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Abstract

The Southwest Illinois Karst underlies a 410 km2 sinkhole plain located a 
short distance southeast of St. Louis, Missouri. The Illinois Speleological Survey 
lists over 100 perennial and ephemeral springs in the sinkhole plain. The Ozark 
Underground Laboratory has delineated nine groundwater system recharge areas 
in some detail, has partially delineated two others, and plans work on three more. 
Dye tracings were done to characterize groundwater flow, identify lands which 
contribute water to the habitat of a federally-listed aquatic cave species (Gam-
marus acherondytes, the Illinois cave amphipod) and other important cave fauna, 
and to assess impacts to spring discharge from proposed quarry expansion. Over 
100 dye introductions have been made, which were detected at 29 springs result-
ing in over 120 km2 (~29% of the karst) shown to lie within the delineated re-
charge areas. These data are being used for recovery of the Illinois cave amphipod, 
to recognize special spill response needs, for permit applications for quarrying 
and subdivisions, and to disclose a flaw in a floodway model. 
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Introduction

The Southwest Illinois Karst lies within the Sa-
lem Plateau physiographic province (Willman et al. 
1975) and within the Ozarks Ecoregion (Figure 1). 
Previous studies of the karst area and its groundwa-
ters are provided by Frankie et al. (1997), IDNR 
(1998), Panno et al. (1994), and Stueber and Criss 
(2005). 

The Illinois part of the Salem Plateau Karst 
includes three major areas that are intensely karsti-
fied. These are the Columbia, Waterloo and Renault 
subkarsts, respectively named for proximal towns 
(Figures 1 and 2, Titus 1976, Aley et al. 2000). 

The general area is a sinkhole plain developed in 
Mississippian Period limestones of the Valmeyeran 
Series, covered on the east and south by insoluble, 
granular sedimentary rocks deposited during the 
Pennsylvanian Period. The rocks affecting the karst 
development are, from oldest to youngest, the Sa-
lem Limestone, the St. Louis Limestone, the Ste. 
Genevieve Limestone and the Aux Vases Sand-
stone. The karst area is bounded on the west and 
north by the Mississippi River floodplain alluvium, 
and is covered in many places by Pleistocene loess 
that is commonly 40 feet thick between sinkholes. 

The area is undergoing rapid urbanization and 
has Illinois’ longest caves, which have the highest 
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number of globally-rare species found in the caves 
of the Ozarks Ecoregion (Lewis et al. 2003). Pro-
posed changes in land use, the listing of the Illinois 
cave amphipod (ICA, Gammarus acherondytes) as 
federally listed as endangered, and proposed des-
ignation of cave-nature-preserve recharge areas as 
Class III groundwater have driven most of the dye 
tracing in the Southwest Illinois Karst.

Renault Subkarst Tracing

Thirty-six dye introductions demonstrating 42 
flow paths have been made in the Renault Subkarst 
(Figure 3). Three dye introductions were made to 
determine if a proposed subdivision would impact 
the Fogelpole Cave groundwater system, which 
was known to provide habitat for the ICA. One 
introduction was made to help cavers determine 
if a newly discovered cave was part of the Fogel-
pole Cave system or if it flowed to Collier Spring, 
which drains a nominally separate cave system. 
The remaining 32 dye introductions delineate cave 
system recharge areas and areas that recharge state-
managed lands, particularly the Armin Krueger 
Speleological Nature Preserve, the Illinois Caverns 
Natural Area and the Fogelpole Cave Nature Pre-
serve. Each of these cave systems provide habitat 

for the ICA (see Aley et al. 2000). 

Waterloo Subkarst Tracing

Thirty-one dye introductions demonstrating 
34 groundwater flow paths have been made in the 
Waterloo Subkarst (Figure 4). Continuing work 
will delineate recharge areas for Frog Spring, Luhr 
Spring and Dual Spring, all of which are known to 
provide habitat for the ICA. 

Eleven of the dye introductions were done to 
help characterize groundwater flow in the South-
west Illinois Karst (Aley and Aley 1998), and most 
proved to be relevant for subsequent recharge-area 
delineations. Two dye introductions were made 
to add detail to two of the characterization traces 
(Moss 1998). The remaining 18 dye introductions 
were made to help delineate the recharge areas of 
the Pautler Nature Preserve, Annbriar Spring and 
the Pautler Cave system, which currently has the 
highest number (16) of globally-rare species of any 
cave system in the Ozarks Ecoregion (Lewis et al. 
2003). Both the Pautler Cave and Annbriar Spring 
groundwater systems provide habitat for the ICA, 
as do the Frog, Luhr and Dual Spring systems. The 
recharge area for the Pautler Nature Preserve was 
delineated in support of its designation as Class III 
groundwater. The recharge area delineations were 

Figure 1 Location map.

Figure 2 The Salem Plateau in Illinois and 
its major subkarsts.
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reported by Aley and Moss (2001). 

Columbia Subkarst Tracing

Thirty-one dye introductions demonstrating 
35 groundwater flow paths have been made in the 
Columbia Subkarst (Figure 5). Three dye introduc-
tions were made to provide necessary data to help 
resolve a sinkhole-flooding issue in Columbia, Illi-
nois. All of these traces flowed to Ritter Spring (Aley 
et al. 2000). Two successful dye introductions were 
made to determine appropriate sampling locations 
for a closed landfill (Aley and Moss 2007), 19 dye 
introductions were made to delineate the Stemler 
Cave system recharge area (Aley et al. 2000) and 

seven dye introductions were made to delineate 
the Falling Springs recharge area (Moss and Aley 
2002). The Stemler Cave recharge area was delin-
eated as well as delineating the recharge area for the 
Stemler Cave Nature Preserve. The former was in 
support of the ICA and the latter was in support 
of Class III groundwater designation. The recharge 
area for Falling Springs was delineated as part of an 
assessment of potential impacts to the spring from 
a proposed quarry expansion. 

One of these traces proved relevant in a lawsuit 
relating to a floodway issue. There was a question of 
whether or not modeling the topographic basin of 
Wilson Creek near Columbia, Illinois was appro-
priate. Trace 99-213 reported in Aley et al. (2000) 

Figure 3 Renault Subkarst: Recharge areas and dye traces.
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has shown that groundwater is derived from a zone 
extending at least 1.7 km outside the 9 km2 topo-
graphic basin. Anecdotal reports showed much 
higher flood levels than the models predicted, and 
we were asked if we could explain the difference. 
There are six known springs at the head of Wilson 
Creek, one of which happened to have had a trace 
detected by us. It was clear that the topographic 
model did not successfully predict the amount of 
water discharged from Wilson Creek during the 
one-percent-probability flood.

Conclusion

Dye tracing is a versatile tool in the Southwest 
Illinois Karst, and bears on a number of questions, 
including:
• How does groundwater behave in the South-

west Illinois Karst?
• Which areas recharge cave systems providing 

habitat for the ICA?
• Which areas recharge nature preserves and 

natural areas?
• How would the proposed expansion of a 

quarry affect the discharge of proximal Falling 
Spring? 

• Is there interbasin transfer of water, and how 
does that affect flood modeling?

• In which groundwater systems do particular 
caves lie?

• Where should water be sampled for potential 
landfill leachate?

The >100 groundwater traces completed in the 
Southwest Illinois Karst have helped answer these 
questions. The Southwest Illinois Karst has been 

Figure 4 Waterloo Subkarst: Recharge areas and dye traces.
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shown to have very open conduit systems with 
large caves and high groundwater velocities. For 
each trace, we generally report the following:

• the amount and type of dye used, 
• the elevation and location of the dye introduc-

tion point,
• the date and time of dye introduction, 
• water flow conditions at the dye introduction 

point at the time of dye introduction,

• locations where dye was recovered,
• estimated velocities of groundwater flow paths, 
• elevation change between introduction and re-

covery points, 
• gradient of groundwater flow path, and
• a figure showing the trace.

The Illinois Speleological Survey is making the 
important data in these unpublished reports more 
accessible. The shape files of the traces and recharge 

Figure 5 Columbia Subkarst: Recharge areas and dye traces.
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area delineations, as well as the text for most of the 
reports, are on a website maintained by the Illinois 
Speleological Survey (http://www.caves.org/iss). 
As in the floodway case, these data may prove to be 
useful for purposes other than those for which they 
were originally conducted.

Literature Cited
Aley, Thomas and Catherine Aley. 1998. Groundwa-

ter tracing and recharge area delineation study 
for two karst study areas in Monroe County, Il-
linois, unpublished Ozark Underground Labo-
ratory report to the Mississippi Karst Resource 
Planning Committee and the Illinois Environ-
mental Protection Agency. 57 pp + appendix 
data and maps

Aley, Thomas and Philip Moss. 2001. Recharge 
area delineation of the Pautler Cave system and 
Annbriar Spring in Monroe County, Illinois. 
Contract report to the Illinois Nature Preserves 
Commission. 124 pp + appendices

Aley, Thomas and Philip Moss. 2007. Determina-
tion of appropriate sampling locations for a 
closed landfill in karst terrane, Columbia, Illi-
nois. Contract report to the City of Columbia, 
Illinois. 20 pp + appendices

Aley, Thomas, Philip Moss, and Catherine Aley. 
2000. Delineation of four biologically sig-
nificant cave systems in Monroe and St. Clair 
Counties, Illinois. Unpublished Ozark Under-
ground Laboratory report to the Illinois Na-
ture Preserves Commission and the Monroe 
County Soil and Water Conservation District. 
254 pp + appendix data and maps.

IDNR, 1998. Sinkhole Plain Area Assessment. 
Volume 3, Living Resources. Illinois Depart-
ment of Natural Resources, 190 pp.

Frankie, W.T., D.A. Grimley, R.J. Jacobson, 
R.D.Norby, S.V. Panno, M.A. Phillips, J.E. 
Hofmann, M.R. Jeffords, C.P. Weibel, and 
Z.Lasemi, 1997. Guide to the geology of the 
Columbia and Waterloo area, Monroe County, 

Illinois. Illinois State Geological Survey, Field 
Trip Guidebook 1991A, pp 1–79. 

Lewis, J.J., P. Moss, D. Tecic, and M.E. Nelson. 2003. 
A conservation focused inventory of subter-
ranean invertebrates of the southwestern Il-
linois karst. Journal of Cave and Karst Studies, 
65(1):9–21.

Moss, Philip. 1998. Dye trace replication and refine-
ment in the Section 319 Study Area in Monroe 
County, Illinois. Unpublished report to the Illi-
nois Environmental Protection Agency’s South-
ern Regional Groundwater Protection Planning 
Committee. 8 pp.

Moss, Philip and Thomas Aley. 2002. Assessment 
of potential groundwater impacts on Falling 
Springs from a proposed quarry expansion, 
St. Clair County, Illinois. Contract report to 
Columbia Quarry Company. 39 pp + appen-
dices.

Panno, S.V., C.P. Weibel, D.A. Keefer, and I.G. 
Krapac. 1994. Mapping of Karst Areas in Illi-
nois II: Agrichemical Contamination in Karst 
Aquifers of Southwestern Illinois. In Proceed-
ings of the 4th Annual Conference, Illinois 
Groundwater Consortium, Makanda, Illinois, 
pp 99–109. 169 pp.

Stueber, A.M. and R.E. Criss. 2005. Origin and 
transport of dissolved chemicals in a karst 
watershed, southwestern Illinois. Journal 
of the American Water Resources Associa-
tion, JAWRA Special Issue on Agricultural 
Hydrology and Water Quality, 41(2):267–
290.

Titus, C.A.O. 1976. Factors controlling the karst 
process in Monroe County, Illinois. Unpub-
lished Master’s Thesis (Geology), Southern Il-
linois University at Carbondale. 123 pp.

Willman, H.B., E. Atherton, T.C. Buschbach, C. 
Collinson, J.C. Frye, M.E. Hopkins, J.A. Line-
back, and J.A. Simon. 1975. Handbook of Il-
linois Stratigraphy. Illinois State Geological 
Survey Bulletin 95. 261 pp.


