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EXPLANATION

—100— — LINE OF EQUAL CALCIUM CON- AQUIFER
CENTRATION--Dashed where ]
approximately located. Interval e SAMPLING SITE--Number is value
100 and 150 milligrams per liter 78 of representative concentration

Figure 10.--Concentration of calcium

EXPLANATION

—250— — LINE OF EQUAL SODIUM CON- AQUIFER
CENTRATION--Dashed where .
approximately located. Interval 5‘2 SAMPLING SITE--Number is value
variable, in milligrams per liter of representative concentration

Figure 11.--Concentration of sodium
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EXPLANATION

— 50— — LINE OF EQUAL MAGNESIUM AQUIFER
CONCENTRATION--Dashed where —

approximately located. Interval 76®* SAMPLING SITE--Number is value
50 milligrams per liter of representative concentration

Figure 12.--Concentration of magnesium
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Figure 9.--Dissolved—solids concetrations and water—type patterns

WATER QUALITY CHARACTERISTICS

Results of inorganic chemical analyses of
154 water samples collected primarily during the
1970's from wells in the Cretaceous aquifer were
compiled from U.S. Geological Survey studies and
WATSTORE files, National Uranium Resource Eval-
uation (NURE) records of the U.S. Department of
Energy, and Minnesota Department of Health
records of municipal water supplies. All anal-
yses were checked for cation-anion balance, and
only those that balanced within 10 percent were
used for statistical evaluation. The mean,
median, and range of concentrations of selected
chemical constituents and specific conductance
from the analyses, and selected U.S. Environ-
mental Protection Agency criteria for public
supply are given in table 1.

Maps showing the dissolved-solids concen-
tration and concentrations of calcium, sodium,
magnesium, bicarbonate, chloride, and sulfate in
water from the Cretaceous aquifer are presented
in figures 9 through 15.

Concentrations of sodium, chloride, and
sulfate (figs. 11, 14, and 15) are generally
highest in the western part of the aquifer
between the Coteau and the Minnesota River.
Ground water with high concentrations of these
ions moves into the Cretaceous aquifer in
Minnesota as inflow from adjacent areas in South
Dakota. In the area between the Sioux Quartzite
ridge and the Minnesota River, concentrations of
calcium and magnesium (figs. 10 and 12)
generally increase to the southwest and toward
the Minnesota River. Concentrations of bicar-
bonate generally increase toward the Minnesota
River (fig. 13).

Dissolved Solids

Dissolved-solids concentration--the weight
of substances dissolved in a given volume of
water--is a commonly used guideline in evalu-
ating water quality and in comparing waters from
different areas. Water with less than 500 mg/L
dissolved solids generally is considered to be
satisfactory for domestic and industrial uses,
and the U.S. Environmental Protection Agency
(1979) has proposed that 500 mg/L be the recom-
mended maximum concentration of dissolved solids
for drinking water. Furthermore, the U.S.
Geological Survey (Robinove and others, 1958)
has assigned terms for waters of high dissolved
solids, as follows: slightly saline, concentra-
tions between 1,000 and 3,000 mg/L; moderately
saline, concentrations between 3,000 and 10,000
mg/L.

Water in the Cretaceous aquifer generally
is slightly saline southwest of the Minnesota
River, but is fresher northeast and southeast of
the river (fig. 9). The mean dissolved-solids
concentration, determined from results of 154
analyses, was 1,070 mg/L; concentrations ranged
from 251 to 3,540 mg/L (table 1). The highest
concentration is in the extreme western part of
the area (fig. 9) where highly mineralized water
in the aquifer flows into Minnesota from South
Dakota (fig. 8). The decrease in dissolved-
solids concentration between the Sioux Quartzite
ridge and the Minnesota River suggests recharge
of fresher water through the relatively thin
overlying drift. Isolated areas of higher
dissolved-solids concentrations (fig. 9) primar-
ily reflect water samples that were collected
from deeper parts of the aquifer, and that,
consequently, have had a longer residence time
in the aquifer.

Water Types and Major Ions

Water may be classified chemically on the
basis of relative concentrations of major
cations and anions. In this report, a water
type was defined for a water sample having at
least 60 percent of the dominant cations and at
least 60 percent of the dominant anion. A mixed
water type has either no predominant cations or
no predominant anion. Water from the Cretaceous
aquifer includes five chemical types. Of the
154 water samples, 38 percent were mixed types,
21 percent were calcium-magnesium sulfate type,
20 percent were cal cium-magnesium bicarbonate
type, 14 percent were sodium sulfate type, 6
percent were sodium bicarbonate type, and 1
percent were sodium chloride type. The Stiff
diagrams in figure 9 illustrate results of
ground-water analyses. The location of water
types is shown by township in figure 16. Town-
ships containing ground water of more than one
chemical type are shown by composite symbols.
The mixing of water types occurs throughout the
aquifer (fig. 16), particularly in lowland areas
adjacent to the Minnesota River.
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In southwestern Minnesota, calcium-magnesium
sulfate type water is commonly found in end
moraines (Novitzki and others, 1969; Broussard
and others, 1973) and in clayey till (Maclay and
others, 1968). In the Cretaceous aquifer, this
water type occurs in the southwest (fig. 16)
where the aquifer is overlain by the Bemis and
Altamont moraines (fig. 6). The high concentra-
tion of sulfate in the southwestern part of the
aquifer (fig. 15) probably is caused by the
leaching and oxidizing of sulfate- and sulfide-
rich minerals, such as gypsum and iron sulfide,
from the drift (Winter, 1974), and by inflow
from the west in the area north of the Sioux
Quartzite ridge.

Calcium-magnesium bicarbonate type water is
the most common ground-water type in Minnesota;
it occurs locally in the uppermost part of the
ground-water system in most recharge areas
(Winter, 1974). Water from wells completed in
sand and gravel and in ground-moraine deposits
in southwestern Minnesota generally is a
calcium-magnesium bicarbonate type (Broussard
and others, 1973). In the Cretaceous aquifer,
this water type is present primarily northeast
and immediately southwest of the Minnesota River
(fig. 16). The probable source of the calcium-
magnesium bicarbonate type water in the aquifer
is by leakage from overlying drift deposits.

Sodium sulfate type water is present in the
Cretaceous aquifer in areas between the Coteau
and the Minnesota River (fig. 16), and probably
is derived from movement by sulfate type water
from the drift into sodium chloride type water
in the underlying Cretaceous aquifer (Winter,
1974), by ion exchange, and by underflow of
sodium sulfate type water from South Dakota.

Sodium bicarbonate type water is present at
depth in the Cretaceous aquifer primarily north-
east of the Minnesota River (fig. 16). Calcium
in water percolating through the Cretaceous
aquifer from overlying drift aquifers is
exchanged for sodium through cation exchange
(Adolphson and others, 1981).

Sodium chloride type water is present in
the Cretaceous aquifer southwest of the
Minnesota River (fig. 16), partially as a result
of inflow from South Dakota (Adolphson and
others, 1981) and partially from unknown
sources. In the area north of the Sioux
Quartzite ridge, the decrease in chloride con-
centration downgradient (fig. 14) is an indi-
cator of recharge through the overlying drift.

Table 1.--Mean, median, and range in concen-
tration of selected constituents and
properties of water from the
Cretaceous aquifer

Values are given in milligrams per liter, except as indicated.
micromhos per centimeter, ymhos/cm; microgram per liter, yg/L

Recommended
maximum or Number
Constituent or range for of
property public supplyl analyses Mean Median Minimum Maximum

Specific conductance
(ymho/cm at 25°C)... -— 129 1,610 1,490 445 5,360

Hardness as CaCO3
(Mg,Ca)ecececncennans — 52 470 320 22 1,600

Calcium, dissolved
({07 [ —-— 154 120 94 0.7 400

Magnesium, dissolved
(Mg)eeossavsvasucsoan —_— 152 by 38 0.2 150

Sodium, dissolved
(HB) ccansvanescansens -— 154 180 120 R.5 1,200

Potassium, dissolved
B sssavassmssoms susis —— 113 8 7 0.8 73

Bicarbonate
(HOO3)eeenceeannannes -— 153 430 130 95 910

Sulfate, dissolved
(S0g)eceecceccaccanns 250 154 460 380 0.5 1,700

Chlcride, dissolved
B1) s assavssssnonsses 250 68 8y 10 1 1,500

Silica, @issclved
L [ — 143 15 1% 0.9 41

Dissclved sclids:
calculated ..eccseaae 500 154 1,070 961 251 3,540

1 U.S. Envirommental Protecticn Agency, 1979.

Water-Quality Problems

Dissolved-solids, chloride, and sulfate
concentrations in the Cretaceous aquifer locally
exceed standards recommended by the U.S.
Environmental Protection Agency for public
supply (table 1), particularly in areas south-
west of the Minnesota River (figs. 9, 13, and
15). Hardness and high boron concentrations
also 1limit use of the water for municipal and
industrial supplies and for irrigation
(Broussard and others, 1973).

Shale in the upper part of the Dakota
Formation and in the Colorado Group and thick
drift deposits act as confining beds and protect
the Cretaceous aguifer from contaminants on or
near land surface. However, the aquifer sub-
crops beneath relatively thin drift southwest of
the Minnesota River (fig. 6), where percolation
of contaminants from the land surface to the
aquifer is a potential problem. Other condi-
tions that create the potential for contamin-
ation of the Cretaceous aquifer are faults and
fractures in the overlying confining beds, and
buried bedrock valleys filled with permeable
deposits that intersect the aquifer. Contam-
inants can also enter the aquifer through multi-
aquifer wells and deteriorated or improperly
grouted well casings.

EXPLANATION

WATER TYPES IN CRETACEOUS
AQUIFER, BY TOWNSHIP

[1] calcium-magnesium bicarbonate
[2] calcium-magnesium sulfate

@ sodium chloride

[4] Sodium bicarbonate

[s] Sodium sulfate

[] Mixed types
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Figure 16.--Location of water types in Cretaceous aquifer

BY

D. G. WOODWARD AND H. W. ANDERSON JR., 1986

0

S bicarbonate (HCO3s), chloride (Cl),

MILLIEQUIVALENTS PER LITER and sulfate (SO4). The larger the

area of the pattern, the greater
the dissolved—-solids concentration

953a° SAMPLING SITE--Number is va_lue
of representative concentration

0 10 20 30 40 MILES
1 i

1 ]
T T T
0 1IO 210 310 40 50 60 KILOMETERS

REFERENCES CITED

Adol phson, D. G., Ruhl, J. F., and Wolf, R. J.,
1981, Designation of principal water-supply
aquifers in Minnesota: U.S. Geological Survey
Water-Resources Investigations 81-51, 19 p.

Anderson, H. W., Jr., Broussard, W. L., Farrell,
D. F., and Felsheim, P. E., 1976a, Water
resources of the Rock River watershed, south-
western Minnesota: U.S. Geological Survey
Hydrologic Investigations Atlas HA-555, 3
sheets.

Anderson, H. W., Jr., Broussard, W. L., Farrell,
D. F., and Hult, M. F., 1976b, Water resources
of the Des Moines River watershed, south-
western Minnesota: U.S. Geological Survey
Hydrologic Investigations Atlas HA-553, 3
sheets.

Anderson, H. W. Jr., and Ruhl, J. F., 1984,
Geohydrology and hydrochemistry of aquifers in
Cretaceous rocks, Minnesota, in Jorgensen, D.
G., and Signor, D. C., eds., Geohydrology of
the Dakota aquifer: Proceedings of the First
C. V. Theis conference on geohydrology:
National Water Well Association Journal
Article, p. 27-37.

Austin, G. 8., 1972, Cretaceous rocks, in Sims,
P. K., and Morey, G. B., eds., Geology of
Minnesota: A centennial volume: Minnesota
Geological Survey, p. 509-512.

Broussard, W. L., Anderson, H. W., Jr., and
Farrell, D. F., 1973, Water resources of the
Cottonwood River watershed, southwestern
Minnesota: U.S. Geological Survey Hydrologic
Investigations Atlas HA-466, 3 sheets.

Burkart, M. R., 1982, Availability and quality
of water from the Dakota aquifer, northwest
Iowa: U.S. Geological Survey Open-File Report
82-264, 83 p.

Gutentag, E. D., and Weeks, J. B., 1980, Water
table in the High Plains aquifer in 1978 in
parts of Colorado, Kansas, Nebraska, New
Mexico, Oklahoma, South Dakota, Texas and
Wyoming: U.S. Geological Survey Hydrologic
Investigations Atlas HA-642, 1 sheet.

Kanivetsky, Roman, and Walton, Matt, 1979,
Hydrogeologic map of Minnesota--Bedrock hydro-
geology: Minnesota Geological Survey State
map series, Map S-2, 11 p.

Ludvigson, G. A., and Bunker, B. J., 1979,
Status of hydrogeologic studies in northwest
Iowa: Iowa Geological Survey Open-File
Report, 37 p.

Maclay, R. W., Winter, T. C., and Bidwell, L.
E., 1968, Water resources of the Mustinka and
Bois de Sioux Rivers watershed, west-central
Minnesota: U.S. Geological Survey Hydrologic
Investigations Atlas HA-272, U4 sheets.

Matseh, C. L., 1972, Quarternary geology of
southwestern Minnesota, in Sims, P. K., and
Morey, G. B., eds., Geology of Minnesota: A
centennial volume: Minnesota Geological
Survey, p. 548-560.

Morey, G. B., 1976, Geologic map of Minnesota--
Bedrock geology: Minnesota Geological Survey
Miscellaneous Map, M-24, 1 pl.

Norvitch, R. F., 1964, Geology and ground-water
resources of Nobles County and parts of
Jackson County, Minnesota: U.S. Geological
Survey Water-Supply Paper 1749, 70 p.

Novitzki, R. P., Van Voast, W. A., and Jerabek,
L. A., 1969, Water resources of the Yellow
Medicine River watershed, southwestern
Minnesota: U.S. Geological Survey Hydrologic
Investigations Atlas HA-320, 3 sheets.

Olsen, B. M., and Mossler, J. H., 1982a,
Geologic map of Minnesota--Bedrock topography:
Minnesota Geological Survey State map series,
Map S-15, 1 pl.

1982b, Geologic map of Minnesota--Depth to
bedrock: Minnesota Geological Survey State map
series, Map S-14, 1 pl.

Parham, W. E., 1970, Clay mineralogy and geology
of Minnesota's kaolin clays: Minnesota
Geological Survey Special Publication 10, 142
p.

Robinove, C. J., Langford, R. H., and Brookhart,
J. W., 1958, Saline-water resources of North
Dakota: U.S. Geological Survey Water-Supply
Paper 1428, 72 p.

Rodis, H. G., 1961, Availability of ground water
in Lyon County, Minnesota: U.S. Geological
Survey Circular 444, 7 p.

1963, Geology and occurrence of ground
water in Lyon County, Minnesota: U. S,
Geological Survey Water-Supply paper 1619-N,
41 p.

Ropes, L. H., 1969, Ground-water resources of
the St. James area, south-central Minnesota:
U.S. Geological Survey Hydrologic Investiga-
tions Atlas HA-334, 1 sheet.

Shurr, G. W., 1980, Exposures of Greenhorn
Formation and Carlile Shale (Upper Cretaceous)
at Lake Traverse, western Minnesota: American
Association of Petroleum Geologists Bulletin,
v. 64, p. 942-950.

Sloan, R. E., 1964, The Cretaceous System in
Minnesota: Minnesota Geological Survey Report
of Investigations 5, 64 p.

Thompson, G. L., 1965, Hydrology of melt-water
channels in southwestern Minnesota: U.S.
Geological Survey Water-Supply Paper 1809-K,
11 p.

U.S. Environmental Protection Agency, 1979,
National Secondary Drinking Regulations: U. S.
Environmental Protection Agency EPA-570/9-76-
000, 37 p.

Winter, T. C., 1974, The natural quality of
ground water in Minnesota: Minnesota Depart-
ment of Natural Resources, Division of Waters
Bulletin 26, 25 p.

Witzke, B. J. and Ludvigson, G. A., 1982,
Cretaceous stratigraphy and depositional
systems in Guthrie County, Iowa: Geological
Society of Iowa, Field Trip Guidebook No. 38,
46 p.

Witzke, B. J., Ludvigson, G. A., Poppe, J. R.,
and Ravn, R. L., 1983, Cretaceous paleogeo-
graphy along the eastern margin of the Western
Interior seaway, Iowa, southern Minnesota, and
eastern Nebraska and South Dakota, in
Reynolds, M. W. and Dolly, E. D., eds.,
Mesozoic paleogeography of west-central United
States: Rocky Mountain Section, Society of
Economic Paleontologists and Mineralogists, p.
225-252.

Wright, H. E., Jr., 1972, Physiography of
Minnesota, in Sims, P. K., and Morey, G. B.,
eds., Geology of Minnesota: A centennial
volume: Minnesota Geological Survey, p. 561-
578.

BBT

857

%

§
Y

e e g A S S S

i

Lo
5’5 Z

sovoegr verperere o sk sisne

e

EXPLANATION

—300— — LINE-OF EQUAL BICARBONATE

‘5(5

4,@@ ST .

CONCENTRATION--Dashed where
approximately located. Interval
100 milligrams per liter

AQUIFER

SAMPLING SITE--Number is value
of representative concentration

Figure 13.--Concentration of bicarbonate
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EXPLANATION

—500— — LINE OF EQUAL CHLORIDE CON-

CENTRATION--Dashed where
approximately located. Interval

variable, in milligrams per liter

AQUIFER

SAMPLING SITE--Number is value
of representative concentration

Figure 14.--Concentration of chloride

EXPLANATION

—100— — LINE OF EQUAL SULFATE CON-

CENTRATION--Dashed where
approximately located. Interval
variable, in milligrams per liter

47

AQUIFER

SAMPLING SITE--Number is value
of representative concentration

Figure 15.--Concentration of sulfate
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