO S011.iiiieeieeeieeeanncaccsncasonncnns 10
Bentonite, very light grayish tan, has
veins of iron oxXide..ceeeeieeereeaccnnnans 1
Shale, black hard (siliceous?) as above.
Numerous fish scaleS..icieieeeccccscesanna 12
Hard dark gray and brown slabby iron
oxide.s.... e s et esasseacetiacercsttaanaeens 1



Bentonite, gray, very rusty.cceeeciceanans

Shale, bentonitic, rusty; iron oxide and
bentonite disseminated throughout bed-

ding planes and joints. ©Shale is light

gray, slightly sticky where wet, does

not weather f£o plates..iieieiiiieaaneennns

Bentonite, light tannish gray, consider-

able iron oxide throughout.....cccceevenn

Shale, very bentonitic light gray, con-

siderable iron oxide.ceeeecsecaenns ..

Bentonite, gray-tan. Tan color due to

considerable 1iron O0XidEeeeeeeacecsansssns

Brown hard layer of iron oxide. Numer-

ous small gypsum crystals.eeeecececeens.

Shale, hard dark gray; some iron oxide
and bentonite disseminated. Numerous

small gypsum crystals..eeieieieieceniance

Bentonite, gray, impure with shale.

Contains some biotite flakes, crumbles...

Shale, very dark gray; some bentonite

and iron oxide. Weathers to plates.....
Bentonite, light tannish gray, rusty......

Shale, dark gray bentonitic. Bentonite

in joints and planes. Occasional small

gypsum crystals. Slightly harder bed

L feel AOWNeeieeeesesetesencsonsnceancnnns

Shale, hard platy. Considerable iron

OX1QCueeeeeeneensensenssconcesnsncsancsssns
Shale, dark gray. Weathers platy .........

Shale, dark gray bentonitic. Much

yellow bentonite in joints and planes....
Bentonite, lensy, grayececeeeceeeccceananas

Shale, dark gray bentonitic; much yellow
bentonite in Joints and planes. Fri-

2 T P ceenn
Bentonite, dark brown....ceeecieeceacieenes

Shale, dark gray bentonitic. Yellow

bentonite in joints and planes..........

Sandstone, dark gray, iron oxide stain-
ed. Three layers with grayish shale

DL WEE e vt e eeeeansecsnacsccsoesssssensssss

Shale, dark gray, considerable yellow

DentoNitCeeeeeeeeeaccnaccooscsssncsascsnse

Base of Section at creek level.

_12-

Feet Inches
1
1 3
1 7
8
1
1 f
3
8 6
3
4 10
6
8 6
1
15
1 3
0-3
4 9
2
2 10
1 5
15
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A: Mowry shale east of Baldy Peak.
Sec. 22, T. 7N,, R. 4E.
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B: Mowry shale south of Snoma.
Sec. 19, T. 8N,, R. 4E.
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Sandstone Dikes and Sills

A series of sandstone dikes and sills outcrop along
the axis of the antic¢line in Sec. 1, T. 7 N., R. 3 E.,
and Secs. 14, 23, 24, 25, 26, 35, and 36, T. 8 N., R. 3 E.
Stratigraphically they lie approximately in the position
of the Newcastle (?) member of the Graneros. They are
from five to fifteen feet thick and from 50 to 2500 feet
long. Some of them form prominent .ridges; others appear
as a row of sandstone boulders and cobbles, often marked
by a small silver leafed plant, Psoralea argophylla Pursh
(10), which grows more thickly on the weathered and disin-
tegrated dike material than on the enclosing shale. The
dikes and sills 1lie at angles from horizontal to vertical
and are in no particular system or pattern.

The dike material is gray to brownish gray tough
sandstone. It 1Is composed of medium sized angular and
subangular quartz particles with some fine, rounded, light
green bentonite particles, and minor biotite and horn-
blende. It is tightly cemented with calcite.

It is derived from the Newcastle (?) member (8). The
material was squeezed upwards into overlying shales. Ap-
parently the larger the dikes are, the less the thickness
of the Newcastle sandstone would be. Hence, this would
account for the thinning of the Newcastle sandstone.

Newcastle (?) Member

A member separating the Skull Creek and Mowry shale
outcrops intermittently from Sec. 1, T. 7 N., R. 3 E., to
St. Onge Peak, Sec. 13, T. 7 N., R. 3 E., on the west
flank of the anticline, and from Sec. 1, T. 8 N., R. 4 E.,
to Sec. 3, T. 7 N., R. 4 E., on the east flank. It may be
tentatively correlated with the Newcastle member (2) found
west of the Black Hills since it occupies a similar pos-

ition in the stratigraphic section.
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Newcastle Section

A composite section showing the succession
of beds in the vicinity of St. Onge Peak,
Sec. 13, T. 7 N., R. 3 E..

Feet 1Inches

Conglomerate, brown to gray, white
streaked, flattened chert pebbles
2 to 1 inch large in diameter, weakly
cemented with subrounded, polished,
grit sized quartz particles and hy-
drous iron O0Xlde..ieeeieeeeretncccccncoas 3-12
Sandstone, gray to buff, medium-grained,

porous; largely angular to subangular

quartz particlesS.. e eeiieeiiccnereneannas 3-24
Shale, gray, weathers to a silver-gray

color, usually grassed OVelieeeecesosneces 8
Sandstone, brown to grayish brown, med- Y

ium to fine-grained, massive..ceceocscons 8L

Outcrops are not prominent; they are well grassed
over and difficult to follow. In most exposures the con-
glomerate has disintegrated on weathering, and the loose
pebbles lie upon the thin sandstone.

The conglomerate and thin sandstone are seldom over
six inches thick. The maximum thicknesses were found in
the south fork of Stinkingwater Creek, in Sec. 21, T. 7
N., R. 4 E. There, large blocks of conglomerate and
sandstone lie in the creek bottom (Figure 7 A). The sand-
stone in these blocks is about 2 feet thick and the con-
glomerate from six to twelve inches. The blocks are prob-
ably not in place since the area has undergone much slump-
ing, and the altitude of this exposure is much lower than
the altitude and dip that other nearby outcrops would pre-
dict. :

An interesting feature of the conglomerate is the
uniform composition and shape of the pebbles. According
to BakKer (1), the probable source of these pebbles is the
Phosphoria formation, (Permian), of western Wyoming. The
flattened, shingle-like shape indicates beach or near
shore deposition.

The heavy sandstone at the base of the member is con-
cealed or absent in most outcrops. It is found on the
west and southwest sides of St. Onge Peak and in several
other places along the west flank of the anticline. It
apparently furnished the material for several sandstone
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dikes on the northwest and north sides of St. Onge Peak.
It makes prominent dip slopes on the east flank in Sec. 27
and 34, T. 7 N., R. 4 E. Several clay ironstone concre-
tionary beds lie below it in this area at intervals of 8
to 10 feet. '

Skull Creek Member

The Skull Creek member 1s the lowest part of the
Graneros formation and lies on the Dakota (Fall River)
sandstone formation. It is 370 feet thick and is composed
of black and dark gray shales. It contains scattered
lens-shaped concretions. There are no markers in it which
could be used for mapping.



SUBSURFACE FORMATIONS

The Whitewood anticline extends off the Black Hills
uplift as a north-northwestward extension beginning some-
where at the Vanocker Creek laccolith which is about six
miles south of the town of Sturgis. As a result, all the
Paleozoic formations from the pre-Cambrian up to the La-
kota sandstone are exposed in the Black Hills portion of
the anticline and would be encountered in the subsurface
of that part of the Whitewood anticline which was mapped
(Figure 8).

Since the Graneros is the oldest formation which
covers most of the area, the Dakota sandstone will show
the first change in the formations encountered in drill-
ing.

DAKOTA FORMATION

The Dak%ta formation is a water-bearing sandstone
from 40 to 80 feet thick in the northern Black Hills. It
usually forms a bold outcrop. The sandstone is from clear
to rusty in color, flaggy to massive, and sometimes has
quartzite layers. In the lower portion there are many
iron and sand concretions.

FUSON FORMATION

The Fuson formation is generally varicolored clays--
purple, white, yellow, and gray. Sometimes a layer of
sandstone is present. The lower part is a light-colored
fine clay. The clays contain many minute manganese pel-
lets which are a horizon marker in drill cuttings. The
formation is 60 feet thick more or less.
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LAKOTA FORMATION

The Lakota formation is a water-bearing sandstone
from 40 to 90 feet thick. It is a white to rusty color,
flaggy to massive, and occasionally irregularly bedded.
It contains quartzite layers. OSome sandstone layers con-
tain clay galls. Petrified and carbonized wood is common;
this defines it clearly from the Dakota. The lower por-
tion of the Lakota is conglomeratic in somé areas.

MORRISON FORMATION

The Morrison formation is generally a varicolored
shale or clay. It is often referred to as the somber
beds. Its thickness varies much more than other forma-
tions due to the unconformity at the top and ranges 150
feet more or less.

SUNDANCE FORMATION

The Sundance formation is more than 300 feet thick
and contains thick sandstone horizons which are the first
possible oil-bearing rocks to be encountered with the
drill. A characteristic feature of the Sundance both in
the outcrop and in drill cuttings is glauconite pellets.
The formation is composed of gray and green bentonitic
shales, sandstone, and limestones. It has been recently
divided into five members (5), namely: Redwater shale,
Lak, Hulett sandstone, Stockade-Beaver shale, and Canyon
Springs at the base. Below the Canyon Springs member of
the Sundance is the remainder of the Jurassic section,
namely: the Gypsum Springs and the Nugget -sandstone at
the base.
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SPEARFISH FORMATION

The Spearfish formation is generally known as the Red
Beds and, of course, are an exceptionally good marker in
well cuttings because they are red. Even a bystander will
know for certain what formation is being drilled because
the mud has a reddish tinge. The formation is from 280 to
700 feet thick. The latter figure is taken from the log
of the Experiment Station well at Newell. It is composed
of red shales and sandy red shales with an occasional bed
of gypsum. The first gypsum will be encountered at the
top of the Red Beds.

MINNEKAHTA FORMATION

The Minnekahta formation is a hard well-bedded lime-
stone. Its color is gray to pink and lavender. On the
outcrop it is somewhat pink to lavender and is 50 feet
more or less thick. The rock is tough to trim into a hand
specimen and has a petroleum odor when broken. It is eas-
ily distinguished in the outcrop because it forms a ver-
tical wall in canyons; and, in rolling topography, it
forms paving in pastures. The Minnekahta is always the
first limestone encountered with the drill after drilling
through the Red Beds.

OPECHE FORMATION

The Opeche formation is a series of red shales,
clays, and some sandstones. It is usually more purplish
than red. It is from 120:'to 130 feet thick and has an
occasional bed of anhydrite.
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MINNELUSA FORMATTION

The Minnelusa formation is an important formation
because it is expected to yield oil on a closed anticline.
It is made up of sandstones, limestones, a few red shales,
and anhydrite. The anhydrite has been removed by solution
in the outcrop and probably the upper half has collapsed
making a thinner section on the outcrop than in the sub-
surface.

The following section in Bear Butte CanYon shows the
Minnelusa formation in detail. Location 1s Just west of
the county line in Sec. 12, T. 5 N., R. 4 E.

Bed ‘ Description - Feet
Number '
40 Sandstone, reddish to gray, covered with
much slumped Opeche shale and slabs of
Minnekahta limestone...iiiscocesscsecasos A0
39 Limestone, gray rather soft, rorous, tufa-
1ike ONn SUrfaCleicececencccesscsnsscncccoss 12
38 Sandstone, buff, red-stained...ceeeeeeeccns 15
37 Limestone, gray, hard, fine-grained........ 3
36 Sandstone, grayish brown to buff, forming
lower part of cliff..... S recsescenanaannn 40
35 Sandstone, gray to brown, forming bold

cliff face. Cross-bedded and weather-
ing to rounded masses. Forms cliff

face below upper massive sandstone....... 85
34 Talus-covered interval...cieeeeceneeasesnns 18
23 Limestone, sandy, gray to reddish.......... 5
32 Talus-covered interval....c.ieiiiiiiiiinienns 20
31 Sandstone, brownish, calcareoUS....eeciecens 1
30 Shale, red, fine-grained....ciceeeieeennenns 2
29 Limestone, brown, sandy, thin-bedded,

reddish stained...ceeeeiieoeeeeeeasoncnees 3
28 Sandstone, red, coarse-grained, stains

rocks below and grades upward into over-
lying limestone. Not too well exposed... 16
R7 Limestone, pinkish, hard, fine-grained,
containing a large depauperate appearing
fauna. Small trilobites (Phillipsia),
Aviculopecten, Nucula(?) Bellerophon,

etc., very plentiful...iiiiiioeneiinennns 3
26 Limestone, gray, brown, fine-grained,

SANAY e eeseceaetiassecnaasesacacaananaeaneens 2
25 Sandstone, brecciated, gray and red mot-

tled. The breccia fragments are gray

calcareous sandstonNe...ieeoesoococccoacos 6
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Bed

Number

24
23
22
21
20
19
18

17

16
15

14
13
12
11

10

S B N

T S

Description Feet

Limestone, brown, sandy, fine-grained...... 2
Sandstone, gray, partly talus-covered...... 10
Limestone, gray externally, pinkish in-

ternally, fine-grained......ueeeeeninnnn. 3
Sandstone, pinkish, coarse, forming bold

cliff face.iioeecenan. cececectcecccronnana 33
Sandstone, brownish, coarse, brecciated

B o = - 2
Limestone, sandy, cherty, fine-grained,

B8y ieececensacnnaanaanan Cecesssrrecntnenno 5

Sandstone, gray, fine-grained, weather-
ing pinkish to reddish. Surface cov-
ered with small round nodules. Forms

bold cliff faCe.iviieeeeenennececiancennen 22
Limestone, gray and brown, partly talus-
covered, thin-bedded...ieeeeerienenennnnnn 6

Sandstone, gray to reddish, fine-grained... 12
Limestone, gray to pink, sandy, fine-

BraINed. e eeeeeeeetesacocennanccesoeaneens 4
Sandstone, fine-grained, pinkish, wea-

thering to hard outcrops....eeeeeeeeenen... 28
Talus-covered interval...... et eeasseanae e 5
Limestone, gray coarse-grained, sandy...... 1
Limestone, gray, fine-grained, in places

6 0TS o v 2
Sandstone, pink with dark streaks, in

places red, medium-grained....cceeeeeeoee.. A

Limestone, gray to pinkish, fine-grained,
contains calcite druses and iron crys-

tals on exposed - SUrfaceS.eeeeeeeeeenennn. 2
Limestone, pinkish, weathering gray,

forming bold founded eXpPOSUrE...eeeeeen.. 10
Limestone, gray, fine-grained, with very

thin sandy layers...e.eoo... ceesccecciacss 2
Limestone, pinkish mottled, fine-grained,

ledge-forming, partly talus-covered...... 18

Limestone, pinkish to white, with alter-
nating thick and thin layers, contains
plates and spines of echinids and small

COMPOSItaS et eeeeicaonnccneaenoncncencenen 12
Talus-covered interval.ceeeceeeneneeeenonn. 6
Limestone, pinkish gray, fine-grained, ’

pitted...... e cetccntitcecseetsccneennnnnn 3
Sandstone, white to pinkish, medium-

BralNede e e e et eteeeennnencecncesenaeenns .. 10

Shale, red, sandy, partly talus-covered,
lying upon brecciated Pahasapa lime-
stone...... R eevesreannes cecesens 20



In the southern Black Hills and in Wyoming the Minne-
lusa formation 1s divided into members which have not been
identified in the northern Hills, as, for instance, the
Converse sand, the Red Marker, and the Leo sand group.

MADISON LIMESTONE (PAHASAPA) FORMATION

The Madison Limestone (Pahasapa) formation is a mas-
sive white, in places cherty, limestone from 460 to 500
feet thick. It is the cliff-forming limestone of the Black
Hills and houses all the commercial caves in the region.
The Madison can be cavernous in the Whitewood anticline
because several borings encountered caves in the region
south of the Black Hills.

In view of the fact that the Big Snowy group (6)
comes into the state from the northwest, it is probable
that the Charles formation will be present in the anti-
cline above the Madison. However, recent studies in Hard-
ing County show that the Charles wedges out somewhere
between the north line of Butte County and the city of
Deadwood.

ENGLEWOOD FORMATION

The Englewood formation is a pinkish-purple lime-
stone, thin-bedded to massive, and is about 50 feet more
or less in thickness. It is present beneath the Madison
formation and this contact is sharp and abrupt, espe-
- cially in color.
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ORDOVICIAN AND CAMBRIAN FORMATIONS

Any wildcat well drilled on a structure in South
Dakota would not be a complete test until it had been
drilled to the basement complex. In this respect the
Ordovician and Cambrian formations should be tested. In
the Ordovician system the formations likely to be encoun-
tered are the Whitewood dolomites and limestone, 20-80
feet thick: the Black River green shales, ,40-100 feet
thick; and the St. Peter sandstones, 18-53Z feet.

The upper Ordovician (Bighorn) and the upper part of
the Trenton of the middle Ordovician wedges out in the
subsurface between the north line of Butte County and the
city of Deadwood (1). The Cambrian formation has the Dead-
wood sandstones, green shales, limestone and a conglomer-
ate at the base. The type section in the city of Deadwood
is 235 feet thick. The Deadwood lies on pre-Cambrian
rocks which will be schists or granites of the basement
complex and is the limit to which a well should be drill-
ed.

No deep wells have been drilled on the structure so
no figures are available as to the depths of formations
likely to be encountered.

A well drilled in Sec. 24, T. 9 N., R. 5 E., by the
Department of Agriculture on the Experimental farm is the
deepest boring in the county and is 14 miles due east of
the axis of the anticline. The well is 4400 feet deep and
the log shows the standard Black Hills section (Figure 9).

Log of Experimental Farm Well

Sec. 24, T. 9 N., R. 5 E.

Formation Description Feet Depth

CRETACEOUS ‘
Pierre’ Shale, Erayececeesecssccacasnans 0- 800
Niobrara Shale, gray, calcareouUS...csoces. © 800~ 990
Carlile Shale, Eray.ceecesssccesaseacans 990-1280
Greenhorn Shale, gray, calcareOUS.....c.e.. 1380-1410
Graneros ©Shale, gray.eeececceccsccnssanaas 1410-2400
Dakota Sandstone, colorless to yellow.. 2400-2440
Fuson Shale, brick-red to green....... R440-2535

Lakota Sandstone, white to colorless... 2535-2570
Sandstone, colorless to yellow.. 2570-2580
Sandstone, siltstone and clay... 2580-2640
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Formation Description Feet Depth

JURASSIC
Morrison Clay, green, some layers
silty; many rounded sand
= 1 ¢ < T 2640-2800
Sundance Clay, silt and sand, gray to
ErEENeeceascenscnscanaccaas 2800-3010

Clay, silt and sand, light
gray to green, glauconitic. 3010-3120
Clay, silty, gray, brown and

buff.eeeeeceeeeneennennnnnn 3120-3200
Sandstone, white to buff,

glauconiticCeeeeeeeeosancnss 3200-3280
Clay, EraVeceocescecasesceanes 3280-3290

TRIASSIC (?)
Spearfish Shale, grading from choco-
late brown above to red-
dish brown beloWw...eoeeeess 3290-3500
"Anhydrite, gypsum, some
limestone and sand, white

TO grayeceeceeseeccensancns 3500-3520
Sand, colorless to orange,
SNATrPeeeecacssccnssncnacnas 3820-3530
Shale, red-brown, some gyp-
SUMe e eeoseooacnesacncnnenss 2530-4160
Shale, white to buff and’
pink, some calcareouS...... 4160-4200
Clay, Brayecececeseseenaacsss 4200-4210
PERMIAN
Minnekahta Limestone, pink to white,
some red Clayeeeeeeeoconsss 4210-4270
Opeche Shale, red, and limestone,
red to white...iiieeeeann.. 42T70-4350
PENNSYLVANTIAN
Minnelusa Sandstone, colorless, to
bottom of hole at 4400..... 4350-4400

A small boring drilled for stratigraphic information
in the SE%, Sec. 27, T. 9 N., R. 3 E., by the Wm. Eyeler
Company is on the axis of the structure. The boring was
788 feet deep and the log shows the standard Cretaceous
section (Figure 9).
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Log of Stratigraphic Boring

Sec. 27, T. 9 N., R. 3 E.

Description

Clay, weathered brown gray, with Inocer-
amus prisms from Greenhorn limestone,
coarse sand grains, selenite, fragments
of brown iron oxide concretions, chert
fragments, mica flakes and some frag-
-ments of metamorphic rockS.ieaeeeceeeieennns
Belle Fourche shale, dark blue-gray,
bentonitic, with fine white mica flakes....

Much brownish bentonite....iiiiiiiiiiieinnnnne.
Shale with a 1ittle quartzose silt..... cerenes
1% feet blue-white bentonite, clay has

lighter gray silt interlaminae....ceeecec...
Fragments of fish scaleS.iiiiciiiiiieenennenennn
2 feet blue white bentonite.ci.ceeiieeinnnnn.
Particles of white bentonite clay....ceeenenn..
Siltstone, with brown mica flakes and

light gray bentonite, fish fragments.......

Shale, finely laminated, bentonitic, dark
gray (370-380 feet some 1light gray silt

with brown mica flakes) cuveeeeeeeeeeaneen. .3

Newcastle sandstone, fine-grained, angu-

lar, gray, with some small bentonite

PelletfSeiei ittt edeneeiecstcceancncannnnna
Bentonite.eiieeeeieeeieeeeenneanceecanannnnns
Skull Creek (Thermopolls) shale, with

Inoceramus prisms at 550, a little gray

siltstone at 570, and chalcopyrite at

5 L .
Micaceous siltstone and fine sandstone,

light gray, glauconitic.eeieeeeieeneennnnne
Shale, dark blue-gray, finely laminated,

bentoniticee e ieiiaiiiiiieieiacnennnneannns
Dakota sandstone, gray, fine-grained,

rounded and etched grains, finer grain-

ed with bentonitic matrix below 690........
Fuson manganese pellets, light browvn.........
Considerable blue-white bentonite.....ceo....
Siltstone, muscovitic, light gray, car-

bonaceous, with light blue-green and

drab bentonite..eee ettt neecencancanannan
Perhaps mostly cavings..eeieeeeeeerieeeennnenns
Sandstone, light, gray, fine-grained,

angular, partly recrystallized, car-

bonaceous and muscovitic. Likely top

Of LaKOota.ueeeeeeneeeeeneeoeesoosonnncanene

Feet Depth

10-420
10- 20

432-440

680-720
720-730
730-740

740-750
750-780

780-788



STRUCTURE

The Whitewood anticlinal structure is-a north pro-
jection of the Black Hills uplift. Its axis begins sever-
al miles southeast of the city of Whitewood at the Vanock-
er Creek laccolith, which is centered about six miles
south of Sturgis, and extends north between St. Onge and
Baldy Peaks past the east side of Susie Peak and through
the northern portion of Orman Lake. From here it plunges
beneath the plains country to the north. It is at least
26 miles long and 8 miles wide.

Its surface expression is marked by the forest growth
on the Mowry shale, which lies on both the east and west
flanks of the structure south of the Belle Fourche River;
and by the dip slopes of the Orman Lake limestone, west of
the lake and about two miles north of U. S. Highway 212.
The west dip of the Carlile shale, northwest of Susie
Peak, shows quite plainly that portion of the west flank.
‘The Belle. Fourche River flows across it about the middle’
of the structure. Some of the structure is concealed by
river alluvium, by the large lake, and by upland gravel
deposits.

The magnitude of the structure is such as to bring to
the surface on the axis a section from the middle Carlile
to the Dakota sandstone. In the vicinity of St. Onge Peak
at least 1500 feet of sediments have been uparched and
eroded away on the anticline. The axis plunges about 90
feet per mile northward. The east flank of the structure
slopes into the Dakota Basin to the east. From the New-
castle sandstone outcrop to Twin Buttes, on the east
flank, it dips underground at the rate of over 100 feet
to the mile northeastward for at least seven miles. This
is also true in the vicinity of Orman Lake. The west
flank of the structure is not as broad. Southeast of St.
Onge it dips sharply (18°SW) into a pronounced synclinal
valley. In the locality of Haystack Buttes, which are
structurally low, the west flank is . only a mlle W1de. The
Haystack Buttes themselves are synclinal.

In the Susie Peak area the structure is a general
northward plunging anticline, true for the whole White-
wood anticline. This tilt i1s interrupted by superimposed
structures. '
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West of Orman Lake, south of Susie Peak, in Sec. 27,
T. 9 N., R. 3 E., is a possible closed structure deter-
mined from elevations on the Orman Lake limestone. The
outcrop makes a semi-circle, dipping northeast, north, and
west. The west dip is as much as 12°. The elevation of
the outcrop south of the semi-circle on the west side is
3040 feet, and on the east side is 3048 feet, as com-
pared to 3118 feet over the axis of the anticline. How-
ever, this does not signify that the structure has south
closure because the limestone has been eroded away from
over the axis at these low points, and it is now uncer-
tain as to how high or low it had been folded.

In the south bank of the Belle Fourche River in Sec.
14, T. 8 N., R. 4 E., is an outcrop of the Orman Lake
limestone which has a 5° west dip or reversal, indicating
a possible structure just to the east. This is possibly
the reason why the Greenhorn limestone outcrop bulges to
the northeast. A water well drilled by the Northwestern
Railroad at Nisland in 1927 reported an oil show at 1400
feet. However, due to the position of the limestone out-
crop in the river valley, the west dip could be due to
slumping.

In the northeast part of T. 7 N., R. 4 E., and the
southeast part of T. 6 N., R. 4 F., are two traces of out-
crops of the Orman Lake limestone. The west trace is in
the group of high prominent flat top buttes and the east
trace is along Stinkingwater Creek. With respect to
elevations on the limestone in both localities it would
seem to be an ordinary east dip, but a butte on the south
line of Sec. 27, T. 8 N., R. 4 E., which reaches 3208 feet
in altitude, does not have the limestone. This suggests
that the Orman Lake limestone was folded above it. The
black shales of the butte and in gullies below indicate
that it 1s not a down fold underneath the butte.

Elevations on the Orman Lake limestone in the Hay-
stack Buttes area and southward show a low synclinal area
on the west flank of the Whitewood anticline.

There is a closed anticlinal structure in the south-
west corner of T. 7 N., R. 4 E. (Figure 10). This struc-
ture has a 50 foot closure and is about one mile long and
about three-quarters of a mile wide. It is shown by two
"windows" made by the Fuson formation. This structure
seems to be on the axis of the Whitewood anticline.
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DRILLING FACTORS

PREVIOUS DRILLING

0il development has been attempted without success
several times in Butte and Lawrence Counties, but several
shows of 0il and gas have been encountered in widely scat-
tered localities north of the Black Hills. Most wells
were not drilled on structure which accounts for their
failures. Wells started on structure were abandoned be-
fore proper depths were reached.

The following is a list of drillings to date:

Location Company

The Voorhees #1 was located on the axis of the White-
wood anticline. The well was drilled intermittently and
finally reached a depth of about 300 feet where it was
discontinued somewhere in the Graneros.

In Secs. 7 and 30, T. 7 N., R. 4 E., are the remains
of two wells the records of which have long since been
lost. It is assumed they penetrated the Dakota sandstone.

A few artesian wells in the Belle Fourche River val-
ley serve domestic purposes; they are probably drilled to
the Dakota. The Thompson #1 was drilled near the town of
Whitewood. The well is located on the south end of the
anticline near the Black Hills uplift where there seems to
e no south closure or reverse dip.

L

County Well Results
Sec. TN. RE.
Meade H. Milin #1 24 6 5 Denver 820 TD granite
Butte B. Hamilton #1 32 g 1 Wy-Twx. Corp. 1529 TD show 0&G
n Strat. Test 27 9 3 Seyler 788
n Two Top #1 30 10 6 Local 2860 show G
n Voorhees #1 35 9 3 n 200
n . . # 1 7 7T 4 n o
n #1 30 74 n : 2 ‘
n RR. Well #1 7 8 5 N. Western RR. 1400 water show O
" Exper. Farm #1 R4 9 5 Dept. of Agric. 4400 TD wvater
Lawrence Thompson #1 21 6 4 Preston 0il 1020 TD show O



From the history of the drilling activity one can
conclude that the Whitewood anticline remains untested,
hence it offers good possibilities for oil and gas pros-
pecting where there is closed structure.

POSSIBLE OIL AND GAS HORIZONS

Formations which produce o0il and gas in Montana and
Wyoming are present in the Whitewood anticline. At rea-
sonably shallow depths are the Dakota and Lakota sand-
stones which may justify testing although they are gener-
ally water sands here.

The first important horizon is the Sundance formation
which contains thick sandstone members. The next horizon
of equal importance is the Minnelusa formation. Like the
Sundance it also 1s comprised of several thick sandstone
members. (See section of Minnelusa by Dille in the chapter
describing subsurface formations. Refer to bibliography.)

The lower horizon which offers equal possibilities
for oil accumulation are the wedging out of the Big Snowy
and the thinning of the Madison limestone formation (Paha-
sapa). The final horizons which should be tested before
a location is condemned are the higher Ordovician wedge-
outs and the St. Peter and Deadwood sandstones. Shows of
01l in these formations have been found in deep tests in
northwestern South Dakota.

ACCESS AND WATER

Most portions of the Whitewood anticline can be
reached via gravel or dirt roads.

U. S. Highway 212 completely crosses the anticline
north of the Belle Fourche River, and a county graveled
road crosses the anticline south of the river. Ungraded
dirt roads and numerous trails give access to each side of
Orman Lake. A county graveled road crosses the anticline
diagonally from St. Onge to Snoma. Aside from these roads
there are some section line roads in the area.

Surface water is easily obtainable for drilling. In

the north portion is Orman Lake which has a shore line of
~several miles. Directly across the lake, about the middle
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of the anticline, is the Belle Fourche River which 1is a
permanent water course. Paralleling the river are numer-
ous 1rr1gatlon canals which meander across the structure.

The creeks are generally dry during the summer months.

These contain many stock dams which generally have water
throughout the year.
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