


Cover: Shaded digital elevation model for Russell County, Kansas. Higher elevations are depicted in shades of
yellow, while lower elevations appear in shades of green. The Smoky Hill drainage can be seen flowing from west to
east across the lower part of Russell County, and the Saline River drainage, also flowing from west to east, can be
seen in the north. The cover illustration was created by merging four 1:250,000 scale digital elevation models,
projecting them to a Lambert Conformal Conic projection, cutting out the area of interest, and embedding the Russell
County boundary. Mllustration production courtesy of the Kansas Applied Remote Sensing Program, The University
of Kansas, Lawrence, Kansas 66045.
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Abstract

Russell County is located in north-central Kansas, within the Smoky Hills physiographic
province, which exhibits a wide variety of erosional and depositional landscapes. Outcrops
range in age from Upper Cretaceous to Holocene, including the Dakota Formation, Graneros
Shale, Greenhorn Limestone, Carlile Shale, Niobrara Chalk, Ogallala Formation, and several
unconsolidated Quaternary eolian and fluvial deposits. The Dakota Formation, consisting of
deltaic sandstones and mudstones, underlies the entire county but crops out primarily in the
eastern one-half of the study area. The Graneros Shale is a thin formation of dominantly
fissile shale, poorly exposed, that crops out conformably between the Dakota and the overly-
ing Greenhorn Limestone. The Greenhorn Limestone consists of transgressive beds of shale
and chalk and crops out countywide. Intensively dissected in some areas, the Greenhorn
Limestone forms steep canyons where resistant beds of chalk and chalky limestone, such as
the Fencepost Limestone, are present. The Carlile Shale consists of two distinct members in
Russell County, the Fairport Chalk Member and the Blue Hill Shale Member. Exposures of
the Fairport Chalk Member are common throughout the county but are thickest in the north-
western corner, whereas the Blue Hill Shale Member is exposed only in the northwestern
corner of Russell County. Due to the paucity of exposures, the Codell Sandstone Member of
the Carlile Shale is not differentiated from the Blue Hill Shale Member. Unconformably
overlying the Carlile is the Niobrara Chalk, which consists of two distinct members, the Fort
Hays Limestone Member and the Smoky Hill Chalk Member. Both members of the Niobrara
Chalk are confined to the extreme northwestern corner of Russell County. Outcrops of the
Miocene-age Ogallala Formation, a sedimentary sequence of Rocky Mountain-derived fluvial
sediments, have been tentatively identified and are largely confined to the northwestern corner
of the county.

Quaternary deposits, ranging in age from pre-Illinoian to Holocene, mantle much of
Russell County, but are generally poorly exposed. Pre-Illinoian associations are tentative,
consisting of the Grand Island and Sappa Formations, and are based on the topographic
position of upland gravel deposits. Hllinoian stratigraphy consists of the Crete Formation,
Loveland Loess, and Sangamon Soil. Sands and gravels of the Crete Formation are expressed
as a high terrace along the major streams in the county, but their distribution is uncertain. The
Loveland Loess is widely distributed in north-central Kansas and has been recognized at one
site in Russell County. The Sangamon Soil, a major pedostratigraphic feature which caps the
Hlinoian Loveland Loess, has been identified in Russell County. Overlying the Sangamon
Soil is the middle-Wisconsinan Gilman Canyon Formation and the late-Wisconsinan Peoria
Loess. The Gilman Canyon Formation is a loess that accumulated at a sufficiently slow rate
for the development of a soil. Accelerated loess fall during the late Pleistocene produced the
Peoria Loess, which mantles the upland.

Holocene stratigraphic elements include the Brady Soil, Bignell Loess, modem surface
soil, and fluvial deposits. The Brady Soil caps the Peoria Loess and is discontinuous in
Russell County but is recognizable only where it is buried by Bignell Loess. Holocene fluvial
deposits occur as fill in a high terrace and as post-1,000-yr B.P. floodplain sediments.

Introduction
Purpose and scope of the investigation selected counties (fig. 1). This report augments the
geologic map of Russell County (Johnson and Arbogast,
In recent years, the Kansas Geological Survey has 1996), which was produced by the automated cartography
initiated a series of county-level mapping projects in facility of the Kansas Geological Survey. Although many
Kansas. The primary goal of the program was to produce advantages exist for storing the map digitally, the primary

accurate, high-resolution maps of surficial geology in one is that the map can be easily revised without the
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FiGurEe 1. Index map of Kansas showing the location of Russell County and the status of county-scale geologic mapping; those
counties without shading or patterns (e.g., Cheyenne) have older geologic maps.

complications associated with traditional cartography. All
original project field materials (e.g., maps and aerial
photography) are available in the Kansas Geological
Survey archives.

Geologic mapping of Russell County was begun in the
spring of 1991 and was completed in the early summer of
1992. During the spring of 1991, initial reconnaissance
was conducted via remote sensing of aerial photography
and field survey. Summer months were dedicated to
detailed mapping of alluvium and Cretaceous bedrock,
followed by mapping of Pleistocene loess in the fall.
Subsequent work focused on areas with ill-defined
contacts or of relative geologic complexity.

Location and nature of the study area

Russell County is located in north-central Kansas,
bounded on the east by Lincoln and Ellsworth counties, on
the south by Barton County, on the west by Ellis County,
and on the north by Osborne County (fig. 1). It lies within
the Smoky Hills physiographic province and is character-
ized by a fascinating diversity of landscapes, owing largely

to dissection of Cretaceous chalks, shales, and sandstones
by the Smoky Hill River, Saline River, and their tributaries
(fig. 2). Where extensive dissection has occurred, steep-
sided valley walls are supported by resistant units (e.g.,
Fencepost Limestone) that are separated by less-resistant
strata (e.g., Graneros Shale). Dissection of the Dakota
Formation in the eastern third of the county has left a
landscape of hoodoos where resistant, lenticular sandstone
bodies (e.g., Rocktown channel sandstone) protect
underlying mudstones. A mantle of late Quaternary loess
of varying thickness caps most uplands in the county. In
the larger valleys of Russell County, several cycles of
alluvial cutting and filling during the Quaternary Period
(Pleistocene and Holocene epochs) have resulted in
deposition of gravel deposits and fine-grained alluvium
which underlie terraces.

Previous geologic investigations

The first published research in Russell County was
conducted by Hay (1889), who examined a lignite horizon
in the Dakota Formation. Intensive research began in the
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Ficure 2. Drainage pattern for Russell County.

1920s, as exemplified by Rubey and Bass’s (1925)
description and map of Russell County geology. A
subsurface correlation of rock units from Russell County
to Marion County was completed by Bramlette (1925). In
1926, Bass included Russell County in a study of the
petroleum and gas resources of western Kansas. That same
year, Hedberg (1926) analyzed the effect of gravitational
compaction on the structure of sedimentary rocks in and
around Russell County.

R.12W.

Since the late 1920s, research in Russell County has
largely focused on petroleum resources and the prominent
Cretaceous shales and chalks of the area. In the context of
petroleum production, Hintze (1928) discussed the dis-
covery of the Gorham oil district, and Allan and Valerius
(1929) studied the structure of the Fairport oil field.
Chemical analyses of some oil-well waters in Russell,
Ellis, and Trego counties was conducted by Runyon and
Rankin (1940). In 1960, Landes et al. analyzed the
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petroleum resources in basement rocks in and around
Russell County. Riggs et al. (1963) conducted a petroleum
engineering study of Hall-Gurney oil field in Russell
County. Recently, a series of maps (e.g., Ross and Wong
1989a, 1989b, 1990a, 1990b) were constructed showing
the oil and gas fields in and around Russell County.

The Cretaceous shales and chalks of north-central
Kansas, including Russell County, have received consider-
able attention in the past 60 years. Studies of the general
stratigraphy of the Colorado and Montana groups through-
out north-central Kansas include those by Cobban (1949)
and Hattin and Cobban (1977). A number of studies
have focused on individual Upper Cretaceous formations.
For example, characteristics of the Dakota Formation have
been described by Franks (1967), Hattin (1967), and
Siemers (1971a, 1971b). The Graneros Shale has been
the focus of appreciable study. Hatfield (1961), for
example, studied the paleoecology of the Graneros Shale
in and around Russell County, and Hattin (1965a) de-
scribed the stratigraphy of that unit. The nature of lime-
stone beds in the Greenhorn Limestone was analyzed by
Hattin (1971), who subsequently (1975) described the
stratigraphy and depositional environment of the Green-
horn. The primary study of the Carlile Shale was con-
ducted by Hattin (1962), who analyzed the stratigraphy of
the Carlile in and around Russell County. The petrography,
geochemistry, and economic utilization of the Fort Hays
Chalk in Russell County and north-central Kansas was
studied by Dubins (1947). Regarding the inclusion of all
Cretaceous rocks in Russell County within the Colorado
Group, Hattin (personal communication) suggests that the
term Colorado Group be discontinued because the units
are too lithologically diverse to be included within one
group. As a result, the term Colorado Group is not used in
this report.

Because the geology of north-central Kansas illicits
such interest, several guidebooks have been published that
include sites in Russell County. The first field guide,
which focused on Pleistocene deposits, was produced by
Frye et al. (1951). Guidebooks illustrating the nature of
Cretaceous stratigraphy in and around Russell County
include those by Hattin (1965b), Hattin and Cobban
(1965), Nickel (1972), and Hattin and Siemers (1978).

In the last 15 to 20 years, interest in Russell County and
the surrounding area has focused on salt dissolution and
sinkhole evolution. For example, Burgat and Taylor (1972)
described highway subsidence associated with salt
dissolution. In 1977, Hansen studied dissolution in the
Hutchinson Salt Member of the Wellington Formation near
Russell. Knapp and Steeples (1981) and Knapp et al.
(1989) conducted seismic investigations of collapse
structures associated with salt dissolution.

Other research not cited here, such as that relating to
ground water, has been conducted and reported for Russell

County. A listing is available in the Bibliography of
Kansas Geology, 1823-1984 (Sorensen et al., 1989, p.
388-389), and the Bibliography of Kansas Geology, 1985
1989 (Sorensen, 1994, p. 147).

Methods of investigation

The geology of Russell County was mapped from
stereopairs of black and white aerial photography
(1:24,000) taken in January 1986 for statewide property
reappraisal, 7%-minute topographic quadrangle maps,
and field survey. Minimum thickness of any mappable unit
was 1.8 m (6 ft), a criterion applicable primarily to loess
and alluvium. Although no deep drilling or coring was
done in association with the mapping, unit thicknesses
beneath the solum were verified with hand and machine
augering.

To assess the correlation between soil units and
lithology, the Soil Survey of Russell County (Jantz et al.,
1982) was consulted. After an initial field survey, it was
determined that the relationship of soil units and bedrock
geology was too poor and unpredictable to use the soil
maps exclusively for mapping (table 1). The correlation
between soil units and unconsolidated deposits, specifi-
cally gravel and loess, was sufficient, however, for
preliminary mapping in the laboratory. Loess boundaries,
for example, could be generally defined by those of the
Harney and Holdredge soil map units, with subsequent
field refinement.

Initial mapping focused on alluvial deposits because
aerial photography permitted easy recognition and
delineation of floodplains and terraces. Rocks of the
Cretaceous System, the most time-consuming to map,
were mapped next. The Fencepost Limestone, a wide-
spread, resistant bed of chalky limestone capping the
Greenhorn Limestone, was an important stratigraphic
marker during the early stages of surficial bedrock
mapping because it is easily detected on the aerial photog-
raphy. We next determined the distribution of the Graneros
Shale, which delineated the lower and upper contacts of
the Greenhorn Limestone and Dakota Formation, respec-
tively. Although boundaries of the Graneros were often
hard to find due to its thinness and sparse exposure, its
mapping was facilitated by the location of numerous farm
ponds situated on the impermeable shale. Loess deposits
were delineated in the final phase of mapping.

As mapping progressed, geologic contacts were fiist
drawn on paper copies of the 71 -minute, 1:24,000-scale
topographic quadrangles and were then transferred to
planimetric Mylar base maps of the same scale. Subse-
quent digitizing and map production through computer-
aided cartography using the GIMMARP software was
conducted at the Kansas Geological Survey.




TasLe 1. Degree of correspondence between geologic map units and soil series associations.

Correspondence of
oil distribution

Geologic unit Soil series to geology?
Loess Crete good
Harney good
Ogallala Formation Dorrance good
Niobrara Chalk Nibson® fair
Carlile Shale Bogue® good
Corinthd fair
Greenhorn Limestone Armo fair
Edalgo fair
Nibson® fair
Wakeen® fair
Graneros Shale Nibson® poor
Lancaster® poor
Dakota Formation Hedville good
Lancaster® fair
High terrace (gravel) Dorrance good
Wells fair
Low terrace and floodplain Detroit fair
Humbarger fair
Inavale fair
McCook fair
Munjor fair
Roxbury fair

a. Scaling: Excellent: 280% correspondence between geologic and soil-series map units. Good: 250 to <80% correspondence. Fair: at
least 50% correspondence. Poor: geologic unit is unmappable from the soil series map unit.

b. Soil series do not distinguish between the Smoky Hill and Fort Hays Members.

c. Soil series distinguishes the Blue Hill Shale Member from the Fairport Chalk Member.

d. Soil series distinguishes the Fairport Chalk Member from the Blue Hill Shale Member, but does not distinguish the Fairport Chalk

Member from the Greenhorn Limestone.

e. Soil series does not distinguish the Greenhorn Limestone from the Carlile Shale nor the Graneros Shale.
f. Soil series does not distinguish the Greenhorn Limestone from the Carlile Shale.
g. Soil series does not distinguish the Dakota Formation from the Graneros Shale.

Stratigraphy of outcrops

Rock units cropping out in Russell County range in age
from Lower Cretaceous to Holocene and include the
Dakota Formation, Graneros Shale, Greenhorn Limestone,
Carlile Shale, Niobrara Chalk, Ogallala Formation, and a
variety of unconsolidated Quaternary deposits (loess and
alluvium). Rock- and time-stratigraphic units germane to
this study are represented in fig. 3.

Cretaceous System—Lower Cretaceous
Series
Dakota Formation

Meek and Hayden (1862) first used the name Dakota
Group to describe exposures of sandstone, clays of various

colors, and lignite beds near Dakota City, Dakota County,
Nebraska. Plummer and Romary (1942) subsequently used
the term Dakota Formation to include all deposits of
dominantly continental and littoral origin lying between
the transgressive deposits of the Kiowa Shale and the
Graneros Shale.

The Dakota Formation crops out through much of
western Kansas, where the formation has a thickness
ranging from 200 ft to 300 ft (60 m to 90 m). In Russell
County, the upper 100~150 ft (30-46 m) of the Dakota
Formation is exposed (Hattin and Siemers, 1978). Six
major facies have been delineated in this part of the
Dakota (Hattin, 1965b; Siemers, 1971a, 1976; Hattin and
Siemers, 1978) and represent a transition to shallow-
marine deposits in an environmentally diverse, deltaic, and




Lithostratigraphic Units

Chronostratigraphic Units

ealian sands

fluvial deposits

HOLOCENE
SERIES

Bignell Loess
'_ Brady Soil
Peoria Loess Wisconsinan
fluvial deposits Stage
? o loess  Gilman Cany. Fm
2o Y oo . fluvial deposits
a 1:—4 }:S,H t ___ Sangamen soil __| Sangamon a
. Stage [
Loveland Loess g ¢
w
- ol >
Crete Formation llinoian Stage | w | &
[
wlE
soils [
Y] «
volcanic ash(es) @ 8
-including Pearletie O o
7
w
)
. a
il o
pre-lllinoian
soils Stage(s)
fluvial deposits
till
w | =
g8
Tlo
1A
[72]
Ogallala w5
. 2\
Formation w | <
8|k
| W
ol

as BT

e Beecher Island
ST sh.Mbr.

CENOZOIC ERATHEM

Salt Grass
Shale Mbr.

Lake Creek
Shale Mbr.

Weskan
Shale Mbr.

Sharon Springs
= Shale Mbr.

Pierre Shale

Montana Group

Smoky Hill
Chalk Mbr.

Niobrara
Chalk

Colorado Group

UPPER CRETACEOUS

CRETACEOQUS SYSTEM

ERATHEM

MEsoOzoOolIC




marginal marine setting at the onset of the Greenhorn
transgression. In general, these facies consist of yellowish
to reddish and greenish and brownish mottled mudstones,
lignites, and ironstones interbedded and overlain by cross-
bedded, elongate-trough-shaped sandstones (e.g.,
Rocktown channel sandstone) and flat-bedded, elongate-
tabular-shaped sandstones. A variety of trace fossils such
as Planolites and Skolithos are common in the Dakota
Formation as well as such diverse, marginal marine
macroinvertebrates as Geltena subcompressa and Exogyra
spooneri (Hattin, 1967; Siemers, 1971b).

Although the Dakota Formation underlies all of Russell
County, it is extensively exposed only in the eastern one-
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Ficure 3. Classification of rocks in Russell County (after Baars,
1994).
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half of the county. A variety of excellent exposures of the
Dakota exist, including two (figs. 4 and 5) generally
described by Hattin and Siemers (1978). On the geologic
map of the county (Johnson and Arbogast, 1996), all major
facies of the Dakota are included within the map unit Kd.

Cretaceous System—Upper Cretaceous
Series

Graneros Shale

The Graneros Shale was named by Gilbert (1896) for
exposures along Graneros Creek near Walsenburg,
Colorado. The earliest definitive description of the
Graneros Shale in Kansas, then called “the Bituminous
Shale Horizon,” was by Logan (1897) when he recorded
general attributes such as thickness, color, and structure.
The next year, Logan (1898) correlated this unit with the
Graneros Shale of Colorado. Rubey and Bass (1925)
extensively described the Graneros Shale in Russell
County, but the most detailed study of the Graneros in
Kansas was conducted by Hattin (1965a) who analyzed the

" stratigraphy of the unit throughout the Smoky Hills. The

Graneros Shale is composed predominantly of fissile,
noncalcerous, medium- to dark-gray shale that weathers to
shades of gray and yellowish brown; it is approximately 30
ft (10 m) thick in Russell County (Rubey and Bass, 1925).
Clay-ironstone and calcareous septarian concretions occur
locally. At many localities, interbeds of calcareous and
noncalcerous siltstone and sandstone lie in the middle part
of the shale. In addition, several layers of bentonite and
beds of skeletal limestone are found in the middle and
upper parts of the Graneros. A variety of invertebrate fossil
material, including Inoceramus rutherfordi and Ostrea
beloiti, are common in the upper part of the formation.

The Graneros Shale crops out as a narrow formation
between the overlying Greenhorn Limestone and underly-
ing Dakota Formation in Russell County (Johnson and
Arbogast, 1996). According to Rubey and Bass (1925),
irregular variations in the thickness of the shale in Russell
County may exceed 20 ft (4.5 m) due to intertonguing with
the Dakota. The outcrop belt may be as much as 1 mile
(1.6 km) wide on the northern side of stream valleys due to
the regional northwest dip of the bedrock, but it is usually
less than a quarter of a mile (0.4 km) throughout the
county. Topographically, the Graneros usually forms low-
angle slopes, except in steep-sided valleys where the shale
is protected by resistant rocks at both contacts. Complete
exposures of the Graneros Shale are limited in Russell
County because dense sod or talus usually covers part of
the unit. Hattin (1965a) described an exposure, however,
in the NW sec. 35, T. 12 S., R. 14 W,, along U.S. Highway
281, north of Russell (fig. 6). Another exposure of the
Graneros, in the NE sec. 33, T. 12 S.,R. 14 W,, was
created by recent slumping; in this exposure the contact
with the overlying Greenhorn Limestone is nicely ex-



















13

R.15W.
section 3 section 2 T.
14
S.
[ ,d [ J [}
A ° F 4
s F F I F . « .
A - 260 d
. F 4 o0
: R £ T ¢ eo e
° B O
s & o wg g o g | s 585 Ses 5 5 %
4 260 4 220 200 180 160 A|f120 100 80 60 40 20 O :3
1 1 I I I 1 I T 1 T T T T T T 1 1 | 1 jl|‘70
I3 I3 4 124 ~ y y 4 ~ ;@%&V ~ ~ F 4 L4 L4
¥ 4 . | Crawford Roubach
1 ~ } 4 ~ ! ~ ~ } 4 ) } 4 ) ~y
A A ! .
& . o F ’ 4 - 194 ~ .
”
° y 4 y 4 't ” . >
. 0 1 mi
& abandoned oil well Y/ saltwater disposal well | ' : ]
e oil well A saftwater injection well 1.000m
< dry hole

Ficure 11. Map showing the location of sinkholes relative to Inters

tate 70 in secs. 2 and 3, T. 14 S., R. 15 W. in western Russell

County (from Knapp et al., 1989). The tick marks along the axes formed by I-70 and the north-south section boundary represent

10-m intervals, which are numbered every 20 m.

unit of dark-gray, clayey, fissile shale. At the top of the
Carlile is the Codell Sandstone Member, which has a
maximum thickness of no more than 25 ft (7.6 m) and
thins to less than 1 ft (0.3 m) (Rubey and Bass, 1925). On
the geologic map of the county (Johnson and Arbogast,
1996), the Fairport and Blue Hill members were differenti-
ated and mapped as Kc and Kb, respectively. Because
only one exposure of the Codell Sandstone was found, the
Codell is undifferentiated from the Blue Hill Shale
Member and is included within the map unit Kb.

Fairport Chalk Member. Formerly the Fairport Chalky
Shale, the Fairport Chalk Member is a complex of marine
chalks and marls that lie conformably on the Greenhorn
Limestone. Outcrops of the Carlile Shale are widespread in
Russell County, with isolated remnants of the lower pait on
hilltops in the eastern third of the county and extensive
outcrops in the western two-thirds of the project area. In the
northwestern corner of Russell County, the entire thickness
of the Fairport is exposed (Rubey and Bass, 1925).

Along Interstate 70, near the western county line, three
sinkholes (Witt, Crawford, and Roubach) have recently
formed in the surface of the Carlile Shale (fig. 11). Seismic
investigations of the sinkholes indicates they have devel-
oped during the last 25 years due to significant dissolution

of the Hutchinson Salt member of the Permian Wellington
Formation 400-500 m (1,300-1,600 ft) below the surface
(fig. 12). Apparently, dissolution of the Hutchinson Salt
Member is associated with saltwater disposal wells (fig.
11) within the Gorham oil field (Knapp and Steeples,
1981; Steeples et al., 1986; Knapp et al., 1989).

As it occurs in Russell County, the Fairport Member
consists of bluish-gray to gray chalky shale, chalky
limestone, and calcareous shale that weather yellowish
gray and grayish orange; it is considerably more resistant
than the overlying Blue Hill Shale Member. At the base of
the Fairport Member, chalky limestone is more abundant
and is identical to the upper beds of the Greenhorn
Limestone, reflecting deposition during a maximum
transgression (Hattin, 1962). Thin bentonite beds occur
throughout the member. Important fossils include
Inoceramus and Pseudoperna, fish scales and sharks’
teeth. A section of the lower Fairport Member, measured
by Hattin (1962) in the NE sec. 5, T. 13 S.,R. 15 W., is
shown in fig. 13.

Blue Hill Shale Member. Although a type section has
never been designated, the name Blue Hill Shale was
apparently derived from the Blue Hills of western Mitchell
County, Kansas, by Logan (1897). In Russell County, the
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Ficure 12. Geologic profile of the Crawford sink in the SW sec.
2, T. 14 S.,R. 15 W. (from Knapp et al., 1989).

Blue Hill Shale Member consists of a dark-gray clayey,
blocky to fissile shale, that contains septarian concretions
of calcium carbonate and clay-ironstone. The Blue Hill
Member lies between the underlying chalky shale of the
Fairport Member and the overlying Codell Member of the
Carlile Shale. The Blue Hill Shale Member consists
primarily of quartz-dominant terrigenous detritus eroded
from surrounding Paleozoic and Precambrian terranes
during a regressive phase (Hattin, 1962). Strikingly
uniform throughout, the primary differences within the
Blue Hill are the number, size, and composition of the
calcium concretions and an increase in sand content
toward the top of the member (Rubey and Bass, 1925).
The Blue Hill Member crops out on the higher ridges in
the northwestern corner of Russell County and is usually
expressed topographically as broad, gentle slopes, but may
be exposed locally on steep bluffs where the overlying,
more resistant Fort Hays Limestone serves as a protective
caprock (fig. 14). Recent slumping in the SE sec. 5, T. 11
S.,R. 15 W,, has exposed portions of the Blue Hill
Member (fig. 15), but it may also be observed on the
surface of unimproved roads (fig. 16).

Codell Sandstone Member. Bass (1926) named and
described the Codell sandstone bed from a sandstone
overlying the Blue Hill Shale Member in the vicinity of
Codell, along the Saline River valley in Ellis County. The

Codell was elevated to member status by Dane and Pierce
(1933), but was relegated to informal rank of zone within
the Blue Hill Shale member by Moore et al. (1951).
Informal rank persisted until the Codell was re-elevated to
member status by Merriam (1957) and Jewett (1959).

As defined, the Codell Sandstone Member is a fine-
grained, silty sandstone that is locally shaly. The lower
contact with the Blue Hill Shale Member is conformable
and gradational, whereas the upper contact with the Fort
Hays Limestone is unconformable and abrupt. Fossils are
rarely found in the Codell Sandstone. In Russell County,
the total thickness of the Codell Sandstone is unknown.
The only known exposure of the Codell recognized in this
study, a result of recent slumping, is located in the SE sec.
5, T.11S,R. 15W. (fig. 17).

Niobrara Chalk

Meek and Hayden (1862) named the Niobrara Chalk
from exposures of chalky limestone and calcareous marl in
the Niobrara River valley of northeastern Nebraska. The
formation was later divided into the Fort Hays Limestone
and Smoky Hill Chalk Members by Logan (1897).
Subsequently, the stratigraphy and paleontology of the
Niobrara in western and central Kansas were described
and analyzed by a number of researchers (e.g., Bass, 1926;
Elias, 1931; Moss, 1932; Russell, 1929; Cobban and
Reeside, 1952; and Hattin, 1982). The Niobrara crops out
only in the extreme northwestern corner of Russell County
where a maximum of 100 ft (30 m) remains. The lower
45-50 ft (14—15 m) consists of the Fort Hays Limestone,
and the remainder is the Smoky Hill Chalk Member
(Rubey and Bass, 1925). On the geologic map of the
county (Johnson and Arbogast, 1996), the two members
are differentiated and mapped as Knf and Kns, respec-
tively.

Fort Hays Limestone Member. Unconformably
overlying the Blue Hill Shale is the Fort Hays Limestone
Member. The Fort Hays Limestone is characterized by
thick to very thick beds of resistant chalky limestone that
is light gray to medium gray or light olive gray and that
weathers yellowish gray, grayish or pale grayish orange, or
almost white. Thin beds of bentonite and shale separate
many of the limestone beds, which consist largely of
homogeneous, micrograined carbonate rock that have been
thoroughly bioturbated. Increased sand content at the base
of the Fort Hays apparently reflects reworking of Codell
sands at the onset of the Niobrara transgression (Hattin and
Siemers, 1978). Macrofossils (e.g., Inoceramus deformis,
Inoceramus browni) and trace fossils (e.g., Teichichnus,
Planolites) are found in the member. In Russell County,
the Fort Hays is well exposed at only two localities, a
slump in the NW sec. 5, T. 11 S., R. 15 W. (fig. 17) and a
quarry in the NW sec. 6, T. 11 S., R. 15 W. (fig. 18). The
contact with the overlying Smoky Hill Chalk Member was
















19

TasLE 2. Fission-track dated volcanic ashes of major stratigraphic significance in the Central Plains (Nebraska, Kansas, and Okla-

homa).
Alternate Source Representative
Ash names area age (><106 yr)
Pearlette O Pearlette restricted, Lava Creek Tuff, 0.610
Lava Creek B, Member B,
Cudahy, Hartford Yellowstone
Bishop Mount Clare Bishop Tuff 0.738
Tsankawa S Toledo & Valles caldera, NM 1.12
Pearlette S Coleridge, Mesa Falls Tuff, 127
Mesa Falls Yellowstone
Guaje — Toledo & Valles caldera, NM 1.45
Pearlette B Huckleberry, Huckleberry Ridge Tuff, 2.01
Ridge, Borchers Yellowstone

Sources: Boellstorff (1976), Izett (1981, 1982), Izett and Wilcox (1982), Richmond and Fullerton (1986), and Ward (1991).

(Boellstorff, 1973, 1974, 1976; Naeser et al., 1973; Carter
et al., 1990; Ward et al., 1993).

An informal scheme of geologic divisions and associ-
ated chronology for the Quaternary of the United States
has been assembled using various stratigraphic markers
(e.g., Pearlette O volcanic ash, glacial tills, Matuyama-
Bruhnes magnetic polarity reversal) and the marine 180
record (fig. 22). The Pliocene-Pleistocene boundary was
set at 1.65 Ma, in accordance with the corresponding
radiometric-age estimate from the Virca section in Italy
(Aguirre and Pasini, 1985). Richmond and Fullerton
(1986) subdivided the Pleistocene into early, middle, and
late, with the middle being further divided into early
middle, middle middle, and late middle Pleistocene.
Pleistocene time prior to the Illinoian is referred to as pre-
Mlinoian on the basis of the 180 record, which indicates
that ten glaciations (seven Pleistocene, three Pliocene)
occurred prior to 302 ka rather than two, as proposed in
classical theory. A more detailed discussion of the Pleis-
tocene chronology in Kansas is found in Bayne and
O’Connor (1968) and Johnson (1993).

The late Quaternary stratigraphic succession for Russell
County is represented in fig. 23. Pre-Illinoian deposits are
tentatively recognized in the county but are spatially
isolated and limited to the upland margins of major
valleys. Illinoian deposits occur more extensively but are
also isolated in upland and valley contexts. Wisconsinan
sediments are widespread, with appreciable surface
expression on both the uplands and along stream valleys.
Holocene deposits are very common and are recognized in
both upland and alluvial settings.

Pre-Illinoian deposits

Isolated pre-Illinoian deposits of unconsolidated gravel,
sand, and silt, with lentils of volcanic ash, are found
throughout northwestern Kansas as terrace-fill remnants in
major valleys. Originally, these nonglacial sediments were
included within the Meade Formation and were thought to
be of classical Kansan age. The Meade Formation was
later subdivided into the Grand Island and Sappa Members
(Frye and Leonard, 1952) based on stratigraphic nomen-
clature derived in Nebraska by Lugn (1934, 1935) and
Condra et al. (1950). Subsequently, the name of Meade
Formation was abandoned in favor of elevating the Grand
Island and Sappa units to the formational level (Bayne and
O’Connor, 1968).

Despite a lack of absolute age control (e.g., fission-
track, thermoluminescence) validating the continued use of
“Grand Island” and “Sappa” as formation names, their use
persists. The Grand Island Formation, as it is defined,
consists of gravel, sand, and minor amounts of silt
approximately 20 ft (6.1 m) thick that are present in
northwestern Kansas beneath a highly dissected terrace in
major stream valleys. Conformably overlying the Grand
Island is the Sappa Formation, which is composed of
alluvial silt and small amounts of sand with lentils of
Pearlette volcanic ash (Frye and Leonard, 1952).

Isolated deposits of unconsolidated sand, silt, and
gravel, potentially correlating to the Grand Island and
Sappa Formations, as they are presently defined, are
located in Russell County along the Smoky Hill River,
Saline River, and their major tributaries (e.g., Wolf Creek).
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FIGURE 22. Quaternary time scale. Modified from Richmond and Fullerton (1986, p. 6). Notes: (a) Pleistocene-Holocene boundary
after Hopkins (1975). (b) Ages of the marine isotope boundaries taken from Martinson et al. (1987); values were derived using the
Milankovich orbital tuning techniques. (c) The Sangamon-Wisconsinan (Interglacial-Glacial) boundary is yet uncertain and may be
diachronic (Johnson et al., 1991; Curry and Follmer, 1992), 75 ka (Fulton, 1984, 1986), 100 ka (Terasmae and Dreimanis, 1976),
and 122 ka (Richmond and Fullerton, 1986). The age of 116 ka has been adopted by Clark et al. (1993). (d) Ages of the marine
isotope boundary interpreted by Richmond and Fullerton (1986) from graphic data presented by R. G. Johnson (1982). (e) K-Ar
age of the Lava Creek tuff and Pearlette O volcanic ash bed (Izett and Wilcox, 1982). (f) Astronomical age of the Matuyama-
Bruhnes magnetic polarity reversal derived by R. G. Johnson (1982) and adopted by Richmond and Fullerton (1986). (g) Age of
the Pliocene-Pleistocene boundary at the Virca, Italy, section (Aguirre and Pasini, 1985).

Loveland Loess. The Loveland Loess is the most
pervasive pre-Wisconsinan loess in the central United
States. Shimek (1909) first identified the Loveland in
exposures along the eastern bluff of the Missouri River
northeast of Loveland, Iowa. Subsequently, Lugn (1935)
recognized and described an eolian and alluvial component
to the Loveland in Nebraska. Condra et al. (1950) later
elevated the alluvial component to formational rank,
naming it the Crete Formation. Recently, the Loveland
Loess has been described throughout the Missouri,
Mississippi, and Ohio River basins (e.g., Reed and
Dreeszen, 1965; Ruhe, 1969; Willman and Frye, 1970;
Ruhe and Olson, 1980) and has been recognized as far
south as Arkansas and Mississippi (McCraw and Autin,
1989).

Loveland Loess consists of carbonate-enriched eolian
silt that accumulated during the Hlinoian Stage between

about 300 ka and 130 ka (fig. 22). The Loveland Loess is
yellowish brown or reddish brown, with increased red hues
toward the top of the formation due to development of the
Sangamon Soil. Several paleosols of variable develop-
ment, including the Sangamon Soil, have been recognized
in the Loveland (Frye and Leonard, 1954; Feng, 1991;
Feng et al., 1994a, 1994b). Four zones of carbonate
enrichment, occurring at about 410-360, 330-290, 250—
200, and 130-95 ka, were interpreted by Feng et al.
(1994a, 1994b) to be soil-forming intervals associated with
interglacial stages, the latter two of which would be
associated with the Illinoian Stage. The thickest accumula-
tions of Loveland Loess in Kansas are in the north-central
part of the state and measure up to 49 ft (15 m). Elsewhere
it is typically less than 12 m (39 ft) thick (Johnson, 1993).
In Russell County, the Loveland Loess was not differ-
entiated from other loess formations, but it is recognized at
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FIGURE 23. Late Quaternary stratigraphic succession in Russell County. Modified from Johnson (1993).

the Beisel-Steinle site (fig. 25). The absolute age of the
Loveland is unknown for Russell County, but Oviatt et al.
(1988) reported thermoluminescence (TL) ages of 136 ka
and 130 ka from the upper part of Loveland loess near
Milford in northeastern Kansas. At the Barton County
sanitary landfill, P. Maat and W. C. Johnson (unpublished
data) obtained an age of 212 ka from a pre-Sangamon soil
zone in Loveland Loess, whereas Feng (1991) dated the
upper Loveland Loess at 69 ka.

Sangamon Soil. The Sangamon Soil is a strongly
developed paleosol or complex of paleosols distributed
throughout the midcontinent, including the states of
Indiana (Hall, 1973; Ruhe et al., 1974; Ruhe and Olson,
1980), Illinois (Bushue et al., 1974; Follmer, 1979), lowa
(Simonson, 1941, Ruhe, 1956, 1969), Nebraska (Schultz
and Stout, 1945; Thorpe et al., 1951), and Kansas (Frye
and Leonard, 1952). Initially recognized by Leverett
(1899) to differentiate between the Illinoian and
Wisconsinan deposits, the Sangamon is characterized by
intense oxidation (vivid to pale reddish-brown colors),

deep leaching, and high clay accumulation. Because of
apparent time transgressiveness and the diachronous
nature of the Sangamon Soil, the age of the soil is not
precisely known. Estimates indicate, however, that it
ranges from approximately 135 ka to 75 ka in age (e.g.,
Forman 1990; Forman et al., 1992; Johnson et al., 1990;
Maat and Johnson, 1996).

The Sangamon Soil probably should be considered a
pedocomplex, with several soils representing significant
temporal and environmental variability welded together,
rather than a single soil that developed under unique
environmental conditions (Schultz and Tanner, 1957,
Fredlund et al., 1985; Morrison, 1987). From his research
in Brown County, Schaetzl (1986) observed that the
Sangamon appears to be a strongly developed Ultisol or
Mollisol.

Originally known in Kansas as the “soil in the Sanborn
formation” (Hibbard et al., 1944) and the Loveland soil
(Frye and Fent, 1947), the Sangamon has been extensively
studied in the northeastern part of the state (e.g., Frye and













28

TabLE 3. Radiocarbon ages from the Beisel-Steinle site (reported in Diekmeyer, 1994).

Depth Lab Uncorrected age 8B3c Corrected age
(m) number (yrB.P) (%0) (yrB.P)

1.45-1.50 Tx-8183 3,030+ 50 -11.5 3,250+ 50
2.40-2.45 Tx-8186 11,270 £ 110 -20.1 11,350+ 110
3.70-3.75 Tx-8184 22,440 + 260 -15.9 22,590 +270
4.25-4.30 Tx-8185 27,400 £ 430 144 27,580 £ 440
about 4.2 Tx-7709 27,220 £ 480 -14.2 27,380 £ 490
4.95-5.00 Tx-8187 32,620 £ 1060 -14.1 32,780 + 1080

B.P. (Tx-7710) was obtained from an exposure of the
Gilman Canyon soi! developed within alluvium of the
Saline River valley in the eastern part of adjacent Ellis
County (W. C. Johnson, unpublished data), indicating that
an alluvial facies of the Gilman Canyon Formation may
also be preserved in Pleistocene terraces of the Saline
River valley in Russell County.

Carbon isotope fractionation analyses have proved to be
of use in determining past vegetation and associated
climatic conditions. The carbon composition (13C/12C) of
the organic matter produced by plants is highly correlated
with the type of photosynthetic pathway: C; pathway
plants (cool, moist adapted) have an average 813C value of
—27%o (parts per thousand), while C, pathway plants
(warm, dry adapted) have an average value of —~14%o
(Krishnamurthy et al., 1982). Accordingly, the time series
of 8'3C left in the loess by the plants (namely grasses)
should be a proxy record of climate. Proxy data for
ve§etation and climate associated with humate-derived
3!13C values obtained from loess samples collected at the
Biesel-Steinle site (fig. 27). These data suggest that the
plant ecology of the Gilman Canyon Loess was dominated
by C,-type grasses, reflecting a relatively warm, possibly
dry climate (Johnson, 1993). Opal phytolith data (Fredlund
et al., 1985; Fredlund and Jaumann, 1987; Johnson et al.
1994) and isotopic data (Fredlund, 1993; Johnson et al.,
1994) from sites located elsewhere in the region indicate
that a panicoid-dominated (C 4) grassland existed in an
environment suitable for moist, temperate-adapted tall
grasses during accumulation of Gilman Canyon Loess.

Although recognized at only one site in Russell County,
the Gilman Canyon Formation is assumed to be present
elsewhere in the county, specifically on broad interfluves
where it is buried by Peoria Loess. The Gilman Canyon
Formation is not differentiated from other loesses in
Russell County and is included within the map unit QI on
the geologic map of the county (Johnson and Arbogast,
1996).

Peoria Loess. The name “Peoria” was first proposed
by Leverett (1899) for deposits of an interglacial period
that separates the Iowan and Wisconsinan glacial stages.
When Alden and Leighton (1917) demonstrated that the
Peoria is younger than the Iowan, the name “Peoria”
became associated with a loess rather than a weathering
interval. Several names have been used for post-
Farmdalian loess in the central United States. Ruhe (1983),
for example, preferred the term “late Wisconsin loess”
because of correlation uncertainties from one region to
another.

The Peoria Loess is typically calcareous, massive, light-
yellowish-tan to buff silt that usually overlies the Loveland
Loess or an approximate equivalent of the Gilman Canyon
Formation. Ruhe (1983) noted three major characteristics
of the Peoria, i.e., that it thins downwind of the source
area, systematically fines in particle size downwind from
the source area, and is time transgressive. Regarding the
latter, Ruhe (1969) found that the age of the soil beneath
the Peoria Loess decreases from 24,500 yr B.P. near the
Missouri River to about 19,000 yr B.P. eastward across
southwestern Iowa. Similarly, the base of the loess
decreases in age from 25,000 to 21,000 yr B.P. along a
transect in Illinois (Kleiss and Fehrenbacher, 1973). Ages
from the top of the loess range from 12,500 yr B.P. in
Illinois (McKay, 1979) to 14,000 yr B.P. in central Iowa
(Ruhe, 1969). Deposition of the Peoria Loess was not
continuous, as evinced by stratigraphic breaks such as that
marked by the Jules soil in Illinois (Frye and Willman,
1973; Frye et al., 1974, Ruhe, 1976; McKay, 1979) and the
soil zones recognized in Iowa (Daniels et al., 1960; Ruhe
etal., 1971).

In Kansas, the Peoria Loess is a reddish, yellowish, or
tan-buff homogeneous, massive, locally fossiliferous,
variably calcareous coarse silt to very fine sand to medium
to fine silt and clay (Frye and Leonard, 1952). The source
of the silt is not certain. In a review of available data,
Welch and Hale (1987) concluded that loess deposits in


























































