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Major Aquifers and Sand and Gravel
Resources in Marshall County, South Dakota

by
Neil C. Koch

INTRODUCTION

This publication is designed to acquaint the reader with the general distribution, quantity, and
quality of water available from major aquifers, and fo aid in the exploration and development of
sand and gravel resources in Marshall County. A comprehensive report on the technical aspects of
the geology and hydrology will be published at a later date.

Copies of this publication and other available county reports may be obtained from the South
Dakota Geological Survey in Vermillion or the U.S. Geological Survey in Huron. Persons wishing
additional information about the geology and hydrology may contact either of the above
organizations.

Figure ! shows the location of test holes and wells fromn which data are available,

AQUIFERS

An aquifer is defined as a formation from which water may be obtained in useful quantities.
Glacial aquiflers are composed mostly of sand and gravel. Where the glacial aquifers are confined
by overlying material, this overlying material gencrally consists of clay containing some sand,
gravel, and stones of all sizes. When an aquifer is confined by an overlying, relatively impermeable
material such as clay, and the water in wells rises above the top of the aquifer, the water is said to
be under artesian pressure. Some aquifers are under sufficient pressure that water flows from the
well at the land surface. In an unconfined aquifer the surface of the saturated zone is ealled the
water fable. In the saturated zone all openings between rock particles are [iled with water.

Glacial Aquifers

Three major glacial aquifers, the Veblen, James, and Coleau-Lakes aquifers, are present in the
county (fig. 2). The Veblen agquifer underlies an area of about 24 square miles in northeastern
Marshall County and extends north into North Dakota and east into Roberts County. The aquifer
may yield as much as 500 gpm (gallons per minute) to properly constructed wells at depths
ranging from 130 to 180 feet. Aquiler thickness ranges [rom 10 to 70 feet except at one test hole
which penetrated 200 feet of aquifer. Water in the Veblen aquiler occurs under ariesian
conditions, and water levels in wells tapping the aguifer range from about 14 to 80 feet below
land surface.

The James aquifer is in north-central Marshall County with narrow channels extending
southwest into Brown County and southeast into Day County. The aquifer may vield as much as
500 gpm Lo properly constructed wells. In low-lying areas, the aquifer is at depths ranging from
120 1o 190 feet below land surface. At higher altitudes, on the Coteau des Prairies (hereafter call
the coteau}, the aquifer is 590 feet or more below land surface. Aquifer thickness ranges from 10
to 70 feet. Water in the aquifer occurs under artesian conditions and water levels range [rom 3 to
40 feet below land surface in low-lying areas.

The Coteau-Lakes aquifer is in the southeastern part of the county. It occurs at or near land
surface and is hydraulically connected with the waters in Buffalo, Red Iron and Clear Lakes. The
thickness of the aquifer differs considerably from place to place, ranging from about 5 feet to a
known maximum to 57 feet. Water in the aquifer may be under water-table or artesian
conditions, and water levels range from that of the lake levels to 40 feet below land surface.
Because of the considerable range in aquifer thickness it is difficult to predict yield: however,

-



‘3| qDJIDAD BJD DIDP

YolyMm Joy AJUnoD ||pysJply Ul SS|OY S8} DUD S|jeM 1O SUOIiDDO| Buimoys dow '} e4nbBi4
De L6 8|qo|tnAD BO| 2144088 pun aapdradsag e T
| 7 ajqoitpac  Bo] aaljdiadsag o S8 9 § v € 2 1 O
_ ‘M €Q oo M G H arpos
o - o omo\‘m Ot L8 05 46
— - c— o e g oy 1 ' L)
T 1 | | |
Zm um MG I "M 9% WP M I " ] MBS ] M B H —
mmwm ] o O ) ETER ems wamms A —fley o a—— lul.ﬁ.ln o= =m lﬂ- - - Omu‘q = = — a lnﬂ
2 P 1 s, g 1D .
ﬂ a] / o] 2] [s ODO © i a] [“ Z
Q ] fal
L M ’ 9 HE cn ] |23 —D
] °b i / P - g 1" L2l
mﬁ o Q Q ] I v) o d a =/ - " o m
o [= .
or 57— Ny d T T -+ = + i .rlov St
] - _n|m Iy = = = [ o o -0 , o
oz L 18 \ P g4 !
H M =N
D Le. [+]
a 1e] T 1%}
‘L m’ of d Q M a o o 093
1 i) _ o
= / ¢ [=] o o o o
. L Q o d l_l
Ny q4 \ G T A s
/ o =3 e 9 o ° P i ] o i " &
Lé] 1 15 %7 H 4°9 9 o p 948 N
mu o - g P ol o d oom o L o = i
=] £~ [=]
L m ’. | g T b o b P o b b L o &u
. / b o o N ; Léf
ko 4] 2 / o ) OD [] o 2 o = o] OOW [E= 2
J— a b o ot o —=a —G& Gt
08 b=y fe \ R o + 0%
£ |4 T o T 0 ot 22
82| 3 d d o ° b b . q |
4 eg 5 [ o q P 9 g N
L ws w Fa ] o o i Bél
U ] ;
N 62 L] b g D \ > d o [
b - P L e - o U Y R Y (S P S . R N - R A R,
Im g6 d M be " M 98 M M 4 " | M 8BS w“ | M 65 'd |
d _ _
_ONGNm _Om B _Ovo.s.m _Om o6



Diong in0g o dow Yapul

i - T

CALUNOT jousany W ; - -
Sigpnbn joionih Jolow jo sucyolop Bumoys dow @ ednb g ! M_
| m
HDIs * %
CN ﬁmw { T T T ¥ P i {
vt Gany  jIopN Ag EEIEL R T - - S R 5 _
M \.t.l.;/ i o e e e s

ol

%g
2

. ae aL P
ag so e " L ==05 G
{ ] H N nwm i ]
%
e l] m ‘5
el m i M
o
Ll \
S
L P
. e g |
Noe2L Lt L
i G
- s & et
; oo
W | { _
(SR O LG o { &1y axm




4

where the aquifer is sufficiently thick and has a good permeable connection with a lake, well
yields of 500 gpm can be expected.

The Veblen aquifer yields water that is predominantly of calcium-sulfate and
calcium-bicarbonate types, with specific conductance ranging from 777 to 2,130 micromhos per
centimeter. The specilic conductance of water is a measure of the watei’s capacity to conduct an
glectrical current; it is the function of the amount and kind of dissolved mineral matter. An
estimate of the total dissolved solids in milligrams per liter can be obtained by multiplying
specilic conductance by 0.65. Hardness ranges from 274 to 856 meg/! (milligrams per liter) or 16
to 50 grains per gallon.

Water in the James aquifer is predominantly of sodium-, calcium-, bicarbonate, sulfate types
with specific conductance ranging from 1,030 to 2,050 micromhos per centimeter. Hardness
ranges from 103 to 856 mg/! (6 to 50 grains per gallon).

The water from the Coteau-Lakes aquifer is of a calcium-magnesium-bicarbonate type with
specific conductance ranging from 400 to 700 micromhos per centimeter. Hardness ranges from
205 to 702 mg/l (12 to 41 grains per gallon).

Bedrock Aquifer

The Dakota sandstone aquifer underlies all of Marshall County at depths ranging from 900
feet beneath the low-lying areas in the western part of the county to 1,500 feet below the high
areas of the coteau in the eastern part. Water in the aquifer occurs under arlesian conditions, and
in the low-lying area in western Marshall County many of the wells flow. Yields of up to 200 gpm
may be obtained from properly constructed wells.

Water from the Dakota aquifer is soft, ranging from 17 to 137 mg/1 (1 to 8 grains per gallon)
hardness, and is of the sodium-sulfate type with specific conductance ranging from 3,500 to
4,050 micromhos per centimeter.

HIGH-YIELD WELLS

Before high-yield wells such as those generally needed for irrigation are constructed, it is
desirable that a test well be drilled at the selected location to determine the thickness of the
aquifer and provide samples for deterinining the grain gize of the aquifer material. This
information will help in the selection of the proper slot size and length of screen to be used,
Pumping the test well shows the yield of the aquifer at that locality and provides a water sample
for chemical-quality analysis. The type of soil ard subsoil and the topography are also important
in determining the suitability of the land for irrigation, and in selecting the most suitable
irrization system.

SAND AND GRAVEL RESQURCES

The following definitions of geclogic terms are intended to aid in understanding the
occurrence of sand and gravel deposits in Marshall County,

Outwash

QOulwash is any deposit of clay, silt, sand, gravel, or boulders that has been washed and sorted
by natural processes during transport, and subsequently deposited by water from melting glacial
ice. An outwash deposit is usually composed primarily of sand and gravel. Most of the sand and
gravel pits in Marshall County are in ontwash deposits,



Till

Till in Marshall County consists of clay containing some sand and gravel, and stones varying in
size up to boulders. It is the unsorted and unstratified material deposited by continental glaciers,
This material in general has not been subjected to the action of running water.

Pockets of stratified sediment containing sand and gravel occur within the till. Occasionally
these sand and gravel pockets are large enough for commercial production; however, in general,
the till areas do not contain much sand and gravel and do not constitute good areas for
exploration.

Alluvium

Alluvium is sediment deposited by streams. It consists of materiz] ranging in size from clay to
boulders, depending on the kinds of material available to the stream and the velocity of the
stream. In Marshall County most of the alluvium does not contain large deposits of sand and
gravel.

Bedrock

The term bedrock refers to consolidated rock. In Marshall County it is predominantly shale.
These is no possibility of finding unconsolidated sand and gravel deposits beneath the bedrock.

Location of Sand and Gravel Deposits

Figure 3 is 2 map showing the probability of occumrence of sand and gravel deposits, and the
locations of gravel pils. The map does not show the quality of the sand ar gravel, and should be
used only as a guide to further exploration of sand and gravel resources. The development of any
specific site would depend upon material specifications for the desired use.

Table 1 is a list of sand and gravel pits that have been tested by the South Dakota Department
of Highways.
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Thickness

AGE vnir | LITHOLOGY e i 10 _fEE
Alluvium Sand, silt, and clay. /30
=
oy [
5 S | Loess Sift and Fine sand. ~5
= | o
= T
r= Dune sand Fine sand. /=30
=
< @
m Glacial deposits Glaciolacusirine sediments, glaciofiuvial sediments, and #ill. /—805
£
R
@It Pierre Shale Shole. /=260
0o
Niobrara Formaotion Mart, chalk, shaly, 20—140
3
% Carlile Shale Shale. 210260
o
5.
e Greenhorn Limestone Limestone interbedded with /limey shale. G0~ 75
L
Granercs Shale Shate interbedded with silt. 145-2/5
Dakota Formation Sandstone confaing shale /enses. 165—-330
=
=
n_cm Crystalline rocks Graonite, usually weathered in upper part, 7
.
a5
[

Table 2. Summary of siratigraphic units found

in Marshall County.
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Figure 6. Generalized geologic section of rock units found
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Table 3. Summary Of Chemical Analyses Of Ground Water From The Major Aquifers

{Results in milligrams per liter, except as indicated)

Coteau-
James Veblen lakes Marday Edsan Roslyn Dakota
aquifer aquifer aquifer aquifer aguifer aguifer aguifer
1
Constituent L 8 m% - LA %H - s mﬂ - m muu - m WM - m auu,u - m Z
or 52| ¢ 21 E 820§ 155 | 5§ (32| § |32 | § °21 §
property SE| % 2| & BE | & |85 | 2 |BE| 2 |2% | = 25| <2
Calcium (Ca) 17 100 14 142 8 122 7 219 4 198 7 163 29 21
Magnesium [Mg) 17 32 14 77 B 43 7 61 4 58 7 55 29 6.4
Sadium (Na) 17 244 8 116 8 15 7 89 4 64 7 127 28 a86
Potassium (IK) 17 12 7 10 8 6.9 7 10 4 8.8 7 14 23 14
Bicarbonate {HCO3) 17 530 14 329 8 363 7 327 4 3565 7 351 28 330
Sulfate {504) 17 384 14 614 8 199 7 676 4 b55 7 557 29 1137
Chlcride (Cl} 17 53 13 27 8 4.4 7 5,2 4 8.7 7 7.6 29 433
Fheoride {F) 16 4 8 3 8 3 7 3 3 A 7 4 27 5.7
Nitrate {NOj} 16 7 14 5 B 11 7 6 3 2.8 7 7.3 23 4.6
Iron {Fe) 17 .05 14 A6 8 .28 7 0.8 4 4.2 7 3.4 24 31
Manganese {(Mn} 11 24 12 .88 B A8 7 1.4 3 44 7 .29 11 .03
Hardness as CaCO3 17 385 14 666 g 450 7 803 4 730 7 G606 20 78
Specific no:acnﬂwsnm
ABH_,%B:Om per cm
at 25°C) 17 1631 8 1604 7 863 7 1589 3 | 1530 7 1484 17 4189
Percent sodium {percent} 18 50 B 23 8 6 7 17 4 16 7 32 28 a5
Sodium-adsorption ratio
{SAR) 17 5.3 8 1.1 B .25 7 .8 4 415 7 1.9 27 5.2
pH {units) 16 7.8 13 7.6 8 8.0 7 8.0 3 7.9 7 7.8 23 B.1

Yvalues shown for iron, manganese, sodium-adsorption ratio, and pH are median values.
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Figure 34. Map showing approximate altitude at the top of the sand
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APPENDIX

Quality of Water

The chemical and hacterial content ot water largely determines
acceptabil:ity for domaestie, agricuitural, and industrial usas

The minetal constituents n the water determrnes its chemical qualiy
Ramn water contains very few mineral constituenis; but as water percoilates
into the ground, it dissolves minerals from soil and rocks The amounts and

Property or
Constituent

lron (Fe)

Manganese (Mn})

Calcium {Cg) and
magnesium (Mg}

Sodium {Na) and
potassium (I}

Bicarbonate (HCO3)
and carbonate {CQj)

Suffate {5Qa)

Chiorida (Cl}

kinds of minerals in water are dependent on the solubitity of the rocks
encountered. In Marshall County, mineral concentrations usuaily are less 0
water from shallow giacial aguifers than in water from deep glacial agquifers. A
discussion of some smportant mineral constituents 15 given in the foliowing
table,

Source and Significance of Dissolved Mineral
Constituents and Physical Properties of Matural Water

Source or Cause

Many types of rack and soil. lron pipas.

Some recks and soils

Mast rocks and soils, especially timestone,
dolomite, and gypsum

Most rocks and soils

Forms when carbon dioxde in water
reacts with carbonate rocks. Produced
in the soil by plants,

From rocks and soifs containing gypsum
and anhydrite (Pierre Shale and titl
in Marshall County,

From rocks and soifs; connate water,
salt deposits, sewage.

Significance

More than about 0.3 mg/t may cause red and brown staining of
clothing, porcelain, and utensils Gives water a bitter tasta,

3ame as iron in concentrations of 0.2 my/t or more.

Principal causes for hardness and scale-forming properties of water.
Reduces the lathering ability of soap.

Imparts 2 salty or brackish taste when ¢combined with chiorde. Large
quantities may reduce soil permeability and limit use for Irnigation,
{See section on Sodium Hazard),

Raises the atkalinity and usualty the pH of water Releases corroswve
carbon dioxide gas on heating.

In water high in calcium and magnesium concentration it causes the
farmation of scale in boilars. May have a Jaxative effect and gives
water a bitter taste in concentrations of more than 250 mag/l
when combined with other ions, notably sodium ar magnesium.

Gives water a salty taste when combined with sodium in concan-
trations of more than 400 myg/l. In (arge quantities increases the
corrosiveness of water.
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Fluoride (F}

Nitrate (MO3)

Bissolved solids
(all mineral
constituents)

Hardness as CaCOs

Percent sodium
{% Na)}

Residual
Ma:COs
(RSC)

Sedium-adsorption
ratio {SAR)

Specific conductance
Aamn_‘%«s:om\gg
at 26°C)

Some rocks and soils.

Organic matter, sewage, soif, and fertitizar,

Mineral constituents dissclved from
rocks and soils.

Caused mostiy by dissolved calcium and
rmagnesium.

Obtained by dividing the sodium concen-
tration in milliequivatents per titer
{meg/l) by total eation concentration
and multiplying by 100.

The amount in meq/t of HCO3 and COa,
in excess of Ca and Mag.

Na*t

SAR =

Catt + §m++
2
{in milliequivalents)

Mireral constituents in water measured
by the capacity of water to conduct
an electric current.

Concentrations over 1.5 mg/l may cause mottling of enamel of teeth
of children, However, concentrations of about 1.1 mg/l can play
a part [n the reduction of tooth decay.

An excess of 45 mg/l may cause methermoglobinemia or cyanasis “blue
baby" in infants. High concentrations suggest organic pollution from
sewage, decayed organic matter, nitrate in the soil, or chemical
fertilizer. Because of this, concentrations are eharacteristic
of individual wells and not of any one aquifer,

Large concentrations unsatisfactory far many purposes, such as

human consumption or irrigation uses. See Specific Conductance.

Determines the ease with which soap suds are formed, For the pur-
pose of this report the following classification is provided:

Grains per Milligrams
gallon per liter
Soft 0-3.4 g- 6
Moderately hard 3.5-7 £1-120
Hard 2.1-10.8 121-180

Very hard ) . More than 10.5 More than 180

When percent sodium is over 50 it causes some soils to become
less permeable.

Same as percent sadium, A measure of black alkali hazard. Less
than 1.28 meq/l safe for irrigation; 1.25 to 2.5 marginal; more
than 2.5, not suited (depending on soil condition),

An index used in determining the suitability of water for irrigation.

A water-classification system for livestock use is given below
{South Dakota Agricultural Experiment Statian, 1953, p. 10):
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pH is the negative logarithm of the
hydrogen ion concentration,

Hydrogen ion
concentration
pH

Specific

Class Conductance
Excellent 0- 999
Good 1,000-3,999
Satisfactory 4,000-6,899
Unsatisfactory 7,000 and aver

RH of 7.0 is neutral; sbave 7 is alkatine; below 7 is acid. Abovs
pH7 water can be incrusting; below pH7 water can be corrosive.
However, excessively alkaline waters may aiso artack metals.

The W.S. Public Health Service (1962) has established standards for
drinking water used on common carriers in interstate traffic; and thess
standards have been adopted by the American Water Works Associstion as
criteria of guality for public supplies. The standards for the mineral
constituents are indicated in the following table. The Public Haalth Service
established two types of limits:

{a} Limits which, if exceeded, shall be grounds for rejection of the supply.
Substances in this category may have adverse effects on health when
present in concentrations above the limit.

{b} Limits which should not be exceeded whenever more suitable supplies
are, or can he made, available at reasonable cost. Substances in this
category, when present in concentrations above the limit, are sither
objectionable to an appreciable number of people or exceed the levels
required by good water quality control practices.

Chemieal Recommended
Constituents Limits
{mall}
Iron (Fe) 0.3
Manganese {Mn) .08
Suffate (SQ4) 250
Chioride (Cf) 250
Fluoride (F) 1.5
Nitrate (NO3) 45
Dissolved solids 500

!Based an annual average maximum daily alr temperature of 58.3°F.

Water used for irrigation should not have a detrimental affect on the
productively of the soil. The main water properties that effect soll

productivity zre the dissolved-solids concentration and the relative proportion
of sodium to calcium and magnesium. Relatively small amounts of boron or
other constituents can be toxic to certain plants.

The amount of disselved solids in irrigation water and the soil properties
determines the accumulation of salts in the sojl Salinity hazard is the
tendency of water to cause an increase of salts in the soil. The specifia
conductance of the water is used to caleulste the salinity hazard.

The relative proportion of sodium to calcium and magriesium in irrigation
water can affect soil structure, Calcium and magnesium flocculate the soil,
giving it looseness, providing for penetration of air and water, and good tillage
properties, Sodium tends to deflocculate soil which produces packing, thus
preventing or reducing the movement of air and water, The effect on soil of
high concentrations of sodium in irrigation is called the sodium hazard which
Is determined by the SAR (sodium-adsorption ratia).

The szlinity hazard and sodium hazard {U.S. Salinity Laboratory Staff,
1954} of water are shown in figure 17 which is interpreted zs follows:

Salinity Hazard

Low-salinity water {C1) can be used for irrigation of mest crops on most
suils with little likelihood that soil sali ity will develop. Some leaghing is
required, but this occurs under normal irrigation practices except in s0ils of
extrernely low permeability.

Medium-salinity water (C2} can be used for irrigation if a moderate
amount of leaching occurs. Plants with maderate salt talerancs can he grown,
usually without special practices far salinity contral,

High-salinity water (C3) cannot be used for irrigation on soils with
restricted drainage. Even with adequate drainage, special management for
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salinity control may be required and plants with good salt tolerance should be
selected.

Very high salinity water {C4) is not suitable for irrigation under ordinary
conditions, but may be used occasionally under special circumstances. The
soits must be permeable, drainage must be adequate, irrigation water must be
applied in excess to provide considerable leaching and salt-tolerant crops
should be selected.

Sodium Hazard

The classification of irrigation waters with respect to SAR is based
primarily on the effect of exchangeable sodium on the physieal condition of
the soil. Sodium-sensitive plants, however, may suffer injury as a result of
sodium accumulation in plant tissues even when exchangeable sodium values
are lower than those causing deterioration of the physical condition of the
soll.

Low-sodium water {S1) can be used for irrigation on almost all soils with
littte danger of the davelopment of harmiul levels of exchangeable sodium,

However, sodium-sensitive crops such as stone-fruit trees may accumulate
injurious congentrations of sodium.

Medium-sadium water {82) will present an appreciable sodium hazard in
fine-textured soils having high cation-exchange capacity, especially under
low-leaching conditions, unless gypsum is present in the soil. This water may
be used on coarse textured or organic soils with goecd permeability.

High-sodium water {S3) may produce harmful levels of exchangeable
sodium in most seils and will require speciat soil management--good drainage,
high {eaching, and organic-matter additions. Soils containing gypsum might
not develop harmful levels of exchangeable sodium from sueh water,
Chemical improvements may be required for replacement of exchangeable
sodium, except that improvements may not be feasible with waters of very
high salinity.

Very high sodium water {S4) is generally unsatisfactory for jrrigation
purposes except at low and perhaps medium salinity, where the solution of
calcium from the seil or use of gypsum or other additivies may make the use
of such water feasibie.
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