

















































































































































































































A conceptual model based on the hydro-
geologic and hydrochemical data collected in
this study show that the wetlands are affected
by regional, intermediate, and local ground-
water flow systems. The regional flow system is
recharged in the Valparaiso moraine, which forms
a major upland and surface-drainage divide south
of the study area. Water flows down through the
moraine into the Valparaiso aquifer and the under-
lying bedrock, and laterally toward Lake Michigan.
Discharge from the regional system probably
occurs by upward leakage into the glacial drift near
the Lakeshore and into Lake Michigan offshore.

The intermediate flow system is recharged in
the Lake Border moraine. This system discharges
south into the Little Calumet River and north by
upward leakage into the Great Marsh. An uncali-
brated cross-sectional digital model produced
simulations of the intermediate and the regional
flow systems that were consistent with available
data on ground-water chemistry, measured heads,
and published values for hydraulic conductivities
of confined aquifers in and near the study area.

The local flow systems are recharged in the
dune-beach complexes and discharge into adjacent
interdunal wetlands. The only shallow ground
water discharged directly to Lake Michigan is
that water north of the water-table divide under-
lying the shoreline dune-beach complex.

The largest interdunal wetland in the study area,
the Great Marsh, is a discharge zone for the local
flow systems and probably for the regional and
intermediate flow systems. Discharge from the
regional and intermediate flow systems is mainly
by upward leakage through underlying clay con-
fining layers. This leakage produces mineralized
shallow ground and wetland waters found in
several interior sections of the Great Marsh. At
the raised peat mound in Cowles Bog within the
Great Marsh, water from the confined subtill
aquifer discharges directly into the sands, marls,
and peats of the surficial aquifer through a breach
in the clay layer that functions as the upper con-
fining unit for the subtill aquifer. The major ion
chemistry and the concentrations of tritium at the
mound indicate that upward leakage is a major
component of the water budget in Cowles Bog.

The other interdunal wetlands and the small
wetlands within the dune-beach complexes occur
mainly within the local ground-water flow system.
The shallow ground and wetland waters associated
with these wetlands are more dilute than those in
the Great Marsh and range from calcium bicar-
bonate to calcium bicarbonate sulfate types. Thus,
the chemistry of the water in the wetlands is
dependent on the position of the wetland in the
ground-water flow regime.

Changes in the water table along profiles
through the Great Marsh and the adjacent dune-
beach complexes indicate that the dune-wetland
margins are the most actively recharged sections
of these profiles. Transient water-table mounds
were observed in the dunes at the northern margin
of the Great Marsh. Although the actual period
of flow reversal associated with these mounds is
less than a few weeks a year, this phenomenon
indicates that recharge is variable in time and space
in the dune-wetland complexes and is concentrated
near the margins of the wetlands.

The results of this study have led to three
general conclusions about hydrogeologic invest-
igations of wetland areas. The first is that an
understanding of the hydrogeologic setting of
a wetland area is crucial to the understanding of
its water balance and hydrochemistry. At Indiana
Dunes, the water balance and hydrochemistry of
any particular wetland are influenced by the wet-
land’s position in the ground-water flow regime.
For wetlands in glacial-lacustrine sediments, a
reasonable understanding of the stratigraphy and
the sedimentology of these deposits is needed to
define accurately the geometry of the aquifer
system. In the case of the Great Marsh, water
chemistry is strongly affected by the spatial
distribution of the basal sand and subtill aquifers.
The western half of the Great Marsh receives
discharge from the surficial and subtill aquifers,
and the composition of shallow ground water
represents a mixture of waters from these two
aquifers. The eastern half of the Great Marsh
receives discharge from the surficial and basal
sand aquifers. The composition of shallow ground
water in the eastern half of the Great Marsh repre-
sents a mixture of waters in the surficial and basal
sand aquifers.
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A second general conclusion is that hydrologic
responses in wetlands are not necessarily uniform
in time and space. Different parts of a wetland can
alternately respond as either recharge areas or dis-

charge areas under different hydrologic conditions. -

The final conclusion is that wetlands are most
effectively studied by means of a multidisciplinary
approach. The observations and the conclusions
of this report are the result of the synthesis of
hydrogeologic, sedimentologic, and hydrochemical
data. Some investigators cited in this report used
ecological and palynological data. Conceptual
models in each of these disciplines at the Indiana
Dunes were constrained by observations in the
other disciplines. These constraints produced
models of interactions between ground water and
the different types of wetlands that were more
detailed and presumably more accurate than
could have been developed in each discipline by
itself. This type of approach is powerful, not
only because of the interpretive constraints but
also because of the recognition of wetlands as
natural systems that have hydrologic, geologic,
and biologic components.
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