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Figure 1
Geologic ’Column INTRODUCTION
o
Woonsocket Quadrangle The Woonsocket quadrangle

includes about 215 square miles
in Jerauld, Sanborn, and Beadle
Counties in east-central South
Dakota. The area lies inthe Ja-
mes Basindivision (Rothrock, 19-
43) of the Central Lowland phys-
tographic province (Fenneman ,
1948) .

The topography of the area
is characterized byrolling to hu-
mmocky morainic deposits, broad
sand and gravel plains, and flat-
bottomed alluvial valleys. The
most conspicuous feature in the
area is the Pony Hills moraine
that traverses the center of the
area from northwest to southeast
and is seen as a bold hummocky
stony ridge as much as 80 feet
inheight three miles westof Wo-
onsocket. This moraine lies a-
breast of a number of smaller rid-
ges with similar trends: most of
these ridges dwindle in height to-
ward the northwest to broad swel-
T 1s only about 15to 20 feet high-
er than the surrounding terrain.
r A less conspicuous series
of morainic ridges pagallel Fire-

steel Creek on the east. Gen-
r erally, these ridges do not ex-
ceed about 20 to 30 feet in height.
The Woonsocket Outwash Plain
that lies partly in the mapped area
and extends eastward for several
miles, isrelatively flat over most
of its extent, Inthenorthernend
of this sand and gravel plain ,
however, the surface is gently
undulating owing to its construc-
tion in contact with glacial ice.
Also contributing tothe irregular
surface is an uneven mantle of
wind=-blown sand. The smaller
sand and gravel plain in the south
part of the mapped area, called
the Cuthbert Outwash by Rothrock
(1946) , likewise has a nearly le-
vel surface except in the northern
part where undulations are pres-
ent. Thevalleys of Firesteeland
Sand Creeks and several smaller
creeks have cut shallow trenches
into the glacial drift. Thevalleys
have flat bottoms that are under-
lain by alluvial deposits. The
remainder of the mapped area is
arolling glacial till plain thatis
typically youthful, and is char-
acterized by numerous closed
depressions and adjacent hum-
mocks.

Drainage is controlled by the
streams already mentioned, all of
which empty eventually into the
James River east and southeast
of the mapped area.

The maximum relief of the
area is about 180 feet from 1,480
feet on the morainic ridges a-
bout a mile north of Dale Center
School, to about 1,300 feet on
the sand plainnear Woonsocket.

Woonsocket (population 1035
census of 1960), Alpena (popu-
lation, 407), and Lane (popula-
tion, 99) are the only towns in
the quadrangle. Woonsocket is
the county seat of Sanborn County
and is an important shopping and
marketing center.

The area is served by north-
south U. S. Highway 281, and by
east-west State Highway 32 thr-
ough Alpena, and State Highway
34 through Woonsocket.

In addition, all-weather blacktop roads connect Alpena with U. 8. High~
way 81 four miles to the west, Woonsocket with Mt. Vernon 20 miles to
the south, and Woonsocket with Wessington Springs 16 miles to the west,
This last road parallels State Highway 34 and is the former site of the high-
way. Two lines of the Chicago, Milwaukee, St, Paul and Pacific Rail-
;’:ﬂd cross at Woonsocket, providing frelght service also to Alpena and

ne.

The climate of the area is sub-humid and is characterized by wide
ranges and large daily fluctuations in temperature, and relatively low pre-
cipitation. The average annual precipitation at Forestburg, the nearest
reporting station, from 1931 to 1955 was 20.31 inches, occurring mainly
as rainfall in the spring and early summer months. The mean annual tem-
perature for the same period was 46.4 degrees F. (U. S. Weather Bureau
Records) .

This study, conducted in the summer of 1960, 1961, and 1962 is part
of the State Geological Survey's program of ground-water, mineral re-
sources, and Pleistocene geological investigations in South Dakota. That
partof the area in Beadle County was mapped by the writerand L. S. Hedges

in 1962 (Hedges, in preparation). This area has been included in region-
al studies by Todd (1896), Rothrock (1946), and Flint (1955), and the part
lyinq, in Sanborn County has been studied in detail (Steece and Howells,
1965).

The work was begun under the direction of Allen F. Agnew , former State
Geologist, and was completed under Duncan J. McGregor, present State
Geologist. The writer wishes to thank Lynn S. Hedges for field consul-
tation in 1962, The writer expresses his appreciation to the residents of
the area, who extended numerous courtesies and permission to enter on
their lands.
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GEOLOGY

Glacial drift of the Pleistocene Epoch (Great Ice Age) mantles the en-
tire area except in small areas where ithas been removed by erosion. Be-
neath the glacial deposits are Cretaceous marine sedimentary Pierre Shale
and Niobrara Marl that make up the bedrock surface. Information from wells
and test holes in and around the quadrangle shows more than 900 feet of
Cretaceous rocks beneath the glacial drift. No wells in the area pene-
trate the Precambrian basement rocks, but wells adjacent to the area re-
cord its depth and character.

Surficial Deposits

The surficial deposits of the Woonsocket gquadrangle are of Pleisto-
cene and Recent ages and include glacial drift, alluvium, colluvium, and
glacial lake deposits.

Pleistocene Deposits

Glacialdrift includes all the material transported and deposited direct-
ly or indirectly by glacial ice. Till is a mixture of rock fragments in a
clay-rich matrix, that makes up the bulk of the glacial drift. Outwash is
a stratified drift, chiefly sand and gravel resulting from the sorting and
accumulation of glacial debris by the washing action of glacial meltwaters,
Qutwash depesits occur in valleys (valley trains), in broad aprons (out-
wash plains), and interbedded with till and other glacial materials. The
glacial drift in the Woonsocket quadrangle is of early and late Wisconsin
ages (Steece, 1964b; Steece and Howells, 1965). However, the early
Wisconsin drift is not exposed at the surface.

Late Wisconsin Deposits.--Glacial lake sediments occupy closed de-
pressions on the end moraine and outwash surface locally in the area and
consistof light-colored silt, clayandmarl. These deposits commonly con-
tain the remains of Mollusks, Charophytes, and Ostracodes, but some of
this material is barren of fossils. At one locality in S’Wi’SEi sec. 3, T.
107 N., R. 62 W. light-gray lacustrine marl one foot thick, exposed in
a stock-water dugout, contains a rich paleofauna. A radiocarbon date
(W=1033, Ives and others, 1964) determined from Mollusk shells at this
locality placed the age at 10,060+300 yr. B. P. (Before Present; 1950 is
zero year), The fossiliferous layeris overlain by 14 feet of brownish-gray
sandy clay presumably of colluvial origin deposited since approximately
10,000 years ago. Thus at this latitude, South Dakota was being trans-
formed from glacial to post-glacial conditions about 10,000 years ago.
Although no dates are available for snail shells from other lacustrine de-
posits in the mapped area, itis assumed that the lake sediments contained
in surface depressions are approximately of the same age as the dated one,
because they all have similar faunas.

The light-colored lacustrine deposits are usually overlain by variable
thicknesses of dark aceretionary silts and clays that have washed into the
depression since the beginning of post-glacial time.

Late Wisconsin outwash deposits underlie the surface of about one-
sixth of the mapped area in the east-central and southeast parts. These
deposits, chiefly sand with some gravel, generally have a nearly level
surface (in contrast to the surrounding uplands) except for small areas
where undulating topography exists. The outwash from one to four miles
south of Alpena exhibits this rolling surface. Likewise the northern part
of the Woonsocket and Cuthbert Outwash Plains have uneven surfaces. In
places the valley outwash has been dissected by streams, leaving terraces
and small islands of outwash material standing above the adjacent stream
floodplain. Scattered throughout the Woonsocket Outwash Plain are till is—
lands representing the tops of end moraines, protruding through the sand
and gravel. Some of these stand as much as 30 to 40 feet above the sur-
rounding outwash plain. The cutwash near these till islands is usuvally thin.

The outwash deposits in the mapped area have a maximum thickness
of 90 feet but average about 30 feet. Thickest outwash is in the Woon-
socket Outwash Plain and thinnest deposits are beneath terraces and rem-
nants adjacent to valleys.

The outwash deposits in the mapped area owe their origin to melt-
water from late Wisconsin ice. Some of the outwash such as that repre-
sented by remnants along Firesteel and Sand Creeks was deposited by
meltwaters from melting ice north and northwest of the guadrangle. The
Woonsocket and Cuthbert outwash deposits were laid down by melting ice
within the area; the former when the ice stood at the Pony Hills and asso-
ciated morainal ridges, and the latter when the ice retreated tc a site im-
mediately north of the Woonsocket Outwaslh Plain.,

Test holes in the Cuthbert outwash deposits reveal buried oxidized
zones that suggest two periods of deposition for this deposit. No similar
weathering zone is known to exlst in the Woonsocket outwash deposits.
As already mentioned, snail shells in mar!l overlying the Woonsocket Qut-
wash are 10,060+300 years old. Wood from 10 feet deep in the Cuthbert
Outwash at a locality about 74 milesto the southwest in SW{SW4 sec, &,
T. 106 N.,R. 62W, (about half a mile south of the quadrangle) was dated
at 12,680+300 years B.P, (Sample W-1757, Dr. Meyer Rubin, U. S, Ge-
ological Survey, Washington, D. C.). It is possible that if the Woon-
socket Outwash was deposited in two increments like the Cuthbertdeposit
that the lower part was deposited approximately 12,680 years ago and that
the upper part was deposited shortly before 10,060 years ago. The till be-
neath the Woonsocket Outwash in NE sec. 26, T. 108 N., R. 63 W. is
dated at 12,530+350 years B.P. (Sample W-987, Ives and others, 1964).

The greater partof the glacial driftinthe quadrangle is till. The sur-
face expression of the till is end moraine of various degrees of develop-
ment. Excellent end moraine is exhibited in the Pony Hills and the asso-
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ciated ridges to the northwest. The discontinuous ridge lying immediately
east of Firesteel Creek isnotas well developed as the Pony Hills moraine
system, butis still recognizable as end moraine. A third area of end mo-
raine lies inthe northeast partof the mapped area immediately north of the
Woonsocket Outwash, about two miles northeast of Alpena.

The areas between these moralnic ridges are shown on the map also
as end moraine even though no large linear ridges occur. There is, how-
ever, an alignment of small ponds and hummocks parallel to the trend of
the bordering morainic ridges that classifiesthis land formasend moraine.

Five halts in the late Wisconsin ice retreat are recorded by land forms
and deposits in the quadrangle, The first halt i1s marked by the valley of
Firesteel Creek which was originally formed as an ice-marginal channel
and by the morainic ridge immediately to the east. Fromthis location the
lce margin retreated to the Pony Hills moraine system, The deep smooth-
walled valley of Sand Creek upstream from this moraine and the meltwater
channel 13 miles east of Lane were formed by this stillstand of ice. The
basal part of the Cuthbert Outwash may have been deposited at this time
by meltwaters from the front of the ice adjacent to the plain and through
the meltwater channeling into it. When the ice retreated from this halt to
its next position inthe northern partofthe present site of the Woonsocket
Outwash Plain, the meltwater channel was abandoned. The ice there built
several moraines that were later mostly covered by outwash sandand grav-
el except for the tillislands shownon the map. (See Steece and Howells,
1965, fig. 8). The ice then retreated to a position along the north side of
the Woonsocket Outwash marked in part by the low morainic ridae two miles
northeast of Alpena, by the eastern two miles of Sand Creek valley (anice
marginal valley) , and by the tributary valley northwest through Alpena and
beyond. This last valley is also an ice marginal valley. Further retreats
are marked by Cain Creek and the alluvial valley in the northeastern part
of the quadrangle.

Late Wisconsin drift in this area ranges from 0-150 feet in thickness;
but the average is probably about 5L feet,

Early Wisconsin Deposits.--Beneath the late Wisconsin glacial de-
posits lie glacial materials known to be older than late Wisconsin by strat-
igraphic position and zones of oxidation indicating subaerial weathering.
These older deposits have been identified as early Wisconsin (Steece and
Howells, 1965; Steece, 1964b), although they are probably not as old as
earliest Wisconsin, that is, Altonian, (Frye and Willman, 1960); Farm-
dale, (Leighton, 1965); Rockian, (Frye, Willman and Black, 1965): and
"Early" Wisconsin (Goldthwait, 1958); but they may be the equivalent of
Tazewell (Ruhe, 1952). The early Wisconsin materials are mainly outwash
sands and gravels, and some till. No glacial deposits older than early
Wisconsin are known to occur within the mapped area, and therefore these
deposits lie directly on the Cretaceous bedrock. As much as 65 feet of
buried outwash and 95 feet of till occur beneath the late Wisconsin de-
posits in the area. The distribution and stratigraphic relations of these
early Wisconsin deposits are shown for Sanborn County {(Steece and Howells,
1965) and for southwestern Jerauld County (Steece, 1967), The character
of these early Wisconsin deposits is unknown except for drill-hole infor-
mation in and adjacent to the area: no exposure in the area reveals early
Wisconsin drift. Oxidized zones, recognized by sharp changes in color
(usually from grays to browns or yellows) of materials penetrated by bore

holes at depth, distinguish these deposits as older than late Wisconsin.
In the Wessington Springs quadrangle, adjacent to the Woonsocket quad-
rangle on the west, early Wisconsin deposits are at the surface in the
southwestern part of the area (Steece, 1967). Where they are at the sur-
face several lines of evidence strongly support the older age of these de-
posits. Itis probable thatthe early Wisconsin drift atthe surface in wesi-
ern Jerauld County is buried in this quadrangle by the vounger late Wis-
consin drift. Several test holes show more than one buried oxidized zone
inabore hole. This would suggest that two drifts of early Wisconsin age
lie below the surficial late Wisconsin deposits. Analternative explanation
as outlined by Steece (1967) suggests the possibility that this lowest older
drift is [llinoian in age. More detailed information 1s needed to assign
these deposits a definite age designation.

Recent Colluvium

Colluvium occupies less than 40 acres in the extreme southwestern
corner of the quadrangle. The colluvium ls part of a broad mantle of thlf
same material found at the base of the Wessington Hills that lie about 3%
miles west of this corner of the quadrangle, The colluvium making up the
mantle in the Wessington Springs quadrangle, next adjacent on the west,
is mainly reworked Pierre Shale and till (Steece, 1967). The colluvium is
dark colored, compact and plastic, and as much as & feet thick.

Recent Alluvium

Alluvium underlies the flat bottoms of the maln stream valleys in the
quadrangle. The alluvial deposits are best developed along Firesteel and
Sand Creeks. These deposits range inthickness from 3to |2 feet and prob-
ably average about 5 feet. The alluvium is composed of dark humic clay
that contains some silt, sand, and rarely gravel; itis commonly stratified
and compact, The surface of the alluvial deposits i5 level.

In addition to the alluvial deposits mentioned, two small terraces
mapped as older alluvium occur in the valley of Sand Creek about 3 miles
southwest of Alpena. This material is poorly sorted humic gravel that is
probably closely related to the Wisconsin outwash discussed below and
may be reworked outwash material. The terraces stand about 5 to LU feet
above the lower alluvial level and are fairly smooth-topped.

Soils

Soils developed on the surficial deposits vary in their agricultural
usefulness. In general, soils developed on deposits mapped as end mo-
raine are productive except in stony or undrained areas. Soils developed
on outwash and alluvium are less productive because of excessive and
poor drainage respectively. Heavy clay soils are developed in hundreds
of swales dotting the surface of much of the map-area. These soils can-
not be tilled because of standing water, or in the absence of water, be-
cause of excessive soluble salts.

Bedrock Deposits

Beneath the glacial drift are sedimentary rocks of Cretaceous age and
igneous and sedimentary rocks of Precambrian age. Although nowell in the
area completely penetrates the sedimentary section, the Cretaceous rocks
are known to be at least 940 feet thick, The Precambrian basement in the
southern half of the area is probably Sioux Quartzite, and that in the north-
ernhalf probably igneous rocks that underlie the Sioux (Steece, 1962), The
following stratigraphic information is based on wells and test holes in and
around the mapped area. The geologic section and electric log of the Fred
Meyer farm well (fig. 1) are representative of the rocks in the quadrangle.

The Pierre Shale lles beneath the glacial drift in the western two-
thirds of the mapped area (fig. 2). In the remaining third, the Niobrara
Marl forms the bedrock surface. The only bedrock cutcrops inthe area are
two small exposures of Pierre Shale on either side of a small valley trib-
utary to Firesteel Creek, in SEf sec. 34, T. 107 N., R. 64 W. The Pierre
Shale ranges from zero to a maximum of 200 feet thick in the southwest
corner of the quadrangle. In the mapped area, the Pierre Shale is light-
to dark-gray marine clay shale. In adjacent areas, a marl layer occurs in
the upper Pierre and possibly also In the lower part. In addition, bentonite
layers are scattered throughout the Pierre.

The Niobrara Marl lies beneath the Plerre Shale except where the latter
has been removed in the eastern one-third of the mapped area (fig. 2). The
Niobrara is light- to medium-gray calcareous marl occa stonally grading into
chalk. The term chalk or chalkstone is applied to this formation by well
drillers and local residents. The Niobrara is very easily recognized in
drill cuttings by its light-gray color and slight speckling. The marl is cal-
careous, that is, when treated withdilute acid itwill effervesce. The Nio-
brara is about 90 feet thick in the mapped area. The Carlile Shale is dark-
gray to black marine clay-shale. In many respects the Carlile is similar
to the Pierre Shale. The Carlile does not subcrop in the area, but to the
south in southern Sanborn County and northern Davisonand Hanson Coun-
ties the Carlile directly underlies the glacial drift. Inthe east hall of the
quadrangle a sandstone layer, known as the Codell Sandstone Member of

the Carlile Shale, occurs near the topofthe Carlile Formation. The sand-
stone is not present inthe western halfof the quadrangle and is apparently
absent from the Fred Meyer farm well locality (fig. 1). The Codell is ap-
proximately 30 feet thick in the Alpena City water well, and 25 feet thick
in the South Dakota Game, Fish and Parks Department well at Twin Lakes,
about 7 miles south-southwest of Woonsocket. Whether the Codell Sand-
stone was penetrated by the wells at Woonsocket is unknown. Where the
Codell Sandstone is In contact with the Niobrara Marl, the two forma-
tions form a hydrologic unit. This hydrologic unit, or aquifer, supplies
water towells in parts of S8anborn County (Steece and Howells, 1965). The
Carlile Shale is approximately 180 feet thick in the quadrangle.

Below the Carlile lies the Greenhorn Limestone, which is a well-known
and easily récognized strata underlying much of the Great Plains. The
Greenhorn 1s/composed of layers of dense fragmental limestone, usually
brownor gray, interbedded with light-gray and gray-brown calcarecus shale
or marl. The marl has a characteristic speckled appearance and the whole
formation is ¢alcareous. The formationiseasily identified by a sharp de-
flection on the electric log (fig. 1). In this area the Greenhorn is about
30 to 40 feet thick.

Beneath the Greenhorn lies the Graneros Shale, a sequence of gray
shales with an occasional interbed of sandstone or limestone. The Gran-
eros is also a marine deposit and isessentially a clay-shale like the Car-
lile and the Pierre. The Graneros Formation is 265 feet thick in the Fred
Mevyer farm well (fig. 1) but the average thickness in the area is abaut
200 feet.

The lowermost Cretaceous formation in the quadrangle is the Dakota
Group, consisting of alternating layers of white to buff sand or sandstone
and gray shales. The varied lithology is shown in figure |. Aquifers in
the Dakota Group are important as sources of ground water and are dis-
cussed below. The Dakota seguence is more than 255 feet thick in the
mapped area, Since no well within the gquadrangle has reached the Pre-
cambrian basément, onwhich the Dakota lies elsewhere in adjacent areas,
the exact thickness of the Dakota is unknown.

Beneath the Cretaceous sedimentary deposits lierocks of Precambrian
age. It isnot known with accuracy the compositionof the basement rocks
in the mapped area. Granite or granitic rocks have been penetrated west
and north of the area and Sioux Quartzite makes up the basement south and
east of the area. This quadrangle probably lies on the Sioux Quartzite
granite contagt.

A test hale 3 miles west of Wessington Springs (SE cor. sec. 9, T.
107 N., R, 6§ W.) revealed about 100 feet of residual clay overlying the
Precambrian granite, It is not known whether this deposit extends into
the Woonsocket quadrangle. Several wells in the northeastern Sanborn
County (Steece and Howells, 1965) penetrated volcanic igneous rocks that
prebably represent high areas protruding through the 8ioux Quartzite (Steece,
1964a), or else, are situated just north of the quartzite area, The date of
one of these focks was measured by the Rubidium-Strontium whole-rock
method at 1.64#0.09 billion years.—/ The age of the Sioux Quartzite is
about 1.2 bildon vears (Coldich and others, 1959), and is therefore the
younger of the two.

1/ "Thisradiometric age date is the result of a cooperative dating program
on buried basement rocks between Crustal Studies Laboratory of the Uni=-
versity of Texas, and the [sotope Geology Branch, U .S, Geological Survey."
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STRUCTURE

The Woonsocket quadrangle lies on the north flank of a large buried
Precambrian highland known as the Sioux Ridge (Steece, 1962). The Pre-
cambrian surface in the northwest part of the mapped area lies on a rela-
tively flat bench that trends northeastward into a low in central Beadle
County. From the northwest corner the basement slopes gradually upward
toward the southeast, and about 20 miles to the southeast in northern Han-
son County, rikes abruptly onto the crest of the Sioux Ridge. From the
mapped area northwestward the basement rocks slope gradually to the north-
west into the Williston Basin,

The Precambrian rocks range in elevation from 150 feet above sea level
in the northwest corner of the mapped area to about 600 feet in the south-
east, with a slope of about 20 feet per mile. Because of the northwest
slope of the Pracambrian surface in the Woonsocket quadrangle, the Cre-
taceous rocks are slightly thicker toward the northwest and slightly thin-
ner in the southeast part, although the change in thickness is negligible.
However, in southern Sanbornand northern Davison and Hanson Counties,
the Cretaceous rocks thin rapidly and rise tothe crest of the Sioux Ridge.
Thus in the mapped area the Cretaceous rocks have a slight regional dip
toward the northwest and a slight regional thinning toward the southeast.

Table 1,--Analyses of water from wells in thc Woonsocket quadrangle, and vicinity (results in parts per million).
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g8l | & | 2 |2[8 |5 |&|&| 28] 4 | &[22 |2 &8s | 25|=|2
2
U.S. Dept. of Health, recommended standards fordrinking water -— 0.3 10,05 — 125 - == LI SDDL/ 250 'l]J 10 - 10001/ -— |-

' R. Patterson SE{SE{ sec. 11, T.107N. R, 62W. 25|Q 21 0,09{1.3 205 J119 38l 25 5490 [ 1250 26]0.6_ 122 0.48) 2530 10008,1 U—3/

E. Reiner SE{SEl sec. 15, T. 107N. R, 64 W, 3121Q -= 0.08,0 40 26 220 ] -- == |=] 561 20)0.2 0 - 1064 205|-- |C
C . Robeson NE{NW{ sec. 8, T. I0BN., R. 62 W, 8)|Q 25 4,9 |-~ 278 135 247 ] 14 5450 [ 1220 54[0,1 15 0.93) 2510 1250 18.1 U—3/
Test Hole SWiswi sec. 33, T. 10BN, R.62W.| 75 - = - 28 31.6] 210 6,0] 3300 250 20)0.6 6.0] -- 880 200 f-- Uy

City of Woonsocket NE{NE} sec. 28, T. 107N, R, 62W. | 163 E::‘ - 0.1 10.6 13 3 464 708| -] 349 85]0.9 2,5] == 1371 48 |7.6]H
E. Nelson SE{SE{sec. 10, T.108N. R, 62W. | 220 ;2: 14 0.1 0,05 21 6.7/ 729| 8,1] B22|0]| 42 826)0.9 4.7]22 1930 go|7.7|ud/
D. Fredericks SE{SWi sec. 28, T. 107N, ,R. 61 W, | 400]Kg 7.7] 0.94} 9.3l 1.2]1699] 63| 213|0] 817 10413.4 0.3] 6,2 ]| 2060 2817.8 U}/
City of Woonsockety SW{SE% sec. 21, T.107N.,R.62W. | 775|Kd 12 0,55 | == 242 58 316 | 22 1420 | 1200 74|2.8 0.2] -- 2050 762 17.1 U:'y
]. Simms Estate SE{SWisec. 6, T, 108N, , R.62W. [717]Kd 6 1.4 |- 241 69 32 161~ 11250 104])2 = - 2200 8BS |-~ Uy

_City of Alpena (well E-2) [SWiNE{sec. 11, T. 108N. R.63W.| 900]|Kd == 3,0 {0 214 59 357 23,5] 176]-]1233 9012.3 (1] - 2149 782 17.2|H

| City of Lane (well No. 2) SW% sec. 17, T, 107N, ,R. 63W, | 780 |kd -= 10.5 0 7 2 goo| 11.0| 1247 67 4671|0.7 o 2105 43 |8.3|H

b!y of Lane (wellNo, 3) | sw§ sec,17, T, 107N, , R.63W. | 830]Kd — 2.2 |0 208 67 332] 23,0] 159 1233 72112,2 3 2136 798 17,21H

Modified for South Dakota by State Dept. of Health, Pierre (written communication, Feb. 5, 1262).

el

Analyst:

Optimum
See Steece and Howelis, 1965
Bath house well at Woonsocket

Source: Q, Glacial Drift; Kn-Kcc, Niobrara Mari-Codell Sandstone; Kg, Groenhorn Limestone: Kd, Dakota Group.

U, U. 5. Geological Survey; C, State Chemical Laboratory: H, 5. Dak. Dept, of Health, 1961 (See references).

MINERAL RESOURCES

The most important natural resources of the area are ground water and
sand and gravel,

Ground Water

Nearly all earth materials that lle below the water table contain vary-
ing amounts of interstitial water, The amount of water that is contained
in a rock depends onthe amount of pore space between the particles mak-
ing up the rock. The size, shape and arrangementof these particles con-
trol the permeability of the rock. Permeabllity in turn is a measure of the
ability of arock to allow the passage of water through interconnected pore
spaces. Many rocks such as clay and shale are porous and store large
amounts of interstitial water. The pore spaces in these rocks are, how-
ever, extremely smallornot interconnected and thus will not readily allow
the passage of water. On theother hand, materials such as sand and grav-
el, if well sorted as to size of the constituent particles, are highly perm-
eable, as wellas very porous, and easily allow water to flow through them,

The water table is present nearly everywhere beneath the earth's sur-
face and represents the upper surface of the zone of saturation. Ground
water is derived from precipitation that falls on the ground surface. This
water is absorbed by earth materials, runs off as surface water in streams,
or is evaporated and transpired by plants. Absorbed water percolates down-
ward to the water table and, in permeable material, moves down gradient
and is then said to be in transient storage.

Permeable outwash sand and gravel deposits in the mapped area lie
bath at the surface and buried beneath younger glacial materials. The map
shows thedistribution of the outwash deposits that lie atthe surface, The

part of the Woonsocket Cutwash Plain lying in Sanborn County is described
in detail by Steece and Howells (1965). This outwash ranges from 0 to 90
feet thick and averages about 30 feet. For the most part the outwash is
fine grained, although there are layers of coarse gravel especially in the
northern partof this deposit, The Cuthbert Outwash likewise has been de-
scribed in detail (Steece and Howells, 1965). This outwash deposit also
is mainly sand but gravel layers occur, particularly in the northern part,
The other outwash deposits scattered throughout the area are generally
thin and limited in extent. Although small, many of these outwash depos-
its contain relatively coarse gravel. Inaddition mostof them lieinvalleys
or low areas and therefore, much of the material lies below the water table,
and is therefore saturated. Numerous gravel pits in the outwash deposits
in the mapped area contain water supplied by seepage from the surrounding
saturated gravels.

In addition to the surface outwash deposits in the mapped area there
are buried outwash deposits lying beneath both surface outwash and till,
Extensive buried outwash deposits underlie till and outwash in parts of
the area in Sanborn County. These buried outwash materials range from
0to 90 feet inthickness and extend into Beadle County to the north (Hedges ,
in preparation) and probably extend at least 1o Firesteel Creek in Jerauld
County.

Most of the outwash deposits both at the surface and buried, probably
would serve as sources of shallow ground water. Where these deposits
are coarse, well sorted, and saturated, they may yield large supplies of
water to high-capacity wells that are required for irrigation, industrial,
or municipal uses. Test drilling and test pumping at specific locations
would prove the utility of the aguifer at a particular location. Because
of the lack of detailed testhole informationon the buried outwash deposits,
no estimate of the ground water in storage can be made with any real
meaning.

Water obtained from the glacial drift aquifers is of a sodium-calcium
bicarbonate or sulfate type, with high total solids content (table 1). Gla~
cial drift water is hard, has a moderately high magnesium content, and
has & wide range in nitrate and chloride (table 1). Excessive concentra~-
tions of sodium, sulfate, nitrate, and fluoride may have adverse physio~
logical effects if water containing too much of these jons is consumed
for prolonged periods. Ixcessive sodium may be harmful to persons on
salt-free diets. High concentrations of suilfate may produce a laxative
effect on humans. Water containing nitrate in amounts exceeding 10 parts
per million (ppm) may contribute to the disease known as cyanosisor "blue
baby" 1n infants whose feeding formulas contain this water, Fluoride in
excess of therecommended limit may cause dental fluorosis, a dark mottling
of tooth enamel, if water with this constituent in excessisused for drink~
ing over prolonged periods of time.

Lxcessive concentrations of boron may have adverse effects on certain
plants. Many plants are susceptible tohigh concentrations of sodium salts
when greatly in excess of salts of other cations.

The alluviuminthe mapped area while probably holding large amounts
of absorbed water, contains too much clay and silt to be considered as
an aquifer, although sandy or gravelly zones may occur that would supply
water to low-yield wells. Likewise, fine sand layers enclosed in glacial
till are nodoubt scattered through the area, but these usually are not large
enough or coarse-grained enough to supply much water, nor is it possible
to predict their location.

Ground water is stored in several of the bedrock formations in the
mapped area. Fractured, jointed, or cavernous zones in the Niobrara Marl
render the formation sufficiently permeable to supply moderate amounts of
water to wells, Water from the Niobrara is generally soft and of a sodium
bicarbonate type. The water is high in chloride and contains excessive
total solids (table 1). The Niobrara Marl ranges from 150 to 250 feet be-
low the land surface inthe mapped area. Where the Niobrara Marl and the
Codell Sandstone Member of the Carlile Shale are in contact, they form
a hydrologic unit and supply water to wells. The town of Woonsocket ob-
tains its water supply from this aquifer. Aquifers in the Greenhorn Lime-
stone inadjacent areas, (Steece and Howells, 1965) produce small amounts
of water. The water is usually moderately mineralized and is of the so-
dium sulfate type (table 1). The Greenhorn Limestone lies from 450 to 480
feet below land surface in this area.

The well known Dakota Group sandstones produce mineralized water
throughout central South Dakota . Inthe Woonsocket quadrangle wells com-
pleted in the Dakota may flow in most places. Water from the Dakota is
of a calcium~-sodium sulfate type, is hard, and is generally high in total
solids (table 1), Water from the bedrock aquifers is not suited for irriga-
tion use because of general poor guality and because these formations are
not permeable enough to support high-capacity wells, The towns of Lane
and Alpena obtain water supplies from the Dakota Group.

Sand and Gravel

Sand and gravel deposits occur locally inthe mapped area. The Woon~
socket and Cuthbert outwash deposits are sandy, and only locally contain
gravel, mainly in the northern parts of the two deposits. Gravel has been
quarried from parts of the Cuthbert Outwash, particularly in secs. 26, 35,
and 36, T. 107 N., R. 63 W. Gravel is obtained from the outwash south
of Alpena, and much of this area isunderlain by sand and gravel. The de~
posit at Alpena has been quarried about a mile northwest of town. This
outwash contains considerable oversized material that might lend itself
well to a rock-crushing operation. Gravel operations have also been car~
ried on in secs, 16 and 17, T, 109 N., R. 62 W.; secs. 17 and 20, T. 109
N.,R. 63 W.; sec. 35, T. 108 N., R, 64 W; and sec. 2, T. 107 N., R,
64 W,

The water table is fairly high in all of the ocutwash deposits and con~
sequently ground water would hamper deep gravel quarrying unless drag~
line operations were employed. Sufficient gravel thickness is available
in most of the deposits mentioned to support drag-line quarrying. An es~
timated 530,000,000 cubic yards of sand and gravel, including the pre~
dominantly sandy Woonsocket and Cuthbert ocutwash deposits, is avail~
able from the outwash deposits in the mapped area.

The glacial gravels inthe area are composed mainly of igneous, met~
amorphic, and carbonate rocks, with local constituents such asclay-iron~
stone, shale, and chalk making up a minor part. In addition, the gravel
at several localities, particularly the deposit near Alpena in sec., 3, T,
108 N., R, 63 W, , contains a greater percentage of chert and other rocks
of presumably non-glacial origin than is usual in glacial gravels. Chert
and soft particles suchas shale, chalk, and clay-ironstone are deleterious
constituents for concrete aggregate.
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