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STRUCTURAL CONDITIONS IN HARDING COUNTY

-By

E.P. Rothrock

INTRODUCTION

<yt

- Due to the proximity of oil fields in Wyoming and Montana
there has long been considerable interest in the possibility
of finding petroleum or gas in Harding and Butte counties, South
Dakota. An oil showing struck in the spring of 1938, fifteen
miles north of the northwest corner of Harding county, increased
this interest. 1In an attempt to obtain information which might
encourage drilling in this state, therefore, a party from the
State Geological Survey spent tThe summer of 1936 in Harding
county. It was planned to make a reconnaissance of the entire
county to disclose the main features of the geology and struc-
ture and to map the details of such areas as might give a hint
as to the character of the minor folds. The short time available
during the field season did not permit extensive detailing of
the county, but it is hoped that the information contained herein
will show its genmeral structural features and point out areas
favorable for further geologic prospecting and drilling.

The State Geologist was assisted in this survey by Dr.
W.V. Searight, Associate Professor of Geology at the University
of South Dakota, and much of the success in outlining the stra-
tigraphy is the result of his careful work. The work of Garold
Warner and John A, Trantina as geological assistants added much
to the accuracy and speed with which the survey was carried on.

SUMMARY OF RESULTS

The bed rock of the region slopes in a northeasterly direc-
tion at a rate of about 25 to 30 feet to the mile. On this re-
gional dip are superimposed two lines of folding trending roughly
north and south. One line follows roughly the Little Missouril
and the other lies in the vicinity of the northern Slim Buttes.
The rocks lying at the surface belong to the Lance formation,
and the survey revealed that the details of the Ludlow and Hell
Creek members of this formation were more continuous than had
been supposed. Certain coal zones and some sands could be
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followed with much greater accuyracy than previous descriptions
of this formation had indicated.

Outcrops about the Black Hills and records of wells drilled
in the vicinity show that about 7000 or 8000 feet of sedimentary
strata underlie Harding county, Some of these carry oil in the
states to the west. These data cannot guarantee the presence of
oil in Harding ccunty, but are sufficiently encouraging to war-
rant further prospecting. '

LOCATION, AREA, AND GEOGRAPHIC FACTORS

Harding county lies in the extreme northwestern corner of
South Dakota. Its western side is the boundary between this
state and Montana and its northern side is the boundary between
this state and North Dakota. It is nearly square, having a
length of 53 miles north and south and a width of 51 miles east
and west. It occuples an area of approximately 2700 square
miles.

' Its western edge is drained by the Little Misgouri which
flows northwaré into the Yellowstone River in Montana. The
rest of the county, however, is drained to the east by the Grand
and Moreau Rivers which head in the divide at the eastern side
of the Little Missouri valley. The tributaries of these two
rivers drain fully four-fifths of the county. The main streams
carry some water most of the time, although the flows are small
affer such dry years as those preceding 1936. Some of the larger
tributaries also carry small streams which were flowing at the
end of the dry summer of 1936. Clark, Fork and Bull Creeks were
notable examples. Most of the streams, however, are intermit-
tent and water for drilling will have to come from wells over
most of the county. It is indeed fortunate, however, that shal-
low sands are everywhere available which can furnish good water
in large quantities. ' :

Transportation is easy, most of the county being served by
good graded roads over which truck hauling can easily be'done.
A few state highways cross the county, U.S. Highway 85 giving
access southward to Belle Fourche and northward to Bowman,
Montana. State Highway No. 18 crosses the county east and west
connecting Camp Crook and Buffalo with Mobridge and Aberdeen.
No railroad crosses the county, but easy access to rail facili-
ties of Belle Fourche and Bowman is provided by these excellent
highways.
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The Jump-0ff, a rough region of canyons and buttes on the
eastern side of the Little Missouri divide and the big buttes
which are sprinkled over the county offer little hindrance to
travel or haulage.. The North and South Cave Hills and Table
Mountain are large buttes lying in the northern end of the county
which rise to heights .of two .or three hundred feet and are-
capped by thick layers of sandgtone. "In the southern half of
the county lie the Fast and West Short Pine Hills and the pic-
turesque Slim Buttes.  These southern buttes are white topped
due to Tertiary sediments which make the cap rock. They re-
semble the scenery of the White River Badlands but have the
added beauty of evergreen trees to set off the whiteness ‘of the
rocks. None of these buttes are large enough to form a serious
handicap to transportation. Even the largest, the Slim Buttes
and South Cave Hills, offer little hindrance to travel since
passes through which roads have been constructed cross them at
fairly close intervals,

OUTCROPPING FORMATIONS

The formations exposed at the surface in Harding county are
classified geologically as belonging to the upper part of the
Cretaceous ‘anhd middle part of the Tertiary systems of rock.
They represent deposits made by a retreating sea and by the
floods of great rivers. They include not only the mud and sand
washed into the sea and piled upon its beaches, but enormous
thicknesses of sands and clays, many of them gumbo, which were
washed by streams and wind over great flats left after this sea
retreated and piled in swamps along great tidal flats. The
youngest rocks in the region, those forming the tops of the
buttes are.remnants of the debris left from the carving of the
Rocky Mountains; which had been spread over the plains in front
of the mountains far east of Harding county. The sea, the
winds, and the streams have thus conspired to lay a rather be-:
wildering array of rocks layer upon layer and from this block of
rocks the present surface of Harding county has been carved.

Dark gumbo shales carrying marine fossils and overlain by
vellow fluffy sand represent the ocean's direct contribution to
the rock layers now exposed in the county. The great series of
dark gray, somber looking sands and clays which outcrop over most
of the county represent the deposits laid down by wind and
streams on the recently exposed ocean bottom after the sea had
withdrawn. Coal beds in these rocks tell of the existence of
swamps carrying abundant vegetation and the numerous fragments
of bones of dinosaurs and shells of turtles which they contain
are remnants of an extensive group of land-living, air-breathing
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animals which wandered over these flats. The brilliant white
rocks capping the Slim Buttes and Short Pine Hills are remnants
of the stream deposits which were brought from the Rocky Moun-
tains long after the swamps and dinosaurs had gone their ways.
" In these white beds we find the remains of mammals, which are
typical of the White River beds of the Bad Lands. These are the
forerunners of many of the animals with which we are now familiar,

These deposits can be considered as great blankets of rock
which lay piled one upon another each covering the entire county
before the streams cut the present surface. Each blanket was
characterized by certain lithological characters and a certain
fauna or group of animals whose bones are still to be found in
it. The following table gives the names which are ordinarily
applied to the blankets or formations as they are geologically
termed.-
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TABLE OF FORMATIONS OUTCROPPING IN HARDING COUNTY

Origin Age - |Thickness | Formation | Members - Materials
Stream
Deposits | lilocene Arikaree Sandstone
Oligocene . | , | White
- Brule sandstone
(White River ‘ and clay
Beds) Chadron '
Swamp & | Fort | Rmea burr
Coastal Eocene 30 ft. Union : sandstone
Flain
Deposits '
Cretaceous 800 ft. Lance Ludlow Yellow
- sandstone,
clays and
coal beds
‘Hell "Somber beds™

Creek Grey gumbo-—
sands & clay
with coal

Ocean :
Deposits 50 ft. |Fox Hills Fluffy
yellow
sandstone

Pierre . Dark grey
o = f to black
shales

The fellowing descoiptions pressnt the debolls of the for-
mations for the benefit of those who care to investigate the
stratigraphy of the county further:

THE PIERRE FORMATION

The southern bbundary of Harding county lies just north of
the large gumbo area in which the Pierre shale comes to the
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surface. The outcrops of this formation extend northward into
- Harding county in two small areas. One occupies about two
townships in the southwestern corner of the county while the

other covers about the same area in the southeastern corner.

This is the oldest formation exposed in larding county and
is composed of a dark-colored shale which weathers to a very
sticky gumbo. According to Dr. W.V. Searight, this represents
the upper portion of the Pierre.l The fossils collected from it
indicate a correlation with the Virgin Creek member of the
Pierre in‘ the Missouri valley. It is also pos51ble that at
least a portlon of the underlying Mobrldge member is also repre-—

sented. TR ,

. The section of the Pierre formation as measured by Dr.
Searight is as follows:

Section of the Pierre Formation

S. line Section 29, T. 15 N., R. 2 E., % mile east of Gustave
o ‘ Road

Lol . ' : Feet
3. Sandstone, yellow, grey when fresh. Called
.and mapped Fox Hills on previous MapPS.ecessss. -30
2. 8ilt, buff, gray when fresh with 5 feet fer-
ruglnous zone at base, Ferruginous zone has
isty ‘concretions at base.,. Lenses of slabby

sandstone 20 and 28 feet above baSE....eceses - 35
1, Gumbo .clay, dark, contains Sage Creek -fauna

pOSSlblY ]OO feet belOW topotooocuonoanonnel . .' 100'7'
FOX HILLS FORMATION

Between the dark shales of the Pierre formation and the
"somber" beds of the Hell Creek there outcrops along the south
line of Harding .county a thin band of light--eolored sands.
These have. been assigned to the Fox Hills by previous workers
in this region. The outcrops are usually on gentle, grass-
covered slopes over which good exposures are very rare.

1. Searight, W.V., South Dakota Geol. Survey, Report of
Investigations No. 27, "The Lithological Stratigrwaphy
of the Pierre Formatlon of the Mlssourl Valley in
South Dakota," 1937, p. 35.
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Along Highway 85, however, about 300 feet south of the
county line and a mile south of Crow Butte, the road cuts dis-
play the following section:

Fox Hills Section

Exposed near the N.E. corner of Section 6, T. 14 N., R. 5 E.,
' Butte County '
Feet
Hell Creek

Fox Hills Sandstone, very soft, yellow and even-
grained (50-60 mesh). Differs from
Hell Creek sand in that it lacks gumbo;
is not the least bit sticky; runs
through the fingers readily and is not
tough when struck with 2 picKesseeeeeersoee 23

Gray clays with numerous sandy streaks..... 25

Pierre Shales, blue and flakyeeesovosesnsevesseses 1D

This is not a typical Fox Hills section though the sand and
clay resembles that of typical Fox Hills lithologically. DNo
fossils were collected from this outcrop, although a search for
them was made. It is of interest to note that this section does
not correspond to the typical Fox Hills farther eastward in
South Dakota, especially at the type section at Fox Ridge, nor
with the section given by Messrs. C.E. Dobbin and R.M. Larsen
for the northern part of the Cedar Creek anticline between Baker
and Glendive, Montana.l The formation in Harding county is much
thinner, less than 50 feet, whereas that taken from the northern
end of the Cedar Creek anticline is 148 feet. 1In the southern
part of the Cedar Creek anticline the thickness diminished to
.about 100 feet which is about twice the thickness in Harding
county. The prolific fauna which this formation carries from
its type locality on the Fox Ridge as far west as Faith is en-
tirely missing.

LANCE FORMATION

The Lance formation is of chief interest because it out-
crops over all but a very small fraction of the county and map-

1. C.E., Dobbin and R.M. Larsen, Geologic Structure Contour
Map of the northern half of the Cedar Creek anticline,
Ballum Co., Montana, and Bauman Co., N. Dak., U.S. Geol.
Survey, 1934.



ping structure from swrface outcrops must be done by following
beds in this formation. The Lance has been divided by Winches-
ter into.two members.l The lower member, which he calls the
Hell Creek, is characterized by dark, gray colors which led
early writers to designate it as the somber beds of the Lance.
The upper division weathers to a yellowish color and in type
sections appears much more sandy than the Hell Creek. This
member he calls the Ludlow member after the old Ludlow post
office which was located a mile south and a mile east of the
present town of Ludlow in Harding county.. The boundary between
these members of the Hell Creek formation is not as sharp as
might be desirable for structural purposes because so much of
the identification has to depend on color and relative sandiness
of the beds. Weathering produces a typical yellow color found
in the type section of the Ludlow, in beds which are gray and
appear like Hell Creek on first exposure. In other places
yellow sand zones appear below dark, somber, gumbo zones. The
use of certain coal ‘bearing zones, however, has permitted an
arbitrary line to be dravn between these two members which suf-
" fices for the purpose of this survey. :

He;; Creek Membén-

The name "somber beds" used by earlier writers in describ-
ing these strata was well chosen, for it gives a good impression
of the character of the Hell Creek beds. .Dark, gray buttes
rising above dark gray badlands gives an impression of color
monotony which would be maddening were it not for the constant
~ variety of topographic. forms which this formation makes.

: A second.characteristic of these beds is the presence of

gumbo. Buttes and badlands display bare slopes of sand and
clays which stand nearly vertical. The material is slippery
when wet, but when dry is so tough that it is with difficulty
that a pick is driven into it. 1In a few places the sand becomes
loose enough to blow during very dry times, but on most dry out-
crops the pick bounces off or chips only small flakes. It is
as though the sand grains were stuck together with stiff tar,

These gray gumbo sands especially serve to separate Hell
Creek sands from the loose sands of the underlying Fox Hills and
from the overlying yellow Ludlow and the red Fort Union beds.
Those in which both the gray color and gumbo character are well
developed are in the Hell Creek member of the formation.

TT BT, Winchester and others, "ihe 1ignite field of north-
western South Dakota," U.S. Geol, Survey, Bulletin 627,
1916, pl 14:. . ’ ~
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Bone fragments of Cretaceous reptiles are not uncommon in
these beds. Their presence nas led paleontologists to designate
the Hell Creek as the "Cerateps beds." Both the horn-dinosaurs,
triceratops, and the duck-bill dinosaur, trachydon, were noted
during the reconnaissance, along with the fragments of many tur-
tle shells, '

The thickness of the Hell Creek is not easy to determine
since no wells have been drilled through it and. since there is
no place in which both top and bottom of the member is exposed
in any proximity. The difference in elevation between the top
of the Fox Hills and what appears to be the base of the Ludlow
on Crow Butte in the southern part of the county along Highway
. 85 is 312 feet. The distance between these two points is nearly
a mile and therefore, the figure can be only approximate. Win-
chesterl reports that 425 feet of Hell Creek was measured at the
southern end of the S81im Buttes in T. 15 and 16 N., R. 8 E.

Ludlow Member

This member of the Lance is described as "interbedded,
light-colored sandstones and shales of varying composition and
lignite, The Ludlow member is distinguished from the underlying
triceratops bearing a portion of the Lance by a generally lighter
color and a greater amount of sandstone and lignite.&

Though a rather general statement and leaving much to be
desired in the way of detail, the above is perhaps as good a
statement as can be made of the general character of the member.
Certain it is that there is a striking difference between the
weathered outcrops of the Ludlow and those of the Hell Creek
member. Near Ludlow this condition is very evident as it is a
truly yellow country. The long, gentle slopes and shallow road
cuts in this section all show yellow sandy beds. On the steep
slopes of buttes like Table Mountain, however, where slopes and
rapid erosion have made exposures on very steep cliffs, the
somber gray color is evident far up into what should be yellow
Ludlow beds. The lack of gumbo in these sands, however, is
noticeable.

In all outcrops where weathering has had a chance to work
for sufficient time, however, the light yellow or tan color be-

1. D.%, Winchester, op. cit., p. 19.
2' Ibido, po 20: )



comes very evident., This is markedly different from the weather-
ing of the gumbo bearing Hell Creek where top sands become a
golden yellow but the dominant gray character remains unchanged.

As originally defined, an important character of the Ludlow
member was the presence of lignite coal. In fact, it was origi-
nally designated as the "Ludlow-lignitic m¢ zber," and in the
description it was stated that "the Ludlow member is distin--
guished from the underlying triceratopz--bearing portion of the
Lance by a generally lighter color and a greater amount of sand--
stone and lignite."l Coal, therefore, is an important feature
of this member.

there most carefully studied, the coal appears as beds in
dark, somber colored clay zones resembling very much the under--
lying Hell Creek. These zones are separated by distinct zones
of light-colored sandstone., ‘‘hree coal zones occur in the for-
mation in the vicinity of Pentilla Butte and some of them can be
traced over large areas. Individual coal beds are not so easily
correlated because of thickening and thinning, but ithe persis-
tence of these zones made possible the mapping of considerable
areas and correlation across the wide valleys. Thus, while the
stratigraphy is complicated in detail, certain broad and persis -
tent features can'be used as a basis for structural mapping.

A section at the Pentilla Butte and in the Badlands beneath
them shows four coal zones. One at the top of the formation and
separated from the overlying Fort Union by ten feet of sand was
47 feet thick and contained three thin coals. A second, sepa-
rated from the upper zone by 25 feet of light yellow sandstone, |
was 28 feet thick and contained the thick Hilton coal seam. A
third was separated from the Hilton zone by 21 feet of white or
cream-colored sand. Thirty feet of this zone was exposed but
the lower portion was lost in the covered slopes. Some tan--
colored sands at the base of the slope marked the bottom of the
vellow, sandy Ludlow member of the Lance, but below these sands
lies a very persistent section of gray, gumbo beds and coal seams
which mark the transition between the Hell Creek and the Ludlow.
This zone was traced about the Cave Hills and into the Slim
Butte region. It doubtless could have been followed further had
time been available for the detailed work necessary.

Though it was not possible to obtain continuous sections
of the Ludlow member at any one place it was possible to piece

1. Winchester, op. cit., p. 0.
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together sections from certain buttes and neighboring Bédlands
at ' several places along Jones Creek and Bull Creek. The follow-
ing successions were obtained in this manner:

Ludlow Succession on and near Pentilla Butte
Section 13 and 14, T. 20 N., R. 4 E. _
' Feet

o ———

ort Union

Sandstone, Fort Union Cap rock, massive..eeeeesss 60~70
Sand, maroon, weathering to purple casticeeceeiss 2

Sandstone, cream-colored, fine-grained.ceceeesees 10
Coal, three thin coals separated by red clays.... 3
Silt’ red’ Sandy.lﬂltua..'OIEOOOBI‘BOO"SOOODal.ﬂ' lo

COal..............a-...........oae...po...o...... 2
_ClayS, gray and Sandy.h...-1-........:-:.5....... )
GumbO; dark gray.-o--noooon-covluoaoc-ooooon;ooao 12
SandStONCeseeesrrsssesoosscocsoossrseososssssonsecosas 5
Coal'looo'oooovoopoaoee!l-ooolo;o-loo'oo-olnolooo .15
Clay, gfay;;.......-..o-é.----h-...-.......-c-..- lo

Sand, light-yellow, fine-grained, ledge maker
of shelly sandstone about the middle........ 25

Hilton Coal Zone

COBlevesianoerosnosnansssasscssossesoasesensos 2
'_C.laywl.leliﬁnlliﬁanllDl.llo.."".llll'.l.l.. 05
Coal and blackjack, top 5 feet coal, inter-
bedded streaks of coal and blackjack
in lower 10 feebicecirerosonrsoscnsnsnes
Clay, brown, and some blackjack, limonite
concretions on lower contactecessoseess
Gumbo’ gray...........a-.......;...-.-......
BlaijaCk..-.yds.o.a..,-........-o..........
GUMbO; daPk graYaonceuooo|oaooo|-tao-no¢alo'
C‘Oal.l.l.'l..ol..ol..'..UI.'I..II..B.IC'I.!OO
GUMDO SaNdwsescassssansssorsssssorssosossssss.
[ Coal.o"l...C.OOODGDI...lQ.‘.lOlll'.'..'...‘ll.
Gumbo, Gark Zray..seressssesessosrcosnsasnns
Coaloi;oo-as;goooooonaocuaoo-cooao-cloubnill
Clay, dark gray.;o.a............eo-.-e1.....
Sand, fine-grained, buff-colored.:ccvesseses
Clays, brown.....s..............a.;..,....-.
Coai“..lotll.'.'l.lllll..itll;.l‘lll".‘...I.
Covered Interval.ua,o...o.o-o-...aa.-.--.-..
- Sand, exposed at top. This is evidently
the massive sand from below the Hil-
ton zone in other sectionNS.ieescesesnse

PJ
Ot
RN = O
[

4 ")
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Clay, brown and shaly...eovocsvcecscsossossaos D
CO8Llecesccoosasasosnossossosasonv-osososocncoas .15
Clay, brown, showing considerable plant

Mattereesoovsossooossocssooscoocoasossconssosn R
Clay, yellOoW.eeevoossossosonnnco enscesesoscsce D
Coal and blackjaCkivesovessecoesao 0vscs0scsse B
Covered intervalivieseceseusroscesscessnossons DB
Sand, tan colored, designated as upper tan .

sand in Mappingeeesocecosescoosscssssosss 20
COBluuurseonosnsaoosssnasnoscncsssnssnnnnnsonssnne 2
Gumbo, dark gray with concretions which

make white spots and whose crystals

have the appearance of splintered

108 ONAS .ttt ittt s rostecenrennsseess 10
Sand, tan colored medium-grained desig-

. nated as lower tan sanNd.ieeseceeescassesss 15

Coal.................,...............,......d. 2

Gumbo, dark gray.......... ..... sessrsssesoesressesss 10
Sand, medium-grained, unlform, containing very
large concretlons, when fresh is gray but
weathers to a golden yellow on exposure.. 21.6-42

Coal. o 000 0 ©o e 88 09 060 0000080800 2000600008000 o ¢ 0 e 0 g l
Sand. € 0 5 5 0 6 006 070 0 8 0 6 0 0P B L0 0O P S S0 LB OSSP E 000G RSSO IDDIE I.66~
Coal LR I B AN B R I I B Y B B B B B I B B B B I R I I N SR ) .v. s 9 06 l5

Gumbo, darkK Brayeeeececcscsecscscsssssosssasssnssssasese O
Sand, uniform, medium-grained, golden yellow,-
. designated Bull Creek sand in mapping.scssceos 12
Gumbo, dark gray, containing triceratops bones
and limonite concretionS.cissesescecscccsccnes D
Lignite or blackjack with limonite concretions
= T <= -
GUMDO, dark gray.ce.ceeesesesocssessonsesosssassnes 15
Coal and 11lackjacK..cceeseoscossconensssosnnsassoss 1
GuUmMbO, daArK EraVeesesceosnsessesoosccosscssonssssss 8
Ligniteieeeeceoseaoeneooessosssssasssosssssrsensosscs eD
Gumbo, dark gray.ieecessssssssesssosescsarscsosnssses 2D
Sand, yellow, gumbo S8NAeseeesssssssrsesssasessoense
Gumbo sands alternating with gumbo....eeevveesosess
GUMDO SaNAS, TELLlOW. s e eroonovooensonsoesoroansosas
s I = I v
Gumbo, Aark Brayeseessssssorssssssnnensessosonncsos
Gumbo sand, yellow, uniform medium-grained......... 2

N O Ot O

, The 1nterest1ng parts of this sectlon from the stan6001nt
of thls report-are, first, the Hilton coal zone, which occurs
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near the top of the Ludlow section, and ths zone of gumbo with
many coal seams just below the yellow sands which are considered
the base of the Ludlow. Both of these zones are very pereistent
although the details change very rapidly in the section Just
given the sands in the upper part of the guubo zone at the Lud-
low-Hell Creek contact are very consplcuous.

At the:Heikkila Coal mine six miles north of the section
these sands have entirely disappeared and the following section
occurs: ' ‘

Sectlon of Ludlow and Upper Hell Creek at
- Heikkila Coal Mine

S.W. % sec. 21, T. 21 N., R. 4 E.

Section by W.V. Searight
Feet

Sandstone; ‘massive cross-bedded, looses, friable; gray

weathers buff, fine micaceous, lower three feet

gumbolite; large sandstone concretionNSesseessnseeess 17,1
Sand, one foot overldin by clay three to eight feet

mottled with large patches of gray, y&llow, brown

and buff. Upper four to five feet coal and black-

jack with bed of sandy clay one foot more or. less

thick at about the mlddle......o....,............... T
Sands and silts, mostly sand beéelow, with silt above.

Possibly interbedded. Covered with gumbo crust.

Upper four. to five feet under blackjack appear

mostly clay. Top three feet blackjack some coal

blossom. Flattish clay, iron--stone concretions

over these beds probably came from upper part...... 13.2
Sand, fine,’ loose, gray, covered with gumbo crust.

Blossom six incheg plus at the top over underclay

one foot thick with very abundant rootlets......... 7.7
Sand, loose, gray, covered over with drab gumbo Wash.

(Not pronounced) Abundant rootlets under black-

jack; 2% féet more or Tess sandy blackjack with

glance coal in upper Parl.e.erescesssossosssnsnssss 7.3
Gumbo clays; lower three to four feet weathers very dark

gray, upper lighter grdy with buff cast; contains

large gray, rough septarian concretions with very

poor chopwood cone-in-cone. Calcite in septaria,

Concretions to six feet across and two feet thick.

One foot plus blossom at the top. Very fluffy

with much brown iron powder...cceoecse. teesessassesen 21.1
Clay, gray, weathers to medium gray gumbo, Coal one

foot under 21 inches of blackjack at the topieessse 3.7
Clay, drab gray, breaks down to gumbo, rootlets exceed-

ingly abundant in upper one foot below blackjack.

Upper six inches to one foot is flaky blackjack

with abundant pressed plant remainS.cseescessessees 10

o)
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Clay and sand. Hard when fresh. Horizontally banded.
Weathers light gray and buff and brown in hori-
zontal bands with gumbo checked surface. Buff
from a distance. Bed of clay iron-sione concre-—

cretions two feet below the LOPeseetrovnioveneeeeess 11,4
Heikkila Coal zone
Coal B 1 foot, plus
Blackjack 3 to 6 inches
Limonitic Shale 3 feet, plus
Blackjack 1} feet /
Coal 1 foot, plus 8.6

Clay, silicious, light gray, very light_in places,
conspicuous bands on outcrops. Weathers to
gumbo, Contains rootlets in places. Some sem--
blance of bedding; really fine sand, in part at
least, drab and fluffy, under light gray gumbo
checked crusts. Apparently derived from sands
similar to that beloW.seeseetotesessesesnosnecnenss Hed
Sandstone, fine, gray, micaceous, massive, cross—bedded.
Contains spherical concretions consisting of limo-
nitic shells filled with grey sandstone to two and
one-half inches, some long and some compounds of
] o] L o = N~ N P 4

The following sequence will illustrate the section in this
area.

Section of Contact--Gumbo Zone. Northwest of Slim Buttes

Secs. 8 and 9, T. 19 N., R. 7 E.
Feet

COBlisseeevescroonnsnssassonsosssesssssssssesssssssssonssse B
Sand and clay, sand yellow; this interval not detailed.... 62
Sand; yellow-gray with shelly ledgeSeiseeevscscsecsivesesss D
Lignitic shale, marks the base of the LudloW..eeeveessonas .3
Banded beds, alternating yellow sands and gray gumbo

clay. Beds average one inch bhlck................... 15
Upper Coal zone

Clay : 2 feet

Coal 1 foot

Clay 2 feet

Lignitic shale and blackgack 1 foot

Coal ‘ 13 feet 7.5
Sandy Clayeecesoesseesososeassssssossssssssassssosssssnsease D
Coal and blackjack, designated Middle Co@leseieecssecrnsves B
Gumbo clay, dark gray; SOme SaNndY.sseeessseccossssssassnss 9
GUMbO S8NA.esesessscosssrsssesessssssnssscssssssssossssses D
Coal and blackjack i .

Blackjack and coal l foot

- Clay, top is black fire clay feet

Coal and blackjack (Lower coal) 1i-2 feet 4
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Feet

Gumbo, daI’K graYQl’Ooiooi...l..t'0.0.0.0!!!".’.'..".0..!0 20
Gumbo sand, yellow; designated Bull Creek sand in
mapping._...-..‘...-.-.-...--....'-...-.oue.-.-'....-..... ’ 10
Coaloo-n.oioooncoao'wo-.ounonononcs'a-nonoeeﬁoncloooooolou_ l
GUmMbO, dark Brayeeescscesesesocossosocsosacsonsssssoscesss 7
Coal--ouo'.oooooooo-oouq;ctooiuooooocooaao-c.-ooooo-o--oo 1
GUMDO, dArK gray.isssseessssseecesesssscoosonssssesasnnsss 10

Gumbo sand, yellow; designated as sand x in mapping...... 15

The Ludlow member of the Lance can be measured in only a
few places. Over most of the county the upper part has been
eroded and where the Ludlow is typical the base is not exposed.
The best sections appear to be those exposed on the slopes of
the Cave Hills and neighboring buttes. At Pentilla Hill the
total exposure of the Ludlow is 255 feet from the base of the
Fort Union to the top of the Iignite-bearing gumbo of the upper
Hell Creek, "This is its maximum in the detailed sections mea-
sured. Winchester, however, reports a maximum of 300-350 feet
in the type locality east of the north Cave Hills.l His mea-
sured section at the south end of the north Cave Hills, however,
shows but. 175 feet of Tudlow between the Fort Union sandstone
and the top of the Hell Creek, . There appears to be some thin-
ning of this member toward the north but sufficient sections
were not available to give a picture of this character.

FORT UNION FORMATION

The Fort Union formation is of little importance in this
investigation as it did not offer a horizon on which structural
mapping could be carried on. It makes the cap-rock of the
buttes in the northern part of the ¢ounty, namely the north and
south Cave Hills and the Table Mountain. It also covers an area
of about four townships in the extreme northeastern corner of
the county. Its most striking characteristi¢ is the sandstone
at its top which makes the butte caps and stands out as a sheer
cliff 30 to 60 feet high. The sand is medium grained and in
places is very calcareous, weathering into spongy masses and
boulders which break down rapidly on weathering into a sandy
talus. ’

Below the sand is a section of very fine sands and clays
of rather striking colors: cream, lilac, chocolate, black are
all used in describing these rocks. In most sections they are
not visible since they are soft and easily covered by the over-

1. Winchester, opiicit., p. 20.
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lying sands. A section taken on Anarchist Butte in Sec. 34,
T. 22 N., R. 9 B., showed 338 feet of these highly colored beds
under 88 feet of sandstone:l

Anarchist Butte Section

Sec. 34, T. 22 N., R. 9 E.

Section by Winchester ‘
Feet

Sandstone, brown, coarsé, formingbcap of hill.....ves.vses BL.5
Shale, chocolate-colored, with coal smut..... B

Sandstone, orange to cream-colored, fine-grained,
with some limonite CrustS.sevivseecscsccessossoseass R0
Sandstone, yellow to buff, fine-grained, with many
limonite layers 4 or 5 inches in thickness; 8
feet above base is a more resistant layer which
- forms a shelf in many placeS.cisesssssessssssesssnse
Shale, chocolate-colored, with some lignite.....e.evvuven
Clay, Grabicescocecsessssooscoonesesosossssssssosansnoscncs
Quartzite; under surface of layer rather stalactitic.....
Clay, lilac-colored.ceceecsesosssossscesssssessasonscoocness
Shale, black, fissileiecoecsssessossssrsassossossssessossoos
Shale, chocolate-colored, fissile.eerieiseenrectconcansons
, Lignite, weathered..cocesesrossecsensstsssesssssasasns
Shale, chocolate-colored.ssieeeeseescsssssocssoosscssssssas
Lignite, weathered...coccocecosoaossssccscconsensnans’
Shale, chocolate-colored.csceesecrsesssesoscssessacsaonsons
Sandstone, yellow

=
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Total 130

On Pentilla Butte, 50 miles southwest of Anarchist Butte,
these highly colored beds measured 23 feet.

Section east of Pentilla Butte

Sec., 14, T, 20 N., R. 4 E.
. Feet
Sandstone, buff, making cap rock of the butte. :

This is estimated.ssessvsseessesessssasassssseassses 60-T70
Sand, maroon, weathering to purplish color..... cesees e 1
Sandstone, light cream to Buff.....veiveivereeneesneness 10
Coal interval., Three © inch beds .of coal separated

by red clayeecoooseesscosss sessssescseensessanen s 3
Silt, red, sandyeececss. e cesee-o 10

1. Winchester, op. cit., p. 29.
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At the south end of the south Cave Hills a heavy Fort
Union cap rock is underlain by 20 feet of light gray sands and
clays above a 6 inch coal seam. This probably corresponds to
the lower section of the Fort Union as is described on Anarchist
Buttes. No break in the sedimentation is evident between the
" Ludlow and the Fort Union, the. distinction being made largely
on the basis of color. :

WHITE RIVER BEDS

The White River béds lie unconformably on the Ludlow and

Fort Union in Harding county and form the white caps of the Slim
Buttes and the Fast and West Short Pine Hills., They are glso
to be found in small patches on top of the Cave Hills lying on
the Fort Union cap rock. Their gleaming white and gray rocks
form a sharp contrast to the yellow and somber gray colors of the
Lance formation which outcrops all about them. These beds cor-
respond in ‘age to the. 0ligocene beds of the White River badlands
and carry a similar favuvna. The sands and gumbo clays of the
Chadron formatlon are easily recognized and above them lie the
clays and sands: of- the Oreodon beds of the Brule formation.
These beds have been described as follows:l "The formation in
most places overlies the Ludlow and is sharply contrasted from
it in color and texture as well as being separated by a distinct
erosional. unconformlty.- The average thickness in undisturbed
outcrops hardly éxceed$ 60 feet. In these sections the formation
consists of 10 to-20 feet of coarse, dazzling white sandstone
with, at the base, numerous rounded feldspar crystals and peb-
bles up to three-fourths of an inch in diameter, overlain by
three to eight fé&etiof: gray. to olive gregen plastic clay and-
20 to 40 feet of” alternatlng gray, greenish, pinkish, and white
clay, sandy’ clay and .fine to coarse gray sand inbeds from a few
inches to two feet thigck, all partially consolidated. At several
places to the: south .ef ,Reva Gap much thicker sections are ex-
posed. In every case:the beds are tilted at angles of from 6 to
30 degrees. The basal 60 feet correspond to the normal horizon-
tal beds. * The -alternating clay and sand series may persist for
additional 20 to 60 feet and are overlain by massive plnk
nodular clays -without distinct bedding planes. The maximum
thickness the latter measured was nearly 60 feet in Sec. 32,
T. 18 N/, R. 8 E. In this outcrop a total section of about 150
feet occurs. - 5 : ‘ .

13

'*l. w Ce Toepelman South. Dakota Geological "and’ Natural
History Survey, " he Possibilities of 011 in Eastern
Harding County," p. 6.
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"In several places, notably in the west half of T. 18 N.,
R. 8 E., the White River 1s absent and the Arikaree is in con-
tact Wlth the Ludlow.

"The basal sandstone and overlying grean clay seem to repre-
sent the Titanothere beds; the alternating sands and clays,
the Oreodon; and the upper part of the massive pink clays, the
Protoceras beds of the type section along the White River.
Fossils are, however, much less abundant in this region and no
exact correlation can be made.,"

A section measured in the Slim Buttes ahd Short Pine Hills
by Winchesterl gave the following:

Sections of White River Beds

Slim Buttes, in Sec, 1,.T. 17 N., Ry 7 E.
' fleet
Clay, flesh-colored, plastic when Wetl.esesopgprrsveocecsees 12
sandstone, coarse to extremely coarse, calcareous

grit; contains much quartz, many. fresh feldspar
nystals, some Clay pebbleS.............,............. 62
Clay, sandy, banded; contains limonite concretionsS.ceee.... 66
140

Fast Short Pine Hills, in Sec. 38, T. 17 N.,, R. & W. -
: ’ - ee
Clay, flesh-colored, calcareous; contains seams of
chalcedony as much as three-fourths of an inch
thick, and thick plates and irregular masses
of siliceous concretions with chalcedony sireaks; }
very plastic..........................o...,........,.. o0
Like overlying bed, but does not contain the sili-
ceous plates.................oo.ooo.......,.-..----q-- &0
Sandstone, white, unconsolidated; coarse grit with
plastic calcareous clay matrix; weathers into
fluted forms. olvoo'o000000000000000000"0"'coollonc-o 66

Unconformity 156

The unconformity at the base of the White River beds and
their very limited distribution makes thenm useless for struc-
tural purposes.

'l,‘Winchestér, 0op. g;&.}'p}'321
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ARIKAREE FORMATION

This formation is the youngest bed rock formation in Hard-
ing county and is found only on the tops of the Slim Buttes and
Short Pine Hills. This very limited distribution makes it use-
less for the purposes of this report, but a description is given
here to complete the stratigraphic picture.

The formation is composed of sands and clays sufficiently
indurated to make very steep cliffs. It is impregnated with
much volcanic ash which varies greatly in amount. One specimen
from the Short Pine Hills carried so much ash that it was iden-
tified as a volcanic tuff by the petrographer to whom it was sub-
mitted.

The following description of the formatlon on the Slim
Buttes is given by Toepelman:l

"The exact stratigraphic age of the uppermost beds in the
section is open to more or less doubt. They were called the Loup
Fork by Todd and referred to the Arikaree by Darton. There is,
however, no faunal evidence to establish the age, the only fos-
sils known- being fragmentary water-born bones of Whlte River
species.

"Except at the base the formation i1s remarkably constant
over the entire outcrop area. The thickness varies up to a
maximum of 240 feet in the southwestern part of the region. The
beds are disconformable upon the White River except in slump
areas where the White River is truncated. Locally as in T. 18
N., R. 8 E., the latter is absent and "the Ludlow id in direct
contact with the Arikaree. The base of the latter is almost a
plane and indicates a complete base level between 0Oligocene and
Arikaree times.

"As indicated above, the basal portion is variable from
place to place., In the southwestern part of T. 17 N., R. 8 E.,
the formation begins with 5 to 25 feet of coarse buff conglo-
merate made up of water-worn fragments of White River material;
small pockets of almost perfectly laminated fine whitish sand-
stone are included 1n the conglomerate. In the middle of the
same: township (in the large butte north of Gill P.0.), no

b .

“T. Toepelman, op. cit., p. 7.
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massive sandstone replace the coarser rock locally. To the
north the base is less easily distinguished, except in a few
places where several inches of green, gravelly sandstone occur,
The separation between the Arikaree and the White River is then
‘best made on the basis of lamination, which is absent in the
latter but well developed in the foruer,

"The remaining thickress of the formation may be divided
roughly into three parts, which are best developed again in
T. 17, Immediately above the conglomerate are 80 to 90 feet of
exceedingly fine-grained white to pinkish sandstone with very
fine beds and laminae. The next 50 feet is nore massive, gray
to light green sandy shale and sandstone, with less perfect bed-
ding and some cross-bedding on a small scale. These two divi-
sions occur in most outcrops over the entire area coveregd by the
Arikaree and only slight variations occur, The upper 100 feet
in the thickest sections consists of predominantly gray to light
green fine-grained thin bedded sandstone, with, near the top,

In the east _Short Pine Hills the following section is de—~
scribed by E.M. Parks:l

Section of Arikaree on top East Short Pine Hills

Sec. 36, T. 17 N., R. 3 E. :
_ ‘ : Feet
Sandstone, quartzitic, containing chloritic mate-—
rial; resists erosion to a marked degree;
ranges in“thickness from 2 to 5] feetiviiirnrnnnn... 3.5
Sandstone; fine—grained, greenish white, calcareous;
forms a steep cliff; Wweathered surface shows
concretionary structure; t¥pical specimens con-—
tain angular feldspar, biotite, quartz, epidote,
calcite, and fragments of glass; together with
chloritic material; called a rhyolite tuff by -
E.S. Larsen of the U.S. Geological SULVEY s e vven, . 140.0
Unconformity (?) ' .
143.5

1. Winchester, op. cit., p. 35,
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"SUB-SURFACE FORMATIONS

The rock formations which would have to be penetrated in
prospecting this county must be inferred, since few deep wells
have been drilled within its borders and none of these have
penetrated rocks below the Pierre formation. From measurements
about the Black Hills, where the formations underlying Harding
county outecrop, and from records of deep wells drilled outside’
the county, however, a sufficiently accurate picture of the for-
mations can be obtained. At the northern end of the Black Hills
about 40 miles south of the south boundary of Harding county the
total thickness of sedimentary rocks is about 6100 feet. A deep
well known as the Hunter No. 1, drilled by the Gypsy Company in
Meade county about 20 miles north of Wall and 60 miles northeast
of BHarding county penetrated 500L feet w1thout reaching the
bottom of the sediments. The "Marmath Well", N.P.R.R. No. 1,
15 miles north of the northeast corner of Harding'county pene-
trated 8186 feet of sediment without reaching the pre-Cambrian.
From these figures it is evident that between seven and eight
hundred feet of sub-surface sediments are available for testing
in Harding county. The sediments correspond, in the main, to
those outcropping in the Black Hills, but as important differ-
ences occur within the formation, they will he discussed briefly
here.

Pierre Formation
The Pierre formation in its outcrops and well logs averages
about 1500 feet thick. Thére is no reason to doubt but that
this thickness continues under Harding county. As it lies im-
mediately beneath the thin Fox Hills sandstone it will be en-
countered within a few feet of the surface in any drilling. Its
upper ‘contact should lie between 100 and 700 feet from the sur-
face, depending on the location in the county. It would be
nearest the surface in the south and west portions of the county
and farthest from it in the north and east portions. About the
Black Hills it is described as "a monotonous successien of dark:
gray fissile, pure shale beds with many calcareous, iron-stained
concretions, some of which are surrounded by a shell of cone-in-
cone. In the upper portions of the formation the weathering of
the concretions does not stain the shale materially, and it is
almost dark gray or black., Near the bottom of the formation,
however, where the shale is lighter in color, the iron stain
causes a general yellowish appearance on the weathered surfaces.
...At a horizon at about 400 feet below the top of the formation
there are lenses or porous, dull-gray limestone mostly from '3 to
6 feet in diameter, containing large numbers of Lucina occi-
dentalis and other fossils. Most of these lenses prOJect above
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the general surface as steep, rounded hills which are known as
'Tepee Buttes.'"l

Well logs report the Pierre as a ‘dark shale sometimes
qualifying it as black, blue-black, or grey. On the outcrop
most of it is sticky and is often classified as gumboc.

Two wedges of sand finger into the Pierre formation from
the west in Montana. The upper one is known. as. the Judith River
sandstone and the lower one, lying at the base of the Pierre, as
the Fagle sandstone. These sands are important in.eastern Mon-
tana as they produce gas in the Baker and Glendive fields. Both
were present in the "Marmath" well (N.P.R.R. No. 1 in Montana)
and were also reported in Harding county from a well drilled a
few miles north of Camp Crook. In this last well the Judith
River was reported as 990 feet and the top of the Hagle at 775
feet.

"The increase in shaly material as the formation is traced
eastward and the absence of these sands in the Black Hills out-
crops and well logs to the &ast suggest that these sands pinch
out either within the boundaries of Harding county or a short
distance outside of it. )

The Colorado Group

The Colorado Group as it is sometimes called, includes all
the rocks below the Pierre and above the Dakota sandstone. In
the outcrops about the Black Hills and eastward in South Dakota
four separate formations are recognized in this group. As re-
corded by Darton? the Colorado includes the following formations:

Colorado Group

. Feet
Niobrara Formation Chalk 150 to 200
Carlyle Formation Shale, dark 600 to 800
Greenhorn Formation Shelly limestone 25 to 35

Graneros Formation Shale - ... 1000
: ' : 1775 to 2035

1. N.H. Darton, U.8.G.S. Folio 164, p. 5.
2. N.H. Darton, "The Relle Fourche Folio," U:5.G.S. Folic
No. 164.




In Montana the above lelSlonS have disappeared and the
Colorado group is described as "a marine shale with a thickness
of 2200 feet. In wells in southeastern Montana about 2400 feet
of shale can be assigned to the Colorado Group. About the middle
of this interval is a zone of lime shells winich probably repre-
sents the Greenhorn. No indications of the Niobragra chalk for-
mation are reported.” The Colorado Group in Hardlng county,
therefore, should consist of the 1180 feet of shale correspond-
ing to the Niobrarad and Carlylq formations.of the Black Hills .
and 150 feet of shale and shells which should contain the Green-
horn formation and about 1070 feet of shale representing the
Graneros. :

Ihe Dakota-Kootenal Group

Under the Colorado shale lies a zone of sands which haveg
been variously divided in different parts of the Great Plains.
A classic section in the Black Hills has always recognized three
divisions; the upper,- called the-Dakota sandstone, was assumed
to be the base of the Cretaceous system and is reported as ap-
_ proximately 100 feet thick. Below this lies a zone of shale
known as the Fuson formation, which separates the Dakota sand-
stone from the underlying Lakota. The Lakota and Fuson forma-
tions are usually a551gned to the lower Cretaceous (Comanchean
system)

In the Black Hills outcrops the upper sand, the Dakota,
varies from 20 to 200 feet and usually shows a mas51ve sandstone
at the base W1th shelly sandstone on top.

The'underlying Fuson is largely clay in most outcrops.
Soft sandstones are common, however, as the following section
1ndlcates . :

Section of Fuson Formation at Sturgis, South Dakota
Feet
Sandstone, very fine-grained, soft, ash gray, some
limonitic layers and nodules, bottom 0-2 feet
buff and Narder.csseeeecesessseessssosssneessininos 35
Darker member : ' :
Carbonaceous shale, some bits of
coaly materiale.veseseennonens 1 foot
Clay, ash grayssceciossssosooecnacs 2 feet
Clay, brown, sticky; some limonitic
concretions and slabs of
selenite up to 3 or 4 inches
ACTOB8Siesesvssssscocsososaoscass 14 feet .
Sandstone,. ash white, shelly....... 2-3 feet 19
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Thé Lakota formation shows from two to three separate sand
members separated by shales. On the hill at Sturgis, South
Dakota, the following section was exposedf

Section of Lakota Formation at Sturgis, South Dakota

: - Feet
Sandstone, buff, massive, cFoss-bedded; occasional
2-4 inch light grey clay partings; looks like
Dakota which lies above it. Makes big cliff..... 73
Shale, blue—blaCk.......'............---....'...........' 16
Sandstone, soft, light creamy buff. 2-4 feet fine
clean gravel at its DaS@iiesesesvseosrtseenseseses 28
Shale, brown, sticky, not blocky like the typical
MOrrison ClaySe:isetessssssosssoessscossssaessssooas 45
Sandstone and shale zone
Sandstone, massive, buff............ 5 feet |
Alternating beds of buff
sandstone and grey flaky
- shale; beds about a foot :
thick..'.'l.l!.'.l.l.l.l'l...‘.l..... lo feet
Sandstone, buff, massiveeisiesevseeses 5 feet 2

o

|
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This group of eandy formations is continued into Montana
where it is represented by the Kootenai formation. The Koo-
tenai is described by Perryl as follows: ’

"Two massive gray sandstone members separated by red and
green shale. Basal sandstone particularly massive, coarse-
grained or conglomeratic, coarse, wide-spread and uniform."
The thickness for southeastern Montana is given as 250 feet. 1In
the "Marmarth" well a sand zone about 209 feet thick was en-
countered which evidently represents this Lakota group. It is
evident, therefore, that about 200 feet of this sand zone may be
expected in drilling in Harding county.

Morrison Sundance Group

The Jurassic system which underlies the Dakota-Lakota zone
over most of the Great Plains should be encountered beneath
Harding county. In the Black Hills it is represented by vari-
gated shales containing some bright colored sandstone, lying

l E.S. Perry, Ground Water in Eastern and Central Montana,
Memoir 2, Montana Bureau of Mines and Geology, Table 1,
1931,
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beneath the Lakota sandstone and assigned to the Morrison forma-
tion., These shales are underlain in turn by the white Unkpapa
sandstone where it is present and where it is not, by the Sun-
dance formation, a thick formation characterized by light sand-
stones, green shale zones, oyster beds and belemnites! fossils.
In the northern Black Hills, exposures of these formations were
measured in the vicinity of Whitewood, South Dakota.

Sections of Morrison, Unkpapa and Sundénce Formations
Whitewood Hill, Whitewood, South Dakota

Sandstone, buff, ma551ve, base of Lakota Formatlon Feet
Morrison Formatlon :

Shale, darK.ieeeeossscosseasssostsssssossorssscssssons 4
Shale, ash gray.icecsssssscsccssssossssssssascssnss 2
Clay, carbonaceous, nearly a coal Se@Meisieecosssess 3
Sandstone, slabby, light grey to buff,

some Whiteseeeoeoesooasssesonssisesssansocnss 1

Shale, blue-black when fresh, weathers .

to a lighter grey.......................;.... B 510)
Shales, dark, with 8 massive buff ljimestone

beds, 4 to 10 inches thick..s.sveesseencenses 25

Unkpapa Formation:

Sandstone, soft, light red to creamny,
occurring in patches between Rapid
City and Whitewood. Not present
in the Whitewood Hill section..sveesvessesesss 0-100

Sundance Formation:

Sandstone, shelly buff, with partings of
dark sandy shale. Contact with Mor-
rison marked by 3 foot flaky sandstone
which changes abruptly to shales with

buff limestone 1layerSeees:srsosccssscossosossae 10
Sandy shells; 4 inches limestone at tOPessvesecese 8
Limestone, very fossiliferous.icseescnececeesssons 1
Shale, grey, blocky, mostly covered..eeeececececss 15
Limestone, very fossiliferouS.ceesecssseesseccsscnas 2
Sandstone, massive, buff.ieseececoasconvocensnecns 2
Limestone:

Very fossiliferouS.csssvesssssasees 1.5 feet

Shale, CalCaArCOUS..:.sasssessssnesse D feet

Limestone, thin bedded,
weathering into little

blocks 2-~3 inches across...... 1.5 feet 3
- Sandstone, shelly with dark shale part-
ings, top foot all Shalesseesosessonsassnenss 8.5
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Feet

Limestone, grey, dense; weathers white, no

fosslls.l.llll..Il'llli.!l‘ll.l.lllllllil.llﬂl.l.lll 025
Sandstone, Soft, shelly.ivsieriverensssonssconssnssesnsese L1o75
Sandstone, buff, with shale partings, lower

sand beds very ‘thin but gradually in-

creasing in thickness until 1.5 feet

thick at top. Massive sandstone...sesseeessssseeses B
Shells, sandstones, buff, shales, brown %

lnCh beds.'0"’0.!.O...ll‘ll'i.l.tl‘.d'.vlllti.bill‘l. 2
Coveredesisrnreenresannnssesssnsonesosonesssenossonsrosnsos 2
Shales, brown, blocky, weather Airty Breyeiesseeseedssiese 25
Sandstone, calcareous,very fine-grained

and almost lamellar; breaks into thin

slabs with a tough "felty" feel.iiieerererverinrnssss 2
Covereatl'l0'Dll.l.l'l.“.!'l!.lll..lI'Ol.l'l!.tllt.ll". lo
Shale, POOT OULCTOP:tesvsesersssnssaronssnsescessssnsssoe B
Sand, buff, Soft..eerivireortrossserscrsonsansrsocessnsnsnes D
Shales, brnwn and da8TK BreY.eesseossorsossesosessnsesssssss 1B

»Covered’..l.Q....l.....l.l'...’.ll.l."'ll.'.lbl.'ll'l." 24

Sandstones, capped with very fossiliferous

1iMeStONe s tservrnesoivesrosesosonavsoronesnssssanee B
Covered.sssssosossososrsssrsosrosnssransssssessasssannsonssess 40
Sarnidstone, shelly, Soft.iivivivineeorsosesvensosrennssnes 11
COVeI'ed...........--.....'..-...........................'. ll
Sandstone, buff, slabby, ripple-marked:..:vevevessvrvesss B
Covered!ll.Ollll.'llllD'll'llllll"lll.l.'b..l..!"l..:.' 48
Sandstone, DUl .. ieeervernvrsserssersssvssssnrsorsessensse B
Covered, probably grey shale, basal member..ieeevvreeross B

270

These formations are designated as the Morrison and Ellison
formations. In Montana the Morrison is represented as being
from O to 100 feet thick and composed of "varigated shales with
beds of sandstone. They are present only in central and southern
Montana."l

"Below the Morrison where it is present and below the Koo-
tenai where the Morrison is absent, appears a series of marine
Jurassic sediments 300-500 feet thlck known as the Ellison for-
mation....the formation is composed of sandstone, shale;, and
limestone. The sandstones are more abundant towadrd the top, and
dust-colored limestone toward the center."? Well logs in séuth-
eastern Montana indicate that the formations should underlie Har-
ding county. The Morrison formation is, of course, proble-

1. Perry, op. ¢cit., p. 50.
2. 1bid.
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matical since it thickens and thins rather rapidly, bﬁt the Sun-
dance formation seems to be quite continuous and showld be 500
or 600 feet in thickness.

The Red Beds

Red beds belonging to the Permian ana Triassic systems
outcrop in the Black Hills and have a wide distribution over the
Great Plains. In the Black Hills a thickness of some 900 feet
is exposed; the section consists of the Permian Opeche red beds,
about 100 feet thick, above which lies the ‘dense.Minnekahta
limestone, 60 feet in thickness, and above this, 700 to 800
feet of red beds belonging to the Triassic Spearfish formation.
This last formation is composed of red beds which correspond to
the Chugwater red bed series of Montana and Wyoming.

All deep wells in western South Dakota have encountered red
beds at the proper horizon. In deep wells in southeastern Mon-
~ tana a thickness of 1050 feet is reported. "In these wells the
interval .is composed of red shales and sandstone with interbedded
anhydrite and salt. Two thin limestones are reported, one near
the top and one near the bottom of the red bed series but the
information that is at present available is not sufficient to
state definitely whether either of these could be correlated
with the Minnekahta limestone of the Black Hills. It is possible
that some of the red sands at the top of the series in these
wells may belong to the Sundance formation since the lower sands
of this formation in some places have a considerable -thickness
of red color. '

Whatever the age of these beds they will be véry useful to
the driller in correlation. It is impossible to penetrate this
zone without noticing the unmistakable color.

From the thicknesses in southeastern Montana and those in
the northern Black Hills it is probable that 1500 feet of red
beds may be encountered beneath Harding county.

The Pennsylvanian System

In the Black Hills and Wyoming the red beds are underlain
by Pennsylvanian rocks which have given shows of oil. These
rocks all belong to the Minnelusa formation in the Black Hills.
In Wyoming they have been separated into two formations, the
Ten Sleep and Amsden. , The system apparently thins out north-
ward and disappears somewhere in' central Montana. In southern
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Montana it is present and kncw.. 28 tne Quadrant formation. From.
this distribution it is evident that these rocks will be en-
countered in drilling in Harding county and shouid be tested as
they contain important reservoir rocks in waich petroleum could
accumulate. ‘

In the northern Black Hills the upper poicion of the Minne-
lusa formation consists of massive sand<tone which occupies one-
- half of the total thickness. Beneath this lie alternating sand-
stone, shales, and limestone in beds 3 to 10 feet thick. The
percentage of limestone increases towards the base and is marked
in most places by a 25 foot bed of red shale. A typical northern
- Black Hills section is recorded by Darton in the Central Black
Hills Folio:d - :

Section of Minnelusa Formation
Bear Butte Creek near Sturgis, South Dakota _

' Feet
Local cherty bedi:eesvorosesessssssessssvsesssossassssse D=0
Sandstone, white, sugary, with quartz layers

and veinlets; becomes more yellowish or

coffee-~colored, calcareous, and cross-

bedded in the lower portion.icseessssssecsscecanssss L88
- Limestone, purplish, shaly; some soft massive

DEdSeeeceasseseceeosossssssnssssosnsssosssssssassacss B0
Sandstone, purplish, calcareous; fine-grained

and white al DasSeeeieeisvroerscoosososacesssssasans 27
Sandstone, alternating beds of yellow, salmon,

purple and red; in some places cross-

bedded and ripple-marked; partly calcare-- ,

OouUS and shalyeesessessoocscessssssossssarsasssssssse 45
Limestone, grey, light purple, and drab, very

fine-grained; calcite ArUSES.eesceososssesvresnassos 5
Sandstone, fine, yellow-gray above, massive '

and purplish belowW...eeescoeoscosssosssnssnsssseses 11
Limestone, pink, brown, and grey, rather gritty N

at top and botTOmMe e e vovsvsoosnanosasonssnnnnssnss RR
Sandstone, fine, salmon-colored; cross-bedded

and CalCareOUS.isecsosvoossscsrsssscensssossnssssssssoss 4
Limestone bands, pink, purple, yellow, and brown,

some spotted; shaly and hackly; rectangular .

JoIntSeeseesvoecosossesssescoosssvsesoassensossssssncee Bl
Sandstone, massive, salmon-colored, calcareoUS.ie:sevees 10
Limestone, purple and DroOWh..ieeeossessvssosssrsoosossasos 1.5
Sandstone, white; weathers red on surfac.seceesseeesess 37

1. W.H. Darton, U.8.G.8. Folio 219, The Central Black Hills,
p. 8. , ’ ' .
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Feet
Shale, red w1th thln limestone layers, rests
on Pahasapa llmestone.............................. 25_+
L ‘ 450

The Quadrant formation in southern Montana is described by
Perry.l "The Quadrant is composed of from 500 to 1000 feet of
interbedded shales and sandstones with some limestones. Certain
of the sandstones are quite porous and even frlable (crumbly),
and they make excellent water carriers."

In wells drilled in southeastern Montana the section is
somewhat similar to that of the Black Hills, about 600-650 feet
of rock can be assigned to the Pennsylvanian system. At the top
lies about 100 feet of sandstone probably corresponding to the
Ten Sleep of Wyoming and the top of the Minnelusa in the Black
Hills. The lower part is described as interbedded dolomite and
limestone with red and varigated shales. Anhydrite is reported
in the lower part of the section, apparently in considerable
abundance. -

Anhydrite also appears as a prominent constituent of the
Pennsylvanian formations encountered in the Hunter No. 1 well
north of Vall, 50 miles southeast of Harding county. In this
well 350 feet of alternating shales, sandstones and limestones
with interbedded anhydrite were assigned to the formation. The
heavy sandstone at the. +op is represented by only 20 feet of
- tight sand. _

From this information it is reasonable to expect the Penn-
sylvanian system beneath Harding county to be about 500 or 600
feet thick with 50 to 100 feet of sand, probably water bearing,
at the top of the section. Beneath this 450 to 500 feet should
be a section of alternating sands, shales and thin limestones
with anhydrite and possibly salt beds. The sands may make water
trouble for the drillers since the general eastward_slope of the
formation should generate an artesian head.

The Massive Limestones

At the base of all sedimentary sections im this part of the
. Great Plains, there lies a great thickness of massive lime-
stones. Most of these are Mississippian in age, though in many

1. Pefry, op., cit., p. 52.

~29-



outcrops thin Ordovician, Devonian, and Cambrian limestones
appear. This holds true not only for the outcropping sections
in Montana and Wyomlng but also in the Black Hills:.and in all
deep wells drilled in South Dakota, west of the Missouri River.
A similar section, therefore, may be expected in drilling Harding
county. - : -

In the northern Black Hills these limestones are divided
into the following formations:

System Formation Description Dgpth

Mississippian v .
Pahasapa Massive, light gray
to dove-colored lime-

stone 600 feet
- Englewood  Purple, very fossili- _ : .
ferous limestone t 60 feet
Ordovician Whitewood Buff, massive, fossi-
. l1iferous limestone 80-100 feet

Total 740 feet

In eastern and central Montana the limestone series is re-
ported as about 3000 feet thick and divided into the following
formations:d ‘

System Formation Description ~ Depth
Mississippian
' Madison Massive, grey or white
crystalline limestone;
shaly and sandy at 1000 to
base : 1500 feet
Devonian and
Cambrian Jefferson Mainly massive lime-
- Gallatin stone, quartzite at
Flathead base . : 2000 feet

Deep wells in Montana near Harding county report 900 feet
of limestone without reaching the bottom of the section. Inter-
bedded with these limes are some anhydrite beds and a number of
shows of oil and gas have been reported. The Hunter No, 1 well,
near Wall, South Dakota, showed 190 feet of massive llmestone.
It is probable, therefore, thdat between 800 and 1000 feet of
llmestone will be encountered in this p031t10n in Harding county.

l. Perry, op. 01t., ‘Table 1.
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Cambrian Formations

" The lowest sedimentary rocks which .may be encountered in
this part of the Great Plains are sandy formations which lie
‘on top of what drillers call "the granite." In the Black Hills
this part of the section is represented by the Deadwood forma--
tion, a series of quartzitic sandstones and shales about 400 to
500 feet thick in the northern part of these mountains. This
formation consists of upper and lower sandstone members which
together make the bulk of the thickness. . Between these sand-
stones is a zone of green shales and limestones. - The Deadwood
formation is also found in the Bighorn Mountains in Montana
where it is very similar to the Deadwood of the Black Hills.
In central and southern Montana a quartzite occupies a similar
stratigraphic position and may be correlated with the Deadwood.
These- formations are not encouraging as oil reservoirs but will
offer the last chance of finding this fuel if they occur beneath
Harding county since they lie directly on the gneisses, schists,
and granites of pre-Cambrian group of rocks. These last are
known to the driller as "the granite" and offer no chance what-
scever of finding oil or gas.

SIRUCTURE

The stresses which folded the Black Hills formed two major
structures in western South Dakota, the Black Hills uplift and
the Lemmon syncline:. The Black Hills uplift included not only
the mountains but a long fold trending northwestward through
Wyomingxwhich dies out in a series of lowranticlines in south -
eastern Montana. A short distance east of these folds the oro-
geny was carried farther northward by a long, narrow antlcllne
which extends from Hardlng county northwestward to Glendive,
Montana. Its southern end lies en echelon with the northern end
of the Black Hills folds. This large anticline has been called
the Cedar Creek anticline by Calvert.l The important gas fields
near Baker, Montana occur in it. The Cedar Creek anticline dies
out in the extreme northwestern corner of Harding county along
the Little Missouri River in a series of folds which have. been
described by the U.S. Geological Survey and are shown on the
accompanying map. :

B

- East of the Black Hills and Cedar Creek fold lies a great
trough which occupies nearly all of western South Dakota between
the Rlack Hills uplift and the Missouri River. Its axis plunges

1. W.R. Calvert, U.8. Geological gurvey, Bulletin 471,
p. 201,
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northwestward passing through the city of Philip 'in Haakon county
and the city of Lemmon in Perkins county,l and into North Dakota,
For this reason it has been called the Lemmon syncline or Lem-
mon Basin.? This trough determines the regions  dip of the area
here considered since it lies high on thr=s western flank of the
great syncline. The minor details of tre sti.ucture were super-
imposed on the regiomal structire by variations in the ‘stresses
attendant upon the general movement. :

Regional Dip

The regional dip of this area is toward the northeast.
Elevations taken on the base of the Ludlow at Crow Butte in the
southern end of the county, near Buffalo, at the Jump Off near
the Little Missouri, and in the Slim Buttes gives a general dip
which is almost directly northeast and averages between 30 and
40 feet per mile. North of Buffalo the dip turns farther east
until it is mapped by Winchester as going directly east in the
northern part of the county.3 There is a difference in eleva-
tion of nearly 400 feet between the base of the Ludlcw on Lizzy's:
Butte, southwest of the Cave Hills, and at the north enl of the
Slim Butte 30 miles directly east. There is an average dip of
25 feet a mile in the country east of the Slim Buttes,4 and as
high as 65 feet to the mile are reported by Winchester and Toe -
pelman, -

Little Missouri Folds

In the Little Missouri valley folds have been superimposed
on this northeast dip which were of sufficient prominence to map
in at least two locations. One set consisting of three large
folds which appeared to be the end of the Cedar Creek anticline
has been mapped by the U.S. Geological Survey.d® These three
elongated domes lie near the Little Missouri, the Camp Crook
anticline -being the southernmost. It lies immediately west of
the Little Missourl River; its southern end is in the vicinity

1. E.P. Rothrock and W.R. Robinson, S. Dak. Geological Sur-
‘ vey, Report of Investigations No. 26, Structure map.

2. Winchester, op. cit., p. 36. '

6-';@_@_01 po 57. .

4, W.C. Toepelman, S. Dak. Geological and Natural History
Survey, Circular 12, p. 9.

5. G.F. Moulton and N.W. Bass, U.S.G.S. Memorandum for the
Press, "0il and Gas Prospects in the Cedar Anticline and
Vicinity, in Montana, N. Dak., and S. Dak.,"*Jzn. 11,
1922,
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of Camp Croock from which pldce it extends northward for 14 or 15
miles, Its highest point is 6 miles north of Camp Crook about
which a closure of 200 feet has been mapped.

Fast of the Cedar Creek anticline is the crest of a low
dome which the U.S. Geological Survey designated as the Gallup
Creek dome. As mapped it is about 10 mile. long and 5 miles
wide. Its southern end lies in the wide valley of the Grand
River where outcrops were not availabie. It appears to have a
closure of 100 feet or more. '

The largest of these folds is the terminal fold of the
Cedar Creek anticline proper. It has been designhated the Fox
Hills dome and lies west of the Little Missouri River extending
from the state line about 20 degrees east of south for a distance
of about 14 miles. The slope has been mapped on the east, south
and west sides. The least closure is on the north, along the
crest of the anticline and is indicated as 100-200 feet.

The Slim Buttes Fold

A second line of folds lies immediately west of the Slim
Buttes, where a series of low folds of smaller magnitude appear,
trending almost due north and south. Westward dips varying up
to one and one-half degrees were followed from the Antelope pre-
serve northward past the bend of the Grand River. It was not
possible to map the structures on this line of folding in detail,
but the reverse (west) dips were mapped for a distance of 12
‘miles and indicated a series of small low folds or domes along
the larger flexure. Clark Fork and the north flowing section of
the Grand River appear to lie in the bottom of the syncline west
of the flexure. The Grand River cuts across it Jjust below its
Junctlon with Bull Creek. It was not possible to carry detailed
mapping across the Grand River. but reverse dips of about the
same magnitude as those south of the river are plainly visible.
North of the valley it is probable, therefore, that the foldlng
could be followed for some distance northward.

OIL AND GAS POSSIBILITIES

.

Harding county is still wildcat territory. Two wellS have
"been drilled as oil tests, but only reached the basal sand of
the Pierre formation and gave no indication of oil or gas. The
fact that the formations which carry gas at Baker, Montana and
0il in the Marmarth well, 16 miles north of our state line are
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known to underlie. Barding countv makes the structures in this
county interesting prospbctbg There is no way to ascertain
whether oll pools lie in this county, however, without test
drilling in the most probable 100aLlOﬁS. such locations so far
as now known would .= algng the tops of the structures which
have been described above. These will have to be tae only
guides until further exploration shall extend them into regions
which this investigation could not map in detail.

The shallow horizons do not appear to be favorable from the
little drilling that has been done. The Dakota and Lakota sand-
stones are full of water but have given shows of gas and oil
elsewhere. The Graneros =znd Carlyle sands (Big Muddy and Wall
Creek sands) which produce in Wyomlng near the Black Hills are
either absent or dry. The prospector, therefore, will have: to
hunt for oil in the deeper sands of the Pennsylvanian and in \the
limes of the MlQSlSSlpplan system.

The Marmarth well reported a consideraple thickness of near
shore and lagoon deposits in the Pennsylvanian sections which
4o not appear in outcrops of the same system about the Black
dills. A section of similar deposits was also reported in the
well drilled 20 miles north of Wall, South Dakota, by the Gypsy
*i1l Company. It 1s possible, therefore, that the same lagoon
conditions obtaining in the Pennsylvanian system in these two
wells, continues across Harding county. This has been comsidered
by some o0il operators as a favorable indication.

Tests to the Dakota group of sandstones would have to be
drilled to depths of about 3500 feet. The possibilities of the
Sundance and associated sands would be tested at about 3800
feett. The sands of the Pennsylvanian probably would be en--
countered at about 5500 feet and seem to offer the best possi-
tilities from the information now available. Limestones of the
Mississippian underlying the Pennsylvanian shore deposits pro--
bably offer the last chance for productlon in this reglon as
the older Paleozoic systems are either thin or lacking in all
available outcrops in this portion of Lhe Great Plains,

WATER

Water is not a serious problem in Harding county. The
;arger rivers carry water much of* the time and shallow wells can
T’OOJCQ water at most places in the county. Even in the driest
part of the summer of 1936, water was flowing in the Grand River,
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Clark Fork and the Little Missouri. The sandy Ludlow member of
the Lance gives water which carries a higher percentage of the
salts than the underlying Hell Creek. 1In fact, it is possible
to separate the two by the alkaline taste of water from Ludlow
wells. The underlying Hell Creek furnishes an excellent quality
of very fresh water, which, so far as known, contains no objec-
tionable solid either for drinking or for use in boilers.  In
the southern half of the county, the Hell Creek area, 200 to
400 feet of this member will furnish water sands at various:
horizons. In the northern half of the county the Ludlow member
is largely sandy. The Ludlow sands will furnish water to depths
of 200 feet, which with the underlying Hell Creek offers about
600 to 800 feet of water sands immediately below the surface.

The thin sand formation known as the Fox Hills, immediately. -
below the Hell Creek member of the Lance, gives an excellent
quality of water. It is not known just how extensive this sand
is but it is assumed to underlie the entire county.

Below the sands just mentioned lie several thousand feet of
impervious shale which would not furnish water for drilling pur -
poses. '
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