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pumpage in local centers exceeded 10 Mgal/d in only 
a few areas. 

Hydraulic heads of aquifers in the Cambrian
Ordovician aquifer system in 1980, as compared 
with predevelopment heads, show little effect from 
ground-water withdrawal in most of the recharge 
or unconfined areas, but major head declines 
(cones of depression in the potentiometric surface) 
are evident in the confined areas. The largest ef
fects, in terms of the total decline in head and the 
areal extent of the decline, are at Chicago, Illinois, 
Milwaukee and Green Bay, Wisconsin, and ·Mason 
City, Iowa, where the aquifer system is confined by 
the Maquoketa confining unit. Formation of these 
cones of depression has reversed the direction of 
ground-water flow in large areas around these cen
ters of pumping. 

The head decline of more than 900 ft in the Chi
cago area is the most impressive effect of ground-water 
withdrawal in the northern Midwest. Nonpumping 
water levels in some wells in the Chicago area near 
the center of the cone of depression were more than 
200 ft below sea level in 1980. The maximum head 

· decline in the Milwaukee area was more than 375ft 
in 1980. 

The city of Chicago and several nearby communi
ties obtain their water supplies from a diversion of 
water from Lake Michigan that is limited by the 
U.S. Supreme Court. This source furnishes most of 
the water supply for northeastern Illinois, but the 
ground-water resource is a necessary supplementary 
source of supply. As part of its management of this 
diversion, the Illinois Division of Water Resources 
has a policy of reducing demand on the Cambrian
Ordovician aquifer system by optimizing the use of 
all other ground-water resources before an allotment 
from the diversion is granted, and by requiring new 
recipients to abandon any deep wells they have 
within five years to reduce the head decline in the 
aquifer system. 

Ground water in the Cambrian-Ordovician aquifer 
system in the northern Midwest is characterized by 
an extreme range of mineralization, but its quality 
in much of the study area is good for most purposes. 
The major cations are calcium, magnesium, and sodi
um, and the major anions are bicarbonate, sulfate, 
and· chloride. The distribution of sulfate, chloride, 
and sodium concentrations is closely related to the 
distribution of dissolved solids but with dissimilar 
areal concentration gradients. Interpretation of the 
present distribution of major solutes in terms of hy
drochemical facies and of other water-quality charac
teristics, such as stable isotopic ratios, gives an 
indication of some residual effects of continental 

glaciation during the Pleistocene on ground-water 
quality in the northern Midwest. 

Dissolved-solids concentration is low (generally 
less than 1,000 mg!L) in the recharge areas in Wis
consin, southern Minnesota, northeastern Iowa, 
and north-central Illinois where the aquifer system 
crops out or subcrops beneath glacial drift. The 
water in these areas is the Ca-Mg-HC03 type, de
rived from and identical to that in the overlying 
glacial drift. However, the concentration of dis
solved solids increases in the direction of ,ground
water movement and with increased depth and 
thickness of the aquifers, especially where they are 
confined by the Maquoketa confining unit. Transi
tion to higher dissolved solids in the confined areas 
commonly is accompanied by substantial increases 
in sulfate concentration. 

In northwestern Iowa and southwestern Minne
sota, the water in the Cretaceous aquifer and the 
Cambrian-Ordovician aquifer system is a Ca-Na-S04-

HC03 type, derived from oxidation of pyrite in the 
Cretaceous Dakota Formation. 

The water is increasingly saline toward the deep 
structural basins, where Na-Cl brines with dissolved 
solids of more than 200,000 mg!L are present. These 
changes in dominant ions may be the result of ion 
exchange of calcium and magnesium for sodium in 
clay minerals or the result of membrane filtration 
that could cause calcite precipitation coincident with 
increases in sodium and chloride. Saline water is 
present in the Mount Simon aquifer near Lake 
Michigan in eastern Wisconsin and northeastern Illi
nois and is present in successively younger rocks to 
the east and south as they dip toward the structural 
basins. The situation is similar in Iowa, where the 
salinity increases to the southwest and south, gener
ally down dip. However, the direction of the increase 
in mineralization in Iowa is perpendicular to the 
general direction of ground-water flow, which is to 
the southeast. 

Analysis of the isotopic composition of the ground 
water strongly indicates that the source of much of 
the ground water in the confined part of the aquifer 
system in Iowa probably was recharge from glacial 
meltwater. That water is isotopically depleted in 
o180 and oD with respect to modern precipitation
an indication that its source was precipitation in a 
much colder climate than the present. A major 
example is in an area of low-dissolved-solids ground 
water in the Jordan aquifer in central Iowa. 
Dissolved-solids concentrations there are 500 mg!L 
or less but are more than 1,000 mg!L in water in 
adjacent areas. The depletion of o180 and oD and in
creased concentrations of lithium, radium-226, and 
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bromide also correlate with the area of low dissolved 
solids. The water in this area probably is a result of 
subglacial meltwater recharge from the Des Moines 
lobe of Wisconsin glaciation in north-central Iowa, 
emplaced by very high hydrostatic head caused by 
the overlying load of glacial ice. 

Loading by Pleistocene ice sheets is also believed 
to be a cause of the saline water in the aquifer sys
tem near Lake Michigan. Increased dissolved solids 
there result from higher concentrations of calcium 
and sulfate. The isotopic content of sulfur in the sul
fate indicates that the sulfur has an evaporitic ori
gin. A source of evaporitic sulfur is available in the 
]t.lichigan basin but not in the Cambrian and Ordovi
cian formations west of Lake Michigan. Isostatic 
loading by glacial ice over the Michigan basin prob
ably reversed the hydraulic gradients, causing saline 
water in the Michigan basin to discharge westward 
through the present recharge areas. 

Natural water-quality problems in the Cambrian
Ordovician aquifer system are related primarily to 
increases in dissolved solids, which limit its useful
ness for municipal and domestic purposes in much of 
the confined aquifer system in central and southern 
Illinois, Indiana, southern and western Iowa, and 
northern Missouri. In addition to a recommended limit 
of not more than 500 mg/L of dissolved solids, sulfate 
and chloride are individually recommended to be less 
than 250 mg/L (U.S. Public Health Service, 1962). 
,Waters that exceed these limits are sometimes used 
where other sources are not available. Radium activ
j[ty exceeds the current primary drinking-water stand
ard of 5 picocuries per liter (U.S. Environmental 
Protection Agency, 1986) in much of the confined aqui
fer system in eastern Wisconsin, northeastern Illinois, 
and central Iowa. Excessive concentrations of iron and 
hydrogen sulfide are somewhat common, and hard
ness is almost always excessive. 
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