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Abstract: Sinkhole sediments in the 
southwestern Wisconsin karst display significant 
variations in depositional charactertstics due to 
variable toposeqences, colluvial processes, and 
heterogeneous parent materials. In this study we 
compare the sediments around the edge of one 
Sinkhole with those at the center of the same 
Sinkhole. The sediments in these two locations 
are expected to be different since the edge of the 
Sinkhole is laterally translational but the center 
of the sinkhole is strictly depositional. Although 
much of the surface of the Wisconsin karst is 
mantled by aeolian silt (loess), sediment in the 
Seneca Sinkhole contains conSiderable sand 
(edge: 34 %, center: 18 %) which is dertved from 
upslope sandstone backwasting and the sandy 
dolostone bedrock in which the sinkhole formed. 
At the edge of the Sinkhole the sediment has a 
loamy texture and strong blocky structure: at the 
center of the Sinkhole the sediment has a silt 
loam texture with a weakly granular structure. 
In addition. other properties including organiC 
matter, pH, and color also differ. The edge of the 
Sinkhole reflects a variety of transitional features 
with slope processes and clear sol1 development, 
whereas the center of the Sinkhole exhibits the 
effects of long-term loess-derived deposition. 

Introduction 

Sediments in Sinkholes in the Driftless 
Area of southwestern Wisconsin have a wide 
variety of depositional characteristics due to 
variations in topography, parent materials, 
bedrock. and colluviation (Oh and Day, 1989). 
Nevertheless the sinkhole sediments are of 
considerable interest because they provide a 
chronology of regional karst development and 
because they are depositories of materials which 
elsewhere have been eroded from the uplands of 
the Driftless Area. 

The purpose of this paper is to examine 
some specifics of Sinkhole sediment accumu
lation. The objectives are: (1) to compare the 
sediments at the edge of one Sinkhole with those 
at the center of the Sinkhole. since the edge of the 

sinkhole is transitional and the center of the 
Sinkhole is more strictly depositional. (2) to 
analyze the physical and chemical properties of 
the sediments in the sinkhole in order to 
determine their origins. and (3) to investigate the 
processes of sinkhole sediment accumulation. 

The study area is located 5.5 Kilometers 
east of the Mississippi River Valley in Crawford 
County. Wisconsin (Fig. 1). The "Seneca 
Sinkhole" is located on the dissected translational 
midslope of a karst valley. about 30 meters lower 
than the maximum elevation of the ridge crest. 
The Sinkhole is formed close to the contact 
between the St. Peter Sandstone and the Pralrle 
du Chien Dolostone. The Ordovician-aged Prairie 
du Chien underlies the St. Peter Sandstone and 
overlies Cambrian sandstone. The elevation of 
the study area is 345 meters above sea level with 
a local relief of about 158 meters above the 
Mississippi River. The study area is close to a 
major source area of Pleistocene ice sheet loess 
the Mississippi floodplain- and regional loess 
thickness ranges from about 2.4 to 4.8 meters 
(Ruhe, 1983). The Peortan-aged loess. which is 
predominant in Wisconsin. accumulated between 
17,000 to 22,000 years B.P. (Ruhe, 1969). 

This study involved both field and 
laboratory investigation. In the field. sediment 
samples were collected for laboratory analysis. 
Field methods were: (1) acquisition of 
morphometric data on the sinkhole, (2) 
excavation of two sediment pits to a depth of 180 
and 240 centimeters: one on the west edge of 
sinkhole, the other at the center of the Sinkhole. 
(3) investigation of the depositional sequences, (4) 
examination of the sediment texture, structure, 
and color, and (5) collection of sediments for 
chemical and physical analysis. 

Laboratory characterization of the 
sinkhole sediments was based on the methods 
described by Gee and Bauder (1986). Foth et al. 
(1982), and Liegel et al. (1980) . In the laboratory 
four different properties were measured: (1) 
Textural analysis (hydrometer method) is based 
on particle size distribution, which is a relatively 
stable characteristic related to physical and 
chemical activity. Particle size distribution is a 
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Figure 1. study area and bedrock geology of Crawford County, 
Wisconsin. 1. Galena dolostone; Decorah dolostone and shale; 
Platteville dolostone. 2. st. Peter sandstone. 3. Prairie du 
Chien dolostone. 4. Trempealeau sandstone; Franconia sandstone. 
(after USDA, 1961). 



standard means of characterizing and classifying 
sediment since many physical and chemical 
properties are associated with surface activity. (2) 
The pH in water (electrode pH meter method) 
measures the amount of active (soluble) hydrogen 
in the soil solution. The greater the degree of 
hydrogen saturation, the greater the dissociation 
and the more acidic the soil solution becomes. (3) 
Percent organic matter (colorimeter method) 
measures the organic fraction of the sediment 
including plant, animal, and microbial residues, 
fresh and at all stages of decompoSition, and the 
relatively stable soil humus. (4) Color (Munsell 
Color System) indicates soil condition and 
environment, reflecting humus content, wetness, 
air-water relations, mineral content and stage of 
development. 

PREVIOUS STUDIES 

Bedrock Geoloe:Y 

The Prairie du Chien Group carbonates 
and st. Peter Sandstone are fundamental source 
rocks for the Seneca and other regional Sinkhole 
sediments (Fig. 1). The Prairie du Chien Group 
carbonates, with an average thickness of 72 
meters, outcrop mostly north of the Wisconsin 
River and contain a significant number of 
sinkholes (Day et aI., 1989a). Davis (}970) and 
Agnew et al. (1956) interpret the Prairie du Chien 
carbonates in terms of two predominantly 
dolostone formations : (1) The Shakopee 
Formation, the upper unit, consists both of 
dolostones and sandstones. The formation is 
composed of interbedded quartz sandstone, 
sandy dolostone, gray-green shale to sandy and 
intraclastic dolostone, algal stromatolites, and 
oolitic dolostone with minor amounts of gray
green shale and quartz sandstone. (2) The Oneota 
Formation, the lower unit, contains well-sorted, 
round-grained, medium to coarsely crystalline 
dolostones, or is a poorly sorted, heterogenous 
mixture of grains with a sparry cement of 
intraclastic grain sparite. Insoluble matter in the 
Prairie du Chien carbonates is l.37-26.26 % by 
weight (Steidtmann, 1924). 

Agnew et a1. (1956) emphasize that : (1) 
The carbonates are extremely variable in 
lithology. (2) The dolostone is light buff to light 
gray, fine to medium crystalline, in part vuggy, 
and thin to thick bedded, or irregularly bedded or 
massive. (3) The dolostone has been silicified, is 
commonly oolitic. sandy with clear rounded 
quartz grains, and cherty. 

The St. Peter Sandstone. average 
thickness 12 meters. crops out in the hillSides 

and ridge tops north of the Wisconsin River. The 
Seneca sinkhole has formed in this sandstone, 
where it has collapsed into a cavity in the 
underlying dolostones. The st. Peter Sandstone 
consists not only of cross-bedded eolian deposits 
but also of bioturbated, shallow-marine depOSits 
(Winfree et aI., 1983) . According to Ostrom 
(1970) the major components of the sandstone 
are quartz sand grains, with minor feldspar 
grains (3 %). Agnew et a1. (1956) describe the St. 
Peter Sandstone as follows: (1) The sandstone 
consists of clear, fine to coarse, subangular to 
rounded quartz grains. and as a rule is poorly 
cemented. Where the rock is indurated the 
cement is dolomitic, calcareous, or siliceous. (2) 
Greenish argillaceous material is present in the 
upper and basal unit. (3) The sandstone is thin
bedded to massive, and cross bedding is 
characteristic. (4) The rock has a variety of colors. 
including brown and red. due to oxidation of iron 
sulfides in the cement. 

Both these two bedrocks, dolostone and 
sandstone. are potentially karstic or semi-karstic 
since both are soluble in part, and friable. Both 
provide potential Sinkhole sediments and favor 
karst development through development of 
increased secondary permeability. 

Karst Landforms 

Karst landforms in the uplands of the 
Driftless Area are developed in Paleozoic 
sedimentary rocks ranging in age from Silurian to 
Upper Cambrian (Day, 1986a; Knox and 
Johnson, 1974; Dury and Knox, 1975). The 
dolostone karst of southwestern Wisconsin 
contains many karst landforms including dry 
valleys, sinkhole, caves and springs (Day et al., 
1989b) (Fig. 2). The majority of sinkhole are 
located in the ridge crests and hillsides (Day, 
1986b). Karst development in the upper 
Mississippi Valley region has been interpreted as 
ranging in age from pre- to post-Pleistocene 
(Lively and Alexander. 1985). Although the 
geomorphic evolution of the Driftless Area has 
been investigated, few articles have been devoted 
to the Sinkholes and their sediments. Studies of 
Sinkhole sediments can contribute to paleo
landscape reconstruction since Sinkhole 
sediments contain depositional records of 
surficial mateIials which have been stripped from 
other landscape surfaces. 

Valley development in the Drtftless area is 
related to Sinkhole occurrence and sinkhole 
sediment accumulation (Oh and Day, 1990b). 
Most major valleys of the region were initiated 
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Figure 2. Karst (caves, sinkhole) development in southwestern 
Wisconsin. (after Day et al., 1989). 



during pre-Illinoian episodes of erosion (Frye. 
1973; Palmquist. 1965; Knox et al., 1988). Valley 
development in the Drtftless Area is structurally
controlled (Palmquist. 1965; Knox. 1982; Judson 
et a1.. 1955). Palmquist (l965) notes that the 
present surface and drainage pattern are 
influenced by structure and lithology. including 
regional dip and jOinting. Knox (1982) 
emphasizes that drainage patterns and ridge 
orientations are controlled by fracture 
orientations in the bedrock and by broad 
anticlinal and synclinal structures. Judson and 
Anderson (1955) note that (1) Joints play an 
important role in valley development. (2) The 
major joints trend NW-SE. and the NE-SW 
trending joints are secondary. (3) Most strata 
strike in a general east-west direction. (4) The 
beds have a very gentle regional dip south
southwest. (5) North facing slopes are steeper 
than south-faCing slopes. 

Day et al. (l989a) indicate that Sinkhole 
orientations in the region are influenced by 
geologic structure including joints, faults and 
fractures in the Ordovician carbonates. Sinkhole 
orientations in the Prairie du Chien carbonates 
are NE-SW, with secondary axes tending NW-SE. 
The dominant Sinkhole orientation on the 
Galena-Platteville carbonates is NE-SW. 

The shape of the Seneca Sinkhole is an 
asymmetrical oval aligned approximately east
west (Fig. 3). MorphometriC measurements based 
on Jennings (l975) and LaValle (1968) are as 
follows: 

(1) Mean diameter is 21 meters.= (L + W) / 2 
(2) Cross section ratio is .0172 = 20 / (L + W) 
(3) Elongation ratio is 1.2 = L / W 

(4) Long axis azimuth is 780 = NE and SW 

(5) Mean flank slope is 300 = (300 + 280 +32<>] 
/3 

Where 
L=length (longest diameter)=25.4 m 
W=w1dth (greatest diameter perpendicular to 

L)=21.0 m 
D=depth (height dillerence between the lowest 

lip of the dol1ne margin and the lowest 
point within)=0.4/25.4+21.0=0.0 17 

Aeolian Silt (Loess) and Soils 

Loess is an important parent matertal for 
Sinkhole sediments in the Wisconsin Driftless 
Area. The loessial parent matertals prior to any 
pedogenesis are generally composed of large 
amounts of silt and about 10-20 % clay, and they 

are commonly unstratified and unconsolidated 
(Buol et aI., 1980; Ruhe, 1974). The loess was 
derived by wind from glacial outwash plains 
during dry periods during and after Pleistocene 
glaciation. The thickness of loess in the Drtftless 
Area is about 2.4 to 4.8 meters near the 
MissiSSippi River floodplain, so that the thickness 
of loess in the study area is close to the 
maximum for the state (Hole, 1950, Hanson. 
1950; Ruhe, 1983). The predominant loess in the 
Drtftless Area is Peorian in age and dates from 
22,000 to 12.500 years B.P. (Hole. 19761. The 
Peorian loess is composed of two units: The 
Richland loess (12,500 to 16.000 B.P.) and 
Morton loess (17,000 to 22,000 B.P.). According 
to Ruhe (l9691. Peorian loess in the Midwest of 
the United States is aged generally from 14.000 
to 29,000 years; in Wisconsin it is 17,000 to 
22,000 years old. 

The so11s of the study area are mainly 
Fayette silt loams. classified as Hapludalfs (forest 
soils) by the U.S. Comprehensive So11 
Classification System of Soil Taxonomy. They are 
gray-brown podzolic soils underlain either by 
sandstone or dolostone. and are composed of a 
variable mixture of loess and sand (Slota et at, 
1961, Robinson et a1.. 1961). 

Karst Sediments 

The sediments in Driftless Area Sinkhole 
vary because of their heterogeneous parent 
materials and differences in their depositional 
environments (Oh and Day. 1990a). Aeolian silt 
and other sediments are not only translocated by 
colluvial processes into karst Sinkhole. shafts. 
voids and caves but are also transformed by soil 
development through time (Oh. 1990b). 
Relatively. only a small amount of the loess is 
translocated into karst sedimentation sites. 
Typical sediment properties are indicated in Table 
1. based on results presented by Oh and Day 
(1989). 

This research suggests that the properties 
of the sediments in the Sinkhole depend on three 
factors: (1) Bedrock type. Sediments in sinkhole 
formed in dolostone bedrock have high clay 
contents since the sediment source is the 
weathered residue which overlies the bedrock. 
Sediments in Sinkholes in the sandstone contain 
sands derived from the friable sandstone. 
Sediments overlying both dolostone and 
sandstone sinkholes are mixed with loess. (2) 
Location of the sinkhole. Stratigraphically. 
there are differences between Sinkholes on ridge 
crests and those on hillsides. Sinkholes on ridge 
crests contain fewer and thinner sediments 
largely of local origin. By contrast. sinkholes on 

29 



w 


Figure 3. Schematic cross-sectional diagram of the Seneca 
sinkhole in southwestern Wisconsin. W-E: maximum diameter, N-S: 
greatest diameter perpendicular to maximum diameter, E: pit at 
the edge of sinkhole, c: pit at the center of sinkhole, 1: 
maximum length of slope, 2: south-facing slope, 3: north-facing 
slope, L: loess overburden, s: st. Peter sandstone, D: Prairie du 
Chien dolostone. 



Table 1. Physical environments and chemical properties of the 
loess-mantled karst soils and sediments in southwestern Wisconsin. 

Materials with Localities Bed- Landscape Texture(%) OM 
sinkhole types rock pOSition SD ST CY pH (%) 

Fringe soils of Seneca W. SS U. hillside 34 51 15 6.0 <0.7 
closed sinkholes Seneca S. SS Hillside 19 62 19 5.3 <1.4 

Fringe soils of Pop's Cave DS Ridge crest 31 44 25 7.4 4.0 
collapsed sinks Star Valley DS Ridge crest 31 41 27 7.5 1.2 

John Gray DS Ridge crest 18 51 30 6.0 1.9 

Center sediments Seneca SS Hillside 42 48 10 5.9 <1.1 
closed sinkholes Muscoda SS Ridge crest 23 61 16 5.4 2.5 

Piled sediments Atkinson Mine DS L. hillside 17 65 18 7.0 3.1 
rock shafts and Star Valley DS Ridge crest 64 15 22 8.1 <0.1 
collapsed sinks 

Void sediments Pop's Cave DS Ridge crest 36 38 26 7 .9 2.9 
betw. rock beds Star Valley DS Ridge crest 41 7 52 8.0 <0.1 
of sinkholes & Atkinson Mine DS L. hillside 66 30 5 7.4 9.9 
rock shafts 

Cave sediments Bogus Bluff DS Ridge crest 30 6 65 8.0 <2.7 
Atkinson Mine DS L. hillside 85 11 4 8.2 <0.2 
Star Valley DS Ridge crest 29 13 58 7.8 0.2 

(SD: sand, ST: silt, CY: day, U: upper, L: lower, DS: dolostone, SS: sandstone, and Betw: between). 

the hillsides have deeper sediments brought 
down by slope processes. (3) Type of sinkhole. 
Sediments in closed Sinkholes are aggregational 
and stratified. Sediments in collapsed Sinkholes 
over cave passages are complex and are derived 
from bedrock debriS from collapse, cave 
sediments from vadose transportation, and 
reworked loess from the surface. Sediments in 
Simple solutional sinkholes may represent 
relatively undisturbed weathering sequences. 

RESULTS 

The Ed~e of the Sinkhole 

The sediment profile close to the edge of 
the sinkhole indicates both a clear sediment 
sequence and progressive soil development. The 
sediment properties at the periphery of the 
Sinkhole are characteristic of translation in that 
the sediment is altered by colluviation. These 
colluvial deposits have accumulated as the result 

of backwasting, involving soil creep, small slides, 
rill flow, and local wash (Oh, 1990a). The profile 
contains a combination of windblown loess 
together with sand derived from the upslope St. 
Peter Sandstone outcrop (the upslope angle is 

24°) . Slope sediments are transitional from the 
slope crest to the Sinkhole. 

The soil properties are very distinct (Fig. 
4). There is a wen developed thick yellOwish B 
horizon containing argillic materials with a sticky 
clay structure. The soil boundaries are clearly 
evident. There is a very sharp boundary between 
the Ap and AB horizons, a smooth boundary 
between the Bt and Bs horizons, and a wavy 
boundary within the Cr horizon (Fig. 4). There is 
thin laminar bedding in the C horizon that 
indicates surficial drainage with colluviation prior 
to loess accumulation. Soil color is indicative of 
good drajnage and aeration (Wascher et al., 
1971). The color in the soil horizons becomes 
lighter with depth, changing from very dark 
grayish brown (10 YR 3/2) to yellowish brown (10 
YR 5/6) (Table 2). 
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Table 2. Texture. pH. organic matter. and color 
of the sinkhole edge. 

Depth Sand Silt Clay pH OM Color 
em % % % % moist 

0 38 54 8 6.9 3.1 lOYR3/2 
30 46 46 8 6.6 1.3 1OYR3/3 
60 28 52 20 6.6 0.1 10 YR 4/3 
90 26 60 14 6.3 0.3 10 YR 4/4 

120 28 54 18 5.5 0.1 10 YR 4/4 
150 26 54 20 5.5 <0. 1 10 YR 5/6 
180 46 40 14 5.5 <0.1 10 YR4/6 

Mean 34 51 15 6.1 <0.7 

The sediment profile has distinct Ap. AB. 
Bt. Bs. and Cr horizons (Fig. 4) (Buol et al.. 
1980): The Ap horizon (50 centimeters thick) is 
modified by anthropogenic activities. Two 
different plow zones were identified in the horizon 
(each 25 centimeters thick). The horizon is very 
dark grayish brown loam. and has a granular 
structure. The plow zone has a slightly sticky 
and loose plastic consistency. and contains a 
small amount of clay (8 %) and a significant 
amount of sand (38 to 46 %) . Sandy material in 
the Ap horizon is derived from the upslope st. 
Peter Sandstone outcrop and from weathered 
residues. The Ap horizon contains substantial 
amounts of undecomposed organic matter (2.2 
%). A cover of deciduous Quercus forest (White 
Oak. Black Oak, and Bur Oak) on the upper slope 
results in slightly acidic organic matter 
accumulation (pH 6.75). Large roots are 
dominant in the horizon. The loose loam has a 
smooth and abrupt boundary between the Ap and 
AB horizons. 

The AB horizon contains features 
characteristic of both the A and B horizons. The 
horizon is a dark brown clay loam, lighter and 
with a higher clay content (20 %) than the Ap 
horizon. and it has organic matter staining. 
Although the clay content is high. the horizon is 
leached of some clay, organic matter, and bases. 
The horizon shows a well-aerated condition 
throughout with abundant voids and pores 
including many earthwoffil holes and casts. The 
massive, unifoffil, and cohesive soil horizon is 
friable when dry. The soil is sticky and plastic 
since it contains clays. Organic matter is mostly 
decomposed. Soil pipes up to two centimeters in 

diameter exist in this horizon and are significant 
features of the subsurface hydrology. 

The B horizon is yelloWish brown and has 
a strong blocky structure. The horizon is an 
illuvial accumulation of argillic material, which 
exhibits the strongest structure in the entire 
profile. The B horizon is somewhat oxidized and 
has a high clay content (17.3 %). The B horizon 
is divided into two different subhorizons, Bt and 
Bs. The physical characteristics of these two 
horiZons are identical except for thetr color and 
thickness. 

The Bt horizon is a dark yellOwish brown, 
hard, compacted argillic layer, 27 centimeters 
thick, With a subangular strong blocky structure 
and clay loam texture. Milfred (1962) states that 
B horizon of loess-derived gray-brown podzolic 
soils in southwestern Wisconsin contains the 
maximum accumulations of clay skins found in 
the region. The downward migration from the 
loess of clay Sized particles may have occurred 
during the Pleistocene (Black, 1970). The 
consistency of the Bt horizon is extremely hard 
when dry, and firm when mOist. Iron oxide 
coatings are dominant, and the horizon is very 
sticky and plastic. The horizon boundary 
between Bt and Bs is gradual and irregular. 

The Bs horizon has an angular strong 
blocky structure, a clay loam texture, and is 
yelloWish brown when moist. The horizon is an 
Hluvial accumulation of sesquioxides which 
represents oxides of trivalent cations, such as 
iron and aluminum, inherited from the parent 
material or produced during weathering 
processes (Milfred 1962). This horizon (53 
centimeters thick) is twice as thick as the Bt 
horizon, has an extremely hard and firm 
consistency, and is very sticky and plastic. The 
horizon boundary between Bs an Cr is diffuse 
and irregular. 

The Cr horizon is yelloWish brown With a 
strong blocky structure. The Cr horizon consists 
of weathered sandstone debris 10 to 20 
centimeters thick, in which coarse fragments 
make up more than 60 % of the total. It has a 
high sand content (46 %) within the fine «2 mm) 
fraction, but it has less silt (40 %l. a lower pH 
(5.5), and less organic matter «0.1) %) than any 
other horizon . Even so, the sediments are 
generally plastic and slightly sticky. They are 
hard when dry and slighUy firm when moist. 
Textually the Cr horizon material is a loam. 

The Cr horizon has two notable physical 
characteristics: thin bedding features and 
pseudomotUes. The laminations have an 
irregular wavy fonn indicating that water flowed 
on the surface of the sands prior to loess 
deposition . The laminations are thin and 
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irregular. dark brown and grayish brown. from 2 
nun to 4 nun in thickness. and represent colluvial 
actiVity prior to loess accumulation. 

, 

There are abundant pseudomottles in the 
Cr horizon. Mottles generally represent 
saturation during wet conditions. However. spots 
on the Cr horizon here may be oxidation coatings 
on soil aggregates. or have formed during 
chemical weathering of the bedrock. The well
drained soils of the hHlslopes do not generally 
have mottles. 

The loam texture of the entire soil profile 
is distinctive: the solum consists of silt (51 %). 
sand (34 %) and clay 05 %) (Figs. 4 and 6) . Buol 
et a1. (1980) state that loessial parent materfal 
must contain a large amount of silt. about 10 to 
20 % clay. and have a high content of 
weatherable minerals before it can be modified by 
pedochemical weathering . The results show. 
however. a high content of sand (34 %) and a 
relatively low amount of silt (51 %) compared to 
loess in neighboring Richland County. where the 
average sand content is 3.5 % and the average 
silt content is 78 % (McSweeney et al.. 1988) . 
The St. Peter sandstone contributes heavily to the 
hillslope soils north of the Wisconsin River. 
including the Seneca area. 

Chemical data indicate a marked change 
with increasing soil depth (Table 2). Both the pH 
and the organic matter conte_nt decrease with 
depth. pH is neutral in the Ap horizon. medium 
to sligh tly acid in the AB and Bt horizon. and 
strongly acid in the Bs and Cr horizon. The 
topsoil contains the highest amount of organic 
matter (3.1 %). whereas the lowest value is in the 
lower part of the Bs and Cr horizons (less than 
0.1 %). 

The Center of the Sinkhole 

The sediments in the center of the 
sinkhole have different textures. structures. and 
stratigraphy from those on the edge of the 
Sinkhole. The silt loam textured (Figs. 5 and 6) 
sediment of the sinkhole center consists mainly of 
soft. very dark organic sediments (Table 3). The 
mean clay (1\ 2 %) and sand (18 %) contents are 
lower than at the sinkhole edge. but the silt (70 
%) content is higher. Most of the sinkhole center 
sediments contain more silt than the 
corresponding sediments at the edge of the 
sinkhole. Only the 0 horizon of the center 
sediment has the same characteristics as the 
edge of the sinkhole in terms of particle Size 
distribution. pH. organic matter, and color of the 
sediments. 

The sediment profile consists entirely of 
very dark (10 YR 2/2 to 10 YR 4/3l. loamy, 

granular material. The granular structure is due 
to accumulation of weathered sand particles 
derived from the sandstone bedrock (Oh and Day. 
1990a). The sediments are unconsolidated and 
have a relatively high organic content (1.9 %). 

Table 3. Texture. pH. organic matter, and color of 
the sinkhole center. 

Depth Sand Silt Clay pH OM Color 
cm % % % % moist 

0 34 58 8 7.0 4. 1 10 YR 2/2 
30 18 68 14 6.7 1.9 1OYR3/3 
80 22 68 10 6.0 2.0 1OYR3/3 

110 8 76 16 6.1 1.7 10 YR 3/3 
130 14 78 8 6.0 0.8 10 YR 4/3 
150 18 72 10 6.0 1.6 10YR 3/3 
180 14 70 16 6.0 1.5 1OYR3/2 
240 18 68 14 6 .1 1.7 1OYR3/2 

Mean 18 70 12 6.2 1.9 

The stratigraphy of the center of the 
sinkhole contains a variety of depositional 
information (Fig. 5) . In particular there are 
numerous th in sandy layers 2 to 10 cm thick, 
indicating episodic seasonal colluviation of silt 
and sand. The chemical properties also differ 
from the edge sediment: both mean pH (6.2) and 
organic content (1.9 %) are higher (Tables 2 and 
3). In the profile. the 0 horizon has the highest 
pH value (7.0 %) and organic content (4 . 1 %). 
The decrease in organic matter content and pH 
with depth is similar to the edge. The variation of 
the organic matter from 30 cm to 180 cm is very 
low. There are no carbonates present and the 
sediments do not effervesce with acid . 

DISCUSSION AND CONCLUSIONS 

The development of Sinkhole sediments 
depends principally on environmental conditions 
and bedrock lithology (Oh and Day. 1989). 
Pleistocene climatic variations are of major 
importance in the accumulation of sinkhole 
sediments in the southwestern Wisconsin karst 
because climatic fluctuations resulted in 
modification of both the surface and subter
ranean depositional systems. The surface was 
affected by aeolian silt accumulation. vegetation 
change, floods, valley inciSion and lowering of the 
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regIonal base level (Knox. 1982). The 
underground system was modIfied through 
subsIdence. vadose passage development. and 
sediment Influx (Day. 1984). 

The karstlc sedImentary rocks are 
generally Impure and consist of dolostones. 
sandstones. and shales. These heterogeneous 
lithosequences produce sInkhole sediments with 
different properties. Sinkhole sediments differ 
consIstently between Sinnipee and Prairie du 
Chien carbonate rocks (Oh and Day. 1989). Also. 
sedIments derIved from dolostone bedrock 
contaIn clays from weathered carbonates. 
whereas sedIments contributed by the 
sandstones contaIn large amounts of sand. 
Sands in the Sinkhole sediments are derived both 
from the sandy dolostone and from the superIor 
sandstones. 

In the Seneca sInkhole: 1) SedIment 
properties at the edge. IncludIng texture. 
structure. pH. organiC matter and color. are 
different from those at the center of the Sinkhole. 
2) Sediments of both the sinkhole edge and the 
center are influenced by colluvial processes. but 
whereas the edge sediments show clear soil 
development and sandy translational features. 
the center is dominated by aggradational 
reworked organic loess accumulation. 3) The 
sinkhole sediment overall is a combination of 
carbonate resIduum. colluviated sands and 
aeolian silts. 4) Sands are contributed both by 
the friable sandy dolostone and by the superior. 
weakly cemented st. Peter Sandstone. 
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