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Introduction

GcomoipholoScal and geoarchaeological research on Fort RIley, Kansas for the U. S. Army
Construction  Engineering  Research  Laboratory  (CERL)  is  being  conducted  to  assist  in  the
development of a dynamic paleoenvironmental model of Holocene landscape evolution. Research
began with an overview study by D.L. Johnson (1992). On-site work by D. Johnson, an assistant and
the contractor in June, 1993 involved further reconmissance, subsurface exploration with a vehicular-
mounted  coring rig,  and documentations and sampling of natural exposures. Eighteen localities,
numbered 21-38, were studied, with  16 wielding sediment and soil cores.  These sites represented
various landscape positions within Fort Riley. Of the sites which were cored, all except 21, 26, and
33 extended to bedrock or to the residual soil developed on the bedrock. Laboratory analyses were
conducted on samples from cores 21, 24, and 25 by D.L. Johnson and subcontractors a. Johnson,
1994).  Analyses included particle size determination ®ipet,  hydrometer,  sieve,  and elutriation),
various wet chemical analyses (pH cation exchange, organic matter, phosphorous, elemental ppm,
base saturation), and ]4C dating.

After a lal)oratory examination of the cores collected, core 21 was selected for a pilot study
to evaluate the potential for recovering a paleoenvironmental record from the carbon isotope and opal

phytofith content within the sediments, which was the scope of this project. This particular core was
taken  from  a  bluff above  Camp  Funston  and  considered  to  be  representative  of the  upland
environment, past and present.  At the Uhiversity of Illinois, the  10.80-in long core was carefully
described  and  sampled  for sediment  analysis by D.L.  Johnson and for carbon isotope and  opal

phytolith analyses by W.C. Johnson and E. Diekmeyer. The latter samples were transported back to
the Uhiversity of Kansas, Department of Geography, where they were subsequently analyzed in the

palynology laboratory. Description and sedimentary data for core 21 are provided in Appendix A.
The two parameters selected for the development of a tine series of climate change have been

successfuuy applied to paleoenvironmental reconstructions in the loess deposits of the region. W.C.
Johnson, S. Bozarth, and E. Diekmeyer, as well as others associated with the Uhiversity of Kansas,
have studied the past environments of loess deposits ranging from the Platte RIver valley of western
Nebraska to southcentral Kansas (e.g., Johnson,  1993a,b).

Regiom] Late-Quaternary I+oess Stratigraphy

Classically, the Pleistocene has consisted of four glacial advances, or stages: the Nebraskan,
Kansan, Hlinoian, and Wisconsinan. In recent years this traditional Pleistocene chronology has been
largely al>andoned because of the complexity of the stratigraphic record and faulty correlations made

by early workers. Within the United States, ten pre-Illinoian glaciations have been recognized, seven
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of which occur in the Pleistocene (three in the Pliocene). In Iowa and Nebraska alone, pre-Illinoian
time is known to contain deposits from one Pliocene and five Pleistocene glaciations aichmond and
Funerton,1986a), and during the last 900,000 years there have been 11 episodes of glaciation in the
U.S.A. a7ullerton and Richmond,  1986).

Beeause the tlacial stages "Nebraskan" and "Kansan" and interglacial stages "Aftonian" and
"Yamouthian" appear to be no longer appropriate stratigraphic indicators in their type regions, many

investigatorshavecalledforabandonmentofthecl'assicalpre-nlinoianstratigrahicframework(e.g.,
Hallberg et al.,  1980; Dort,  1987; Hallberg,  1986; RIchmond and Fullerton,  1986a). The classical
stage names have been used in chronostratigraphic, lithostratigraphic, pedostratigraphic, and event-
stratigraphic contexts, and continued adherence to the nomenclature will likely propagate the error
and  confusion  ¢Iallberg,  1986,  p.  12).  Boellstorff (1978a) was among the first to  call for the
development of a new regional stratigraphic framework for the Central Plains.

RIchmond and Fullerton (1986a) and others have presented an informal scheme of geologic
divisions and associated time scale for the Quaternary of the Uhited States Q7ig.  1). The Pliocene-
Pleistocene boundary was set at  1.65 rna, in accordance with the estimate of 1.64 rna derived by
Aguirre and Pasini (1985) on the basis of radiometric ages from the Virca section in Italy; this move
has apparently resolved the problem of identifying an appropriate stratotype Q`io et al.,  1991). Until
recently, one age commonly proposed for the boundary was 2.4 rna @owen,  1978; Nilsson,  1983;
Peesi,1985). The boundary is strictly gcochronometric, i.e, without stratigraphic basis, in the Uhited
States, primarily beeause many have attempted to define it climatically (e.g., Beard,  1969; Lamb and
Beard,    1972;   Boellstorff,   1978c;   Beard   et   al.,   1982).   Specifically,   it   can   not   be   located

stratigraphically and has no significance to the stratigraphic and chronologic sequence of glaciation,
to the history of vertebrate fauna of the North American land mammal ages, or to the record of
climatic or environmental change Qichmond and Fullerton,  1986b). For the central Cireat Plains,
Boellstorff (1976) has argued, however, for a change to I.8 or 2.0 rna on the basis of land mammal
ages and a major ash marker bed, respectively. The Pleistocene was subdivided by RIchmond and
Fullerton (1986) into early, middle, and late, with the middle being further broken down into early
middle,  nriddle  nriddle,  and  late  middle  Pleistocene.  In  most  instances,  numerical  ages  of the

boundaries were arbitrarily set within the period of radiometric dating and the marine t80 record.
Exceptions  were  stratigraphic  markers  at  the  early-ndddle  Pleistocene  boundary  at  788  ka

Q4atuyama-Brunhes polarity reversal) and the early middle-middle nriddle Pleistocene boundary at
610 ka Q'earlette 0 ash).

A very good empirical relationship exists between cold stages in the marine oxygen isotope
record  and  documented  times  of glaciation  (ice  volume)  in the United  States  Qichmond  and
Fullerton,  1986).  Given the close correspondence between the glacial record and marine isotope
record and the fragmentary nature of the former, it follows that the nearly continuous loessal record
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should be an excellent terrestrial cognate of the marine isotope record. Therefore, the clinatic and
chronological record assembled for the marine sequence should match the loessal record well. The

generally accepted model relating climate to the loessal record indicates that periods of stability and
pedogenesis  are  usually  associated  with  warm  intertlacials,  and  periods  of  significant  loess
accumulation coincide with the colder alacial times Q[ukla 1977, 1987). Morpholodc and isotopic
analyses of plant opal phytoliths from loess expos6d at the Eustis ash pit in southwestern Nebraska
support the model and the relationship with the marine isotope record for the Illinoian, Sangamon and
early nriddle Wisconsin stages ¢redlund et al.,  1985; Fredlund,  1993).

Pre-Il]inoian Stages

Little is known of the pre-Illinoian loesses because far fe_wer exposures exist than of the Loveland

alinoian) loess and certainly the Peoria Gate-Wisconsinan) loess. Pedogenesis has been recognized
in these early loesses, however. Zones of carbonate enrichment, occuring at about 410-360, 330-290,
and 250-200 ka, within the Barton County landfill exposure were interpreted to be pedogenic in
oriSn a]eng ct al., 1994). These caibonate zones are Hkely analogous to the soils observed in the pre-
I,oveland loesses at the Eustis ash pit, Nebraska a7redlund et al.,  1985) and elsewhere in the redon

(Schultz and Martin,  1970; Frye and Leonard,1951). The zones are temporally equivalent to the
nonglacial, or warm marine isotope stages a7eng et al.,  1994).

Fossil pollen evidence indicates that the grasslands of the Great Plains expanded during the
interctacials and contracted, or perhaps disappeared, during the glacial periods acapp,  1965,  1970;
Fredlund  and  Jaumann,  1987).  This  suggests  that the  calbonate  enrichment  was  a  product  of

grassland pedogenesis, not unlike that of today. Fredlund and others (1985) extracted the grass opal
phytoliths contained within these multiple soil zones at the Eustis ash pit in southcentral Nebraska
and found that the soil-forming periods were warmer and periods of dust accumulation cooler.

IIIinoian Stage

All Pleistocene deposits, nlinoian and younger, were oriSnally included in the Sanbom Formation
of Kansas. Consequently, the formation was different from all others in that it included two glacial
stages and substages, as well as two major unconfomities, namely the Sanganon and Brady soils.
The Sanbom Formation was originally con;idered a convenient term for designating, primarily for
mapping  purposes,  the  unconsolidated  Pleistocene  deposits.  The  Sanbom  name  was  given  to
unconsolidated  deposits  observed  by Elias  (1931)  in northwestern Cheyenne  County,  Kansas.
Subsequently, Frye and Fent (1947) designated a Sanbom type section and subdivided the formation
into  three  members,  the  Loveland  silt,  Peoria  silt,  and  Bignen  silt.  Frye  and  Leonard  (1949)
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recognized a fourth member underl)ing the Loveland silt and the Crete sand and gravel.  Because of
subdivision into discemable, mappable units, use of the Sanbom Fomation designation has become
inappropriate. Also, confusion results from the name Sanbom Group being used for a thick siltstone
exposed in the Borchers Badlands, Meade County, Kansas fission-track dated to about  1.08 rna

(Carter and Ward,  1991).   In  1959 the Kansas Geological Survey abandoned the name Sanbom
Formation, elevated its members to the rank of formation (Jewett,  1959), and later defined phases
within formations @ayne and O'Comor, 1968).

Love]and  loess.  The  Loveland  loess  is  the  most  widespread  pre-Wisconsinan  loess  in  the
Mdcontinent.  Several investigators (e.g., Reed and Dreeszen, 1965; Ruhe,  1969; Willman and Frye,
1970; Ruhe and Olson, 1980) have described it throughout the Mssouri, Mssissippi and Ohio River
basins.   Further, it has been recognized south into Mississippi and Arkansas Q4ccraw and Autin,
1989).   The Loveland, as a loess, has been far less studied (e.g., absolute chronology, geometry,
mineralogical composition) than the Wisconsinan loesses, namely the Peoria.

Shimek (1909) first identified the Loveland (as a water-lain deposit) based upon exposures along
the east bluff of the Missouri RIver just northeast of Loveland, Iowa, where it is underlain by
"Kansan" till and overlain by Wisconsinan loess.  Several years later, the Loveland was identified and

described in Nebraska by Lugn (193 5) who identified both a valley phase (water-lain) and an eolian

phase ¢oess).  Condra and others (1950) separated the valley phase, naming it the Crete Formation.
Since Leighton and Willman (1950) first designated the Loveland as an Illinoian-age loess, it has been
assigned as such in both Kansas ¢rye and Leonard, 1952) and Nebraska (Wayne,  1963; Reed and
Dreeszen,  1965).   Frye and Fent (1947) identified the Loveland Loess in Kansas on the basis of
comparisous made with the t)pe section in Iowa and deposits recognized in Nedraska.  More recently,
the Loveland of Nebraska has been separated into three distinct units, or members, primarily on the
basis ofpalcosol presence Geed and Iireeszqu 1965; Schultz,1968; Schultz and Martin,  1970).  The
origival type section of the Loveland was destroyed by a borrow pit for road construction, and a new

type section ®aratype) was designated at the end of the borrow pit area @aniels and Handy,  1959;
Bettis,  1990).

The Loveland may be described as a yellowish-brown or reddish-brown eolian silt. Red hues
increase toward the top of the formation due to development of the  Sangamon soil within the
uppemost Loveland. The thickest accumulations occur in the northcentral part of the state: recorded
thicknesses approach 15 in. A thinning in the loess occurs both southward and westward such that
the distribution becomes discontinuous to the southwest. In Kansas, the I.oveland is typically less than
10 in thick, but produces a very distinctive mark on the landscape via its variation in stratigraphy.
It occurs on uplands and vauey side slopes.  As a result, the Loveland and its capping Sanganon soil
are well expressed in natural exposures, particularly freshly cultivated fields.

6



The al)solute age of Loveland loess in Kansas is largely uncertain, but recent work at sections
exposed in a Geary County quarry in northeastern Kansas, the Barton and Pratt County sanitary
land fills  of central Kansas,  and the Eustis ash pit of southwestern Nebraska provided the first
absolute-age information on the Loveland beyond that carried out at the paratype section. Oviatt et
al. (1988) reported TL ages of 136 ka and 130 ka for the upper part of the presumed Loveland loess
exposed in an abandoned quarry near Mlford in northeastern Kansas. TL age data from the Kansas
sites indicates that the Loveland loess began accumulating sometime before  130 ka Q'eng et al.,
1994).  Recently, Maat and Johnson (in press) have derived a TL age of approximately  160 ka
immediately below the Sangamon soil in Loveland loess at the Eustis ash pit. Dating at the Loveland

paratype section was the first attempt to employ the TL technique on loess in the Mdcontinent, and
results were consistent with the data obtained from loess at other localities in the North American
Continent, including those in central Kansas. Four TL ages derived from the Loveland loess indicate
the sediment was deposited approximately 140,000±20,000 years B.P. a7oman,  1990b).

Sangamon soil. This palcosol is strontly developed and occurs throughout the Mdcontinent beneath
deposits of the Wisconsinan daciation and within deposits of the nlinoian glaciation or older deposits.
The Sangamon soil has been recognized in Indiana Qlall,  1973; Ruhe et al.,  1974; Ruhe and Olson,

1980), nlinois a3ushue et al.,1974; Follmer,1979) where the type section is located Q7ollmer,  1978),

Iowa (Simonson,1941; Ruhe,1956,1969), Nchraska (Schultz and Stout,1945; Thorpe et al.,1951)

and Kansas a7rye and Leonard, 1952). In Kansas, the Sanganon soil is very well expressed, occurring
throughout the state. Although the soil has received considerable attention in northeastern Kansas

¢rye and AB. Leonard,1949,1952; Tien,1968; Caspall,1970; Bayne et al.,1971; Schaetal,1986),
it has been recognized at many localities in the state @ayne and O'Cormor,  1968) and recently studied
in central Kansas a]eng et al.,  1994). Hstorically it has been referred to as a "soil in the Sanbom
formation" Qlibbard et al.,  1944), the Loveland soil arrye and Fent,  1947), and the Sangamon soil

Grye and Leonard, 1951). The color of the soil ranges from a vivid to pale reddish-browlL with a loss
in color oceuring westward. ReSonally, the soil character varies according to parent material, local
drainage and  climate which prevailed at the time of pedogenesis.  The soil occasionally contains
sufficient clay to create a subtle ben.ch on cultiv.ated slopes.  Schaetal (1986) noted that the soil
appears to have been a very strongly developed tntisol or Mollisol.

The Sangamon soil was first used in a time-stratigraphic context to differentiate deposits of the
Illionian and Wisconsinan glacial stages a,everett,  1899). An appreciable time span for rectonal
landscape stabifty and soft formation are indicated by intense oxidation, deep leaching, and high clay
accumulation. The main problem associated with the Sangamon soil is its diachronous upper and
lower boundaries Q7ollmer,  1978,  1982,  1983). Tb further confuse the time element, the lower 1-2
in (3 .3-6.6 ft) of the eady Wisconsin loess is typically weathered and forms a pedological continuum
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with the underl)ring Sangamon soft Q7ollmer, 1983), and most investigators, until recently, ndstakenly
included the fomer in the Sanganon profile. The Sangafnon should be considered a "pedocomplex"
rather than a single soil which developed under a unique environmental condition (Schultz and
Tanner,  1957; Fredlund et al.,  1985; Morrison,  1987).  It apparently represents several paleosols
welded  together  to  form  a  complex  that  reflects  significant  spatial  and  temporal  variation  in
environmental conditions and an appreciable tine span. Laboratory data from exposures in central
Kansas indicate the Sangamon soil was strongly weathered chemically, presumably under a waml,
moist climate a]eng,  1991).

Because of apparent time transgressivene'ss, the age of the Sanganon soil is not precisely
known. Follmer (1983) reported a radiocarbon age of 41,700±1100 yr B.P. on plant material from
the top of the Sanganon in its type arca in nlinois. Forman (1990a) reported TL ages of 140±20 and
70±10  ka  from  loess below the  Sangamon soil at two  separate sites in Iowa and Illinois,  and
concluded the Sangamon soft is diachronous and may consist of multiple soils. Feng (1991) and Feng
and others (1994) reported a TL age of about 70 ka in the lowermost part of the Sanganon soil
exposed in central Kansas and associate it with marine isotope stage 3. Although RIchmond and
Fuuerton (1986b) assigned Sangamon time to 132-122 ka (isotope substage 5e), they acknowledged
reported ages (relative and absolute) rangivg from early nlinoian to middle Wisconsin. Basal ages on
the overl)ing Glman Canyon Formation from numerous locations in Kansas and Nebraska (Johnson,
1993) provide a minimum age of al)out 40 ka for the Sangamon soil. Also, Forman (1990b) obtained
TL and radiocarbon ages of 35-30 ka within the loess overlying the Sangamon soil at the Loveland

paratype section in Iowa and the Pleasant Grove School section in Illinois.
Post-Sanganon time was one of extensive landscape instability including upland erosion, as

evidenced by the partial or complete removal of the Sangamon soil. In a quany near Woodruff in
Phillips County, Kansas, the Leveland and Sangamon have been removed and the top of the Ogallala
eroded. Similarly, the same units may have been stripped and channels cut into the Smoky IIill Chalk

prior to deposition of the Gilman Canyon Formation. Consequently, erosional truncation of the soil
may be in part responsible for the apparent diachronous character of the soil. Deposition occurred
at some locations: for example, a sandy zone overlying the Sanganon soil in the Phillips County
sanitary landfill suggests a dry and windy transition to the Gilman Canyon Formation above. A similar
unit has been observed by the author at the Eustis ash pit in southwestern Nebraska.

Wisconsinan Stage

As.the most recent glacial episode, the Wisconsin has the greatest resolution, and has been

traditionally  defined  with  five  substages.  It  has  been  generally  accepted  that  the  stage  began

approxinately 79,000 to 70,000 radiocarbon years ago. The substages, as defined in Illinois, include
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the Altohian, (70,000 to 28,000 B.P.), the Farmdanan, (28,000 to 22,000 B.P.), the Woodfordian,

(22,000 to  12,500 B.P.), the Twocreekan (12,500 to  11,000 B.P.), and the Valderan, (11,000 to
5,000 B.P.) (Wilha and Frye,1970; Frye and Willman, 1973). Frye and Leonard (1965) refered to
the Altonian, Famdalian, and Woodfordian Substages collectively as the pre-Bradyan and to the
Valderan as the post-Bradyan, the name Brady coming from the Brady soil. In recent years, time
divisions within the Wiscousin have been rescaled and renamed: the stage is defined as extending from
about 122 ka to 10 ka, or isotope stages and subs,tages 5d through 2.

Gflman Canyon Fomation. The Glman Canyon Formation, first recognized in Nebraska Qeed and
Dreeszen,  1965),  is  a middle to  early-late Wisconsin (cf.  Farmdalian) loess.  Equivalents of the
formation have been recognized elsewhere: the Loveland loess is buried by the Roxana silt from
Mnnesota and Wisconsin to Arkansas and by the Pisgch Formation in western Iowa ®ettis, 1990).
The Gilman Canyon of Nebraska and Kansas is typically dark in color, silty, leached of calcium
carbonate,  and  heavily  enriched in organic cafoon via pedogenesis (melanization).  It was once
considered to be the attenuated A horizon of the Sangamon soil (Thorpe et al.,  1951; Reed and
Dreeszen,  1965).

Reed and Dreeszen (1965) provide limited textural data and deschption of the Glman Canyon
Formation at the type section. Their description within the columnar section at the Buzzard's Roost
exposures states ®. 62):  "Upper 12 inches [31 cm] is medium dark gray, slightly humic, silt; middle
1 foot 1 inch [33 cm] is fight brownish-gny snt; basal 3 feet 8 inches [1.12 m] is dark brownish-gray,

huhic, soil-like silt; entire thickness is noncalcareous . . . 5 feet 9 inches [1.75 m]." Although all of
these attributes described at the type section appear representative of the fomation as observed in
Nebraska and Kansas, the binodal distribution of humus is curious: this suggests the existence of two

periods of relative stability, or low accumulation rates, and an intervening period of accelerated
accumulation rates.  Consequently, the Glman Canyon Formation often appears as one or more
cumuHc A horizous that are developed within a varial>ly to noncalcareous loess, usually no more than
I.2 in thick. In a section revealing an expanded, valley phase of the Gfilman Canyon Formation, May
and Souders (1988) recognized three distinct organic zones, each of which may represent a separate
episode of pedogenesis. Two such zones have been recently observed by the author at the Eustis ash

pit in southcentral Nebraska. If two or more distinct periods of soil formation did indeed occur
regionally, they are obscured at many localities, likely due to bioturbation. Overall, the formation
reflects a sufficiently slow rate of loess fan (<.08iqu/yr) such that pedogenesis was operating more
or less continuously, but with a decreased intensity at one or more times.

As expressed, the Gilman Canyon Formation is frequently overlain by .9-1.5 in of leached
loess which is considered to be basal Pcoria Formation. Conelative with the Crilman Canyon and
overlying leached loess zone is the Cj/e//"s zone (a ground squinel now recognized as the genus
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fpe777!opfu./#s) of Nebraska (Condra et al.,  1950). The leached zone is transitional between the well
developed A horizon(s) in the Crilman Canyon and the calcareous Peoria loess above, and probably
reflects a sufficiently slow accumulation of peoria loess such that pedogenesis could keep pace only

partially. A.B. Leonard (1951,  1952) supports the contention that the leached, or basal zone was
slowly accumulating, eady Peoria loess experiencing pedogenesis through inference that gastropods
were origivally present but subsequently destroyed during weathering of the loess. Above the leached
zone, the rate of accumulation of peoria loess was sufficiently rapid (c. .6mm/yr) as to preclude any
soil development.

MCKay (1979a,b) noted in Illinois that radiocafoon ages on organic materials from within early
Wisconsinan loess ranged from 40,000 to 31,000 years B.P., and extrapolated an age of 45,000 years
B.P. for the initiation of loess deposition. Further, MCKay (1979a) placed the end of the Farmdalian
at  about 25,000 years B.P.,  i.e.,  when Woodfordian Q'eoria) loess fiall began.  As noted above,
Forman (1990a) reports TL and radiocarbon ages of 35-30 ka for the loess immediately above the
Sanganon. Follmer (1983, p.141) indicated that about 5,000 years separates the first deposition of

glacially-derived loess and the time of maximum Woodfordian glacial extent in nlinois at about
20,000 years ago. This 5,000-year period may coincide with that for the development of the leached
zone overt)ring the well developed (organic-enriched) part of the Gilman Canyon. Radiocafoon ages
obtained from the Roxana in the Upper Mssissippi RIver Valley indicate the loess unit was deposited
between 50 and 27 ka a,eigh and Knox, 1993).

Radiocarbon ages from the Gilman Canyon Formation range from approximately 35 ka at the
base to 20 ka at the top Q4ay and Souders,1988; Johnson et al.,1990). The basal age of 35 ka agrees
well with the time set by Richmond and Fullerton (1986a) for the beSnning of the late Wisconsin.
While Nebraska has several dated locations forming an arcuate pattern around the eastern and
southern sides of the Sand Hills, data come from only three areas in Kansas -Phillips, Barton, and
Pratt counties. The ages in Kansas do show, however, good agreement from the southcentral to the
northcentral part of the state and with those from Nebraska.

Gven the radiocarbon time control and stratigraphic inforination currently available for the
Gilman Canyon Formation within Kansas and Nebraska, it is clear that the associated soil(s) is a

geaso/, i. e. a laterany traceable, mappal]le, pedostratigraphic unit with a consistent time-stratigraphic
position Ovlorrison,  1965; North American Commission on Stratigraphic Nomenclature,  1983, p.
865). The entire formation may be cousidend a gcosoL but because of the possibility for the existence
of two or more identifiable cumulic A horizons merged or welded together, it may ultinately be
consi\de[ed a composite geosol.

Linited paleoenvironmental data are emerSng for the Gilman Canyon Formation.  6 L3C values
are a potential source of proxy data for vegetation type and hence climate Orrishnamurthy et al.,
1982).  When detenninatiors are derived from the organic fractions of the soil, they reflect inputs by
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the plants, particulady grasses, growing on those surfaces.  C3 (cool-season) species have an average
6'3C  composition of -27 o/oo and C, (warm-season/arid) species -13  o/oo, relative to the PDB
standard @eines, 1980).  Terrestrial plant ecology of the Gilman Canyon Fomation appears to have
been characterized by primarily C.-type grasses, or a relatively wami, possibly dry climate.  From

plant opal phytolith morphology a7redlund et al.,  1985; Fredlund and JanmanL 1987) and isotope
data a7redlund,  1993), it is evident that there existed a panicoid-dominated grassland, i.e., one of
moist, temperate-adapted tall grasses.   These data are not inconsistent with the 8 L3C values, since

panicoid grasses are C4 types.  Further, some of the C3-level values derived, specifically those from
La Sena and Lime Creek sites, are reflecting fomer peaty or otherwise local, wct valley bottom
environments Q4ay, pers. comm.) which are characterized by C, plants meso- or hygrophytic in habit.

Interpretation of a fossil pollen assemblage from a core extracted from Cheyeme Bottoms,
a large marsh in central Kansas, indicates mesic cohditions in the marsh and an upland vegetation of

grass  and  sage with scattered trees in the valley and along escarpments during the period from
approximately 3 0 to 25 ka a7redlund, 1991 ). The Farmdalian-Woodfordian transition, approximately
25-24  ka,  was  characterized by increased  aridity.  The Muscotah Marsh fossil pollen record  of
northeastern Kansas reflects a mosaic of deciduous forest and prairie (Ginger,  1973 ; Fredlund and
Jaumaqu  1987).  Regionally, the Farmdalian grasslands were apparently found as far east as Iowa

(Baker and Waln,  1985) and north to the Sand Ifills reSon of Nebraska a7redlund and Jaumann,
1987).

Pcoria loess. Leverett (1899) first proposed the name Peoria for an interglacial period between the
Iowan and Wisconsin dacial stages. When Alden and Leighton (1917) demonstrated the Peoria was

younger than Iowan, usage shifted to that of a loess, rather than a weathering interval. Within the
Mdcontinent, several names have been used for post-Famdalian loess. Ruhe (1983) prefers to use
the term "late Wisconsin loess" because of the uncertainties in stratigraphic equivaleney from one
reSon to another. The Peoria Formation is typically an eolian, calcareous, massive, light yellowish-
brown snt that typically overlies the Loveland Formation or an approximate equivalent of the Crilman
Canyon Formation.

Ruhe (1983) notes three major features of late+Wisconsinan a>eoria) loess: it thins downwind
from the source area, decreases in particle size systematically away from the source area, and is
strongly time-transgressive at its base.  The latter feature is urLresolved and results in conelation

problems. Ruhe (1969) realized a decrease in the age of the soil under the loess from 24,500 years
B.P.  near the Missouri RIver to about  19,000 years B.P.  eastward across southwestern Iowa. A
decrease from 25,000 to 21,000 years B.P. was noted for the base of the loess along a transect in
llhiois Qcleiss and Fehrenbacher,  1973). The top of the loess also seems to be tine-transgressive,
rangivg from clout 12,500 years B.P. in nlinois 04cKay, 1979b) to 14,000 years B.P. in central Iowa
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Quhe,  1969).
In Kansas, the Peoria is a reddish, yellowish or tan buff color, homogeneous, massive, locally

fossiliferous, variably calcareous, and ranges from coarse silt and very fine sand to medium to fine
silt and clay a7rye and Leonard,  1952). Thicknesses vary from in excess of 30 in adjacent to the
MssouriRIvervaueyto.6mindiscontinuouspatcries.Anyaccumulationlessthan.6mispresumed
unrecognizable in the field because it has become incorporated into the eristing surface soil. The
Peoria loess typiedly rests corformably upon the Glman Canyon Formation. Thickness of the Peoria
is highly variable but tends to be greatest on uplands in the northwestern part of the county with a
slight decrease southeastward. Exposures are common in roedcuts and may reveal as much as 9 in
of the Peoria.

Despite the amount of attention Sven Pedria loess in Kansas, the source of the silt is not
completely certain. Upon a review of the available data, Welch and IIale (1987) conclude that a single
source  was  not  likely for all  loess  deposits in Kansas,  and that the loess was  derived  from  a
combination of three sources: glacial outwash river floodplains, present sand dune areas, and fluvial
and eolian erosion of the Ogallala Formation. Research on trace element concentrations in loess
curently underway by nekmeyer (unpubhished data) indicates, however, that the Platte River valley
was  the  primary source, with secondary inputs from the major river valleys to the south (e.g.,
Republican, Smoky IIill, Solomon, Arkansas).

AB. Leonard (1952) subdivided the Peoria loess of Kansas into three zones on the basis of
the monuscan fauna assemblages present. The hascz/ zone is equivalent to the leached interval above
the Gilman Canyon Formation and is void of molluscan material.  The /ow;er mo//"scar. zo»e,  or
Iowan, produced an  assemblage containing 14 species, two of which are diagnostic of the zone. A
fra#s7.fj.o#a/ zo#e, located between the upper and lower faunal zones, contains elements of both
assemblages and does not imply any abrupt change in the depositional environment, although the
depositional rate may have slowed somewhat. The qpper mo//wscer7 zo»e, or Tazewellian, contains
26 species, 14 of which do not occur in the lower zone. Because of the relative youth of the Peoria,
little of the upper zone has been lost from the the upland. Consequently, the upper zone is frequently
exposed and yields characteristic snail assemblages.

Although readily visible stratigraphic breaks such as the Jules soil reeognized in Illinois a7rye
and Willman,  1973; Frye et al.,  1974; Ruhe,  197`6; MCKay,  1979a,b) and the soft zones in Iowa

a)aniels et al., 1960; Ruhe et al., 1971) have not yct been identified in Kansas and adjacent Nebraska,
evidence  of one  or more  stable  or vegetated  surfaces is  common.  The  only indication  of soil
devdopment recognized is that ofa Bt horizm in the Medicine Creek valley Q4ay and Holen, 1993);
interestingiv, the soil has a probable Paleoindian association 04ay, 1991). The most common line of
evidence  for  a  discontinuity(ies)  in  Peoria  loess  deposition  is  that  of plant  remains,  usually
outcropping as lenses. Many of the age determinations were made from P7.cecz remains, indicating a
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cool,  moist environment.  Although radiocafoon data document the burial of vegetative material
throughout the Woodfordian, two temporal clusters or modes of ages appear from the limited data:
one 18-17 ka and another 14-13 ka. The former time interval represents the last glacial maximum and
the latter the time of major deedaciation Quddiman, 1987). hielpredng ice core data from Greenland,
Paterson and Hanmer (1987) record a dranatic decrease in atmospheric dust content from about
13,000; this period of reduced atmospheric dust may relate to the time of relative surface stability and
tree estabHshment.  ReSonal gcomoxphic data also support the existence of a hiatus at this time. May

(1989),  identifies deposition of the Todd Valley Formation in the  South Loup RIver of central
Nebraska at about  14 ka, which is subsequently buried by loess. Further, Martin (1990) identifies
entrenchment in the Republican RIver of southcehtral Nebraska at about 13 ka, after which valleys
were filled with late Peoria Loess.

Ho]ocene Series

Until recently, the Kansas Geological Survey recognized the Recent Stage of the Pleistocene
Series @ayne and O`Comor,  1968). The Recent is defined, as accepted by the Kansas Geological
Survey,  to  be  the last  5000  years,  or the time  since the  end  of the Valderan  Substage  of the
Wisconsinan Stage. This nomenclature, awkward and reSonal in nature, has now been replaced by
the use of the tern "Holocene" (series status) @aars,  1994), as was done by the U.S. Geological
Survey (Cohee,  1968).

The  beSnning  of the  Holocene,  about  10  ka  ¢Iopkins,  1975),  is  a  time  of dramatic
environmental  change  and  attendant  stratigraphic  discontinuities.  This  boundary  is  generally
considered only gcochronomctric, i. e., without specific stratigraphic reference, although a stratotype
in Sweden has been proposed for the boundary Ovlomer, 1976) and has a reported age of 10,000±250

years  B.P.  a7airbridge,   1983).  Watson  and  Wright  (1980)  contended  that  major  climatic  and
environmental change at 10 ka may be documented only on a local scale, i.e.; all changes recorded
in the stratigraphic record are diachronous. This notion now seems to be faulty on the regional and
subcontinental scale in that research o.f the last decade has dooumented major pedogenesis at 10 ka
in both alluvial and colian/upland settings. This is the first major geosol to occur in the stratigraphic
record of the region since the Glman Canyon geosol 10,000 years earlier.

Brady SOEL The Brady soil was first named and described by Schultz and Stout (1948) at the Bignell
Hill type locality, an colian sequence exposed along a roadcut in the south valley wall of the Platte
River of western Nebraska. The soil is developed within the Peoria Loess and is overlain by the
Bignell Loess. The name was subsequently adopted by researchers in Kansas Q7rye and Fent,  1947;
Frye and Leonard,1949,1951 ; Frye et al.,  1949). It is reSonally extensive only in the northwestern
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and west central parts of Kansas, and even there it occurs discontinuously on the landscape. Frye and
I.conard (1951) and Caspall (1970, 1972) recognized Brady development in northcastem and other

parts of Kansas. Without the overlying Bignell Loess, the Brady soil does not exist; the modem
surface soft has incorporated post-Bradyan loess fan into its profile. The Brady soil is typically dark

gray to gray-brown and better developed than the overl)ing surface soil within the Bignell. Strong
textural 8 horizon development and carbonate accumulation in the C horizon are typical, although
it  occasionally displays  evidence of having formed under poorer drainage conditions than have
associated  surface  sons  ¢rye  and  Leonard,  1951).  Feng (1991)  noted that the Brady  soil,  as
expressed in Barton County, is strongly weathered both physically and chemically.

A typical exposure of the Brady soil would be that in Phillips County, located in west-facing
roedouts in the SW4, SW4, Sec.24, T4S, Rl9W. The locality was recognized by A.R. Leonard (1952,

p.42-3) and revisited by Johnson (1993).  It is the east face of a road out about .8 lrm north of Speed,
Kansas in which the Pcoria loess, Brady softy and Bigneu I+oess are visible. In the late 1940s and early
1950s the Loveland loess, Sangamon soil, and Gilman Canyon Formation were also exposed in the
roadout; they can yct be distinguished in a poor quality exposure around on the north face at the end
of the roadout. A profile within the road cut was excavated and sampled for radiocarbon dating in the
uppemost and lowermost 5 cm of the A horizon: ages of 8,850±140 qxr6626) and 10,050±160 (Tx-
6627) years B.P. were obtained, respectively (Johnson,  1993). The results indicate a soil forming
interval lasting a minimum of 1200 radiocarbon years; our research elsewhere in the central Great
Plains suggests an interval of 1500-2000 years.

The age of the Brady soft has been uncertain even at the type locality.  Dreeszen (1970, p.19)
reported an age of9160±250 (W-234) obtained in 1954 and another in 1965 of 9750±300 (W-1676),

both  from  the type  section but very likely contaminated by modem plant roots.  Subsequently,
Lutenegger (1985) reported an age of 808Q±180 years B.P. but provided few specifics other than that
the source was the A horizon of the Brady soil at the type section.  Better age control for the type
section was recently secured by the author: ages of9,240±110 ax-7425) and 10,670±130 (Tx-73 58)

years B.P.  were obtained on the upper and lower 5  cm,  respectively,  of the Brady A horizon.
The Brady soft has been recently dated at` localities in Nebraska and Kansas.  Souders and

Kuzila (1990) obtained a radiocafoon age of 10,130±140 years B.P. on the Brady soil occurring
within the Republican fiver valley of southcentral Nebraska.  Sites along Harlan County Lake
upstream from Naponee have wielded a number of ages, ranSng from 10,550±160 to 9,020±95 years
B.P.,  on exposures of the Brady soil (Comwell,1987; Johnson,1989; Martin,1990; Martin and
Johnson, in review). Two radiocafoon ages of 9820±110 (TX-7045) and  10,550±150 (TX-7046)

years B.P. have been derived from the upper and lower 5 cn) respectively, of the Brady A horizon
exposed in Barton County, central Kansas a7eng,  1991).

Although it appears Brady pedogenesis occurred from about 10,500 to as recently as 8,500
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years B.P., greater refinement of the Brady soil Chronology is necessary, but present data clearly
indicate it was a product of a major period of landscape stability at a time when widespread climatic
shifts  were  occurring at the end of the Wisconsin.  This was the first  significant period  of soil
development since Gilman Canyon time, and represents the climate of the early Holocene. There is
an isochronous alluvial soft found throughout the retion which is particularly wed expressed within
the Kansas RIver basin (Johnson and Martin,  1987; Johnson and Logan,  1990). The two ages of
8274±500 (C-108a) and 9880±670 (C471) years B.P.  dctermined from alluvial fill ¢iu 2A) at
archacoloScalsitesFt-50andFt4lonThrryStrurklckeinsouthwestemNebraska(Schultzetal.,
1951 ; Libby,1955) were the first radiocarbon deteminations on the Brady soil. The soil, occurring
in both eohian and alluvial contexts, qualifies, based upon present radiocafoon data, as a geaso/, like
the Glman Canyon Formation soil.

Development of the Brady soft conelates we» with indicators of rectonal climatic change.
The  fossil pollen record  at Muscotah Marsh of northeastern Kansas indicates that  spruce had
essentially  dissappeared from the reSon by about  10,500 years B.P.  As this deeline occurred,
deciduous tree species increased until about 9,000 years B.P., the time at which grassland expansion
began (Gruger, 1973). On a hemispheric scale, the abrupt decrease in atmospheric dust noted in the
Greenland ice core at  10,750 years B.P.  Q'aterson and Hammer,  1987) reflects decreased loess
deposition and possibly Brady-age pedogenesis associated with relative terrestrial stability. Further,
L80  levels  within  the  same  core  suggest  rapid  warming  about  10,750  years  B.P.,  with  the

characteristic Holocene temperature regive being established about 9,000 years B.P.

Bigned loess. The Bignell loess was first described and named at the type locality in a bluff exposure
on the south side of the Platte RIver valley southeast of North Platte, Nebraska (Schultz and Stout,
1945). It is typically a gray or yenow-tan, massive silt, calcareous and seldom more than 1.5 in (5 ft)
thick. Although it is often somewhat less compact and more ffiable than the underlying Peoria, no
certain identification can be made without the presence of the Brady soil. The Bignell loess does not
fom a continuous mantle on the Peoria; instead, it occurs as discontinuous deposits which are most

prevalent and thickest adjacent to modem-day valleys, particularly the south side, and often within
dapressious on the Pcoria surface. Feng (1991) speculates that the Bignell loess of central Kansas is
relatively wed weathered because it was derived from a proweathered source, the Brady soil surface,

perhaps eolian and anuvial phases alike. This is consistent with the earlier interpretation derived in
Nchraska that Bigneu loess is at least partially copprised of re-worked Peoria loess (Condra et al.,

947, p. 33).

It appears from the radiocarbon-age deteminations obtained at the type section in Nebraska
and the Speed roadcut that the Bignell loess can be no older than about 8,000 years B.P.  Snails
collected by A.B. Leonard from the lower part of the Bignell in Doniphan County, northeastern



Kansas,  produced ages of 12,500±400 Ov-23l) and  12,700±300 (W-233) years B.P.  ¢rye and
Leonard,1965).  Because the shell material had al)sorbed an indeterminate amount of dead cafoonate,
Frye and others (1968) proposed an averaged age of approximately 1 I,coo years. Based upon the age
data available for the Brady, the soil humate-derived ages are probably closest to reality.

A pronounced feature of the Holocene climate of the Plains was an exteded wami, dry period

(Wricht,1970; Benedict and Olson,1978; Bany,  1983), identified as the Altithermal (Antevs,  1955)
or, less commonly, as the Hypsithermal Oeevey and Flint, 1957). This dictates that the Bignell was
a warmclinate loess, unlike the cold<limate loess of the Wbodfordian Reconstruction of the general
drculation patterns for North America indicates that from the last glacial maxinum about 1 8 to 1 5
ka there was no  detectable change in atmospheric circulation:  the westerly jct was split by the
Laurentide ice shect into a north and south flow around a strong tlacial antieyclone acutzbacb 1985,
1987; COIIMAP Members,1988). By 9 ka, the ice had wasted appreciably, the jet was no longer
split,  orbital  parameters were favoring increased temperatures,  and zonal flow was  dominating

Orutzbach,  1981,1985,1987). Model results produced mean summer temperatures 2° to 4° C higher
(COIIMAP Members,  1988) and annual precipitation up to 25 % less than at present in the reSon
@artlein et al.,  1984; Kutzbach,  1987).

Because of the increasing zonal flow and aridity of the Altithermal, species of the tall grass
community nrigrated eastward to the present areas of mixed deciduous-prairie vegetation, i.e., the

prairie-forest ecotone shifted eastward (Van Zan.t,  1979; Semken,  1983; Webb et al.,  1983). The
fossil pollen record from Muscotah Marsh provides a disrupted but inteapretable Holocene signal,
indicating a middle Holocene prairie expansion (Ginger,  1973). Fossil pollen data from Cheyeme
Bottoms suggest consistently lower water levels in the marsh during the middle Holocene a7redlund,
1991). Molluscan fauna from the Bignell Loess of Kansas suggest that climate was somewhat drier
than during Peoria time a7rye and Leonard, 1951). After a period of soil formation near the end of
the Pleistocene, pedogenesis is not recognized until about 5,800 years B.P. in the sand of the Great
Bend Prairie, central Kansas (Johnson,  1991). Therefore, based upon various climatic proxies and a
linrited number of radiocarbon ages, it appears the Bignell Loess was deposited, for the most part,
from the end of Brady pedogenesis at about 8,500 years B.P. to about 5,500 years B.P.

Parameters and Methodology

Carbon Isotopes

Fractionation.  Cafoon isotope fractionation occurs during photosynthesis  (Smith and Epstein,
1971), and fixation of cafoon by plants proceeds along one of three pathways C3 (Calvin-Benson),
C. Qlatch-Slack), and CAM (Crassulacean). The latter is not relevant, as it is a desert adaptation
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which uses both photosynthetic pathways. The cafoon isotopic composition ('3C/]2C) of the plant
material is highly correlated with the type of photosynthetic pathway followed by the plant @eines,
1980). Further, vascular plants segregate into two groups on the basis of their isotopic composition,
or 6]3C value. C4 plants (wan dry-adapted plants) have an average 6L3C value of -14%o, while C3

plants (cool, moist season plants) average -27 %o 0Crishnamurthy et al., 1982).
Carbon isotope froedonation analyses have proven to be of use in determining past vegetation

and associated climatic conditions. Analyses have been performed on pedogenic carbonate (Cerling,
1984;  Cerling  and Hays,  1986;  Cerhig  et  al.,  1989;  Ch  et  al.,  1991;  Cole  and Monger,  1994;
Humphrey and Ferring,  1994), laoustrine cafoonate Qlumphrey and Ferring, 1994), alluvium, loess
and other sediments (Jasper and Gagosian,1989; Lin et al.,1991; Aucour et al.,1994; Nordt et al.,
1994), soil organic matter Q[rishnamurthy ct al., 1982; Del.aune, 1986; Schwartz et al.,  1986; Guillet
ct al.,1988; Schwartz,1988; Ainbrose and Sikes,1991; Cdle and Monger,  1994), and opal phytoliths

acelly et al.,1991; Fredlund,1993).

Methods. The procedure utilized is identical to that used by our laboratory for the preparation of soil
and sediment samples for ]4C humate dating, which renders the results compatible with those obtained
in the course of age correction for the effects of isotopic fractionation. Fifty-four 250 to 300-gram
samples collected from 10uri intervals of core 21 were pxpared for 6]3C analysis. Samples were first
disaggregated in 20-quart alunrinum pots filled with distilled water. They were then skimmed with
a 60-mesh screen to remove floating organic debris. Next, the samples were washed through a 230-
mesh screen with distilled water into  a second pot in order to remove the sand and coarse silt
fractious; the fine fraction remaining is assumed to contain the adhering organic carbon. The samples
were then treated with concentrated Hcl in order to remove the inorganic cafoon contained within
the carbonate. This step is particularly important b`ecause of the prevalence of limestone bedrock in
the study area and the significant amounts of carbonate transported in with the loess. Following
washing and oven-drying (100°C) in 4-liter beakers, the samples were pulverized and packaged. They
were then sent to Geochron Laboratories for stable isotope ratio analysis.

Opal Phytoliths

Grass opal phytoliths are the best studied and can be separated into morphologic categories
related to the plant photosynthetic pathways and the major subfinilies of grasses. C. grasses are
represented by the Panicoideae and Chlorideae, whereas the C3 grasses relate to the Pooideae. Loess
deposits of the central Circat Plains have been found to contain large amounts of grass opal phytoliths,
which produce an interpretable climatic record Q7redlund et al.,  1985; Bozarth,  1992b; Fredlund,
1993; Johnson, 1993; Johnson ct al.,  1993). Opal phytouth data from the CHlman Canyon Formation
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at the Eustis ash pit indicate the dominance of C, grasses throughout most of the formation, and
appear to correlate nicely with the 6]3C values Gig.  2).  Opal phytoliths, unlike 8`3C values,  can
indicate the presence of an arboreal component (e.g., Rouner,1971 ; Geis,  1973; Wilding et al.,  1977)
and differentiate to some extent between deciduous and coniferous trees @ozarth,  1992a, 1993).

Opal phytohths are generally wed preserved in most sediment and can be isolated from buried
sediment samples and analyzed to reconstruct the paleoenvironment for a particular area. This has
been successful on a number of sediment types, including loessal sites in China a,u et al.,  1991),
Nchraska a7redlund et al., 1985; Bozarth, 1991c, 1992b; Johnson ct al.,  1993) and the Southern mgh
Plains @ozarth, 1993), as well as alluvium in Kansas @ozardy 1986) and the Southern Hgh Plains

a3ozarth,  1993), and swamp and upland sedinent in Panama Q'ipemo,  1988).

Formation and stability.  Growing plants absorb water containing dissolved silica through their
roots.  Microscopic  amorphous  silica bodies  are  subsequently produced by the  precipitation  of
hydrated siticon dioxide (Si02mH20) within the plant's cells, ceu walls, and intercellular spaces. Silica
bodies with characteristic shapes are called opal phytoriths. Phytdith is derived from the Greek words

pkyfo», meaning plant, and /J.fhos, meaning stone. Opal is the common name for hydrated silicon
dioxide. Opaline bodies formed in plants without specific shapes are sinply plant opal. Phytoliths
fom in most plants and are produced in many shapes and sizes. Many phytolith types are specific to

particular groups of plants.  Phytoliths are largely a "decay in place"  fossil atovner,  1975) and
represent the vegetation of a site at the tine of deposition a'ipemo, 1988).

The  dissolution  and  stability  of phytoliths  in  soil  is  not  fully  understood.  Laboratory
experiments demonstrate, however, that the solubi,lity of silica is a function of temperature, particle
size, pl| and the presence ofa disrupted surface layer. Studies show that the solubility of amorphous
silica increases linearly with temperature from 0°C. Particle size is another factor affecting stability
as  opal  dissolution is greater with a decrease in size (Wilding et al.,  1977,  1979). Pease (1967)
experimentally dctermined that there appears to be a stight increase in phytolith solubility in the range
of 5.0 to 8.5, an added increase between pH 8.5 and pH 9.0, and a large increase beginning at pH 9.0.
Opal  stability is also  a function of the presence of certain metallic ions  and  sesquioxides.  The
adsorption of AI and Fe ions onto the surface of opal will decrease silica dissolution due to the
formation  of relatively  insoluble  silicate  coatings.  The  presence  of sesquioxides  may  increase
dissolution  of phytoliths due to the adsorption of monosilicic acid (Wilding et al.,  1977).

Moll)hology and talonomy. Monocotyledons, particularly the Poaceae (grasses), produce a wide
variety of morpholoScally distinctive phytolith forms. The most taxonomically useful types of grass

phytoliths are silicified short cells.  Several types of trapezoidal circular, rectangular, and elliptical
short cells are diagnostic of the Pooideae @rowlL  1984; Twiss,  1987; Bozarth,  1991b), a C3 grass
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subfamily adapted to cool temperatures (Twiss, 1987). Saddle-shaped bodies occur most commonly
in the Chloridoideae, a C4 grass subfinily @rowrL 1984; Twiss, 1987; Mulholland and Rapp, 1992)
that flourishes in areas with warn temperatures and low available soil moisture.  Saddle-shaped

phytoliths are similar in appearance to double-edged battle axes fomed by two opposite convex
edges and two opposite concave edges.  However, a few saddle-shaped phytoliths have only one
concave side Growl) 1984),

Bilobate  and  cross-shaped  phytoliths  are fomed  in the Panicoidcae,  another  C4 grass
subfinily  ®rowr)   1984;  Twiss,   1987;  Mulholland  and  Rapp,   1992)  that  thrives  in  wan
temperatures and high available soil moisture (Twiss,  1987). Bilobates with indented, concave, or

pointed lobes are formed only in grasses in the Panicoid subfinily. Bilobates with raised lobe edges
and round or flat ends which are rymmetrical in side view are also formed only in Panicoids a3ozarth,
1991c,  1992b).

Bilobate  phytoliths with raised  lobe edges  and  round  ends  are  also  formed  in 14rz.sf7.dr

(needlegrass, wiregrass), a genus in the Chloridoid sub family (Gould and Shaw,  1968). However,
bilobates formed in 4r7.s/i.dg differ from Panicoid ,bilobates in that the raised edges on the top (the
longer part) slope down at the ends. h addition, they are asymmetrical in side view as the top is more
concave than the bottom @ozarth, 1992b). Sf7:pc[, a genus in the Pooid sub family (Gould and Shaw,
1968),  also produces bilobates @ozarth,  1992b).  These bilobates differ from those produced in
Panicoids and 4rz.sf7.cZz by not having raised lobe edges. Many have a small lobe on one side in the
middle. Unlike most Pooids, SZ7]pa species grow in dry areas Q'ohl,  1968).

There are several other types of phytoliths produced in grass in addition to short cells. Long
cells  are relatively large,  elongate bodies with sinooth or wavy edges.  Bulliform cells are large
keystone shaped-cells. Dendriforms are eylindrical rods of varving length that have protrusions or
spines radiating from a central core. Asteriforms are roughly spherical spiky phytoliths. Trichomes
are shicified prickly-hairs composed of two parts, an outer sheath and an inner core. The outer sheath
dissolves soon after being deposited on the soil, while the irmer core remains well preserved. The
silicified stomata are taxonorically useful at various levels but are typically not well preserved. The
other types are not specific to any papicular subfinily but are preserved in most sediment. Pipemo

(1988) reported that dendriforms and asteriforms are apparently fomed only in grass floral bracts.
Non-grass monocots also produce numerous taxonohicany valuable phytoliths.  C)per«s

(sedge) produce distinctive phytoliths in the fom of cone shaped-bodies with round wavy margivs.
These phytoliths are occur both singly and in multiples. Truncated cones with multiple peaks and
round wavy bases are formed in Scr7]paspr//J.dan ®ulrush). Both of these phytolith types appear to
be diagnostic of the genera that produce them @ozarth, 1993).

Several types of phytdiths are produced in woody dicotyledons (deciduous shrubs and trees)
and herbaceous dicotyledons (forbs and weeds). The two most common types of diagnostic dicot
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phytohths are flat,polyhedrons with 5-8 sides and anticlinal cells Qovner, 1971 ; Wilding and Drees,
1971; Geis,1973; Wlding et al.,1977; Bozardy  1992a). Anticlinal cells have wavy, undulating walls
with the appearance ofjigsaw-puzale pieces. Most of these polyhedral and anticlinal phytoliths consist
only of shicified ceu wads and are not well preserved in sediment (Wilding and Drees, 1974; Bozarth,
1992a). CIther phytorith types fomed only in dicots include branched elements with spiral thickening
and honeycomb-shaped assemblages (Geis,  1973; Wilding and Drees,  1973,  1974; Bozarth,  1992a).

Several species of arboreal dicots produce opal spheres that range in size from  I  to  50
micrometers (Wnding and Iirees, 1973, 1974). Opal spheres are also produced in conifers a(lein and
Geis,  1978), but ire much smaller (3 to 8 hicrometers). Opaque opal spheres have been extracted
from the A horizon of several forested soils in Ohio demonstrating that they are well preserved

(Wilding and Drees,  1973,  1974).
Spiny spheres are formed in neotropical palms Q'ipemo,  1988) but have not been reported

in temperate vegetation. However, the association of spiny spheres with deciduous tree phytoliths in
a  loessal  site  in Nebraska  Q}ozarth,  1992b)  suggests that they  are  also  formed  in this,  or  an
associated, group of plants.

Wilding  and  Drees  (1973)  reported  opaque bladed  forms  (which  appear to  be  opaque

platelets), in white oak (g!ferczis a/ha). Similar particles were observed in isolates from a soil fomed
under deciduous forest.

Several  families  and genera df dicots produce phytoliths unique to those taxa.  Opaque

platelets  with  systematic  perforations  and  certain  types  of segmented  hairs  are  diagnostic  of
Asteraceae (the sunflower family). Platelets with inegular edges and echinate (spiny) sculpturing on
one side are formed in the fruit of hackbeny (Ce//z.s occ7.de#fa/7.s) and appear to be unique to that

genus. These types are well preserved in sediment. Flat polyhedrons with 5-8 sides that are filled with
coarse verrucae ®umps) appear to be unique to umaceae (the elm family) a3ozarth,  1985,  1987b,
1992a).

Certain types of stalked verrucate phytoliths are specific to hackberry, mulbeny (^4o"s), false
nettle (Bcehacrri.cr), or nettle (Ur/I.ca). Elongate verrucate phytoliths with one or both ends tapering
to  a  point  are unique to Pj./ea @ozarth,  1992a).  Phytoliths with  deeply  scalloped  surfaces  of
contiguous concavities are unique to C"c"rb7./a a3ozarth, 1987a).

Several types of phytoliths are produced in the Pinaceae ®ine finily). Shicified, inegularly-
shaped, polyhedral cells are the most common taxonomically useful Pinaceae phytolith. This type of

phytolith is produced in P7.cea "beus (red spruce), P. marl.anc7 ®lack spruce), P. g/owca (white
spruce), P. engehaamuJ.i. a3ndeman spruce), and PJ.mug ba"dsi.ana ¢ack pine) Qforgren,  1973; Rlein
and Geis,  1978; Bozarth, 1988, 1991b). Blockly polyhedra with smooth surfaces and at least eight
non-parallel sides are charactedstic but not diagnostic of pinaceae as they are also produced, although
relatively infrequently, in grasses ®ozarth, 1991b).
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h contrast to smooth polyhedrous, polyhedrous with bordered pit impressions on the surface
are unique to the Pinaceae.  This type of phytolith is abundant in P7.nan ®ine), P7.coo (spruce),
Douglas-fir (Pserdo/ng¢), and less commonly in lar7.x ¢arch), rsogz7 (hemlock), and i4b7.es (fir)
Qclein and Geis, 1978). Pseqde/ngz7 meur7.es7.7. @ouglas-fir) needles produce distinctive, branched,
silicified particles @rydon et al.,1963). This same type of phytolith was also reported in Douglas-fir
by Gafoer (1966) as inegular shapes with apiny processes and by Norgren (1973) as anoeboid bodies
with tapering, conical protrusions. Thin plates with wavy marSns on an four sides are formed in
needles ofp7.cea ghaica (white apruce) and appear to be unique to that species. Phytchths with spiny
irregular bodies are commonly formed in needles ofp7.mfs Acmha.anc] ¢ack pine) and appear to be
diagnostic of that species ®ozarth,  199 lb).

Methods.  The same 54 sediment samples from Core 21  subsampled for 6L3C analysis were also
subsampled for opal phytolith analysis. Phytoliths were isolated from the 5-gram subsamples using
aprocedurebasedonhcavy-hiquid(zincbromide)fl6tationandcentrifugationa}ozarth,1991a).This

procedure consists offive basic stays: 1) removal of cafoomtes with dnute hydrochloric acid;  2) the
removal of colloidal organics, clays, and very fine silts by deflocculation with sodium pyrophosphate,
centrifugation, and decantation throuch a 7-nricron filter; 3) oxidation of sample to remove organics;
4) heavy-liquid flotation of phytoliths from the heavier clastic mineral fraction using rinc bromide
concentrated to a specific gravity of 2.3; 5) washing and dehydration of phytoliths with butanol; and
6) dry storage in I-dram glass vials.                         '

A representative portion of each phytolith isolate was mounted on a microscope slide in
immersion off under a 22x40 mm cover dass and sealed with clear nail lacquer. Each isolate was then
studied at 400x with a research-grade Zeiss microscope. At least 200 short cells, in addition to other

phytoliths, were counted in all of the samples with adequate preservation.  A complete slide was
scanned and all phytoliths classified in those samples with poor preservation to a depth of 320-340
cm. Below this depth, a complete slide was scanned on every other sample as poor preservation

precluded significant results. AIL other samples were cheeked for preservation.
Estimates of phytolith concentration were made using an indirect method reported by Pipemo

(1988). A known number of exotic spores (in this case I)^ciqpadr."in) were added to each sample after
the oxidation stage. The concentration of phytoliths ®er gram) was computed as follows:

Pkytolith conc. --no. Of pkytolitha counted x (total no. exotic3 added / rro. exoties counted) / 5

Concentration permits an evaluation of the phytolith,produedon, preservation, and sedimentation rate
for a Sven sample interval.

Phytoliths were classified according to a convention that has been developed and used by
other reports and publications. An extensive reference collection of plants native to the Great Plains
has been developed in the palynology laboratory through field collection, research plots, solicited
samples, and specimens supplied by the University of Kansas Herbarium. The phytolith reference
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collection consists of phytoliths extracted from complete or representative aerial portions of the
following:  1) 25  species of 20 genera of 11 tribes of 6 sub families of the Poaceae (grass); 2)  11

species of 4 genera of 4 non-grass monocot families; 3) 65 species of 62 genera of 11 finilies of
herbaceous dicots; 4) 20 species of 18 genera of 13 finilies of woody (mostly afooreal) dicots; 5)
14 species of 7 genera of 5 families ofgymnospems; and 6) 2 species of Equisetum. These reference
materials, include all the dominant species in the study area as reported by Kuchler (1974).

An unknown group consists prinarily of phytoliths too poorly preserved to be classified any
other way. There were a few other phytoliths included under this heading that were stuck under the
cover glass and could not be rotated for three-dimensional viewing, thereby precluding positive
taxonomic classification.

Results

The core exhibits a number of visual diagnostic changes through its length, such as color and
soil horizons a]ig.  3a,b). As many as six soils in;y be present, including that of the surface. For
example, major textural and color changes occur at 358 cm, the 2B lb/3Ab contact. Terfure changes
from silt above to silt loam below, and color shifts from yellowish brown (10YR 4.5/3 moist) to
brown or strong brown (7.5YR 5/4 moist). Regionally, these colors are typically associated with the
Peoria loess and Loveland loess, respectively. Uhfortunately, no absolute time control exists for this
core; two radiocarbon ages of about 19 ka come from the upper part of a buried, dark soil horizon
at  two  different  localities  in  the  study  area  (see  the  D.L.  Johnson  companion  report  on  the

geomorphology).  The soil zone is consistent in appearance and age with the loessal geosol of the
Gilman Canyon Formation.  The core was selected,  however, because of the relative length and

presumed high-resolution possible for this study. Based upon these observations, the initial working
hypothesis was that the color break  reflected the Peoria-Loveland contact.

Carbon Isotopes

The  6]3C values derived from the core samples are presented in Table  1  and displayed in
Figure 4. Values on the al)scissa are in parts per nril (%o) and decrease to the left. Therefore, the C3
component in the vegetation increases to the left and the C4 component to the right, with the middle

(most of the field) representing a proportional nrix of the grass types.
Significant variation occurs in the data, establishing some trends and different regimes with

unique  means.  The  five  surface  samples  reflect  the  nature  of the  late-Holocene  surface  soil's
vegetation, one dominated by the C4 grama and buffalo grasses. The uppermost sample cuts back to
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the left, a common phenomenon in these data; this tikely represents a historical, anthrogenic change
in vegetation (increase in tree cover and/or change in grass species). There is a transition between
values of the surface soft and a group of lower values of clout -17%o persisting from about 200 to
300 cm. The apparent stratigraphic and pedoloSc break which occurs at 358 cm is also exhibited in
the carbon isotope data, i.e., values are consistently lower (more C3) below the break than above and
exhibit increased variance. From 4 to 5 meters there was an apparent period of C3-C. mix, with the
latter dominating; this is zone also exhibits a probable A horizon (4Ab:463493 cm). A period of c3

grass types seems likely at about 540 cm since it is defined by 2 to 4 assays. The return to more C,
vegetation around 6 in is finnly established but does not associate with a buried A horizon, but rather
a Bt horizon (also an indication of stability). I.ow values (C) associate with a paleosol between 7 and
8 meters (5Ab); this is a distinct isotopic period with well developed trends on both the upper and
lower ends. The lowemost portion of the core reflects a mix in grass types consistent with the other
two zones above at 4 to 5 meters and about 6 meters, and is markedly more C3 than the surface
mcter. Overall, the groupings or zones of sinrilar values tend to associate with paleosols, reflecting
a time of stability, i.e., a lack of major change or shift in the vegetative cover.

6]3C values have been dctennined for several samples from the Eustis ash pit and other loess
exposures in the central Cheat Plains, mainly as ,a consequence of ]'C age conection of humate
samples a]ig. 5; Johnson,1993; Johnson et al.,  1993). The time of Gilman Canyon Formation geosol
development was dominated by C4-type vegetation, comparable to the PleistoceneAlolocene Brady
soil and Holocene to modem vegetation. Transitions from the Glman Canyon gcosol to periods of
increased loess accumulation above and below it were dominated by C3-type plants. During the glacial
maxinum (c. 18 ka, Peoria tine) C3-type vegetation dominated, followed by a gradual shift to C4-type

plants, culminating in the Brady soil. Md-Holocene ®ost-Altithermal?) soils reflect C4-type grasses
as well. Cafoon isotope data from the Beisel-Sterfue site, Russell County, are the closest available
data to the study area a7ig. 6). The curve is much smoother than the composite curve and displays
a pattern comparable to that of the regional composite.  With the exception of the surface zone

(disturbed by deep plowing and planting of a cultural C3 grass/grain), C, values of the Holocene are
evident, as is the Peoria loess, and Gilman Canyon Formation.

Opal Phytoliths

Results from the extraedon and analysis were unauticipated, based upon extensive experience
in  the  extraction  and  analysis  of phytoliths  from  loess  deposits  elsewhere  in the  reSon.  Both
concentrndon and preservation of phytoliths were poor, except for the upper part of the core. From
0 to 40 cm phytolith concentration and preservation were good, and from 40 to 60 cm concentrations
and  preservation  were  adequate  for  interpretation.  Below  60  cm,  phytolith  preservation  and
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concentration were inadequate for analysis.  Extraction procedures were repeatedly verified and
samples rerun in order to check the concentrations. The effectiveness of the extraction procedure was
attested to by good recovery a/£}copnd.iml spike grains. Poor preservation typically associates with
low concentrations. Further, phytoliths recovered frequently exhibited deep solutional pitting.

The degree of phytolith preservation conelates well with the pH stratigraphy of the core

(Appendix A). Within the upper part of the core where preservation is good, pH values are 5.94 to
about 7, but below that pH rises to a precarious levd for the preservation of phytoliths Q'ease,  1967).
Other locations where phytotith analyses have been conducted on loess, pH where measured, has
been generany between 7 and 8. Although high pH levels may not be exclusively responsible for the

poor preservation, they certainly seem to be a coritributing factor.
All 54 isolates were studied hicroscopically, but, because of concentration and preservation,

every sample was quantitatively analyzed in the upper 350 cm and every other sample below that
level. Results are presented in two formats: relative frequencies of all phytolith types encountered

Q7ig.  7)  and relative frequencies of grass short cells alone Gig.  8).  The latter presentation was
produced so that the presence of the other phytotith t)pes would not obscure the interpretation of the
phytoliths diagnostic of the various grass sub families.

The percentage diagrams Q7igs. 7,8) have been subdivided into three zones: A,B,C. Zonation
is a common tool in botanical nricrofossil analysts, particularly palynology (fossil pollen analysis), and
is rapidly being adopted in opal phytdith studies. Zonation is generally used to identify periods which
are similar with regard to the assemblages of the various nricrofossil types. Here zonation has been
used to differentiate periods of concentration and preservation as well. Zone A represents the upper

part of the core which is dominated by the surface soil development and presumed late Holocene
sedimentation. As both figu.res indicate, C.-type grasses dominate: panicoid and chloridoid sub families
are high relative to the C3 pooids. These data are in agreement with the 6 '3C values derived from the
same sample. Zone 8 exhibits a chloridoid peck centered on al>out 200 cm, which agrees with the
6 t3C data. At about 275-350 cm an increase in C. panicoid types occurs, showing a change in the

grass composition not recognizable in the 6 ]3C data, an advantage of the phytolith analysis over the
isotopic  approach.  Zone  C  represents  the  bulk  of the  core  in  which  phytolith  data  are  not
interpretable. The break between Zones 8 and C coincides with the sedimentary, pedogeric, and
isotopic break at about 358 cm. With such small short cell sums, the percentage bars are inflated and
largely meaninctess. The cafoon isotope record must be relied upon exclusively for this part of the
core.

Discussion

The lack of absolute time control on core 21 prevents certain correlation of the isotope and
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opal phytolith data to the reSonal loess stratigraphy. Time control is available, however, for two
localities in this study a.L.  Johnson,  1994).  A well developed buried  soil at  Site  19, the Bala
Cemetary, yielded an uncorrected t`C age of 19,070+_280 yrs B.P. (ISGS-2622).  Further, Site 20,
located east of the Manhattan airport, exposed a soil developed in a Pleistocene cutoff meander
buried in an alluvial fan-apron complex by reworked loess from the uplands. This site produced an
uncorrected age of 19,990±450 yrs B.P. asGS-2623 ). The sinilalty of the ages and of the two soils
indicates that they are the sane soil. D.L.  Johnson (1994) designated this buried soft the Riley

paleosol, and conelated it to the Gilman Canyon Formation geosol. The ages are consistent with
those derived elsewhere in the central Great Plains from the upper pat of the Gilman Canyon
Formation (Johnson,  1993).

Without absolute time control, the interpretation of the core is not clear. The core does,
however, exhibit a number of buried soils (Appendix A). Buried A horizons have been identified at
252-280 (2Ab), 358410 (3Ab), 463493 (4Ab), 755-807 (5Ab), and 867-902cm (6Ab). Descriptions
and laboratory data provided by D.L. Johnson (1994; Appendix A), rerional field observations by
W.C. Johnson, and sediment charactchstics noted in conjunction with the isotopic and opal phytolith
analyses were useful in developing a working temporal model for the stratigraphy of core 21.

At least three possible chronostratigraphic interpretations exist for the core. First, the late-
Wisconsinan Peoria loess may be resting upon the Illinoian Loveland loess. This interpretation is
based on the respective colors Characteristic of the two loesses in the region. The Glman Canyon
Formation loess is readdy apparent due to the lack of the characteristic enriched in organic matter as
at  sites  19 and 20.  Also, the  6]3C values are no't consistent with those derived from the Peoria
elsewhere in the region. An insufficient number of assays have been made on the Loveland loess to

provide a regional isotope model. The second possible interpretation is that the Peoria is overl]ing
the Glman Canyon Formation, but again the color is anomalous for the reSon, and the 6 L3C signature
is reversed from the pattern observed at all Gilman Canyon Formation localities measured to date.
The third, based upon the isotopic signature and other information and observations, is that the upper
358 cm is the Holocene Bignell loess, the lower loess is Peoria exhibiting the glacial maximum from
7 to 8 in, and the Gilman Canyon Formation extends down from 7 or 8 in.

On the basis of an interpretation of data from this study and that reported by D.L. Johnson

(1994), we have adopted the third possible interpretation clove, i.e., the sequence represented in core
21 is, bottom to top, Gilman Canyon Fomation (loess), Peoria loess, Bignell loess, and intercalated
soils Q]ig. 4). The Glman Canyon Formation loess and associated geosol are represented by soil 6Ab

(867-902 cm) and perhaps by soil 5Ab (755-807,cm). Based upon reSonal observations by W.C.
Johnson (Johnson, 1993, unpublished data) and others Qeed and Dreeszen, 1965; May and Souders,
1988), the Crilman Canyon geosol often exhibits two or more episodes of pedogenesis, with the
uppemost pedogenic event being least developed or expressed. Therefore, soil 5Ab may represent
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the late geosol development. An alternate interpretation for 5Ab is that it fomed during the glacial
maximum (c.  18ka), i.e., post-Gilman Canyon time. Recent ]`C dating of buried soils in the region
by W.C.  Johnson and students has revealed presence of a tlacial mximum soil in a number of
landscape settings.  This alternative interpretation is supported by occurrence of the lowest 8 '3C
values in association with 5Ab; this reflects the dominance of C3 grasses and perhaps a limited
distribution of trees at this time of a cooler, more moist climate. The 6]3C values were elevated
during 6Ab pedogenesis, reflecting a drier, warmer C. vegetation, which is indicative of most of
GilmanCanyontimeQTig.5).Gventheprobal>ifitie;,interceptionofakrotovinain6Abisconsistent
with the ubiquitous occunence of ground squinel bunows in the Glman Canyon Formation, the so-
caHed Citellous zone.

Peoria loess ovehies the Gilman Canyon Fonnation and extends upward to soil 3Ab (3 58 cm).
The 6 ]3C curve was used to designate this core segment as Pcoria, i.e., the isotopic values increase
upward  as  in  the  reSonal  model  a]ig.  5).  Climate was  gradually  ameliorating  during  the  late
Pleistocene as the Wiscousinan ice sheets wained. Pedria loess is capped by development of the Brady
soil, which like the Gilman Canyon geosol, appears to have developed under more than one period
of pedogenesis. Recent paleomagnetic investigations of loess by W.C. Johnson, K. Park and M.R.
Farr (e.g., Johnson et al., 1993) have strongiv suggested two episodes of weathering, or pedogenesis,
which is interpreted to be a function of a short-hved episode of renewed loess deposition associated
with the Younger Dryas climatic event. Therefore, soil 4Ab may represent early Brady pedogenesis
and 5Ab, late Brady pedogenesis. This interpretation is also consistent with the regional observation
that notably greater structural development appears in the lower pat of the Brady soil sequence.

The sediment above soil 3Ab (358 cm) is believed to be Bignell loess. Although Bignell loess
is distributed discontinuously, the emerSng model would indicate a thick accumulation on this bluff
location: it is on the upland immediately adjacent to the north side of a relatively wide valley in the
central Great Plains. Our magnetic data Q[. Park M.R. FarT and W.C. Johnson, unpublished data)
suggest that Bignell loess is more weathered than Peoria loess, indicating a local source. An increase
in sand typical of the Bignell loess occurs in the core data. Soil 2Ab would, in this interpretation, be
an early Holocene soil, a common occurrence where the Bignell loess is thick. The increase in sand
above this  soil probably represents the Altithermal, the extended period of drought conditions
widespread during the middle Holocene. The C. isotopic signature clove 358 cm is typical of the
Holocene.

Another possible interpretation (second one above) is favored by D.L. Johnson (1994), i.e.,
Peoria and Bigne» loess extend down to the 35§ cm which is the buried Riley paleosol (caman
Canyon Formation geosol). This interprctation is based upon the lal>oratory and descriptive analysis
of the core, particularly color of the Ab horizons. Localities where the Riley paleosol was clearly
indicated, moist colors exhibited hues of 7.5YR and loYR with chromas greater than 3. In core 21
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the soil at 358410 cm is 7.5YR with a chroma greater than 3, like the dooumented Riley paleosols.

Conclusions

Through a combination of two relatively new investigative techniques, cafoon isotope and
opal phytofith analyses, past vegetation and associated climate can be reconstructed with a relatively
high degree of accuracy. The application of these two techniques to loess samples couected from core
21  produced an interpretable carbon isotope curve and partially interpretable phytolith data. The
following conclusions can be made based upon these analyses:

(I) The core contains a recognizable and interpretable 6 ]3C signal. In the chsence of absolute
time control on the core, we can only speculate on the paleoenvironment represented in the data. An
educated guess based upon a reSonal composite 6L3C curve, vertical distribution and degree of
development of buried soils, and particle size distribution is that the upper 358 cm represents the
Holocene @ignen lcess), 358-755(867) cm the Peoria loess with the capping Brady soil, and below
755(867) cm the Gilman Canyon Formation. Deposits predating the Glman Canyon Formation may
have been eroded ealier or were never deposited. The fomer is most likely due to the bluff location
of the drill core site.

(2) Poor opal phytolith recovery was unanticipated. The data extracted and interpreted were,
however, consistent with the isotopic data. The reason for low concentration and poor preservation
of phytofiths is uncertain, but, given our successes dsowhere in the reSon, must relate to site-specific
conditions. Specifically, samples from some loess exposures have contained up to 60% biogenic opal,
most of which was phytotiths. The site condition(s) responsible for the dearth of phytoliths most likely
related to the limestone bedrock of the bluff site: contamination of the incoming loess by locally-
derived limestone fragments or upward migration of cafoonate-rich water would have elevated the

pH above levels that can be tolerated by phytohths. The solutional pitting attests to the deterioration,
i.e., phytorms were produced in large quantities but did not survive due to dissolution, except within
the uppemost part of the core. If the Gilman Canyon Formation had been eroded from the site prior
to Pcoria loess deposition, limestone would likely have been exposed as a source of contamination.
Mechanical degradation of the phytoliths would have occurred if the lower loess unit had been
reworked, e.g., colluvium, alluvium. No evidence for such mechanical loss exists; no fragments of
cnrshed or fractured phytoliths appeared in any of the isolates. Also, the carbon isotope data would
have formed a chaotic, uninterpretable curve.

Recommendations

We recommend that further studies be undertaken at Fort Riley in order to develop a dynamic
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paleoenvironmental model of Late Quaternary landscape evolution and to provide the prehistoric
cultural resource infomation base required for development of a meaningful temporal and spatial
model of cultural history in the study area. The field and laboratory strateSes should be modified to
insure the creation of a chronoloctcally controued paleoenvironmental data base/time series. This
should include further study to determine if opal phytolith analysis has potential in the study area.

Specifically, it is recommended that:

(I) W.C. Johnson and D.L. Johnson together conduct an on-site evaluation of drill core site
21 and use the observations to develop criteria for the selection of potentially viable phytoHth and
isotope study sites. These sites should then be cored to reveal the stratigraphy and bedrock situation.
After narrowing site selection on the basis of exploratory drilling, a sample-quality core should be
extracted or, if the loess thickness is less than 5, meters, the site should be backhoe trenched to
increase  sampling  ease and  stratigraphic control.  As much` of the late-Quaternary stratigraphjic
column should be present as possible, at least from the Gilman Canyon Formation up; this would
vastly reduce the likelihood of problems such as chronoloScal control and limestone contamination.

(2)Adequtetinecontrolisnecessaryforthecoreorexposurebeinganalyzedforphytoliths
and  carbon  isotopes.  Backhoe  trenches  and  freshened  natural  exposures  would  provide  the
opportunity to conect the volume of loess required for humate L4C dating and increase the probability
of discovering charcoal for dating. Samples for d;ting should be collected from the Riley paleosol

(Gilman Canyon Formation geosol) and the overl)ting loess.
(3) Select and sample a number of sites and spot analyze the phytolith content in order to

insure   selection   of  the   best   possible   locality(ies)   for   development   of  the   high-resolution

paleoenviromental data base.
(4) If it is realized through spot analyses that core 21 was anomolous and phytolith analysis

will produce intelprctable results, two to three sites.should be sampled at close interval and analyzed
for the phytolith content.

(5)  Undertake a close interval  6]3C  analysis of two  or three  sites (coincident with any
phytolith analysis).

The information gathered herein is useful in of itself and as a guide for future research in the
study area. We have leaned more about the potential varichhity in opal phytolith content of loess and
how to deal with it. The carbon isotope record extracted from the core appears viable and consistent
with the regional record, if the temporal assumptions are correct.
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Table I.   AL3C values from core 21, Fort Riley, Kansas.



Time Stratigraphic Units Age (ka) Book and Pedostratigraphic Units

Il|J+CO>cO>a:<ZILJJ=I

|LJiiI
05loo2ob50C74/13o0190e165oI

Eolian sand Fluvial deposits
deposits with soils with soils

I        BignellLoess        I

Brady soil (geosol)

cOIll0=LL'a,LLJZ|LJ8

WisconsinStage

Peoria tormation(loess) Fluvial deposits

Gilman Canyon Formation
(loess and geosol)

SangamonStage
.     Sangamonsoil

lmnoian Loveland Formationa I-9uJICL Stage (loess)

Pre-lllinoianStages

Figure 1. Late Quntemary stratigraphic succession for the nonglaciated part of Kansas. Notes: (a)
Pleistocene-Holocene boundary after Hopkins, 1975. a) The uppemost Gilman Canyon Fomation
'`C dates at about 20 ka (Johnson,  1993). (c) The age of 50 ka is an estinate of the begivning of

Glman Canyon time, not the ending of the Sanganon; the boundary is an unconformity. (d) The age
of 74 ka is used because of TL ages obtained from below the Sanganon by Foman et al.(1992) in
minois and by Feng (1991) in cnetral Kansas; the 130 ka age is probal>ly a better choice since it is
consistent with the sea-level record and the age of marine isotope boundary 5e-6, presumed end of
the Illinoian tlaciation.  (e) Age of marine isotope boundaru 6-7 as determined by Martinson ct
al.(1987).  (I) Age of the Pnocene-Pleistocene boundary at the Virca, Italy,  section (Aguirre and
Pasini,  1985).
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Figure   2    Comparison  of  the   6`3C   content   and  the   opal  phytdith-derived   nddity  index
(Chloridoideae/Chloridoideae+Panicoideae)fromtheCinanCanyonloessattheEustisashpit,
NebraskaOv.CJohnsortyDW.May,S.BoathE.Diekmeyer,unpublisheddata).Largervalues
indicate increasing indity.
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Figure  3a (top).  Core No.  21  after sanipling and description.  Top (modem soil) is in the right
foreground, and the bottom of the core (10.80 in) is in the left rear.

Figure 3b ®ottom).  Same as above, but a lateral view with the top in the right rear. The 358-cm
stratigraphib break is located at the riddle marker in the nriddle core segment.
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Bignell loess
(Holccene)

early Holocene soil

Brady soil

Pcoria lcess
(late Wisconsin)

Gilman Canyon geosol

Gilman Canyon Fin./loess
(middle Wisconsin)

-26   -24   -22   -20   -18   -16   -14   -12

8'3c

Figure 4. Change in 6 L3C values with depth and presumed lithostratigraphic and pedostratigraphic
units for core 21, Fort Riley.

33



5000

10000

35000

40000
-26    -24    -22    -20    -18    -16    -14    -12

81t

Bignell loess

Brady soil

Peoria loess

Gilman Canyon geosol

Gilman Canyon Fin./loess

Figure 5. Valation in 6]3C values with climate, as a composite of sites from the central Great Plains.
(W.C, Johnson, unpublished data, and other sources)
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Loveland lcess/Sangamon soil

Figure  6.  Changes  in  6L3C  with  depth  for the Beisel-Seinle  site,  Russell  County,  Kansas.  a3.
Diekmeyer, unpublished data)
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Figure  7.   Frequency  of  Phytolith  Types
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Figure  8.   Frequency  of  Crass  Short  Cells

37



References Cited

Aguine, E. and Pasini, G.,  1985, The Pliocene-Pleistocene boundary: Episodes, v. 8, p.  116-120.

Alden, W.C., and Leighton, M.M.,  1917, The rowan drift, a review of the evidence of the Iowan
stage of glaciation:  Iowa GeoloScal Survey, v. 26, p. 49-212.

Ainbrose, S.H., and Sikes, N.E.,  1991, Soil carbqu isotope evidence for Holocene habitat change
in the Kenya RIft Valley:  Science, v. 253, p.  1402-1405.

Antevs, E.,  1955, Geologic-climatic dating in the West: American Antiquity, v. 20, p. 317-335.

Aucour, A-M., Hillaire-Marcel, C., Bormefille, R.,  1994., Late Quaternary biomass changes in a
highland peatbog from equatorial Affica @urundi): Quaternary Research, v. 41, p. 225-233.

Baars, D.L.,1994, Classification of Rocks in Kansas: Kansas Geological Survey, plate.

Baker, G.,  1959, Opal Phytoliths in Some Victorian Soils and "Red Rain" Residues: Australian
Journal of Botany v.1, p. 64-87.

Baker, V.R.,  1983, Pleistocene fluvial systems, in Late Quaternary Environments of the United
States-Volume 1. The Late Pleistocene, S,C. Porter, ed. : Mmeapolis, Uhiversity ofMnnesota
Press, Minnesota Press, v.1, p.115-129.

Bany, R.G.,1983, Climatic environment of the Great Plains, past and present, in Man and the
changing environments in the Cireat Plains, Caldwell, W.W., Schultz, C.B., and Stout, T.M., eds.:
Transactions of the Nebraska Academy of Sciences, v.  11, p. 45-55.

Bartlein, P.J., Webb,Ill, T., and Fleri, E.,  1984, Holocene climatic change in the northwestern
Midwest: pollen derived estimates: Quaternary Research, v. 22, p. 361-374.

Blakeslee, D.J., Blasing, R., and Garcia, H.,1986,  Phytoliths: Along the Pawnee Trail, Cultural
Resource Survey and Testing, Wilson Lake, Kansas, for the Kansas City District U.S. Corps of
Engineers,p.86-101.

Bayne, C.K.,  1968, Evidence for multiple stades in the lower Pleistocene of northeastern Kansas:
Kansas Academy of Science, Transactions, v. 71, p. 340-349.

_ Davis, S.N., Howe, W.B., and O'Cormor, H.G.,1971, Regional Pleistocene stratigraphy:
Kansas Geological Survey, Special Distribution Publication 53, p. 4-8.

Beard, J. ,1969, Pleistocene paleotemperature record based on planktonic forahirifers, Gulf of
Mexico: Gulf coast Association of Geological Societies, Transactions, v.19, p 535-553.

38



_ Sangree, J., and Srith, L., 1982, Quaternary chronology, paleoclimate, depositional
sequences and eustatic cycles: American Association of petroleum Geoloedsts, Bulletin, v. 66, p.
158-169.

Benedict, J.B., and Olson, B.L.,  1978, The Mount Albion Complex: a study of prehistoric man
and the Altithermal: Research Report of the Center for Mountain Archaeology, v.  1, 213 p.

Bettis, E.A., HI (ed.),  1990, Holocene AIluvial Stratigraphy and Selected Aspects of the
Quaternary History of western Iowa, Mdwestem Friends of the Pleistocene: Iowa City,
University of Iowa Quaternary Studies Choup Contribution No. 36,  197 p.

Boellstorff, J.D.,  1976, The succession of late Cenozoic ashes in the Great Plains: a progress
report: Kansas Geological Survey, Guidebook Series 1, p. 37-71.

_ 1978a, A need for redefinition of North American Pleistocene stages: Gulf coast
Association of Geological Societies, Transactions, v. 28, p. 65-74.

_ 1978c, North American Pleistocene stages reconsidered in light of probable Plio-
Pleistocene glaciation:  Science, v. 202, p. 305-307.

Bowen, D.Q.,  1978, Quaternary Geology, Pergamon Press, Oxford, 221 p.

Bozarth, S.R.,  1985,  Distinctive Phytoliths from Various Dicot Species: Paper presented at the
2nd Phytolith Conference, University of Mimesota, Duluth.

_ 1987a, Diagnostic Opal Phytoliths from hinds of Selected C"cwrd7ta Species: American
Antiquity, v.52, p.  607-615.

_ 1987b, Opal Phytolith Analysis of Edible Fruits and Nuts Native to the Central Plains:
Phytolitharien Newsletter, v.4, p. 9-10.

_ 1988, Preliminary Opal Phytolith Analysis ofModem Analogs from Parklands, Mxed
Forest, and Selected Conifer Stands in Prince Albert National Park, Saskatchewan: Current
Research in the Pleistocene, v.5, p. 45-46.

_ 1989, Presence/Absence Opal Phytolith Analysis of Late Quaternary Sediment from the
Southern High Plains: Ms. on file at Department df Geography, University of wisconsin -
Madison, 7 p.

_ 1991 a, Extracting Pollen and Phytoliths from Archaeological Sedinent: The Roosevelt
Rural Sites Study-Laboratory Manual. Statistical Research, Tucson, AZ. submitted to U. S.
Department of Interior, Bureau of Reclamation, Arizona Projects Office, p. VII-6 -VII-7.

_ 199lb, Biosilicate Assemblages ofBoreal Forests and Aspen Parklands: Ms. on file,

39



Department of Geography, University of Kansas, Lawrence, 23 p.

_ 1991c, Paleoenvironmental Reconstruction of the La Sena Site (25FT177) Based on Opal
Phytolith Analysis:  Ms. on file, Nebraska State Historical Society,  17 p.

_ 1992a, Classification of opal Phytoliths Fomed in Selected Dicotyledons Native to the
Great Plains; 7.», Phytolith Systematics-EmerSng Issues, Rapp,G., Jr. and Mulholland, S., eds. :
New York,Plenum Press, p.193-214.

_ 1992b, Paleoenvironmental Reconstruction of the Sargent Site, A Fossil Biosilicate
Analysis:  Ms. on file, Department of Geology, Uhiversity of Kansas, Lawrence, Kansas.

_ 1993, Analysis ofFossil Biosilicates from the Valley Fill:  Ms. on file, Department of
Geography, University of wisconsin, Madison, WI, 21 p.

Brown, D.A.,  1984, Prospects and Limits of a Phytolith Key for Grasses in the Central United
States: Journal of Archaeological Science, v.  11, p. 345-368.

Brydon, J.E., Dore, W.G., and Clark, J.S.,  1963, Silicified Plant Asterosclereids Preserved in Soil:
Proceedings of the Soil Science Society of America. v. 27, p. 476-477.

Bushue, L.J., Fehrenbacher, J.a., and Ray, B.W., 1974, Exhumed paleosols and associated
modem till soils in western Illinois, Soil Science Society of America Proceedings, v. 34, p. 665-
669.

Carter, B.J., and Ward, P.A.,  1991, A prehistory of the Plains border region:  South-central
Friends of the Pleistocene Guidebook, Agronomy Department, Oklahoma State University,
Stillwater,  121  p.

Caspall, F.C.,  1970, The spatial and temporal variations in loess deposition in northeastern
Kansas: Ph.D. dissertation, Uhiversity of Kansas, Lawrence, 294 p.

_ 1972, A note on the origin of the Brady paleosol in northeastern Kansas: Proceedings of
the Association of American Geographers, v. 4, p.  19-24.

Cerling, T.E.,  1984, The stable isotope composition of modem soil carbonate and its relationship
to climate: Earth and Planetary Science Letter, v. 71, p. 229-290.

_ and Hays, R.L., 1986, An isotopic study of paleosol carbonate from Olduvai Gorge:
Quaternary Research, v. 25, p. 63-78.

_ Quade, J., Wang, Y., and Bowman J.R., 1989, Carbon isotopes in soils as ecology and
paleoecology indicators: Nature, v .341, p.  138-139.

40



Cohee, G.V.,  1968, Holocene replaces Recent in nomenclature usage of the U. S. Geological
Surevey: American Association of petroleum GeoloSsts, Bulletin, v. 52, p. 852.

COIIMAP members,  1988, Climatic changes of the last 18,000 years: observations and model
simulations:  Science, v. 241, p.  1043-1052.

Cole, D.R., and Monger, H.C., 1994, Influence of atmospheric C02 on the decline of c4 plants
during the last deglaciation: Nature, v. 368, p. 533-536.

Condra, G.E., Reed, E.C., and Gordon, E.D., 1947, Correlation of the Pleistocene deposits of
Nebraska: Nebraska Geological Survey Bulletin 15, 71 p.

Comwell, K.J.,  1987, Geomorphology and soils [Chap. 4], iQ Prehistoric and historic cultural
resources of selected sites at Harlan County Lake, Harlan County, Nebraska, Adair, M.J., and
Brown, K.L„ eds. : U.S. Army Corps ofEngiveers, Kansas City District, p. 29-46.

Daniels, R.B., and Handy, R.L., 1959, Suggested new type section for the Loveland loess in
western Iowa: Journal of Geology, v. 67, p.  114-119.

_ Handy, R.L., and Simonson, G.H., 1960, Dark colored bands  in the thick loess in western
Iowa: Journal of Geology, v. 67, p.450-458.

Deevey, E.S., and Flint, R.F.,1957, Postglacial Hypsithermal Interval: Science, v.125, p.182-
184.

Deines, P.,1980, The isotopic composition of reduced organic carbon, iQ Handbook of
environmental isotope geochehistry, v.  1 : The terrestrial environment: Amsterdam, Elsevier, p.
329-406.

DeLaune, R.D.,1986, The use of ]3C signature of c3 and C4 plants in determining past
depositional environments in rapidly accreting marshes of the Mssissippi RIver deltaic plain,
Louisiana, USA: Chemical Geology, v. 59, p. 315-320.

Dort, W., Jr., 1987, Salient aspects of the terminal zone of continental glaciation in Kansas, iB
Quaternary environments of Kansas, Johnson, W.C., ed. : Kansas GeoloScal Survey, Guidebook
Series 5, p.  55-66.

Dreeszen, V.H.,  1970, The stratigraphic framework of pleistocene tlacial and periglacial deposits
in the Central Plains, in  Pleistocene and Recent Environments of the Central Great Plains, Dort,
W., Jr., and Jones, J.K., Jr., eds. : University Press of Kansas, Lawrence, Department of Geology
Special publication 3, p. 9-22.                                     '

Elias, M.K.,  1931, The geology of wallace County, Kansas:  Kansas Geological Survey Bulletin
18' 254 p.

41



Fairbridge, R.W.,  1983, The Pleistocene-Holocene boundary: Quaternary Science Reviews, v.  1,
p. 215-244.

Feng, Z-D, 1991, Temporal and spatial variations in the loess depositional environment of central
Kansas during the past 400,000 years: Ph.D. dissertation, University of Kansas, 250 p.

_ Johnson, W.C., Sprowl, D.R., and Lu, Y-C., Loess accumulation and soft formation in
central Kansas, United States, during the past 400,000 years: Earth Surface Processes and
Landfoms, v.19, p. 55-67.                                        ,

Fredlund, G.G., Johnson W.C., and Dort, Jr,W., 1985, A Preliminary Analysis of opal Phytoliths
from the Eutis Ash Pit, Frontier County, Nebraska, i.#, Institute for Tertiary Quaternary Studies,
TER-QUA Symposium Series, Volume 1, Dort, Jr. W.,ed., Nebraska Academy of Sciences, hc.,
p.  147-162.

Follmer, L.R.,  1978, The Sangamon soil in its type area: a review, ia Quaternary Soils, Mchaney,
W.C., ed. : Norwich a3ngland), Geo Abstracts Lihited, p.  125-165.

_ 1979, A historical review of the Sangamon soil, ie Wisconsinan, Sangamonian, and
Illinoian stratigraphy in central Illinois, Illinois State GcoloScal Survey, Guidebook 13, p. 79-91.

_ 1982, The geomorphology of the Sangamon surface: it spatial and temporal attributes, in
Space and time in geomorphology, Thorn, C.E., ed.: AIlen and Unwin, p.117-146.

_ 1983, Sangamon and Wisconsinan Pedogenesis in the Mdwestem United States, J.»  Late-
Quatemary Environments of the United States, Volume I.  The Late Pleistocene, Porter, S.C.,
ed. : Uriversity of Mmesota Press, Mirmeapolis, p.  138-144.

Forman, S.L.,1990a, Chronologic evidence for multiple episodes of loess deposition during the
Wisconsinan and Illinoian in the mid-continent, U. S.A. (abs.): Geoloctcal Society of America
Abstracts with Programs, v. 22, n. 7, p. A86.

_ 1990b, Themolumenescence and radiocarbon chronology of loess deposition at the
Loveland paratype, Iowa, iQ Holocene AIluvial Stratigraphy and Selected aspects of Quaternary
lfistory of western Iowa, Bettis, E.A.,Ill ed. : Iowa City, Mdwestem Friends of the Pleistocene,
Uhiversity of Iowa Quaternary Studies Group Contribution, No. 36, p.  165-172.

_ Bettis, E.A., Kemmis, T.L., and Miller, 8.8., 1992, ChronoloScal evidence for multiple
periods of loess deposition during the late Pleistocene in Missouri and Mssissippi RIver valleys,
Urited States--implications for the activity of the Laurentide Ice Sheet : Palacogeography,
Palaeoclimatology, Palaeoecology, v. 93, p.7 I-83.

Fredlund, G.G.,  1991, A comparison of pleistocene and Holocene vegetation in the central Great
Plains of North America: palynoloScal evidence from Cheyerme Bottoms, Kansas: Ph.D.

42



dissertation, University of Kansas, Lawrence, Kansas, 303 p.

_ 1993, Paleoenvironmental interpretations of stable cafoon, hydrogen, and oxygen isotopes
from opal phytoliths, Eustis Ash Pit, Nebraska: MASCA Research Papers in Science and
Archeology, v.  10, p. 3746.

_ and Jaumann, P.J., 1986, The influence of,topography and fire disturbance on late
Wisconsinan vegetation in eastern Kansas (abs.) : American Quaternary Association, 9th biennial
meeting, Champaign, Ilhiois, Program and al>stracts, p. 81.

_ and Jauman) P.J., 1987, Late Quaternary palynoloScal and paleobotanical records from
the central Great Plains, iQ Quaternary Environments of Kansas, Johnson, W.C., ed. : Kansas
GeoloScal Survey Guidebook Series 5, p.  167-178.

_ and Johnson, W.C., 1985, Palynological evidence for late Pleistocene vegetation from
Sanders,s well locality in east-central Kansas (abs.): Institute for Tertiary-Quaternary Studies, 4th
Annual SymposiunL Lawrence, Kansas, Program with Abstracts, p.  15.

_ Johnson, W.C., and Dort, W., Jr., 1985, A preliminary analysis of opal phytoliths from the
Eustis ash pit, Frontier County, Nebraska: Nebraska Academy of Sciences, Institute for Tertiary-
Quatemary Studies, TER-QUA Symposium Series, v.  1, p.  147-162.

Frye, J.C., and Fent, O.S.,  1947, The late Pleistocene loesses of central Kansas: Kansas
Geological Survey Bulletin 70 (1947 repts. stud.), part 3, p. 29-52.

_ and Leonard, A.B., 1949, Pleistocene stratigraphic sequence in northeastern Kansas,
American Journal of science, v. 247, p. 883-899.

_ and Leonard, A.B., 1951, Stratigraphy of late Pleistocene loesses of Kansas: Journal of
Geology, v.  59, no. 4, p. 387-305.

_ and Leonard, A.B., 1952, Pleistocene geology of Kansas: Kansas Geological Survey
Bulletin 99, 230 p.

_ and Leonard, A.B., 1965, Quaternary of the southern Great Plains; in, The Quaternary of
the United States-a review volume for VII Congress of the International Association for
Quaternary Research, Wright, H.E., Jr. and Frey, D.G., eds. : Princeton Uhiversity Press,
Princeton, N.J., p. 203-216.

_ and lreonard A.R., 1949, Geology and ground-water resources ofNorton County and
northwestern Phillips County, Kansas: Kansas GeoloScal Survey Bulletin 82 (1949 repts. stud.)
part 3, p. 49-124.

_ and Willman, H.B., 1973, Wisconsinan climatic history .  interpreted from Lake Mchigan

43



lobe deposits and soils; in, The Wisconsinan Stage, R.F. Black, R.P. Goldthwait, and H.B.
Willman, eds.: GeoloScal Society of America Memoir 136, p.135-152.

_ Leonard, A.B., Willman, H.B., Glass, H.D., and Follmer, L.R., 1974, The late
Woodfordian Jules soil and associated molluscan faunas: Illinois State Geological Survey,
Circular 486,  11 p.

Fullerton, D. S., and RIchmond, G.M., 1986, Comparison of the marine oxygen isotope record,
the eustatic sea level record, and the chronology of glaciation in the United States of America; J.#,
Quaternary glaciations in the Northern Herisphere, Sibrava, V., Bowen, D.Q., and RIchmond,
eds.,: Quaternary Science Reviews, v. 5, p.  197-200.

Garbor, L.W., 1966  Influence of volcanic Ash on the Genesis and Classification of Two
Spodosols in Idaho: Master's thesis, Department of Soil `Science, Uhiversity of Idaho, Moscow,
155  p.

Geis, J.W.,  1973, Biogenic Silica in Selected Species of Deciduous Angivsperms: Soil Science v.
116,  p.113-130.

Gould, F.W., and Shaw, R.B.,  1968, Grass Systematics, 2nd ed., Texas A and M University
Press, College Station, 397 p.

Gruger, J.,  1973, Studies on the late Quaternary vegetation history of northeastern Kansas:
Geological Society of America, Bulletin, v. 84, p. 237-250.

Gu, Z., Liu, R., and Liu, Y.,  1991, Response of the stabel isotope compostion of loess-paleosol
carbonate to paleoenvironmental changes; 7.» Loess, Environment and Global Change, Liu, T. ed. :
Science Press, Beijing, p.82-92.

Guillet, 8., FaiVIe, P., Mariotti, A., and Khobzi, J.,1988., The '3C/]2C ratios of soil organic
matter as a means of studying the past vegetation in intertropical regions: examples from
Columbia (South America): Palaeogeography, Palaeoclimatology, and Palaeoecology, v. 65, p.
51-58.

Hall, R.D.,  1973, Sedimentation and alteration of,loess in southwestern Indiana, Ph.D.
dissertation, Indiana Uhiversity,  103 p.

Hallberg, G.R., 1986, Pre-Wisconsin glacial stratigraphy of the Central Plains recton in Iowa,
Nebraska, Kansas, and Mssouri, ie Quaternary Glaciations in the Northern Hemisphere, Sibrava,
V., Bowen, D.Q., and RIchmond, G.M., eds.: Quaternary Science Reviews, V.5, p.  11-15.

_ Wollenhaupt, N.C., and Wickham, J.T., 1980, Pre-Wisconsin stratigraphy in southeastern
Iowa: Iowa Geological Survey, Technical Information Series 11, p.  I-110.

44



Hbbard, C.W., Frye, J.C., and Leonard, A.B.,  1944, Recormaissance of pleistocene deposits in
north-central Kansas:  Kansas GeoloScal Survey Bulletin 52 (1944 repts. stud.), part 1, p.  1-28.

IIill, B.J., Popp, H.W. and Cirove, A.R., Jr., 1967, Botany, MCGraw-mll Book Company, New
York, 634 p.

Hopkins, D.M.,  1975, Time-stratigraphic nomenclature for the Holocene Epoch: Geology, v. 3, p.
10.

Humphrey, J.D., and Ferring, C.R., 1994, Stable i,sotopic evidence for latest Pleistocene and
Holocene climatic change in North-central Texas: Quaternary Research, v. 41, p. 200-213.

Jasper, J.P., and Gagosian, R.B.,  1989, Glacial-interglacial climatically forced L3C variations in
sedimentary organic matter: Nature, v. 342, p. 60-62.

Jewett, J.M.,  1959, Graphic column and classification of rocks in Kansas: Kans. Geol. Survey,  I
sheet.

Johnson, D.L., 1994, GeoarchaeoloScal research on Fort Riley, Kansas: a dynamic
paleoenvironmental model of late Quaternary landscape evolution: report to U. S. Army
Construction Engineering Research Laboratory, Champaign, nlinois.

_ 1992, Geomorphological survey and Geoarchaeolodcal overview ofFort RIley, RIley and
Geary Counties, Kansas: report to U. S. Army Construction Enctneering Laboratory, ChampaigrL
Illinois.

Johnson, W.C., 1989, Stratigraphy and late-Quaternary landscape evolution, in ArchaeoloScal
investigations at the North Cove site, Harlan County Lake, Harlan County, Nebraska, Adair,
M.J., ed. : Lawrence, University of Kansas Office of ArchaeoloScal Research, p. 22-52.

_ 1991, Buried soil surfaces beneath the Great Bend Prairie of central Kansas and
archaeological implications: Current Research in the Pleistocene, v. 8, p.  108-110..

_ 1993a (ed.), Second International Paleopedology Symposium Field Excursion: Kansas
Geolorical Survey Open-File Report No. 93-30.

_ 1993b, Surficial geology and stratigraphy of phillips County, Kansas, with emphasis on
the Quaternary Period: Technical Series 1, Kansas GeoloScal Survey, Lawrence.

_and Logan, 8., 1990, Geoarcheology of the Kansas fiver Basin, central Great Plains, iE
Archaeological Geology of North America, Lasca, N.P., and Donchue, J., eds. : Geological
Society of America, Decade of North American Geology Centennial Special Volume 4, p. 267-
299.

45



_ and Martin, C.W., 1987, Holocene alluvial-stratigraphic studies from Kansas and
adjoining states of the east-central Plains, in Quaternary environments of Kansas, Johnson, W.C.,
ed.: Kansas Geoloctcal Survey Guidebook Series 5, p.109-122.

_ May, D., Diekmeyer, E., Farr, M.R., and Park, K., 1993, Stop 12 Eustis Ash Pit, z.»
Second International Paleopedology Symposium Field Excursion, W.C. Johnson, ed. : Kansas
Geological Survey Open-File Report No. 93-30, p.  12/1-12/13

_ Park, K., Diekmeyer, E., and Muhs, D.R.,' 1993, Chronology, stratigraphy, and
depositional environment of the late Wisconsin aeoria) Loess of Kansas and Nebraska:
GeoloScal Society of America Abstr. Progr., v. 25, p. 59.

Jones, R.L., and Beavers, A.H.,  1963, Sponge Spicules in Illinois Soils: Proceedings of the Soil
Science Society of America, v. 27, p. 438440.

_ MCKenzie,L.J., and Beavers, A.H., 1964, Opaline Mcrofossils in Some Mchigan Soil:
The Ohio Journal of science, v. 64, p. 417-423.

Kapp, R.O.,1965, Illinoian and Sangamon vegetation in southwestern Kansas and adjacent
Okalahoma: Contributions from the Museum of paleontology, Uhiversity of Michigan, v.  19, p.
167-255.

_ 1970, Pollen analysis of pre-Wisconsinan sediments, in Pleistocene and Recent
environments of the central Cireat Plains, Dort, W., Jr., and Jones, J.K., eds. : Lawrence, Kansas,
University of Kansas Press, p.143-155.

RIein, R.L., and Geis, J.W.,  1978, Biogenic Silica in the Pinaceae:  Soil Science, v.  126, p.  145-
155.

Kleiss, H.J. and Fehrenbacher, J.G.,  1973, Loess distribution as revealed by mineral variations:
Soil Science Society of America Proceedings, v. 37, 291-95.

Krishnamurthy, R.V., DeNiro, M.J., and Pant, R.K., 1982, Isotope evidence for Pleistocene
climatic changes in Kashmir, India: Ninre, v. 298, p. 640-641.

Kuchler, A. W.,  1974, A New Vegetation Map of Kansas: Ecology, v. 55, p. 586-604.

Kukla, G.J.,  1977, Pleistocene land-sea conelatiops,I, Europe. Earth-Science Review, v.  13, p.
307-374.

_ 1987, Loess stratigraphy in central China: Quaternary Science Reviews, v. 6, p.  191-219.

Kutzbach, J.E.,1981, Monsoon climate of the early Holocene: clinatic experiment with the
Earth's orbital parameters for 9,000 years ago: Science, V. 214, p. 61.

46



_ 1985, Modeling ofpaleoclimates: Advances in Geophysics, v. 28A, p.159-196.

_ 1987, Model simulations of the climatic patterns during the deglaciation of North
America, iQ North America and adjacent oceans during the last glaciation, Ruddiman, W.F., and
Wright, H.E. Jr., eds.: Geoloedcal Society of America, The Geology of North America, v. K-3, p.
425-446.

J

Lamb, J., and Beard, J., 1972, Late Neogene planktonic foraminifera in the Caribbean, Gulf of
Mexico, and Italian stratotypes: Uhiversity of Kansas, Paleontoloedcal Contributions, v. 57, p.  1-
67.

Leigh, D.S., and Knox, J.C., 1993, AMS radiocafoon age of the upper Mssissippi valley Roxanna
silt: Quaternary Research, v. 39, p. 282-289.

Leighton, M.M., and Willman, H.B., 1950, Loess formations of the Mssissippi valley: Journal of
Geology, v.  58, p.  599-623.

Leonard, A.B.,  1951, Stratigraphic zonation of the Peoria Loess in Kansas: Journal of Geology, v.
59, p.  323-332.

_ 1952, Illinoian and Wisconsinan molluscan faunas in Kansas: Kansas Uhiversity,
Paleontological Contributions, Mollusca (Article 4), 38 p.

Leverett, F.,1899, The Illinois Glacial Lobe: U.S. Geological Survey Monograph 38.

Libby, W.F.,  1955, Radiocarbon dating: The University of chicago Press,  175 p.

Lin, 8., Liu, R., and An, Z.,  1991, Prelihinary research on stable isotopic compositions of
Chinese loess; 7.# Loess, Environment and Global Change, Liu, T., ed.: Science Press, Beijing, p.
1 24- 1 3 I .

Lu, H., Wu, N., Nie, G., and Wang, Y.,  1991, Phytolith in loess and its bearing on
paleovegetation; z.» Loess, Environment and Global Change, Liu, T, ed. : Science Press, Beijing,
p.112-123.

Lugn, A.L., 193 5, The Pleistocene geology of Nebraska. Bulletin of the Nebraska Geologival
Survey (2d Series), v.  10, p.  1-223.

Lutenegger, A. J.,  1985, Desert loess in the Midcontinent, U.S.A. (abst.):  First International
Conference on Geomorphology, Manchester a3ngland), Abstracts of papers, p. 378.

Maat, P., and Johnson, W.C., in review, Themoluminescence and new L'C age estimates for late
Quaternary loesses in Southwestern Nebraska: Geomorphology.

47



Martin, C.W., 1990, Late Quaternary Landform Evolution in the Republican fiver Basin,
Nebraska: Ph.D. dissertation, Uhiversity of Kansas, 289 p.

Martinson, D.G., Pisias, N.G., Hays, J.D., Imbrie, J., Moore, T.C., Jr., and Shackleton, N.J.,
1987, Age dating and the orbital theory of the Ice Ages--development of a high-resolution 0 to
300,000 year chronology: Quaternary Research, +. 27, p.1-29.

May, D.W., 1989, Age and distribution of the Todd Valley Formation in the lower South Loup
RIver valley (abs.): Proceeding of the Nebraska Academy of Sciences, p. 53.

_ 1991, The stratigraphic context of fractured mammoth bones at the La Sena site
(25FT 177), Harry Strunk Lake Ovledicine Creek Reservoir), Nebraska: report prepared for the
Department of Anthropology, Uhiversity of Nebraska, LincohL Nebraska, 25 p.

_ and Holen, S.R.,1993, Radiocarbon ages of soils and charcoal in late-Wisconsinan loess
in southcentral Nebraska: Quaternary Research, v. 39, p. 55-58.

_ and Johnson, W.C., in review, Variation in radiocarbon ages of soil organic matter
fractions from Late Quaternary buried soils: Geology.

_ and Souders, V.L., 1988, Radiocarbon ages for the CHlman Canyon Formation in Dawson
County, Nebraska, (abs.): Nebraska Academy of Sciences, Proceedings, p. 47-48.

Mccraw, D.J., and Autin, W.J.,  1989, Lower Mississippi Valley loesses; Field Guide,  1989
Mississippi Valley Loess Tour, INQUA Commission on Loess and the North American Loess
Working Group.

MCKay, E.D.,  1979a, Stratigraphy ofwisconsinan and older loesses in southwestern Illinois; 7.»,
Geology of western Illinois: Illinois State Geological Survey, Guidebook 14, p. 37-67.

_ 1979b, Stratigraphy ofwisconsinan and older loesses in southwestern nlinois, in Geology
of western Illinois: Illinois State Geological Survey, Guidebook 14, p. 37-67.

Momer, N.-A.,  1976, The Pleistocene-Holocene boundary: a proposed boundary-stratotype in
Gothenburg, Sweden: Boreas, v. 5, p.  193-275.

Morrison, R.B.,  1965, Principles of Quaternary soil stratigraphy, iQ Quaternary soils, Morrison,
R.B., and Wright, H.E., Jr., eds., INQUA VII Congress, Proceedings, v. 9, p.  1-69.

_ 1987, Long-tern perspective: changing rates and types of Quaternary surficial processes:
erosion-deposition-stabnity eycles, iQ Geomorphic systems of North America, Ciraf, W.L., ed. :
Geological Society of America, Decade of North American Geology Centennial Special Volume
2, p.  167-176.

48



Mulholland, S.C., and Rapp, G., Jr., 1992, A MorpholoScal Classification of Grass Silica -
Bodies; 7.», Phytolith Systematics, Rapp, G.,Jr., and Mulholland, S.,C.,Plenum Press, New York,
p. 65-89.

Nilsson, T.,  1983, The Pleistocene: geology and life in the Quaternary ice age: Ferdinand Enk
Verlay stuggart, London,   p.

Nordt, L., Boutton, T.W., Hallmark, C.T., and Waters, M.R., 1994., Late Quaternary vegetation
and climate changes in central Texas based on the isotopic composition on organic cafoon:
Quaternary Research, v. 41, p.  109-120.

Norgren, J.,  1973, Distribution, Fom and Significance of plant Opal in Oregon Soils:  Ph.D.
Thesis, Department of Soil Science, Oregon State University, Corvallis, 176 p.

North American Commission on Stratigraphic Nomenclature, 1983, North American Stratigraphic
Code: American Association of petroleum Geologists Bulletin, v. 67, p. 841-875.

Oviatt, C.G., Karlstrom, E.T., and Ransom. M.D.,  1988, Pleistocene loess, buried soils, and
thermoluminescence dates in an exposure near Milford Lake, Geary County, Kansas (abs.):
Geological Society of America, Abstracts with Programs, v. 20, no.2, p.  125-126.

Paterson, W.S.B., and Hammer, C.U.,1987, Ice core and other glaciological data, in North
America and adjacent oceans during the last deglaciation, Ruddiman, W.F., and Wright, H.E., Jr.,
eds. : Geological Society of America, Decade of North American Geology, The Geology of North
American, v. K-3, p. 91-109.

Pease, D. S.,  1967, Opal Phytoliths as Indicators ofpaleosols: Master's Thesis, New Mexico State
University, Uhiversity Park, 81 p.

Pecsi, M.,  1985, Chronostratigraphy of Hungarian loesses and the underlying subaerial formation,
in Loess and the Quaternary, Pecsi, M., ed.: Akadenria RIado, Budapest, p.19-33.

Pipemo, D.R.,  1988, Phytolith Analysis-An Archaeological and Geological Perspective:
Academic Press, Inc., New York, 280 p,

Pohl, R.W., 1968, How to Know the Classes 3rd Edition,  The Pictured Key Nature Series, Win.
C. Brown Company Publishers, Dubuque, Iowa, 200 p.

Reed, E.C., and Dreeszen, V.H., 1965, Revision of the classification of the Pleistocene deposits of
Nebraska: Nebraska Geoloedcal Survey Bulletin 23, 65 p.

RIchmond, G.M., and Fullerton, D. S., 1986a, Intr'oduction to Quaternary glaciations in the United
States of America: in, Quaternary Glaciations in the Northern Henrisphere, V. Sibrava, D.Q.
Bowen, and G.M. RIchmond, eds. : Quaternary Science Reviews, v. 5, 3-10 p.

49



_ and Fullerton, D. S., 1986b, Summation of Quaternary glaciations in the Uhited States of
America, in Quaternary glaciations in the Northern Herisphere, Sibrava, V., Bowen, D.Q., and
RIchmond, G.M., eds.:Quaternary Science Reviews, v. 5, p.183-196.

RIo, D., Sprovieri, R., and Thunell, R.,  1991, Pliocene-lower Pleistocene Chronostratigraphy: a
re-evaluation of Mediterranean type sections: Geological Society of America, Bulletin, v.  103, p.
1049-1058.

Rouner,I., 1971, Potential of opal Phytoliths for Use in PaleoecoloScal Reconstruction:
Quaternary Researcly v.  I, p. 343-359.                   ,

_ 1975, Plant Opal Phytolith Analysis in Mdwestem Archaeology: Mchigan Acaderician,
v.  8, p.  129-137.

Ruddiman, W.F.,  1987, Synthesis; the ocean/ice sheet record, ie North America and adjacent
oceans during the last deglaciation, Ruddiman, W.L., and Wright, H.E. Jr., eds. : Geological
Society of America, The Geology of North America, v. K-3, p. 463478.

Ruhe, R.V.,1956, Geomorphic surfaces and the nature of soils, Soil Science, v. 82, p. 441455.

_ 1969, Quaternary landscapes in Iowa: Iowa State University Press, Ames, Iowa, 255 p.

_ 1976, Stratigraphy of nridcontinental loess, U. S.A.; I.#, Quaternary Stratigraphy of North
America, Mahaney, W.C., ed. : Dowden, Hutchinson, and Ross, Stroudsburg, PA, p.  197-211.

_ Hall, R.D., and Canepa, A.P.,1974, Sangamon paleosols of southwestern Indiana, USA,
Geoderma, v.  12, p.  191-200.

_ Mller, G.A., and Vreeken, W.J., 1971, Paleosols, loess sedimentation, and soil
stratigraphy, i.#, Paleopedology--origin, nature, and dating of paleosols, Yaalon, D.H., ed. :
Hebrew University Press, Jerusalem, Israel, p. 41 -60.

_ and Olson. C.G., 1980, Clay-mineral indicators of glacial and nonglacial sources of
Wisconsinan loesses in southern Indiana, U.S.A.: Geoderma 24 , p. 283-97.

Schaetzl, C.B.,  1986, The Sangamon paleosol in Brown County, Kansas: Kansas Academy of
Science, Transactions, v. 89, p.152-161.

Schultz, C.B., 1948, Pleistocene mammals and terraces in the Great Plains: GeoloScal Society of
America, Bulletin, v.  59, p. 553-591.

_ 1968, The stratigraphic distribution of vertebrate fossils in the Quaternary eolian deposits
in the nridcontinent region of North America, iQ Loess and related eolian deposits of the world,
Schultz, C.B., and Frye, J.C., eds.: University of Nebraska Press, p.  I 15-138.

50



_ Lueninghoener, G.C., and Frankforter, W:D., 1951, A graphic resume of the Pleistocene
of Nebraska (with notes on the fossil mammalian remains): University of Nebraska State Museum
Bulletin 3(6), p.1-41.

_ and Martin, L.C., 1970, Quaternary mammalian sequence in the central Great Plains; in,
Pleistocene and Recent Environments of the Central Great Plains, Wakefield Dort, Jr., and J.K.
Jones, eds.: Uhiversity of Kansas Press, p. 341-353.

_ and Stout, T.M., 1948, Pleistocene mammals and terraces in the Cireat Plains: GeoloScal
Society of America Bulletin, v. 59, p. 553-591.

_ and Tarmer, L.G., 1957, Medial Pleistocene fossil vertebrate localities in Nebraska:
University of Nebraska State Museum Bulletin 4, p. 59-81.

Schwartz, D.,  1988, Some podzols on Bateke Sands and their origivs, People's Republic of
Congo: Geoderma, v. 43., p. 229-247.                     ,

_ Mariotti, Lanfranchi, R., and Guillet, 8.,1986, L3C/]2C ratios of soft organic matter as
indicators of vegetation changes in the Congo: Geoderma, v. 39, p. 97-103.

Semken, H.A., 1983, Holocene mammalian biogeography and climatic change in the eastern and
central United States, in Late Quaternary environments of the United States, Volume 2, The
Holocene, Wright, H.E. Jr., ed. : Mrmeapolis, University ofMnnesota Press, p.182-207.

Shimek, 8.,  1909, Aftonian sands and gravels in western Iowa:  Bulletin of the Geoloctcal Society
of America, v. 20, p. 399-408.

Simonson, R.W.,  1941, Studies of buried soils formed from till in Iowa, Soil Science Society of
America, Proceedings, v. 6, p. 373-381.

Smith, B.N., and Epstein, S.,  1971, Two categories of t3C/]2C ratios for higher plants: Plant
Physiology, v. 47, p. 380-384.

Shithson, F.,1959, Opal Sponge Spicules in Soils: Journal of son Science, v.10, p.105-109.

Souders, V.L., and Kuzila, M.S., 1990, A report on the geology and radiocarbon ages of four
superimposed horizons at a site in the Republican RIver Valley, Franklin County, Nebraska (abs.):
Proceedings, Nebraska Academy of Sciences, Lincoln, p. 65.

Thorpe, J., Johnson, W.M., and Reed, E.C.,1951, Some post-Pliocene buried soils of central
Uhited States: Journal of soft Science, v. 2, p.1-22.

Tien, P.L., 1968, Differentiation of pleistocene deposits in northeastern Kansas by clay minerals,
Clay and Clay Mineralogy, v.  16, p. 99-107.

51



Twiss, P.C.  1987, Grass-Opal Phytoliths as Climatic Indicators of the Cireat Plains Pleistocene:
Quaternary Environments of Kansas; Johnson, W.C., ed., Kansas Geoloedcal Guide Book, Series
5, p.179-188.

Van Zant, K.L.,  1979, Late glacial and postglacial pollen and plant macrofossils from Lake West
Okoboji, northwestern Iowa: Quaternary Research, v.  12, p. 358-380.

Watson, R.A., and Wright, H.E., Jr., 1980, The ehd of the Pleistocene: a general critique of
chronostratigraphic classification: Boreas, v. 9, p.  153-163.

Wayne, W.J., 1963, Pleistocene formations in Indiana: Indiana GeoloScal Survey, Bulletin, v. 25,
85p.

Webb, T.,Ill, Cushing, E.J., and Wright, H.E., Jr., 1983, Holocene changes in the vegetation of
the Midwest, in Late Quaternary Environments of the Uhited States, v. 2, The Holocene, Wright,
H.E., Jr., ed. : Mimeapolis, Mirmesota, University of Mnnesota Press, p.  142-165.

Welch, J.E., and Hale, J.M.,  1987, Pleistocene loess in Kansas; Status, present problems, and
future considerations, ie Quaternary environments of Kansas, W.C. Johnson, ed. : Kansas
Geological Survey Guidebook Series 5, p. 67-84.

Wilding, L.P. and Drees, L.R.,  1971, Biogenic Opal in Ohio Soils: Proceedings of the Soil
Science of America, v. 35, p.  1`004-1010.

_ 1973, Scanning Electron Mcroscopy of opaque Opaline Forms Isolated from Forest Soils
in Ohio: Proceedings of the Soil Science Society of America, v. 37, p. 647-650.

_ 1974, Contributions of Forest Opal and Associated Crystalline Phases of Fine Clay
Fractions of Soils: Clays and Clay Minerals, v. 22, p.295-306.

_ Smeck, N.E., and Drees, L.R., 1977, Silica in Soils: Quartz, Cristobalite, Tridyhite, and
Opal; i.#, Minerals in Soils Environment, Dixon, J.B., Weed, S.B., eds., Soil Science Society of
America, Madison, Wisconsin, p. 471-552.

_ 1979, Dissolution and Stability ofBiogenic Opal: Journal of the Soil Science Society of
America, v. 43, p. 800-802.

Willman, H.B. and Frye, J.C.,  1970, Pleistocene stratigraphy of nlinois: nlinois State GeoloScal
Survey, Bulletin 94, 204 p.

Wright, H.E., Jr., 1970, Vegetational history of the Central Plains, in Pleistocene and Recent
Environments of the Central Great Plains, Dort, W., Jr., and Jones, J.K., eds. : Lawrence, Kansas,
University of Kansas Press, p.157-172.

52



Appendil A

Soil and Stratigraphic Data For Core 21
(from D.L. Johnson,  1994)

son. DEscRrmoN CORE 2i

CLASSIFICATION:  Kenesaw Series, Typic Haplustous
LOCATION:  Ft. Riley K8; On Sumner IIill, the hig]iest put of bluff immediately above Can)p Funston
GEOGRAPHIC COORDINATES:   39° 6' 26" N. Iud., 96® 44' 8' W. I.ong.
LANDFORM:  Iloes8¢overed high termco of Kansas River
PARENT MATERIAL:  Ioos8 over probable alluvium
SLOPE:   1-2%
ELEVATION:  -1217 ft (371 in)
VEGETATION: Grass
SAMPLED BY:   D.L. Johnson and L. R. Abbott, 6/15/93  '
DESCRIBED BY:  D.L. Johnson
ExrosuRE:  Shelby tube core

Ap                             0-18

AB                             18-30

BA                          3041

Bwl                            41 -83

Bw2                          83-140

140-201

Ck 201-252

2Ab                        252-280

2ABb                       280-310

Very dark gay (10 YR 3/1m, 3/3d) 8m loam; modente coarse plrty stnict`ire;
non-sticky when wct, hrmd when dry; chrupt smooth bo`mdary

Dark brown (10YR 3/3, 4/3d) 8flt loam; weak medium cfunri structure; non-
sticky when wct, hard when dry; clear rmooth hamdary

Dark brov`/n (10YR 3/3m, 4.5/3.5d) silt loam; very weak fine and medium
subangular blocky stfucture; Don-sticky when wet, hard when dry; gradual
8nrfu boundny

Dark brown (10YR 3/3m, 5/4d) Silt loan; very weak fine and medi`m
s`rfuigular blceky stlucture; nan-sticky when wet, 8higivly hard when dry; very
few very thin clay films on ped faces and biopore8; diffiise clear boundary

Dark brown (10YR 4/3m, 5.5/4d) silt loam; very weak fine subaqgular blcoky
structure; Don-sticky when wet, hard to very hard when dry; diffuse clear
boundny

Brown (10Yr 4.5/3m, 6/4d) Silt loam; very weck fine and medium subangular
blcoky structure; nan-sticky when wet, soft to Slightly hard when dry; a 15 cm
diameter krotovim at 190 cm; chnrty wavy boundary

Broun (10YR 4.5/3m, 6/4d) silt loan; weak fine and medilm 8ul)angular blcoky
8trucfro; Don-sticky when wet, soft to 8hchtly liard when dry; 8nght|y
effervescent but no visible cafoomtes; clear Smooth boundary

Dark yellowish brown (10YR 4/3m, 6/4d) silt loan; 8t"cbeless (massive)to
very weak inedium subangular blocky stnicture; sticky when wct, ffiable when
moist, soft to slichtly hard when dry; gradunl smooth bouindary

Brown (10YR 4.5/3m, 6/4d) silt loam; stmctureless (massive) to very weak
medium suhangLilar blocky stfucture; non-sticky when wet, friable when moist,
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2Bb

3Ab

3 Bwkb

4Ab

4Bwh

4 Bwkb

4Bwh

4Bwkb

4Bwkb

50)Ab

5®Bwh

6Ab

310-358

358410

410463

463493

493-580

58oro5

605650

650i80

680-755

755no07

807-867

867-902

Soft to snchtly haf`d when dry; gradual Smooth bcrmdary

Brov`m (10YR 4.5/3m, 6/4d) Silt loam; ctf`ictiireless (massive) to very weak
medhim nd)angular blocky 8trucfro; non-sticky when wct, froble when moist,
soft to Brightly hard v`den dry; gradual rmooth boundary

Brov`/n a.5YR 4.5/4m, 6/5d) silt loam; stnichmale8s (massive) to very weak
medi`im gchapgular blocky strucde; Don-Sticky when wet, ffiable vthen moist,
soft to 8hichtly hard when dry; very few thin chy films in biopores; gradual
8nwhbChrty

Brovm 0.5YR 5/4m, 6/6dy Silt loam; modento medi`m nd)angular blceky
8trueture; €hichtly Sticky when wet, friable v`den moist, Soft to digl]t|y hard when
dry; common thin clay; gndial rmooth bcqu]dary

Broum a.5YR 5/4m, 5.5/6d) silt loam; modemte lnedinm ouhapguhr blcoky
8tructLire blceky structure; 8lichtly sticky v`hen wet, rfuble when moist, hard
when dry; grndunl Smooth bChmdery

Bro"m a.5YR 5/4m, 5.5/6d) 8nt loam; moderate medhim subangular blceky
8t"cture; Slightly sticky v`hen wet, fhable when moist, hard when dry;
domimntly noncalcarcous, but some Cac03 in isolated vertical bicohannck
e&rthwom burrowso; very few fhiut and very thin clay films on pod faces;
gradual Smooth bChurdny

Brown 0.5YR 5/4m, 5.5/6d) sift loam; modemte medhim phty 8tructLire; shghtly
sticky when wet, friable when moist, hard to very hard when dry; few thin chy
films along pod faces , gradual Smooth boundary

Brown a.5YR 5/4m, 5.5/6d) snt loam; moderate medium subangular blcoky
structure; nan-Sticky when wet, frichle to very frichle when moist, soft when dry;
very few thin cry films along pod faces; chrupt smooth boundary

Brown a.5YR 5/4m, 6/6d) silt loom; moderate medium subangular blcoky
stmcture; Don-sticky when wct, very froble when moist, soft when dry; very fine
hint and thin clay films along peid frees; carbonAtes occur as blchs alid islands
but matrix noncalcereous, grad`ial smooth boundary

Brown a.5YR 5/4m, 6/5d) silt loam; weak medium sul)angular blceky 8trucfure;
Don-sticky when wct, very ffiable when moist, soft twhen dry; very few and faint
thin chy films along ped froes; Strongly effervesced; chrup( i`ravy bChilidary

Bro\m a.5YR 5/4m, 6/4d) 8nt loud; weck medium to fine schangular blcoky
8trucfro; Don-Sticky when wct, frinble when moist, slightly hard when wet;
grdi snrfu bourty
Brovm a.5YR 5/4m, 6/6d) 8flt loam, weak grading to moderate find and medium
ninangular blceky structure; 8tigl]tly Sticky when wet, friable when moist,
Slightly hard when dry; grrdunl smooth boundary

Brown a.5YR 5/4m, 5.5/6dy Silt loam; modonte fine and medium 8ubanguhi
blocky grading to modemte find and medium angular blocky stmcture; sticky
when wet, friable when moist, 8uchtly hard to hard when dry; grrdunl Smooth
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6Bwh

6Bwh

6Bwkb

6Bwh

902-980

980-990

990-1030

1030-1080

bourty

Brown a.5YR 5/4m, 5/6d) 8flt loam, modemte fine and medium angular blcoky
stnlctune ®ecoming stronger dounwnd); Sticky when wet, ffiable when moist,
8hichtly hard to hard v`hen dry; abrupt rmooth boundary

Dark brown (10YR 3/3m, 4.5/3d) 8ilty chy loam; modemto fine ninangulAr
blceky ctrucde; Sticky tlhen wct, frichle v`hen moist, hard to very hard wl]en
dry; chnrty Smooth boundary

Brown 0.5YR 5/4m, 5/5d) 8nty clay loam; modemto to strong, fine and medium
8ul}angular blcoky stnicame; Sticky when wct, ffichle to fin when moist, hard to
very hard when dry; clear Smooth boundary

Bro"m a.5YR 5/4m, 5.5/6d) 8ilty chy loam; modemte and Strong, fine and
medium angular blceky stnicdlre; Sticky when wet, ffichle to fin when moist,
hard to very hard when dry
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pH

pH-depth relationship for core 2 1
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Core 21  Textural Profile
"Funston Hill", Ft. Piley, Kansas
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Core 21  Sand Fractions
"Funston Hill", Ft.  F]iley, Kansas
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Core 21  Coarse Fractions
"Funston Hill",  Ft.  Riley, Kansas
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Core 21  Solubles Loss
"Funston Hill", Ft. Piley, Kansas
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