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Fig. 4. Theoretical loess thickness distribution developed by a variable
wind direction, other factors being constant. a. Uniform layer thick-
ness dh,, is deposited by a wind perpendicular to the source, the layer
extending to a maximum distance X, from the source. b. Width of the
dust depositional corridor is compressed to X, sin a where a is the
wind angle, causing (c) corresponding increases in thickness close to
the source (Handy, 1976, Figure 3).

away. from the source area. Additionally, the rate of loess deposition
was not uniform throughout the late Wisconsinan. In the Loess Hills
region, thin “dark bands” enriched in organic carbon, representing
local incipient soils developed during periods of very slow or no
deposition, are encountered within the loess section (Daniels et al.,
1960). Radiocarbon dating of organics contained within the dark
bands indicates that loess deposition rates also varied between these
intervals (Ruhe et al., 1971).

The lowest and oldest tracable loess unit in the Loess Hills is the
Loveland Loess (Ruhe, 1969; Daniels and Handy, 1959). This unit is
inferred to be of Illinoian age for three reasons: 1) the loess buries a
paleosol (Yarmouth?) developed on underlying deposits and is in turn
buried by Wisconsinan loesses; 2) it has long been assumed that loess
deposits are associated with glacial conditions, and the glacial episode
preceding the Wisconsinan is the Illinoian; and 3) a soil correlated
with the Sangamon Soil in Hlinois is developed into the Loveland
Loess; in Illinois and southeastern Iowa, the Sangamon Soil is
developed into Illinoian till (Follmer, 1978; Hallberg et al., 1980).

The characteristics of loess often are not uniform at a given location.
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Near the Missouri River valley, eolian sand as well as sandy and
gravelly sidevalley alluvium may interfinger with the loess. This is
typically the case where extreme thicknesses occur. In these settings
the loess often buried pre-existing valleys and the loess and local
fluvial deposits are interbedded, filling the old valley form.

Several post-depositional alterations of the Wisconsinan loess also
cause it to vary in appearance from exposure to exposure and even
within a single locality. In most exposures the loess is brown or
yellowish brown colored and is teferred to as the oxidized zone.
Deeper exposures often reveal a gray-colored zone which contains
dark-brown iron stains (mottles) as well as vertical tubular iron
segregations commonly called “pipestems.” This is the deoxidized
zone, often referred to as “deoxidized loess” (Ruhe, 1969; Hallbetg et
al., 1978A). Sometimes a gray or greenish-gray zone having no iron
segregations lies beneath the deoxidized zone. This is the unoxidized
zone. The deoxidized and unoxidized weathering zones owe their
origin to chemical reactions (reduction of iron) associated with water-
saturated conditions. In the past, water tables were higher and these
zones were saturated. The deoxidized zone was characterized by
fluctuations of the water table producing occasional oxidizing condi-
tions and promoting segregation of free iron into mottles and
pipestems along old root channels and other large voids in the loess
matrix. The oxidized zone, on the other hand, was generally above the
water table, and its iron compounds are in a more oxidized state
resulting in the characteristic brown or yellowish brown color.

Weathering has produced other secondary changes in the loess.
Most of the Wisconsinan loess contained abundant sile-size grains of
carbonate when it was deposited. As water percolates through the soil
at the land surface, it reacts with organic matter to produce weak acids
which move downward with the infiltrating water and dissolve
carbonate grains in the loess matrix. The uppermost zone in some
loess sections has had all of its original carbonate removed. This is
referred to as the leached zone (Hallberg et al., 1978A). Most of the
loess in the Loess Hills still retains a large amount of its original
carbonate and is referred to as unleached. Some of the carbonate
removed from the leached zone by percolating water is segregated into
nodules or concretions called “secondary carbonate.” These concre-
tions of secondary carbonate can reach baseball or grapefruit size and
may be spheroid or elongate and branching. These hard carbonate
concretions are often called “loess kindchen” (loess dolls), a German
name applied to similar concretions found in the thick loess deposits
along the Rhine Valley.

OTHER GEOLOGIC MATERIALS IN THE LOESS HILLS

The appearance of the Loess Hills landscape at the close of loess
deposition, and the character of the topographic relief on the underly-
ing glacial drift and bedrock surfaces are not well known. It is known,
however, that the loess varies considerably in thickness and, close to
the Missouri Valley, numerous outcroppings of other geologic mate-
rials are observed. Extensive post-glacial erosion has stripped large
quantities of loess from the upper slopes. Beneath the loesses are older
deposits consisting of bedrock, Pre-Illinoian tills, and fluvial sands
and gravels.

In the southern two-thirds of the Loess Hills region, the Quater-
nary deposits are underlain primarily by Pennsylvanian bedrock.
Quarries are developed into Upper Pennsylvanian Kansas City Group
limestones along the bluff line near Thurman, Council Bluffs, and
Crescent (Hershey et al., 1960; Landis and Van Eck, 1965). The
northern third of the region is underlain by Cretaceous bedrock
deposits. Fossiliferous Greenhorn Limestone and the underlying
Graneros Shale both outcrop in Stone State Park north of Sioux City
and along the Big Sioux River in Plymouth County. In the Sioux City
area the upper Dakota Formation Woodbury Member, consisting of
interbedded shales, limestones and sandstones, outcrops beneath the
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DeForest Gap accumulated in alluvial fans at the junction of the small
valleys with larger valleys, such as the Boyer River valley. Deposits
making up the alluvial fans are the Corrington Member of the
DeForest Fm. Following this major period of gully erosion and
alluvial fan construction, the climate became more moist and valleys
filled with large volumes of sediment derived from fluvial erosion and
mass-wasting of gully walls and steep slopes developed in thick loess.
These deposits are known as the Hatcher Member. Between 2,000 and
1,800 RCYBP another gullying episode occurred, but the gullies did
not extend as far up the drainage network as they had during previous
episodes. After 1,800 RCYBP these gullies stabilized and were
subsequently filled with the Mullenix Member. Around 750 RCYBP
another episode of gully growth took place and the Mullenix fill was
trenched. This gullying episode was short-lived and much less
extensive in effect than were previous episodes. By 250 years ago the
former gullies were rapidly filling with the Turton Member. The
present gully growth cycle began between about 1860 and 1900 A.D.
Effects of the historic episode have been enhanced by land clearing,
channelization, grazing, and cultivation. Deposits accumulating at
the base of slopes, along streams, and in gullies during the historic
period are collectively referred to as the Camp Creek Member.

The modern Loess Hills landscape is a product of several gully
cutting and filling episodes which have altered the thick loess
accumulations. These episodes have occurred repeatedly during at
least the last 25,000 years (Daniels et al., 1963; Rhodes, 1984).
Throughout most of this period, man was not significantly affecting
vegetation cover and runoff patterns. Viewed in this light, the modern
gullying episode was probably not caused by human activity but only
exacerbated by it.

In addition to providing information on the Holocene evolution of
the Loess Hills landscape, these fills also contain detailed records of
the paleo-environmental and cultural history of the region (see Rhodes
and Semken, this issue). Recent studies in the Loess Hills and adjacent
parts of western lowa and Nebraska have shown that the Holocene
gully fills preserve an extensive — and previously unsuspected —
archaeological record of prehistoric cultural adaptations in the Prairie-
Plains environment. The extant archaeological record has been con-
ditioned by the magnitude of gullying and slope erosion episodes
(Bettis and Thompson, 1981; 1982; Thompson and Bettis, 1981).

The rugged character of the Loess Hills landscape promotes, and is
in part produced by, strong contrasts in soil moisture, temperature,
and vegetation. South and west-facing slopes are exposed to greater
amounts of solar radiation than north and east-facing slopes. In
response, the former slopes are warmer and drier than the latter
(Shimek, 1911). Vegetation cover is often patchier on the more xeric
south and west-facing slopes and surficial erosion rates tend to be
higher. Evaporation and transpiration on ridges and exposed upper
slopes is greater than in the protected hollows. The drainageways also
tend to be more moist because the water table is closer to the surface in
those areas and because of the movement of surface and shallow
groundwater toward the drainages. Trees and other more mesic
vegetation types find favorable habitats on the lower slopes and in the
drainageways of the Loess Hills.

LANDUSE HAZARDS IN THE LOESS HILLS

The steep, ridged topography combined with the special physical
properties of loess also impart some pecularities and problems to this
region. Loess has sometimes been referred to as the “clay” which stands
in vertical cliffs. Loess is not a clay, and the cliffs are seldom vertical.
Here, in western lowa, the loess is composed dominately of coarse silt
particles. The steep slopes often range from 50 to 75 degrees in angle,
and the steepness is related to geotechnical or engineering properties
of the loess including its extreme erodibility and inherent vertical
cleavage. The loess has a very low shear-strength when water-
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saturated, so low, in fact, that it can not bear its own weight in such
high, steep cliffs. When relatively dry, however, the loess develops a
greater apparent cohesion. This allows the loess to maintain the
spectacularly bold bluffs and ridge-forms along the Missouri Valley,
albeit in a rather tenuous fashion. Highway and railroad engineers in
the region also utilize this property in constructing roadcuts, which
commonly have steep, single walls or are benched with nearly vertical
risers and horizontal treads. The relatively dry condition of the loess is
maintained by the steep slopes which do not allow much infileration,
as well as by the relatively low precipitation and enhanced exposure to
sun and wind. With construction and development in the area,
however, these conditions can be altered — sometimes dramatically.

The strength of loess to resist block slides is mainly a function of its
high porosity and resulting inability to sustain a high water table; if
and when the loess ever does become wet to near-saturation, it loses
strength and takes on the consistency of toothpaste. Usually satura-
tion occurs only in the lower portion of the loess where the conse-
quences remain invisible until they form a “skating surface” for
landslides (Ruhe, 1954). Construction workers therefore must be
cautious about cutting too deep into the loess, and should first have
test borings made to determine the position of the saturated zone and
the possible need to intercept the groundwater flow with drains.

When a saturated zone does not affect slope stability, the maximum
height of a truly vertical cut in the loess is only about 4.9 m (16 fr)
(Lohnes and Handy, 1968). Highway cuts therefore are either benched
with bench heights less than 5 meters, or more commonly, they are
cut back at less steep angles (Gwynne, 1950). The common county
road cut that Jooks vertical is usually about 76°, or a rise of 4 vertical to
1 horizontal. Such a cut can stand to a height of about 7.3 m (24 ft).
These figures are based on an average loess cohesion of ¢ =200 psf, a
friction angle ¢=25°, and an average wet unit weight y=80 pcf,
substituted into the equation

H,,.x= 4c sin i cos ¢
y[1—cos i —@)]

=9.06

_sini
1—cos (1—25)
where i is the slope angle (Lohnes and Handy, 1968).

A second well-known behavior of friable loess in the Loess Hills also
relates to its porosity and water content: if saturated, it is not strong
enough to support even its own weight. A natural result of this is that
any inflow of water from the surface can create an area of severe
settlement, or collapse. If there is a lower lateral exit for the slumping,
eroding silt, the result is a “chimney” with a geometry as the name
implies. Collapse also is common underneath pavements, initiating at
leaky joints in the gutters. This is often counteracted by drilling holes
through the pavement and pumping in grout. Collapse also can occur
underneath building foundations, with devastating consequences, if
care is not taken to divert surface-runoff water and water from
downspouts, and to avoid excessive lawn watering or leaky water
pipes. In one instance, collapse of a school foundation was initiated by
levelling an adjacent area for a playground, which increased the
infiltration of rain water. When the problem was recognized, further
collapse was halted merely by paving the playground with asphalt and
providing runoff gutters. Problems such as this are not confined to the
Loess Hills but also occur in areas of intermediate loess thickness in
southwestern and east-central Iowa (Handy, 1973).

A third, less well-known engineering problem with loess is that
collapse can be initiated not only by excess water, but also by the
weight of fill. Residential land developers frequently engage in cut-
and-fill operations to soften the land contours, to flatten out slopes for
yards and roads. Even though the fill may be placed and compacted
with moisture-density control and tested in accordance with accepted
engineering procedures, this still ignores what inevitably must occur
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Fig. 6. Landscape evolution in an idealized, small Loess Hills valley during the last 8,000 years.

in the underlying loess; now overloaded beyond any previously
existing load, the loess sooner or later will collapse and allow severe
settlement to occur. Unfortunately such settlement is not uniform but
depends on the thickness of the fill, which of course is quite variable as
it feathers out toward the boundaries of cut areas. The worst situation
is where structures bridge the boundary from a cut, where there
should be little settlement, to a fill, where under some circumstances
settlements may exceed 0.3 m (1 ft) or more. This can destroy a
structure and is very difficult to repait, because even if the structure is
supported on pile, the surrounding yard and interior garage and
basement floors-on-grade will continue to settle. A required precau-
tion can be to inject water into loess underneath the fill and use
settlement monitoring devices to insure that all settlement has
occurred prior to the initiation of construction.

Although most of the loess in the Loess Hills appears to be
underconsolidated, which means that its density is less than the
equilibrium density under the existing load, some is normally
consolidated or has been compressed to equilibrium. Nevertheless,
even though a collapse alteady may have occurred, as in the saturated
lower loess and loess-derived alluvium, adding fill will, by adding
weight, make the loess effectively underconsolidated and collapsible
again. This gives rise to an interesting phenomenon; the added weight

https://scholarworks.uni.edu/pias/vol93/iss3/4

first squeezes water out of the lower, saturated loess upward into the
unsaturated loess so that it collapses, and in turs, squeezes the water
further upward to repeat and continue the cycle. This “retarded
collapse” can continue for years or even decades and is indicated by an
otherwise inexplicable upward mounding of the groundwater table.
The point is that simply preventing the entry of surface water may not
prevent loess collapse but will only retard it, because water for collapse
may already be available within the lower reaches of the loess itself.

A particular kind of problem reported by several geotechnical
consulting engineers and described by Hallberg et al. (1978) as “loess
mush” has recently been investigated in some detail by Lamb and co-
workers (Lamb, 1985). Lamb reports that loess mush, or liquid sile, is
saturated and normally consolidated, but with an overburden load so
low that the natural moisture content exceeds the soil liquid limit.
This means that the mushy condition probably occurs only rarely if at
all in the Loess Hills, where the water table is too low and overburden
pressures too high. However, it does occur in loess elsewhere in Iowa
and other areas, and only now is becoming recognized as a serious
foundation problem.

The small-scale terracettes or “catsteps” (Fig. 5) present on many of
the steep slopes in the Loess Hills represent another example of slope
instabiliry. Some investigators have suggested that these arise from
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