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GEOLOGY OF THE TIME?)ER LAKE QUADRANGLE

Columnar Section

o
Exposed Rocks

INTRODUCTION

The Timber Lake quadrangle includes about
213 square miles in the north-central part of
Dewey County and the south-central part of
Corson County in north-central South Dakota.

The mapped area lies in the prairie lands
of the Great Plains physiographic province.
The surface is n gently rolling erosional plain
with scattered buttes, and slopes slightly east-
ward. Along the southern edge and in the south-
eastern quarter of the quadrangle the plain is
dissected by tributaries of the Moreau River
including Redwater Creek and Little Moreau
Creek, which have cut down about 200 feel be-
low the erosional plain. At many places in the
quadrangle the bedrock is covered by a thin
veneer of loess,

The principal water “ours®s are the inter-
mittent Little Moreau and Redwater Creeks
in the southern part of the quadrangle. Per-
manent water bodies consist of the artificial
Little Moreau Lake, and numerous stock res-
ervoirs. Scattered across the central part
of the quadrangle are a number of intermitient
playa-like lakes that occupy sand blowouts in-
cluding Timber; Horseshoe, and Livermant
Lakes.

The climate of the Timber Lake quadrangle
is semi-arid, with a mean annual rainfall of
17,2 inches and an average annual temperature
of 44.4 degrees Fahrenheit at Timber Lake.
The quadrangle is a lightly populated ranching
area with one family per 2\2 square miles. The
only settlement, Timber Lake, with a popu-
lation of 550, is the county seat of Dewey County.
State Route 8 crosses the northern part of the
quadrangle, and State Route 63, a graveled
road, extends southward from Route 8 near the
western edge of the quadrangle. A branch line
of the Chicago, Milwaukee, St, Paul & Pacific
Railroad crosses the northern part of the quad-
rangle.

The geology was mapped in the summers
of 1958 and 1959 under the supervision of Dr.
A. F. Agnew, as part of the State Geological
Survey's program of studying South Dakota's
economic mineral resources. The geology was
mapped on air photos, supplemented by plane

Timber Lake

Fox Hills

table surveys with the assistance of R, K. Booker
and C. L. Johnson. The writer thanks the many
local residents who provided water well data.
Field conferences with Dr. Karl Waage are
gratefully acknowledged.

CRETACEOQUS

EXPOSED SEDIMENTARY ROCKS

Exposed bedrock includes marine shales
and sands of the Pierre and Fox Hills Forma-
tions, overlain by the fluviatile deposits of the
Hell Creek Formation; all are of Late Cre-
taceous age.

UPPER

Cretaceous System

Pierre Formation, Meek & Hayden, 1862

The Pierre was named from exposures at
Ft. Pierre (75 miles southeast of the Timber
Lake quadrangle), and has been divided into six
members along the Missouri Valley. These
divisions are not usable in this area, as the two
upper members merge into one lithologic unit
termed the Upper Pierre unit,

it, -~Exposures of the Upper
Pierre unit are present in the lower parts of
the dissected areas along the southern edge and
in the southeastern one-ninth of the quadrangle.

The Upper Pierre (Kpu) is gray to dark-
gray blocky to fissile clay-shale, and gray to
dark-gray [issile to bentonitic clay-shale. At
the top of the formation the clay-shale becomes
slightly silty and brown to gray in coler. All
lithologic types contain scattered crystals of
selenite, ironstained streaks along joint c¢racks,
and black to orange-brown ironstone concretions.
Locally at the top of the unit there are inter-
mittent layers of yellow jarosite.

No megafossils were found in the Pierre
Formation in the Timber Lake quadrangle. The
Pierre does, however, contain a [ew scattered
microfossils, mostly arenaceous foraminifers.
One hundred and sixty-five feet of the Upper
Pierre unit is exposed in the quadrangle.

Fox Hills Formation, Meek & Hayden,1862

The type area for this formation is Fox
Ridge on the Cheyenne River-Moreau River
divide, about 25 miles south of the Timber Lake
quadrangle. Four members of the Fox Hills
Formation are recognized in this area.

. Morgan & Petsch,
1945, --This member, named for exposures
near Trail City, 20 miles to the east, is ex-
posed in the upper part of the dissected areas
along the southern edge and in the southeastern
one-ninth of the quadrangle. Locally, con-
cretionary layers form erosional benches.

The Trail City (Kftc) is principally a sub-
blocky mottled rock consisting of buff coarse
silt to sandy silt, and dark-gray to gray silty
clay to clay. There are streaks and beds of
buff to brown, very (ine-grained, locally glau-
conitic graywacke sand. In the basal part of
the member there are several intermittent lay-

Upper Unit
Pierre

Key to ers of yellow jarosite. Local patches of dis-
Columnor Section

seminated selenite crystals are present in the
lower part, which has a higher clay content.
Scattered in fairly distinct layers are dense to

Sandstons sandy gray to light-gray limestone concretions
Limestone and red spherical to lenticular ferruginous lime-
stone concretions, some of which have coats of
Siltstone slabby gray calcareous very fine-grained gray-
wacke sandstone and coarse-grained siltstone,
Concretion and some of which are highly fossiliferous,
Shale Dr.Karl Waege (oral communication, 1959

pointed out to the writer the zonal arrangement
of marine fossils in the Trail City Member,

The basal concretionary layers (lower 25 feet) are characterized by an
abundance of nicoletti. The concretions of the next higher
fossil zone contain large accumulations of Gervilla rects and
parvula. Because of the great abundance of these fossils and their shapes,
these concretions have been termed "peanut brittle."" A series of concretions
dominated by the small pelecypod Protocardia su and locally by
Pteria nebrascana begins 50-70 feet above the base, The lower concretionary
zones become partially barren in the southwestern corner of the quadrangle.
Loose arenaceous foraminifera are present along with a few megafossils,
but most of the latter are restricted to the concretions. Other common
fossils are: Tellina scitula, Yoldia evansi, Y. scituls, Pteria linguiformis,
Qstres cf Q. pellucida, Ineceramus sp., Nucula cancellats, Corbula cf C.
inornats, Anchura americans, Easciscolaria culbertson, . buccinoides,
Splronems tenuilineats, Trachytriton vinculum, Lunatia concinns, Closter-
iscus tenuilineatus, » D. mandanensis, D.
abyssinus, D. spp (several undescribed nodose forms), Sphenodiscus len-

, §: sp. (a small form), and Eutrephoceras dekay. The spheno-
discids do not occur in the basal concretionary zone.

The Trail City Member ranges in thickness from 30 to 200 feet, thick-
ening rapidly westward. The basal contact with the Pierre Formation,
although it may locally be fairly sharp, is usually transitional through
several feet of strata. The contact is marked by an increase in the silt
content upward, and, by a color change from gray to light gray or buff.

» Morgan & Petsch, 1945, ==This member was
named for exposures in the vicinity of Timber Lake. No type section was
designated (Morgan and Petsch, 1945), but a section at Little Moreau Lake
was published. Although the Timber Lake Member (Kftl) covers the upland
(85 per cent of the mapped area), good exposures are limited and nowhere
is a complete section exposed. Locally, concretionary layers form ero-
sional benches and cap hills,

The member consists of massive to laminated and cross-bedded, light-
gray to greenish-gray to buff, fine- to medium-grained, subround to sub-
angular graywacke sand (locally the uppermost beds are indurated to sand-
stone), containing about 2 percent glauconite, Present throughout the mem-
ber are thin bedding plane layers of hard yellow-brown limonitic claystone,
small orange-brown to yellow-brown ironstone and claystone concretions,
and browne«coated gray sandy limestone concretions. Locally near its base
the member becomes slightly clayey and silty. Seversl strata in the Timber
Lake Member are characterized by 6- to 24-inch ledges and lenticular to
subspherical cementations of reddish-brown, fine to very [ine, calcar-
eous and/ or ferruginous graywacke with gray sandy limestone concretions,

Locally, in the northern part and in the western half of the Timber
Lake quadrangle, a few accumulations of the fossil pelecypod Tancredia

m are present. Five to twenty feet above the Tancredia zone is a
fauna characterized by Pleria is, and containing Dosinopsis ne-
Qstres Limopsis Mactra

+ Eteria ' . parvuls,

sp, Eanopes occidentalis, Idonarca cf |, shumardi, and Discoscaphites cf.
D. nebrascensis. In the southern part and in the eastern hall of the mapped
area there are several layers of fossiliferous concretions characterized
by the large, thick-shelled [donarca nebrascensis and containing Yoldia
evansi, Nucula planimarginata, Pteria linguiformis, Gervillia recta, ldo-
narca shumardi, Pan a occidentalis, Dosinopsis nebrascensis, Anchura
americana, osc ¢f D. nebrascensis, and Sphenodiscus lentic-
ularis. The first (lower) fauna seems to be indicative of a brackish water
environment, and the second, a normal marine environment. Most outcraps
of the upper Timber Lake have abundant specimens of the questionable fossil
""Halymenites major''.

R.E.STEVENSON

The contact with the underly ing Trall City Member, although tran-
sitional, is marked by the red-brown sandy concretions and cemented areas
locally containing abundant largse Idonarca nebrascensis. The Timber Lake
Member thins as the Trail City Member thickens, ranging from 110 to 230
feet,

Bullhead Member, Stevenson, 1956. --The type locality of this member
lies about 20 miles north of the northern border of this Quadrangle, near
the village of Bullhead, Good exposures of the Bullhead! Member (Kfb)
are Very rare as most of the member is grassed over. It underlies the butte
caps and makes up the highland slopes in the northwestern quarter of the
mapped area.

The Bullhead member is a series of thin alternating beds of light-gray
to buff very fine-grained graywacke sand and dark-gray to brown-gray
fissile silty clay. Locally some small orange-brown limonitic concretions
occur. No fossils were found in the Bullhead in the Timber Lake quadrangle.
The member, which is absent in the southwestern part of the quadrangle,
ranges up to 35 feet in thickness.

Colgate Memter, Calvert, 1712. --This member forms butte caps through-
out the entlire quadrangle. The Colgate Member (Kfc) is a discontinuous,
hard gray siliceous fine- to very line-grained, subangular to subround gray-
wacke sandstone, together with a lower coarser and more [riable sandstone,
Cross-bedding with a southwest dip is common and many bedding planes
are marked by oscillation ripple marks, Round to angular fossil wood frag-
ments are scatlered throughout the Colgate and are locally concentrated as
layers. There are occasional yellow= to red-brown limonitic claystone
concretions.

Locally in the southwestern part of the Timber Lake quadrangle the
siliceous graywacke sandstone contains pockets of ferruginous fossiliferous
sandstone. The fauna consist of the following forms: Ostrea subtrigonalis,
Pteria liu;uiformis, P. nebrascana, Mactra formosa Nuculs subplans,
Tellina scitula, Discoscaphites nebrascensis, and D. abyssinus. On many
of the bedding plane surfaces are low rounded {one-eighth to one-fourth inch
wide) sinuous ridges, presumably of organic origin,

Locally the Colgate Member contains plant remains. At one place the
Colgate sandstone yielded the following: Dryophyllum subfalcatum, Vi-
burnum marginatum, Laurug lanceolata, Vitis stantoni Sassafras montana,
Cinnamomum affine, Sapindus cretaceus, Liriodendron sp., Salix sp.,
and Cornus sp.

The Colgate Member ranges in thickness from 13 to 32 feet.

Hell Creek Formation, Brown, 1907

This formation is very poorly exposed in the northwestern corner of
the Timber Lake quadrangle at the highest elevations. The Hell Creek For-
mation (Kh) is interbedded and lensing buff to white very fine-graine. angular
arkosic sands with streaks of brown carbonaceous material, gray to tan
bentenitic clay, and brown slightly bentonitic siltstone, Scattered through
the strata are layers of abundant orange to black limonitic claystone con-
cretions. The formation is 65 feet thick in the mapped area.

SURFICIAL DEPOSITS

The unconsolidated surficial deposits are all alluvial materials. A
thin intermittent layer of wind-blown loess was not mapped separately.

uvi 051

Two types of alluvial deposits, terrace deposits and alluvium, are
present in the Timber Lake quadrangle.

Terrace deposits (Qt) include the alluvial materials deposited during the
different stages of down-cutting of the Little Moreau and Redwater Creeks.
Redwater Creek is represented by terrace levels 100, 90, and 50 feet above
creek level, and Little Moreau Creek is represented by terrace levels
100 and 70 feet above creek level. The deposits consist of 75 to 90 percent
reworked Fox Hills sand and 10 to 25 percent pebble~ and cobble-size angular
ironstone, limestone, and sandstone concretionary {ragments. The coarser
material with a sand matrix occurs as lenses in the sand deposits. The
thickness is extremely variable, ranging from a few feet to 15 feet.

Alluvium (Qal) is sandy clay with lenses of sand and gravel along the
floodplains of the present major streams.

SUBSURFACE ROCKS

The character and thickness of the subsurface rock units are shown in
Table 1. These data are based on reconnaissance studies by the State Geo-
logical Survey of samples and electric logs from oil tests nearby: Young-
blood & Youngblood §1 Galvin (SEWSEl sec. 25, T. 16 N., R. 22 E. » 12 mi,
W. of the quadrangle}, Youngblood & Youngblood §1 Draskovich (SEWSE
sec. 20, T. 23 N., R. ZZ E., 45 mi.NW of the quadrangle); Herndon gl
Merkel (SEUSE! sec. 27, T. 17 N., R, 27 E., 15 mi. E. of the quadrangle):
and Herndon 1A O'Leary (SEWSWl4 sec. 13, T. 15 N., R. 23 E., 10 mi,
SW of the quadrangle). The identification of subsurface rock strata in this
area is tentative, pending detailed sample studies,

STRUCTURAL SEOLOGY
The Timber Lake quadrangle is on the eastern flank of the South Dakota

part of the Williston Basin, and the bedrock shows a regional dip to the
northwest of about 15 feet per mile. The regional dip is probably irregular

Ground Water

The Fox Hills Formation yields artesian water in li.l.craru of the Timber
Lake quadrangle except the valleys of Little Mu?eau an .Redw-l.er Creebis.
The Timber Lake sand is the best water~bearing zone in the qundr-ng' e.
Wells that obtain water from this sand are 20 to_ﬁn feet deep (62 percent
are less than 45 feet deep). Along Little Moreau Creek these ll’: a nuther
of springs issuing about 35 feet above the base of the Timber Lake sanh. .
Generally, water [rom the Timber Lake sands is of excellent chem
o ‘\l;:.'li:z ‘l::b:fr:b,wr Lake sands are thin or tight, wells ohu?:‘.n water
from sands in the Trail City Member of the Fox Hills Formation. Al-
though these wells range in depth from 20 to 175 {eet, 50 per ceru are more
than 100 feet. The water from the Trail }City Member is locally high in
i te, and total solids (Table 2). .
-Ud“;:‘.n::y:w};e" the Fox Hills Formation has heer! eroded away or will
not produce a sufficient quantity, water can be obtained from the jointed
shales of the underlying Pierre Formation. Such wells ]?lv! a low :a-l
pacity. Water from the Pierre shale is high in sulfate, sodium, and tota
solids (Table 2), making it unsuitable for most domestic uses or for ir-

rigation. [t can, however, be used without treatment for stock.

Table 2. --Chemical Analyses of Representative Waters in the
Timber Lake Quadrangle

in parts per million
Source of Water| Ga | Mg | Na | 504 Cl |[Fe Total Hardness
Solids

Timber Lake

Sand (1)
Timber Lake

Sand (2) 56 5 13 26 4 |none 236 160
Timber Lake

Send (3)  fi30 | 23| 55| 164 9|none | 624 420
Trail City Sand

(4) 94 5 562 | 996 50f1.5 1994 255
Pierre Shale (5)] 72 15 | 284 | 401 22 |trace | 1084 243
Standard Limits 125 250 250(0.3 500 120

(6)

with small flexures and faults.

downthrown to the north.

Minor faulting in the Colgate sandstone butte
caps was mapped in the southwestern corner of the mapped area. The faults,
striking N. 40-50° W., have a maximum displacement of 65 feet and are

The structure contours drawn on the Fox Hills-Pierre contact by Morgan
and Petsch (1945) indicate a northwest-trending nose in the southern part
of the quadrangle. The existence of such a structure was not verified by

the present field study,

ECONOMIC GEOLOGY

The principal mineral resource in the Timber Lake quadrangle is ground
water, available at depths up to 175 feet in most parts of the quadrangle.
Gravel and crushed rock have been produced in this area, and several other
potentially economic mineral resources are present.

Table 1. --Character and Thickness of the Subsurface Rock Units

Group or Thickness
Series Formation (feet) Lithology
c Pierre Dark-gray clay-shale, bentonitic clay with lo-
Formation 900- cal limey lpe_ckn, orange-brown to tan limo-
R 1300 nitic concretions, and gray dense limestone
concretions.
E Niobrara 280- Light- to dark-gray speckled marl and cal-
Formation 300 careous clay-shale.
T Carlile 330- Medium- to dark-gray shale, silty in upper
470 part.
A Greenhorn B0- Light-gray calcite sandstone with lpoceramus:
Formation 90 gray to white speckled calcareous shale,
Belle Fourchel 400- Dark-gray shale, siliceous shale, and silt-
Mowry Formafkins 4,0 stone with local bentonite seams.
Newcastle B0-90 White {ine-grained qm
Formation gray siltstone.
o] Skull Creek | 160-180 folhl- t:iv dark-gray micatc‘ecms shale with iron
N i ellets: ironstone concretions.
u | Lormation \r';'hi!e To gray line-grained sands and calcar- |
Ty eous sandstone, dark-gray glauconitic silt-
S Tl 4020 stone; gray shales with iron pellets. Coarse
Group white sands in lower part.
Probably includes both Morrison and Sundance
Morrison? Formations. Gray to tan glauconitic siltstone;
JURASSIC Formation and) 250~ light-gray sandstone and glauconitic sandstone;
older rocks &1 green, brown, and gray shale and clay.
= Light to yellowlsh-gray dense limestone and
JURASSIC- 5::1?“'? il o 120~ dolomite. Brown-red claystone, shale, and
TRIASSIC flonto Sprar=l 5% siltstone with anhydrite.
The pinkish dense limestone appearing near
the top of this unit may represent the Minnekahta
PERMIAN Formation. Varicolored, red-brown, purple,
Minnelusa 270~ and green shales; reddish-orange, pink to white,
and Formation 320 angular to round, medium to fine-grained sand-
stone; pink to buff dolomitic sandstone; cream
PENNSYLVANIAN to pinkish-gray limestone; and reddish dolo-
mite, anhydritic dolomite, and anhydrite. R ed
and brown shales at base,
Dark-gray, red and green shales with bulf lime-
M Big Snowy stone; black, gray to brown shale nnfi coal;
1 Group 245- light-gray to red coarse sandstone to grit; buff
5 280 fine grained dolomite; and varicolored, reddish-
s brown and gray shales.
1 Tharles lacies; whie to brown and gray dense
5 limestone; white anhydrite; base is marked by
5 Madison 680~ & blue anhydrite. Mission Canyon facies, buff
I Group 720 to brown to gray granular limestone with local
P oolitic zones. Lodgepole facies; buff to gray
P cdense limestone, calcite sandstone, and oolitic
4 limestone.
A Englewood 105- Orange., tan to IInVEndnr siltstone and calcar-
N Formation 110 eous siltstone with varicolored shales.
BEVONIAT Buff, brown, and gray dense limestone and
? Undifferentiatefl  250- calcareous shale; dark-gray shale; white fine-
SILLIF;IAN Strata 300 grained calcareous sandstone; orange, v'rhi.te
and pink to gray limestone and dolomitic lime=
stone.
Red River 500~ Buff to gray limestone, some calcite sandstone
F ormation 540 and buff dolomite. . — —
QRDOVICIAN Winnipeg 170- Gre:nL nfmale. Dasal clean quartzose
1 T Ol .
Lormato i }'I:ll'f 'medium-grurled sandstone and glauconitic
CAMBRIAN Deadwood 180~ sandstone; buff glauconitic dolomite and dolomitid]
Formation 230 sandatone.
Red to pink coarse-grained granite and biotite
PRECAMBRIAN schist.

Analyses by State Chemical Laboratory, Vermillion, South Dakota, 1960.

(1) Amerini farm, sec. 5, T. 1T N., R. 24 E.
(2) Casewell farm, sec. 14, T. 17 N., R. 24 E.
(3) O'Leary farm, sec. 24, T. 15N., R. 23 E.
(4} Simon farm, sec. 8, T. 15 N., R. 24 E.
(5) Long farm, sec. 31, T. lé N., R. 25 E.

(6) U. S. Bureau of Public Health (1946).

The Newcastle water-bearing sandstone lies at depths of 2500 to 2900
feet in the Timber Lake quadrangle, but is mot used as a water source be-
Cause the Fox Hills water has fewer impurities and lies at shallower depths.

Gravel

Gravels suitable for surfacing farm and county roads are present in
the terrace deposits along the Little Moreau and Redwater Creeks. The
gravels are high in sand and limonitic fragments. The large amount of
limonitic material prevents their use as concrete aggregate. Two small
pits in the area have produced road metal.

Sand

It is possible that some of the sands of the Timber Lake Member could
be used as cement and plaster sand.

Sandstone

The Colgate Member is generally a hard thin-bedded sandstone. In
the summer of 1959, the Mobridge Sand and Gravel Company quarry on a
butte in sec. 18, T. 15 N., R. 23 E, was producing 50 cubic yards of crushed
Colgate sandstone daily. The sandstone could also be quarried for use as
flagstone or rip-rap.

Shale and Clay

The highly bentonitic clay-shales of the Plerre Formation constitute
excellent material for sealing earthen dams. Some of the non-bentenitic
shales of the Pierre could be used in the manufacture of bricks. The up-
per Pierre clay-shale in the vicinity of Mobridge (35 miles to the east)
is potentially suitable for the manufacture of light-weight aggregate (Cole
and Zetterstrom, 1954, p- 30).

Qil and Gas

The Timber Lake quadrangle lies on the eastern flank of the Williston
Basin, a major oil and gas producing area. The basin's production comes
principally from tectonic upwarps in the center and along the western edge,
but some oil pools are in sedimentary traps along the northeastern flank,

Although there are no proved surface structures, there is the possi-
bility of subsurface structures and sedimentary traps which might be oil
and gas reservoirs. The most favorable zones for prospecting are (1) Mad-
ison Group at depths of 3600 to 3900 feet, (2) Devonian strata at depths of
4400 to 4700 feet, and {3) the Red River Formation at depths of 4700 to
5000 feet.
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