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Cary Valley Train Outwash

EXPLANATION

Qal

Alluvium

(Floodplain deposits of silt and
sand along the larger streams)

Qwclb

Cary Lake Deposits

(Parallel-bedded deposits of silf,
sand, and clay; evident by strand
lines above present |ake and
slough shores)

Qwcvo

(Stratified meltwater deposits of
gravel, sand, and silt confined
to narrow stream valleys; has
flat topogrophic expression)

Qwco

Cary Outwash Plain

(Stratified meltwater deposits of
gravel, soand, and silt unconfined,

has flat topograophic expression)

Qwcg l

Cary Ground Moraine

(Relatively flat accumulations of

till, characterized by swell and >

swale topography, undrained de-
pressions, and boulder-strewn
surface)

Qwce

Cary End Moraine

(Ridge-like oaccumulations of till
characterized by rough topography,
undroined depressions, and
boulder-strewn surface)

— QWi —

lowan Ground Moraine

(Relatively flat accumulations of
till; characterized by well de-
veloped droinage, smooth slopes,
and no undrained depressions--
up to six feet of Joess cover)

lowan End Moraine

(Ridge-like accumulations of till;
characterized by high, smooth,
well-drained topography-- up to
six feet of loess cover)

==

Illinoian Ground Moraine

(Accumulations of till, character-

ized by well developed drainage,
deep dissection, steep slopes; up

to eight feet of |oess cover) <

Sioux Formation >

(Pink, blocky, well-jointed
quarzitic sandstone)
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Bench Mark

QUARTERNARY

PRECAMBRIAN

(monument showing exact altitude above seo level)

ABRANT
Triangulation Station

(monument marking exact geographic location)
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GEOLOGY OF THE CHESTER QUADRANGLE

INTRODUCT ION

The Chester quadrangle includes aboul 217 square miles in
northwestern Minnehaha, southwestern Moody, and southeastern
Lake Counties. The southern border of the mapped area is about
10 miles north of the city of Sioux Falls.

The area is in the Western Lake and Dissected Till Plain
sections (fig. 1) of the Central Lowlanés physiographic pro-
vince (Fenneman, 1938, map), anc is on the Coteau des Prairies
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Fig. 1. Map showing physical divisions of eastern South
Dakota and adjoining area. (after Rothrock,
1943; Fenneman, 1938; and Carman, 1915),

(Rothrock, 1943, map), a relatively high plateau-like feature

of eastern South Dakota, southwestern Minnesota, and north-
western Iowa (Carman, 16!5‘ p. 243), Brant Lake anc Lhe eastern
part of Lake Madison, in the northwest part of the area, are the
largest hocies of water in the quadrangle. These lakes feed
Skunk Creek which flows southward through the center of the quad-
rangle anc eventually joins the Big Sioux River near Sioux Falls,
Flevations range from 1500 to 1725 feebL above sea level. The
maximum reliel of Lhe mappec area is Lhus appruximately 225 feet,
anc the local relief ranges up to 100 feet.

State Route 34 and the Chicago, Milwaukee, St. Paul, and
Pacific Railroad cross the northern part of the quadrangle, and
the Great Northern Railroad crosscs the central part; U, §, High-
way 77 is present in the northeastern corner., The population is
centered in Lhe towns of Colton (pop. 521), Colman (pop. 509),
Wentworth (pop. 270), Chester (pop. 160), and the unincorporated
community of Huntimer. Gravel roads make almosl any pari of Lhe
quadrangle easily accessihle. The climale is characterized by a
wide temperature range and ap average precipitation of 23 inches

er year,

? yThc geology was mapped on air photos during the summer of
1958 under the supervision of Ur. A, F. Agnew, State Geologist.
The writer is grateful to Fred V., Steece, who mapped Lhe adja-
cent guadrangle to the south, for his aevirc and cooperation

in the field work.

SURFICIAL LTPOSITS

The quadrangle is coverec by unconsolidated material that
can he separated into three main groups: (1) glacial deposits,
(2) stream deposils, and (3) wind deposits.

Glacial Ueposits

The firslL ice sheet to cover Lhe upper Middle West was Lhe
Nebraskan, and it was followed hy the Kansan, Illinoian, and
Wisconsin sheets, The Wisconsin ice agvanced at five separale
times; from oldest Le¢ youngest, the lowan, Tazewell, Cary, Man-
kato, anc Valders. A sixth subdivision of the Wisconsin, called
the Farmcale, is said to he present in Illinois anv Iowa, below
the lovan (Leightun, 1958, p. 299-302). Although Lhe Nebraskan,
Kansan, and Illinoian deposits are present in eastern South
['akota, some of Lhe Wiscunsin ice advances may not have reached
this area,

Tue ave shects (eposilee wraft consisting of clays, silis,
sands, gravels, anc houlders reworkec from bedrock and from
older surficial deposits. In the Chester guadrangle the drift
ranges in thickness from zero, in Lhe southeastern part of the
guacranyle where Lhe hedrock crops out (see Precambrian Rocks),
Lo 110 fecl in Lhe Colman cily well (see Subsurface Sedimentary
Rocks) .

The c¢rift is divisihle into three lithologic groups: till,
outwash, and glacial lake ceposits. Till consists of unsorted
ond unsiratified material that ranges in size {rom houlders Lo
clay. Tine Lill w:s procuced Lhrough abrasion hy the ice sheet
against Lhe lanu surface, Outwash consists of SqutiIied sand
gravel, anc silt reworked from the drift anc deposited by the
meltwater streams of the ice sheet, Glacial lake deposils con-
sist of thinly laminated silt, sand, ant clay, deposiled from
streams as Lhry enlered ponded water behiné Lemporary glacial
dams |

Till

The till exposed at the surface in the Chester guacrangle
is of Illinvian (%), Towan (?), and Cary age, The Lill in Lhe
northern anc wesLern parts of the yuadrangle is Cary in age,
that in the sortheastern part 1s Illinoian (?) in age, and Lhe
remainder 1s lowan (7) in aje, The age of Lhe latter tills is

uestioned pending Lhe resulls of a more regional study (Steece,
ipton, anc ‘ynew, In Preparation),

The Lills arc differentiated by Lopographic differences
anc Lo some extenl by the amount of loess cover (wind-blown
silts and clays). The Cary Lill surface is poorly drained, con-
taining many undraincd depressions, and hdas steep slopes which
in places are strewn with houlders, The Iowan (?) till surface
is well drained, hoving no undrained depressions, and has smooth
slopes anu a relatively low relief that gives the surface a flat
appearance, The I[llinoian (?) Lill surface is very well drained,
having no wndrained depressions, and is deeply dissected, In
general, the Cary till has a thin and sporadic loess cover, where-
as Lhe Iowan (?) and Illinoian (?) Lills have a more exlensive
and Lhicker loess cover; however, the Cary Lill is locally covered
wilth thick loess (see Wind Deposits).

The geamorphic expression of the Cary Lill in the Chester
ynadrongle is ma pec as end moraine, which is till 1eft as linecar
ridge-1ike accumulations along the margins of the ice sheet by
lodgement and conveyor-helt or snowplow action of Lhe moving ice,
A few patches of Cary ground moroine are found in Lhe northwestern
part of Lhe gquadrangle. Ground moraine is till that was carried
forwaru in, on, or beneath Lhe ice and deposited from ils uncer
surface or lel down from the up,er surface, forming a moraine of
low relief, wiich is devoid of transverse linear elements. Lee
(1959), in the Rutluno gquadrangle to the north, has mappec yround
moraine in some places atjacent Lo end moraine in the Chester
gquadrangyle. This disparity shows the different interpretations
that can result from emphasizing certain criteria rather than
others.

The Cary enc moraing 'n the Chester quadrangle marks Lhe
easlernmosl a«vance of the Cary ice sheet in the James River
lobe. This end moraine is nol us rough and rugged, anc coes
not have as much loc:l relief as the Cary end moraines farther
north pnear Watertown, S uth [ akota (Stecce, 1958), This cun be
explained either (1) by a Lhinning of the Cary ice in the Chester
area which woulc resclt in more subdued moraines, or (2) by the
possibility that the end moraines in this area may be lodgement-
Ltype, and the moraines firther north snowplow-Lype.

The Iowan (?) drift in the Chester quadrangle formed ground
moraine excepl alony Lhe southecrn border where a hroad, rioge-
like high may be Lhe erosional remnant of an end moraine. The
crest of this high is marked by a line of ne.rly continuous
hills thot can be traced from Lhe Chester yuadrangle across th:
lell Rapids yuadranygle (Tipton, 1959a) to Lhe east., The hills
are probahly not held up by bedrock highs, as scatiered data show
the drift to be thickest beneath the hills., Stratifiecd Iowan (?)
drift forms gravel knolls (kames) in Lhe vicinity of Lhese rem-
nant end moraines in the Dell Rapids quadrangle to the east, and
in the Sioux Falls quadrangle (Steece, 1959a) to the southeast.
These are the only kames known on the Iowan (?) cdrift of the
Coteau cves Prairies in South Makota, and their occurrence near
these high riages helps show thal Lhe ridges are enc moraines,
as stratified drift is commonly associaoted with end moraines,
Similar remnant moraines, also associated with kames, were found
along the Towan drift border in northeastern Towa by Alden and
Leighton (1917, p. 171-181).

by
M.J.Tipton

The 1llinoian (?) and lowan (?) drifts in the Dell Rapids
area were both mapped as lTowan by Flimt (1955, pl. 1). The
topoqraphic difference between Lhe two drifts is visible in the
field, and is strikingly apparent on air pholLos and topographic
maps. The change in topoqraphy between Lhe two drifts roughly
parallels the area where the bedrock of Sioux Formation crops
out (see Precamhrian); thus the nearness of this bedrock to Lhe
surface in the Illinoian (?) drift area might cause Lhe differ-
ence in the drift topography. If this is Lhe case, Lhe drift
mapped as Illinoian (?) could be of Iowan (?) age. Another
possible explanation is that the Sioux Formation formed an
obstacle that halted Lhe advance of the Iowan (?) ice in this
area; thus the Tllinoian (?) drift was not covered by Iowan (?)
to the southwest. It is believed that the latter is the best
explanation (1) because of the position of Lhe lowan(?) end
moraine remnants, and (2) hecause several areas of Sioux Forma-
Lion exposures just east of Lhe Dell Rapids quadrangle (Tipton,
1959a) in Minnesota do not show any change in the topojraphy of
the Towan (?) drift. This prohlem will be discussed in more
detail by Steece, Tiptoun, and Agnew (In Preparation).

In general, the topography of the Cary urift in this area
is rough and rugged, Lhat of the Jowan (?) drift is smooth and
undulating, and that of the Illinoian (?) is well dissectecd.
These three types of topography may reflect different character-
istics of the individual ice sheets, but more probahly are ihe
result of the difference in age and thus Lhe effect of post-
depositional erosion, This is best shown in Lhe upper Middle
West by the scarcity of pre-Wisconsin end moraines as contrasted
with "« u o rous rough anc rugged end moraines on the young

orift sheets. FaLh.r Lie pre-Wisconsin ice sheets ¢ic noti iuyld
extensive end moraines, or more rcasonahly, the earlier end
moraines were built and have since been destroyed by erosion,

The lithology and degree of weathering of the Lills in Lhe
Chester quadrangle were not used as criteria for age cifferentia-
Ltion because of Lhe scarcily of outcrops,

Outwash

Cary outwash deposils are present in a channel which trencs
southeasterly from Lake Madison and Brant Lake and follows Skunk
Creek southward through the Hartford quadrangle (Steece, 1959b)
eventunlly joining Lhe Big Sioux Valley oulwash near Sioux Falls.
A small part of the Cary outwash is presenl along the Big Sioux
River in the extreme southeasteru corner of the quacrangle, The
age of Lhe oulwash deposits was determined by tracing the channel
back to the end moraine from which it oriyinatec; for the Skunk
Creek outwash this is a Cary end moraine aboul Len miles west of
the western boreer of the yuadrangle, near the city of Macdison
(Tipton, 1959b, p, 2),

Outwash deposits laid down by meliwater sireams are recog-
nized topographically by Lheir level surfaces as contrasted with
the unculating surface of the tills, which were deposilec by the
ice. towever, Lhe surface of the outwash deposits is rolling
wnere the meltwaters ceposited blocks of ice along with Lhe
gravels (collapsed outwash), or when Lhe gravels were deposited
arcund hills of Lill, as near Lake Madison and Brant Lake,

The composition of Lhe outwash deposils along Skunk Creek
and near Lake Madison and Brunt Lake varies locally, but in
general averages ahout 60 percent soft carbonates and argillaceous
rock, anc 40 percent hard igneous and metamorphic rocks, The Big
Sioux outwash deposits average ahout 50 percent of each.

The texture of the Skunk Creek oulwash deposils varies
locally, containing 10-40 percent gravel, 60-90 percent sand, and
less than one percent silt. The Big Sioix outwash ceposits av-
erage ahout 60 percent sand, 39 percent gravel, anc one percent
silt,

The Skunk Creek outwash ceposits, between Lauke Macison and
the soulhern horder of Lhe quadrangle, cover ab.ul 20 square miles
and average ahout 28 feet thick, The Lhickness ranges up Lo a
maximum of 74 feet in sec, 21, T, 105 N., R. 51 W, The Big Sioux
outwash ceposits in the southeastern corner of the guadrangle
cover less than two syuare miles and average ah.ul 32 feet Lhick.
The thickness ranges up Lo & maximum of 49 feelL in sec. 6, T.

103 N., R, 49 W, The ahove mentioned Lhicknesses were delermined
by 33 drill holes and nine resistivily stations.

Glacisl Lake Deposits

Glacial lake deposits, as shown by siranc lines, are pres-
ent atove Lhe shores of a marshy area in the northeru part of
Lthe yuacrangle. The marsh is a southeastern extension of Lhe
Milwaukee Lake basin of the Rutlanc quadrangle to Lhe north
(Lee, 195¢), The strand line consists of a more or less con-
tinuous hench that stands aboyt five feet ahove the present
floor of the marsh; in the Chester quadrangle Lhe bench is not
lined with ice-rafLed houlders, which are present in other areas.

Stream and Lake Iejosits

flecent alluvial deposils consist of silt anc saud reworkeo
hy present streams from h.drock and older surficial ceposits,
The alluvium in the Chester quacrangle is confincd Lo the laoke
heds, Skunk Creek, and a small creek in the northeastern part,
The Recent lake-hed alluvium was nol mapped, as it is covered
hy water during part of the year.

Wind Deposils

Loess is a wind desosil of silt, clay, auc a few sanc
particles derived mainly from outwash plains., In the Chester
quadrangle, loess is preseut sporacdically on the Cary ¢rifl; it
is up to five feet tvick, hul averages about 1'% feet, The loess
is spread wor: unifurmly on the lTowan (?) anc 1llinoian (?)
crifts, averaqing ahout four feet Lhick on the former auc ubout
six feet on the latter, The loess is generally onleacheu where
covered by soil; otherwise il may be leached up Lo Lhree feet
ceep. The culor of the loess varies from a light huff where
unoxidized, Lo orange,

An unusual northvest-southeast linestion is visible on
air photos of the Illinoian (?) c¢rift arera, This lineation may
he the result of loess ceposition by a prevailing winc; however,
as this linealiuvn is nobt apparcnt on Lhe grount ant¢ hecause sume
of the linear clements ave not loess-coverec, Lhey may he cue to
some other cause. “ome of the linear clemeuls are as ruch as
four wiles long and very straightl; thus ray he ruml . ns of ¢rum-
linoi¢s. A ¢romlin 1s a strcamlinec hill or ricje of glacial
¢rift with its long axis para!lel to the cirection of flow of
a former glacier, aud 2 crumlinoid i1s a roch structure mocified
hy ice movement su as to look like a «rumlin., These drumlins
or crumlinvids contain ne sitratificd material where Lestec,

SUBSURAFACT SFL INTNTARY HOCKRS

Sedimentury rocks are not exposed in Lhe Chester quadranyle,
and dovp_hnll horings are so sparse Lhat Jittle is known of the
hedrock in Lthis arca. A well drillec at Colman penelratee 410

fect of glacial Crift resting on 226 feel of Cretaceous sedimentary

rocks. The latter consistec of 136 feet of Grancros (?) shale, 50
feet of Lakota (?) sanustone, 19 feel of Fuson (2) shale, and 21
feet of Lakota (?) sand in cescencing order, In the soulheastern
part of Lhe guacranyle no Crelaceous rocks oicur, as the Precam-
rrL:n'SEunx Farmition 15 exposec al Lhe surface (sec Precamhrian
focks),

PRFCANBHIAN ROCKS

The Sicux Formation is €xjoscd in Lthe soulheastern part of
Lthe quutranqlc,_nnd in this arca is a quartzite conststing of
fine grains ¢f iron-coated yuartz sand, cemented with silica
The roek has a greasy luster hocavse it hreik: through Lhe :
guartz grains rather Lhan arounc them, The iron coaling on
:::m::T:;T griins amparts a pinkish or reddish color to the

The “i1cux quartzite 15 hlocky heciuse of a well uveveloped
Joinl paitern, and the hecding of the rock In this arca Cips
stightly Lo the s.uth anc scuthwest (Ralewin, 1949, p, 13)

_ The Sionx Formation forms an east-west ricge ‘Lhc ux]; of

which passes Lhreugh Mitehell and Sivex Falls (1i6. 1); the
Chester quacrengle lies on Lhe northern slope of lhlslrngf.

STRUCTURF

The structure of the becrock seoim
> ‘imenls in this yuacrangle
Fs vrry difficult te deterrine, as the Seciments urelnul exﬁosrf
and ve'l reiorcs are very few. Pelsch (1953a) showed a slight
;:;;hg;an-r;{ cip u: the Lreenhorn Formalion in this arca; Lhis
ably reflects the Lopoyraphic surfice of Lhe 1€ 4
('etsch, 1S53h), - i

FCONOMIC GROLOGY

The most vuluuhle geologic prouvucts of Lhis qu

ground water, sind and gravel, aLd stone . Cloysanngiffg:iurzr
hcfomc cfonomically important, but at presenl are not useo 0il
anc gas might possihly have hcen Lrapped in the Cretnccous'rocks
uhr?c they pinech oul agsinst the Sioux Formation, hut Lhe possi-
bility of any signiflicint yuunlity is viry slight hecause of

the thin section of sceimentiry strata in this arca (see Sub-
surface fecimentiry Rocks),

Ground Vater

Grounc water in guantity adequate Lo supply farm wells is
available in wost parts of Lhe quadrangle., Grountc water an
larger amounts is present :n seme parts of Lhe vutvish channels,
and possibly in buried channels of streums thal driinec Lhis
area before the lasy ice auvance, Grounc water is also present
in sand lenses ir the Lill, bul Lhese leuses are comwonly small
and are recharged with water very slowly; hovevcr, Lhey generally
contain enough water to supply comestic wells., The Colman city
well is Lhe only known artesian well in this areca, and 1L pro-
tuces from the Lakota (?) sand (sce Subsurface Sedimentary Rocks).

The largest area of availahle shallow grounc water in Lhe
Chester quacdrangle is in the Skunk Creek outwash chaonel, This
channel contains an averaye of 28 [feet of sanv and gravel, 15
feet of which is watcer-satluratec, The channel covers 12,800
acrcs anc, assuming a porosity of 30 percent for the gravels,

contains ahout 57,000 acre-feet of water. This is prubahly
enough water Lo sup,.ly irrigation wells in rost parts of the
channcl, especially il the wells are not placec¢ Loo necar Lhe
rdges of Lhe channel where Lhe gravels are Lhinnest,

The Big Sioux outwash channel in Lhe southeastern corper
of the quadrungle conlains an average of 32 feet of sanc and
gravel, 1B feet of which is waler-saturated, The channel covers
ahout 1,120 acres in this area and, assuming a porosity of U0
percent for Lhe gravels, contains approximitely 6,04b acre-fecl
of water. This shoulc he enough water Lo support several ir-
rigaltion wells in this area,

The quality of the water in the oulvash channcls varics
greatly in shorl vistances (table 1); it prububly varies se.son-
ally as well so that periocCic analyses shoylc be mace before

Tahle 1. Analyses® of Water Samples in Chester uacranyle

SAMPLF Parts Per Million
(A1l samples g Hard |To- Irri-
taken from “u | Na Mg |N | Fe |Cl | S04 [ness |tal | gatio
outwash wells) CaCog | Sul- | Class

ics hodnd

Puhlic Health
Lrinking Waler |-- -- | 125 [ 10| 0.3 | 250| 250 --- | 1000
Stancards®®=®

Barney "rickson
sec., T-105-51 112 | 23 27 2| 3.3 3 172 390 628 I

Vern Brown
sec, 8-105-51 55| 9| 41|14 o 3 106 | s1d 196 I

Marr's Resort
3 mi, west of 286 59| 83| 2| © 136] 670 [ 1052 | 1576 111
quacd, on south
shore of Lake
Macison

* Analyses by South [ akota State Chemical Lahorutory, Vermillion,
** Class I - excellenL to goce, Class Il - gooc to injurious,
Class ITI - injurious Lo unsalisfactory.
*%** NoL Lo exceed,

and curing the Lime that the water 15 bheing usec,

AnoLher possihle source of water is L huriee chanuels of
former streams, which craincd Lhis arca hefore Lhe last ice ad-
vance, The locuticns of Lhe vallceys of Lhise former streams

{tig. oy 1y irferred from lincar topographically low arcas, They
97°%00° 55 i 645"
#4°00

EfL'ﬂ Former Drainage
Channel

+3°45°

Fig. 2. Map of Chester quadrangle showing inferred
r?rn;§ drainage channels (after Flint, 1955,
pl. 7).

contain ceposits of sanc anc yrivel which may he saturated with

water. If the amount of wale. in these huricd channels is greal
enough, and the physical charocter of Lhe e osils is svituhle,

the channels may provice an adeilional source of water for irri-
gation,

Sand anc Gravel

The Cary outwash charnel along Lske Madison, Brant Lake,
and Skunk Creek covers about 20 syuare mil-s anu contains about
500,500,000 cuhic yards of sand and grivel. The Cary vulwash
channel in the soulheast corner of the yuaarungle covers about
one and three-fourths square miles and contains ahoul 55,1100, 0600
cubic yards of sand and yruvel. These gravels are suitable for
subgrode material in road building, amd if the high percentage
of soft material were removed, could possibly he usce for bitu-
minous or concrete aggregate.

Stone

The Sioux guartzite is yuarried just east of the yuaurangle
near Cell Rgpids (Tiptim, 1959a) for huilding stone, paving blocks,
monumental stone, tuhe-mill liners, grincing pehhles, rip-rap,
crushed stone, filter beos, engine sand, ahrasives, poultry grit
foundry sand, filler, silica brick, glass sand, and 1 Lhe manu-
facture of ferro-silicon,

Clay ang Silt

The tills anc loesses of Liic Chester guadrungle conliiu a
large amount of clay and silt, woich:might possibly he u o i
the manufacture of hrich . { 1¢,
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