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DELL RAPIDS QUADRANGLE



GEOLOGY OF THE DELL RAPIDS QUADRANGLE

INTRODUCT ION

The Dell Rapids guadrangle includes about 217 square miles
in northeastern Minnehaha and southeastern Moody Counties. The
southern border of the mapped area is 10 miles north of the city
of Sioux Falls.

The area is in the Dissected Till Plein section (fig. 1) of

GREAT  PLAINS

MISSOURT | PLATEAU ) WE

g DELL RAPIDS
4 QUADRANGLE

0 50 MILES

Fig. 1. Map showing physical divisions of eastern South
Dakota and adjoining area. (after Hothr;:k,ou
19433 Fenneman, 1938; and Carman, 1915).

the Central Lowlands physiographic province (Fenneman, 1938, map),
and is on the Coteau des Prairies (Rothrock, 1943, map), a rela-
tively high plateau-like feature of eastern South Lakota, soulh-
western Minnesota, and northwestern lowa (Carman, 1915, p. 243).
The Big Sioux River crosses the west.rn part of the guadrangle
from north to south, and Pipestone Creek enters and leaves the
quadrangle along the eastern border. Flevaltions range from 1475
to 1650 feel above sea level. The maximum relief of the mapped
area is thus approximately 175 feet, and the local relief ranges
up to 100 feet,

U, S. Highway 77 and State Route 34 cross Lhe western and
northcen parts of the quadrangle, and the Chicago, Milwaukee, St,
Paul and Pacific Railroau crosses the western part, [ell Rapids
(pop. 1A50), Fgan (pop. 347), Baltic (pop. 255? and Trent (pop.
213) are the only towns in the mapped area. Gravel roads make
almost any part of the giadrangle easily accessible. The climale
is characterized by a wide temperature range and an average pre-
cipitation of 23 inches per year,

The geology was mapped on air pholos during the summer of
1956 under the supervision of Dr, A, F, Agnew, State Geologist.
The writer is grateful to Fred V, Steece, who mappec the adjacent
guadrangle to the south, for his advice and cooperation in the
field work.

SURFICIAL [ FPOLITS

The guadrangle is covered by unconsolidated material thal
can he sepsraled into three main groups: (1) glacial deposils,
(1) siLream deposits, and (3) winc deposits,

Glacial Deposils

The first ice Sheet Lo cover the upper Midcle West was the
Nebraskan, and it was followed by the Kansan, Illinoian, and
Wiscinsin sheets. The Wiscunsin ice advanced at five separale
times; from oldest Lo youngest, the Iowan, Tazewell, Cary,
Mankato, and Valders. A sixth subdivision of Lhe Wisconsin
called the Farmdale, is said Lo be presenL in Illinois and Iowa,
below the Towan (Leighton, 1958, p. 299-302). Although the
Nebraskan, Kansan, and Illincian deposils are present in eastern
South ! akota, some of Lhe Wiscomsin ice advances may nol have
reached this area.

Tie ice sheels deposited drift consisting of clays, silts,
sands, gravels, anc boulders reworked from becrock and from
oluer surficial deposits, In the Dell Rapids quadrangle the
drift ranges in thickness from zero, near Dell Rapids where Lhe
hedrock crops out (see Precamhrian Rocks), to 410 feel in the
Colman city well, eight miles west of Egan (see Subsurface
Sedimentury Rocks).

The drift is civisible into two lithologic groups: till
and ortwash, Till consists of unsorted and unstrotified material
thal ranges in size from boulders to clay. The till was produced
through ahrasion hy Lhe ice sheet against the land surface. Out-
wash consists of stratified sand, gravel, and silt reworked from
the crift anc deposited by Lne mellwater streams of Lhe ice sheet.

Till

The till exposed at the surface in the Dell Rapids yuad-
rangle is of Illimoian (?), Towan (?), and Cary age. The till
in the northwestern part of the quadrangle is Cary in age, Lhat
in Lhe southern parl is Tllinoian (?) in age, and Lhe remainder
is Towan (7) in age. The aye of the latter tills is yuestioned
pending the results of a more regional study (Steece, Tipton,
an¢ \gnew, In Preparation).

The tills are differentioted by topographic differences and
to some extenl by Lhe amount of loess cover (wind-blown s.lLs
anc clays). The Cary till surface is poorly drained¢, contsining
many uncrainet cepressions, and has stecp slopes which in places
are strewn with houlders. The Towan (?) till surface is well
¢rained, having no uncrained cepressions, and has smooth slopes
and a relatively low relief thalL gives the surface a flatL appear-
ance., The Illinoian (?) till surface is very well crained, having
no undrained depressions, anc is deeply dissected. In general,
the Cary Lill haos a Lhin and sporadic loess cover, whegeas the
Tovan (?) and Tllinoian (?) tills have a more extensive and Lthicker
loess cover; however, the Cary till is.locally covered with thick
loess (see dind Deposits),

The qeomorphic expression of the Cary till in Lhe Dell Rapics
quadrangle is mapped as end moraine, which is Lill left as linear
ridge-like accumulalions along the margins of Lhe ice sheet by
lodqgement and conveyor-belt or snowplow action of Lhe moving ice.
On Lthe other hand Lee (1959) has mapped Lhe exleusion of tiis end
moraine into the Flanureauw gquadrangle to the north as ground mo-
raipe, which is till that was corried forwarc in, on, or heneath
the ice aud deposiied [rom ils uncer surface or let cdown from the
upper surface, forming a Lopojraphy of low relief, which is devoid
of transverse linear elements, This dispsrity shows the ¢ifferent
interpretations th .t can rcsull from emphasizing certain crileria
rather than others,

The Cary end moraine in the lLell Hapics yuacrangle marks the
easternmost acviance of the Cary ice sheet in the James River lobe.
Tnis end moraine is nol us rough and rugged, and does not have as
rmireh loc 1 relief as Lhe Cary end moraines farther north necr
Watertown, South [ akota (Steece, 1956). This can be explained
eith:r (1) by a thinning of tie ice in the Lell Rapics area which
wonle result in more subcwed moraines, or (2) by Lhe possihilily
that the end moraines in Lhis arca may he lodgement-type, and the
moraines farther north heing snowplow-Lype.

The Tonan (?) crift in the Gell lapids quadrangle formed
ground moraine escept alony Lhe southern horder where a hroad,
ricge-like high may he the crosional remnant of an end moraine.

The crest of this high is marked by a line of neorly coutinuous
hills that can he traced across Lhe quadrangle and into the
adjacent Chester yuadrangle (Tipton, 1559, map and text). The

tops of the hills stand nc.rly 50 feet ahove Lhe surrouncing

¢rift, anc ave prohably mot held up hy becrock highs, as scal-
tere¢ dala show Lhe ¢rift Lo be thickest beneath the hills.
Syralificd ¢rift of lowan (?) age furms gravel knolls (kames)
aujacent to the ridge in sec. 2, T. 104 N,, R. 48 W; and in the
northeast part of the Sioux Falls quadrangle Lo the south (Steece,
165¢, map). These are the only kames known on Lhe Iowan )

drift of the Coteau des Prairies in South Makota. The occurrence
of these gravel knolls near the high riaoges helps show that the
ridges are end moraines, as stratified drift is commonly associated
wilh end moraines, Similar remnant end moraines, also associatec
with kames, were found along the Towan drift bercer in northeastern
Iowa by Alcen and Leighton (1917, p. 171-18}).

The Illinoian(?) and Iowan (?g drifts in the Dell Rapicds area
were both mapped as Iowan by Flint (1955, pl. 1). The topoyraphic
difference between the two crifts is visiblg in the field, and is
strikingly apparent on air pholos and topographic maps. The change
in Lopoyraphy between the two ¢rifts roughly parallels the area

where the hedrock of the Sioux Formation crbps out (see Precambrian);
thus the nearness of Lhis becrock Lo the surface in the Illinoian (?)

drift area might cause Lhe difference in the crift Lopography. If

this is the case, the drift mapped¢ as Illinoian (?) coulc be Towan(7?)

in age. Another possible explanation is that the Sioux Formation
formed an ohstacle that halted the advance of the Iowan (?) ice in
this area, thus the earlier Illinoian (?) drift was nol covered by
Iowan (?) to Lhe southeast., It is believed that the latter is Lhe
best explanatien, (1) because of Lhe presence of lowan (¢) end
moraine remnants, and (2) because several areas of Sioux FormaLion
exposures just east of the guacrangle in Minnesota do not show any
change in the topoyraphy of the Towan (?) drift. This problem will
he Giscussed in more cetail by Steece, Tipton, and \mew (Ta Prepar-
ation).

by
M.J.Tipton

In general, the topoqraphy of the Cary drift in this area is
rough and rugged, that of the Iowan (?) érift is smooth and un-
dulating, an¢ that of the Illincian (?) is well dissected. These
three types of topography may reflecl different characteristics
of the inoividual ice sheels, but morc probably are the result of
the diffcrence in age and Lhus Lhe effecl of post-cepositiovnal
erosion, This is best shown in Lhe upper Miccle Yest hy Lthe scar-
city of pre-Wisconsin end moraines, as conlrasted with Lhe num-
erous rough and rugged enc moraincs on Lhe young drift sheets,
Either the pre-Wiscensin ice sheets dicd not builc extensive end
moraines, or a more reasonablc explanation i1s that Lhe earlicr
end moraines were built and then cestr.yed by erosion.

The lithology anc¢ ccgree of weathering of the Lills in the
Lell Rapids quacrangle were nol used as crileria for age differ-
entation because of the scarcity of outcrops.

OQutwash

Outwash deposits in this area are recogrized topographically
by their level svrfaces, as conirastec with the undulaling sur-
faces of Lill deposits, Cary outwash deposils are presenl in a
channel which includes the Big Sicux River, Tazewell (7) outwash
deposits are present along Pipestone Creek anu Towan (?) deposits
are adjucent Lo the Tazewell (?) outwash. The age of the Cary
and Tazewell (7) outwash deposils was determinco by Lracing therm
Lo their respective end moraines; Lhe age of the Iowan (7) de-
posits was inferred from its position as a Lerrace above the Taze-
well (7) deposits.

The composition of the Cary sands and gravels varies locally,
but in general averages ahout 50 percent soft carbonates and ar-
gillaceous rocks, and 50 percent hard igneous and meclamorphic
rocks. The composilion of the Iowan (?) sand and gravels averages
aboul A0 percenl soft carhonates and argillaceous rocks, anv 60
percent hard igneous and netamorphic rocks, The Tazewell (?)
sands anu gravels were not collected owing to a thick cover of al-
luvial deposils.

The texture of the Cary outwash ceposilts varies locally but
generally ranges from sills to coarse gravels with ope percent in
the silt fraction, 60 percent in the sand fraction, anuv 39 percent
in the gravel fraction, The texture of the lTowan (7) oulvash ce-
posits also ranges from silts to coarse yravels hut contain three
percent in the silt fraction, 26 percent in the sand¢ fraction, anc
71 percent in the gravel fraction,

The Cary outwash chantel along the Rig Sioux River covers
ahout 25 square miles and averages ahout 20 feet thick., The thick-
ness ranges up to a maximum of 52 fcel in sec, 20, T. 104 N., R.
49 W, The Tazewell (%) outwash channel along Pipestone Creck
covers about five syuare miles anov averages 19 feet thich, The
thickness ranjes up to a maximum of 45 feet in sec, 8, T. 105 N.,
R. 47 W, The lowan (?) oulnash covers about one square mile and
averages 17 feet Lhick. The thickness ranges up Lo 8 maximum of
24 feet in sec. 19, T. 105 N., R, 47 W, The above mentLioned
thicknesses of the sands and gravels were determined by 42 drill
holes ant six resistivily stations.

Stream Deyosits

Recent alluvial deposits consist of silt anu sand reworked
by present streams from bedrock and oloer surficial deposits.
The alluvium in the Dell Rapids quadrangle is confined to the
Big Sioux River, Pipestone Creek, and a few of their Lributaries,
The alluvium along the Big Sicux River averages one-fourth nile
wice and aboul six feet thick, and along Pipestone Creek it is
ahout half a mile wide and 3% fecl thick.

Wind Deposilts

Loess is a wind deposit of silt, clay, anc a few sand parti-
cles derived mainly from outwash plains, In the Dell Rapids quad-
rangle, loess is pri-vnt sporacically on Lhe Cary Crift; it is
snread more unifoi 'y ou Lhe Towan (2) amd [llincian () drifts,

averaging ahout four feet thick on the former anc ahout six feet
on the latter. The loess is usually unlcached where covered hy
soil; otherwise, it may bhe leached as much as Lhree feel ceep.
The color of the loess varies from a light buff where unoxidized,
Lo orange.

An unusual northwest-southcast lincation is visible on air
photos of the Illinoian (*) drift area, This liucation ray he
the resvlt of a prevailing wind during the ceposition of Lhe
loess; hovever, as this linealion 1s not apparenl on the ground
and hecause some of the lincar elemenls are nol loess-covered,
they may be due Lo some olher cause. Some of Lhe linear elements
are as nuch as five miles long and very straight; thus they may
be ¢rumlins or drumlinoids. A crumlin is a streamlincc hill or
ricége of glacial drift with its lony axis parallel to the direclion
of flow of a former glacier, auc¢ a drumlinoid is a rock structure
mocified hy ice movemenlL su os Le look like a drumlin. These
crumlins or drumlinoids contain no siratifico materinl where
drilled,

SUBSURFACY. SFI IMCNTAIY ROCKS

Sedimentary rocks are not exposed in the Dell Rapids guad-
rangle, and decp well borings arc so sparse thal little is known
of the bedrock in this area. A well drilled at Colman, three
miles west of the northweslern corner of the quiadrangle, revealed
410 feet of glacial orift resting on 226 feet of Cretaceous secCi-
mentary rocks, The latter consistec of 126 feet of Graneros (7)
shale, 50 feet of [akota (?) sancstone, 16 feet of Fuson (?)
shale, and 21 feet of Lakota (¥) sand, in descending order., Near
lell Rapids no subsurface Cretaceous rocks occur, as the Precam-
hrian Siouvx Formation is exposed alL the surface (see Precambrian
Rocks).

PRIFCAMBR IAN ROCKS

The Sioux Formation is exposed in and around Lhe town of
[ell Rapids, ane in the southeastern corner of the guadrangle,
In this area the Sioux Formalion is a quartzile consisting of
fine gruins of irin-coated quartz sand, cemenlec with silica,
The rock has a greasy luster hecause it breaks through the
quartz grains rather than arcunc them, The ircn coating on
the guartz grains imparts a pinkish or reddish color to the
formation,

The Sioux quartzite is hlocky because of a well-developed
joint pattern, and the bedding of the rock in Lthis area dips
slightly to the south and sculhwest (Baldwin, 1949, p. 13).

The Sioux Formation forms an eust-west ridge, the axis of
which passes through Mitchell anc Sioux Falls (fig. 1); the
Dell Rapids quadrangle lies on the north slope of Lhis ridge.

STIRUCTURE

The structure of the becrock sediments in Lhis yuacdrangle
is very difficult to determine, as Lhe sediments are not exposed
and well recorcs are very few, Pelsch (1953a) showec a slight
northwesterly dip on the Greenhorn Formation in this area; Lhis
probably reflects the topographic surface of the Precambrian
(Petsch, 1953b).

ECONOMIC GEOLOGY

The most valuable geologic products of Lhis quadrangle are
ground water, sand and gravel, and stone. Clay and silt could
become economically important, bul at present are not usec.
0il and gas might possibly have been trapped in the Cretaceous
rocks where Lhey pinch out against the Sioux Fornation, but the
possibility of any significant guantily is very slighL because
of the thin section of sedimentary strata in this area (see
Subsurface Sedimentary Rocks),

Ground Water

Ground water in guantity adequate Lo supply farm wells is
available in most parts of the quadrangle, Grounc waler in
larger amounls is presenl in somc parts of Lhe outwash channels,
and possibly in buried chanunels of sireams Lhat drained Lhis
area hefore the last ice advance, Ground water is also present
in sand lenses in the till, but these lenses are commonly small
and are recharged with water very slowly; however, Lhey generally
contain enough water Lo supply domestic wells, No deep artesian
wells are present in this area (Barkley, 1953, map), but a shal-
low artesian sand is present scuth of Trent (see buried chanuels
at end of Lhis section).

The largesl areas of available shollow ground water in the
Dell Rapids quadrangle are in the Cary and Tazewell (?) outwash
channels,

The Cary outwash chanuel contains an average of 20 feet of
sand and gravel, nine feet of which is water-solurated. The
channel covers 16,000 acres anc, assuming a porosity of 30 per-
cent for the yravels, contains about 43,000 acre-feet of water.
This is not a relatively large amount of waler buL the channel
should be able to provide water for several irrigation wells,
because of a large recharge area upstream, and because the
texture of Lhe deposits is coarse grained. The largest supply
of water in the Big Sioux outwash chanuel is south of Dell
Rapids, where the gravels average 32 feet in thickness anc con-
tain an average of 1€ feet of water,

The Tazewell (?) and Iowan (?) oulwash channels contain an
average of 19 feet of sand anc gravel, eight feet of which 1s
water-saturated. These channels cover 3,200 acres in Lhe [ell
Rapids quadrangle and, assuming a porosity of 30 percent for
the gravels, conLains aboul 7,500 acre-feet of water. This is
not as much water as desirable for irrigation purposes; however

the channels should support a limited number of irrigation wells,
The quality of the water in the outwash channels varies
nreatly in short distances (table 1); it probably varies seasonally

Table 1. Analyses® of Water Samples in Dell Rapids Quadrangle

SAMPLE Parts Per Million

(No, in parens de- Hard-[Tot- [Trri-
noles source; 1 - ness |al ation
outwash, 2 - shal- | Cal Na|Mg| N | Fe| Cl| S04 | CaCO3|Sol-|Class
low artesian sand) ids el
Fublic Health

Irinking Water --| -- 125| 10]0.3 |250| 250 -- | 1000
Standards***
] Kittel

ale Kittelson 100| 11 (25]| 24 0 5| 11a| 3s1 | 578| I

sec, 35-106-49 (1)

Clayton Sandro 177|400 | a7

sec. 2-105-49 ) 1.4(0.7] 271108 594 |2120 1804

Ed E. Smidt
sec. 3.105-49 (1y|111| 26|43| 0 [ Tr| 34 67) 453 | 34| I

Gust Carlson .
sec. 26-105-49 (¢1)[205(243 20 --| --| 2011260 | 1004 |2230| III

George Christensen
see "59-105-48 (13| 127| 14 [33| 34| Tr| 6 193 asa | 712| IT

Albert Lampson
eyt 0 | 269192 | az| - | -~ | 29| 879 | 943 |1892| III

Myron Joneson v
sac. 31o106.48 (2)]286|152 | 86| —-| - | 271095 | 1070 |2038| III

Myrtle Jaycox
sue 4-100-47  (1y|r27| 19 [saf 12| of of w33| 4so | evo| 1

® Analyses by South Dakota State Chemical Lahoratory, Vermillion
*% Class 1 - excellent to good, Class Il - good Lo injurious,
Class III - injurious to unsatisfactory
**% not Lo exceed

as well, so that periouic analyses shoulo ¢ made hefore anc curiny
the time that Lhe water is heing usec,

Another possiblec scurce of water is Lhe buried chan cls of
former streams, which drained this areca before the lasl ice ad-
vance. The locations ofs the valleys of Lhese former streams (fig.
2) is inferrec from-linear topographically low areas. They con-
tain deposits of sand anc gravel which may he saturated wilh water.

95’ s o 96°30°
400" ¥

Former Drainage
Channel

[S] River

Fig. 2. Map of Dell Rapids quadrargle showing inferred
former drainage channels (modified from Flint,
1955, pl. 7).

The several wells procucing from arlesian sands ju:t below the
outwash deposits, south of Trent, may be in buriec channels, If
the amount of water in these buriec chamnels i1s great enough, and
the physical character of Lhe deposils is suitable, the chanuels
may provide am additional source of water for irrigation,

San¢ andé Gravel

The Cary outwash channel along the Big Sioux River covers
about 25 square miles anc contains ahoul 500,000,000 cubic yarcs
of sand and gravel. The Tazewell (?) and Iowan (?) outwash
channel along Mipestone Creek covers about five sguare miles anc
centains ahout 95,000,000 cuhic yards of sanc ané gravel. These
gravels are suitahle for subgrade materials in road builcing,
and if the high percentage of soft material were removec, could
possihly be usecd for hituminius or concreie aggregale,

Stcne

The Sioux quartzite is quarriec east of [ell Rapics for
building stone, paving hblocks, monumental stome, tube-mill lincrs,
qrinding pebbles, rip-rap, crushed stone, filter becs, engine
sund, abrasives, pouliry grit, foundry sanc, filler, silica brick,
glass sand, and in Lhe manufacture of ferro-silicon.

Clay an¢ Silt

The tills and loesses of the Dell Rapios guadrangle conLain
a large amount of clay an¢ silt, which mighl possihly he used in
the manufacture of hrick anc tile,
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