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Introduction

Springs are the natural discharge points for groundwater
systems. They provide baseflow for streams and are critical
sources of constant-temperature water for cold water trout
streams. In order to conserve and protect the source of water
to a spring it is necessary to identify the springshed, the area
that contributes water to the spring.

This map displays mapped springsheds as of June 2014 in
the Paleozoic karst bedrock of southeast Minnesota. It also
incorporates work done as part of the Fillmore County Geo-
logic Atlas (Alexander and others, 1996, Plate 9).

Karst and Hydrogeology

Karst is a landscape-scale hydrologic system formed in sol-
uble bedrock. Water chemically and mechanically enlarges
passages resulting in integrated conduits through which it can
travel rapidly, at speeds of up to several miles per day. Certain
bedrock layers are more prone to karst formation (Figure 1).

The land surface may express the karst system through the
presence of sinkholes and sinking streams, which are inlets or
windows to the bedrock aquifer. Even areas with few or none
of these features at the surface may have water moving rap-
idly through subsurface conduits, especially in areas where
water infiltrates through thin soil.

Some of the water that has entered the subsurface emerges
at the surface in springs. A groundwater springshed includes
three components: 1) water that has infiltrated from the land
surface into the first karst aquifer even where there are no
obvious karst features present, 2) surface water that entered
at a specific karst feature, and 3) regional groundwater flow.

Springsheds are dynamic and their boundaries can change
as groundwater levels rise and fall. The boundaries of ground-
water springsheds and the surface watersheds do not neces-
sarily correspond.

Regional Geology and Stratigraphy

The flat-lying Paleozoic sedimentary bedrock of southeastern
Minnesota is Cambrian to Devonian in age (505 to 350 million
years ago) (Mossler, 2008) and was deposited as a series of
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shallow, fluctuating seas advanced and retreated across what
is now southeastern Minnesota (Figure 2). The Cambrian-age
rocks are primarily sandstone, siltstone and shale while the
Ordovician and Devonian rocks are primarily carbonate (lime-
stone and dolostone) and shale.

Rock layers that serve as the source of water for the many
springs found in southeast Minnesota are highlighted on the
map and stratigraphic column (Figure 2). The Decorah Shale
(blue on the map) is a regional aquitard and is the boundary
between the Galena limestone karst system and the Prairie
du Chien karst system. Many springs discharge from the low-
er Galena because the water cannot move through the rela-
tively impervious, underlying shale. The St. Lawrence Forma-
tion (green on the map) is an important regional bedrock unit
from which many springs discharge and where disappearing
streams (stream sinks) contribute water to springs (Green
and others, 2012).

These rock units are covered by varying thicknesses of un-
consolidated sediments. Areas with less than 50 feet of sed-
iment cover have been the focus of springshed mapping
efforts because sinkholes and disappearing streams are pri-
marily found in those areas. Those features are not common
where the cover is thicker than 50 feet (brown areas on the
map), typically in three settings: isolated areas in the bluffland
regions, along the alluvium deposits of the major rivers, and
under deep glacial deposits to the west.

Methods

The surface-water springsheds were identified by analyzing
LIDAR digital elevation models or topographic maps. The
groundwater springsheds in southeastern Minnesota were
mapped primarily through dye tracing done by the University
of Minnesota, DNR, and private cavers.

The use of artificial additives (tracers) to track groundwater
flow is common for karst aquifer investigations. A tracer is
added to the groundwater system through a sinkhole, sinking
stream, or cave stream. Then groundwater discharge loca-
tions, typically springs, are monitored for the arrival of the trac-
ers. When input-to-discharge connections are established,
the identified connection can be used to identify the area that
contributes water to a spring (groundwater springshed). Fre-
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carrying groundwater flow to a spring. The come from areas far beyond the surface-
black lines represent the general direction of water springsheds. Regional sources of
groundwater flow through enlarged openings  water to groundwater springsheds have a
in the subsurface, such as vertical and significantly longer underground residence
horizontal joints and fractures. The gray- time and provide a large fraction of spring
shaded linear features represent larger discharge from the St. Lawrence Formation
conduits carrying groundwater flow.

and Tunnel City Group.

This map was prepared from publicly available infor-
mation only. Every reasonable effort has been made to
ensure the accuracy of the factual data on which this
map interpretation is based. However, the Department
of Natural Resources does not warrant the accuracy,
completeness, or any implied uses of these data. Users
may wish to verify critical information; sources include
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quent sampling during the tracing experiment allows the travel
time of the groundwater to be calculated.

Fluorescent dyes are the preferred tracers because they are
conservative (travel with water and are non-reactive), readily
obtainable, non-toxic, relatively simple to analyze, detectable
at very low concentrations and not naturally present in the
groundwater. For this study, the dyes used were eosine (CAS
17372-87-1), Rhodamine WT (CAS 37299-86-8), and uranine
C/fluorescein (CAS 518-47-8). Multiple dyes were used to
trace from different sinkholes at the same time. The traces
were carried out with 200—-1200 grams of dye. The dyes were
introduced into the groundwater systems through sinking
streams, snow melt running into sinkholes, and dry sinkholes.
In the latter case, the dyes were flushed with water from a
tanker truck (typically 500-2000 gallons). Dye traces were
conducted in the Lithograph City Formation, Spillville Forma-
tion, Galena Group, Prairie du Chien Formation, St. Lawrence
Formation, and the Tunnel City Group.

Springs, streams, and wells were monitored to determine
background levels both before and after dye inputs with a
combination of integrating charcoal packets and direct water
samples. The charcoal packets and water samples were ana-
lyzed using a scanning spectrofluorophotometer in the Earth
Sciences Department of the University of Minnesota. All three
dyes could be measured in parts per billion.

Results

This map displays mapped groundwater and surface-water
springsheds across southeast Minnesota. The groundwater
springshed boundaries are outlined in red and reflect ground-
water levels in the first bedrock karst aquifer at the time that
the dye traces were conducted. Surface-water springsheds
are outlined in yellow. Common boundaries of neighboring
springsheds represent surface-water or groundwater divides.
Sinkholes or stream sinks that were used as dye-trace input
points are symbolized differently depending on whether or not
dye was later detected in the springs that were being moni-
tored. The dye-trace vectors (black arrows) are the diagram-
matic depiction of the groundwater flow route.

The five insets are enlargements of areas with a high density
of dye trace points and vectors.

Figure 2. Stratigraphic column

This stratigraphic column shows bedrock
of southeastern Minnesota highlighting
lithostratigraphic attributes. The carbonate
bedrock has been partially dissolved to
form karst aquifers. The coarse clastic g —]
large
volumes of water in the primary pore
space in the sandstone matrix. Two fine
clastic bedrock formations, the Decorah
and the St. Lawrence, are highlighted Cuis
on the map. Their lower primary porosity

does not allow water to infiltrate readily,

which

bedrock stores and transmits

creating numerous springs

discharge laterally at their upper contact. ﬁ
These units have enhanced secondary E
porosity in the form of bedding plane g
fractures and conduits, which is a critical S
factor for spring occurrence. Adapted

from Mossler (2008).
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The DNR Information Center
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