Soil morphological characteristics of prairie mounds in the forested region of
south-central United States
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Abstract

Prairie mounds are common in the prairie islands of the forested regions of the south-central United States,
however their origin is not well understood. A topographic survey and pedon investigation of a mound and
intermound area was conducted in a grassed field of prairie mounds 15 — 25 m in diameter and ~ 1 m. Both
soils contain three parent materials: loess over an alluvial silty clay paleosol underlain by weathered shale.
The mounded soil loess thickness is ~1.5 m while the loess in the intermound area is ~0.5 m thick. Fragic
soil properties (dense, brittle, silt coats above dense horizon) are present in the loess immediately above the
paleosol contact. Crayfish (Cambarus spp.) chimneys in the intermound and abundant gopher burrows
(Geomys spp.) above the fragic horizon in the mound mound and loess of the intermound soil indicate the
soils across the field are actively bioturbated. Depletions near the surface of the intermound soil indicate a
seasonally high water table. Relict crayfish krotavinas in the paleosol under the mound and active crayfish
burrows in intermound areas suggest the entire plain was previously bioturbated by crayfish. Bioturbation by
gophers appears to be more recent and associated with the loess deposit.
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Introduction

Numerous theories exist concerning the formation of small (approximately 10 — 30 m in diameter and 0.5 —
1.5 m high) hemispherical mounds that are found in many areas of central and western North America. The
unique characteristics of these mounds include an overthickened A horizon relative to adjacent soils between
mounds. These mounds have been referred to as “Mima mounds”, “prairie pimples” and “pimple mounds”
and the numerous theories of their genesis can be grouped into 5 categories: erosional, depositional, fossorial
(burrowing animals), periglacial and seismic. It is likely that one process is hierarchically dominant in
producing mounded tracts, but subordinate processes also play a role in soil development (Horwath and
Johnson 2006). In the southern mid-continent Prairie mounds are common in the Arkansas River valley and
the Ouachita mountains (Knechtel 1952, Seifert ef al. 2009). The purpose of this study is to characterize
soils below a mound and intermound area in the Arkansas River valley within the Ouachita physiographic
province.

Methods

Environmental setting

The study site was located in 6 km east northeast of Poteau River that drains north into the Arkansas River
valley. Elevation is approximately 140 m. The area has a mean annual precipitation of 1217 mm and a
mean annual temperature of 16.3 C. The mound density in the field where the study site is located is
approximately 9 mounds per hectare. The land use at the study site has been pasture for over 85 years.

Field

A topographic survey was conducted over a 60 x 60 m plot using a laser level to determine the determine
shape and elevation of mounds relative to intermound areas. Adjacent to the plot, two pedons were
described and sampled to a depth of bedrock at a mound summit and an intermound area according to
standard United States Department of Agriculture — Natural Resources Conservation Service methods
(Schoeneberger et al. 2002). Horizontal distance between the pedons is ~25 m.

Laboratory

Soil samples were dry sieved to separate coarse (20 — 75 mm), medium (5 — 20 mm) and fine (2 — 5 mm)
rock fragments. Particle size distribution of the < 2 mm fraction was determined by wet sieving the sand
fraction (50 pm to 2 mm) silt and clay (< 50 pm) by the pipet method (Gee and Bauder 1986). Bulk density
was determined on saran-coated clods (Brasher et al. 1966).
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Results and discussion

Topography

The mounds are circular footprint approximately 15 to 20 m in diameter (Figure 1). The intermound area has
a small 0.2 % slope toward the southwest. Other researchers have observed mid-continent prairie mounds are
on gently sloping to horizontal alluvial terraces of streams and rivers (Allgood and Gray 1974; Collins 1975).

Cl=0.05m

Figure 1. Topographic survey of 60 x 60 m study plot in prairie mound field.

Morphology and particle size distribution

The silt loam texture of the surface of both pedons (mound 0 — 146 cm and intermound 0 — 48 cm) suggests
that the parent material of the surface is aeolian in origin (Table 1). With the exception of the brittle
horizons and the dense silt loam in the mound soil (85 — 119 cm), the loess in both pedons is being actively
bioturbated by gophers (Geomys. spp.). Between 85 — 119 cm (Bw4) of the mound soil there is a gravelly
horizon (lowest Dy, in subsoil = 1.22 g/cm3 over a dense horizon (119 — 146 cm) with fragic characteristics

Table 1. Particle size distribution and texture of pedons.

Rock Sand Coarse Medium Fine Clay
fragments” silt silt silt
Horizon  Depth 5-75 2-5 50-2000 20-50 5-20 2-5 <2 Texture
cm mm mm mm wm um um  pm
Mound
Al 0-26 2 13 19 35 26 7 13 Siltloam
A2 26-50 2 11 18 35 26 7 14 Siltloam
Bwl 50-70 3 8 18 36 26 7 13 Siltloam
Bw2 70-85 4 9 18 36 29 7 10 Siltloam
Bw3 85-99 2 16 18 36 28 7 11 Silt loam
Bw4 99-119 6 30 16 34 28 7 15  Fine gravelly silt loam
Bx 119-146 3 15 15 31 25 7 22 Siltloam
2Bt 146-174 2 11 9 20 22 7 42 Silty clay
2Bt2 174-202 3 15 10 16 20 7 47  Silty clay
3Bt 202-232 4 25 9 15 19 7 50  Fine channery silty clay
3Cr 232-272 66 20 11 8 23 13 45  Extremely channery silty clay
Intermound
Al 0-11 1 7 10 25 32 9 24 Siltloam
A2 11-35 2 13 12 25 30 10 23 Siltloam
Bg 35-48 5 15 12 21 28 10 29  Silty clay loam
2Btl 48-64 0 14 3 8 14 4 71 Clay
2Bt2 64-97 0 12 8 21 16 7 48  Silty clay
2Btg 97-128 4 17 9 15 20 7 49  Silty clay
3Cr 128-157 63 18 12 8 29 19 32 Extremely channery silty clay loam

ARock fragments determined on weight %.
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(Bx) (Dy= 1.61 g/lcm’). It appears that the Bx horizon impedes vertical water movement resulting in the
formation of skeletans in the Bw4 horizon. The abrupt textural change at 146 cm coupled with paleo crayfish
Krotavinas below 146 cm to a depth of bedrock suggests a period of soil development before the aeolian
addition. In nearly all mid-continent occurrences, fields of prairie mounds have been noted to overlie a
dense subsoil pan (claypan, fragipan) or bedrock that limits rooting at shallow depths below the intermound
elevation (Knetchel 1952; Melton 1954; Horwath and Johnson 2006).

In the intermound soil, redox concentrations at the soil surface coupled with a gleyed horizon immediately
above the paleosol suggest that the upper pedon is seasonally saturated during wet periods. Below 48 cm of
loess, active crayfish (Cambarus spp.) burrows are visible. Crayfish chimneys are present on the soil surface
in the intermound areas during the wet spring months. However during the late summer when these soils
were sampled, there is little evidence of crayfish burrows in the loess probably due to dry season activity of
gophers destroying crayfish burrows.

Table 2. Selected soil morphologic properties and bulk density of sampled horizons.

Horizon Depth Matrix color ~ Depletions”  Bulk density Structure®  Consis-tence Krotavinas
cm g/em’
Mound
Al 0-26 10YR4/3 1.04 2 m gr friable 20% active Geomys
A2 26-50 10YR4/3 1.40 2 m sbk friable 20% active Geomys
Bwl 50-70 10YRS5/4 1.55 1 m sbk friable 20% active Geomys
Bw2 70-85 10YRS5/4 1.49 1 m sbk friable 20% active Geomys
Bw3 85-99 2.5Y 6/4 f,2-3,d 10YR 4/4 1.47 1 m sbk firm, slightly 10% filled Geomys
brittle
Bw4 99-119 10YR5/4  m2-3,d 10YR  1.22 2 f sbk very firm, brittle
8/2 skeletans
Bx 119-146 2.5Y 5/4 c,1,d, I0YR5/6 1.61 1 fsbk very firm
2Btl 146-174 10YR4/4  c,1,p 5YRS/6 1.65 1 m sbk very firm 10% paleo Cambarus
2Bt2 174-202 10YR 6/4 c,1,d 5YR 4/6 1.50 1 m sbk very firm 10% paleo Cambarus
c,1,p, 2.5N
3Bt 202-232 10YR6/4  c,1,p7.5YRS5/8 1.36 1 m sbk very firm 10% paleo Cambarus
C,l,p 25N
3Cr 232-272 10YR 4/3 Thin, horizontally bedded weathered shale
Intermound
Al 0-11 10YR7/3 ¢, 1,pl10YRS5/8 1.42 2f,mgr friable
A2 11-35 10YR6/3  c,1,p10YRS5/8 1.42 2 f sbk friable
Bg 35-48 10YR7/2  cl,p 5YR4/4 1.38 2 f sbk friable 20% active, filled
Geomys, Cambarus
2Btl 48-64 10YR4/4  c¢2,p2.5YR4/8 1.50 2 m sbk firm 10% active, filled
Cambarus
2Bt2 64-97 2.5YR4/8 m,2,p, I0OYR6/1 1.58 2 m sbk firm 10% active, filled
Cambarus
2Btg 97-128 7.5YR6/1 m2,p 10YR4/8 1.50 2 m sbk firm 10% active, filled
Cambarus

3Cr 128-157 2.5Y 4/1 Thin, horizontally bedded weathered shale

Af = few, ¢ = common, m = many, 1 = fine, 2 = medium, d = diffuse, p = prominent
Bl = weak, 2 = moderate, f = fine, m = medium, gr = granular, sbk = subangular blocky

Conclusions

At this study site in the southern Arkansas River valley near the Ouachita Mountains the soils formed from a
loess deposit over a silty-clay paleosol formed from alluvium over shale bedrock. About 0.5 m of loess is
deposited in the intermound while 1.5 m of loess in the mounds. The mound contains a fragic horizon above
the paleosol restricting water movement. Active bioturbation from gophers is prevalent in the loess above
restrictive layers. Active crayfish burrowing is present in the intermound areas. The paleosol below the
mound contains relict crayfish burrows suggesting that bioturbation by crayfish was a prominent soil process
across this landscape in the past but is presently restricted to the intermound areas.
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