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ABSTRACT

Integration  of  sedimentological  and  radiocarbon

data  collected  from  upland,   valley  side,   and  valley

bottom  deposits  has  revealed  a  chronology  of  land form

evolution  during   the  last   30,000  years  along  an  80-kin

I.each  of  the  Republican  River  basin,   south  central

Nebl.asks.      Beginning   shortly  after   26,ZOO   yr  B.P.,   the

Peol.ia  loess,   which  is  I)reserved  on  uplands,   was

deposited,   burying  a  paleosol  that  appears  to  be  the

temporal  equivalent  of  the  Gilnan  Canyon  Formation.

Weakly  developed  paleosols  within  the  Peoria  loess

indicate  that  deposition  was  episodic.     Peoria  loess

deposition  continued  until  just  before   13,000  yr  B.P. ,

at  which  tine  an  episode  of  entrenchment  occurred.

Between   13,000   and   11,400   yr  B.P.,   the   recently-cut

valleys  were  f illed  with  late  Peoria  loess  and

reworked  Peoria  loess.     Floral  and  faunal  data  from  that

period  indicate  a  higher  water  table  and  cooler  and
wetter  climatic  conditions  than  those  of  the  present.

Surface  stability  and  regional  soil  development

dominated  between   11,400   and   10,200   yr   B.P.      This   soil,

which  is  the  temporal  equivalent  of  the  Brady  paleosol,

was  buried  after   10,200   yr  B.P.   by  the  Bignell   loess   on
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uplands  and  by  fluvially-deposited  sedinents  in  the

valley.     Bignell  loess  deposition  appears  to  have  ended

around  8000  yr  B.P.,   but  alluviation  in  the  valley

continued  until  approximately  4500  yr  B.P. ,   probably

under  progressively  warmer  and  drier  climatic

conditions.     Soil   formation  occurred  around  4500   yr

B.P.,   perhaps  as   the  climate  became  more  mesic,   and  was

then  followed  by  renewed  eolian  depostion  of  I`eworked

Peoria  loess  on  valley  sides.     At  some  tine  between  4500

and  3700  yr  B.P. ,   the  Republican  River  entrenched  about

10m.

The   late  Holocene   I.ecord   (post-4000   yr  B.P.)   has

been  characterized  by  stability  on  uplands  and  valley

sides  and  alternating  floodplain  stability  and  I.apid

floodplain  aggradation  on  the  valley  floor.     Floodplain

accretion  took  place  between  post-3000   and  pre-2700,

post-2700   and  pre-2000,   and  post-2000   yr  B.P.

Floodplain  stability,   as  denoted  by  paleosols,   occur.red

around   3700  'to   3000,   2700,   and   2000   yr   B.P.      This

pattern  of  alternating  floodplain  aggradat.ion  and
stability  is  thought  to  have  resulted  from  changes  in

flood  magnitude  and  frequency,   with  stability  taking

Place  during  periods  of   imf requent   f looding  or  low

magnitude  flooding,   and  floodplain  aggradation  occurring
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during  tines  of   frequent   flooding  or  high  magnitude

flooding.     At   some   t,ine   after   2000   B.P.,   there  was

entrenchment  by  the  Republican  River  of  about   7  in,

followed  by  gradual  floodplain  accretion.     The  synchrony

between  the  late  Holocene  chronology  reported  here  and

that  documented  elsewhere  in  the  central  Great  Plains

implies  a  climate-control  of  fluvial  landforn  change.

Additionally,   the  late  Holocene  record  demonstrates  that

river  systems  are  highly  sensitive  to  fluctuations  in

environmental  conditions.
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CHAPTER   1 :    INTRODUCTION

This  Study

As   revealed   in  recent   summaries   (e.g.,   Johnson  and

Martin   1987;   Osterkamp  et   al.1987;   Johnson  and   Logan,

In  pl.ess),   the  chronology  of  late  Quaternary

sedimentation  and  erosional  activity  in  the  central

Great  Plains   is   just  beginning  to  emerge.     With  growing

concern  about  human   impact  on  environmental   systems,

including  fluvial  and  climatic  systems,   studies  that

assess  past  land form  changes,   their  causes,   and  the

rates  at  which  they  pl.ogl`essed  will  be  requisite  to

pl.edicting   future   change   (see   Revelle   1982;   Porter   1983;

Oliver   1986;   COHMAP   1988).      By  providing   a   chronology   of

late  Quaternary   (last   30,000  years)   1andform  evolution

in  an  area  that  has,   to  this  point,   received  limited

attention,   this  study  adds  to  the  small  volume  of

research  for  the  central  Great  Plains.     The  radiocarbon

control  used  here  also  permits  conpal.ison  of  the

resultant  chronology  of  land form  evolution  to

chronologies  that  have  been  constructed  for  areas  within

and  peripheral  to  the  central  Great  Plains.

Additionally,   the  chronology  can  be  compared  to  the

forthcoming  paleoenvironmental   record  of  the   I.egion,



thereby  revealing  the  type  of  geonorphic  activity  that

results   from  a  given  environmental   I.egime.

Specif ically,   the  objectives  of  this  study  are

as   follows:

1)   Distinguish  among  fluvial,   colluvial,   and
eolian  sediments  along  an  80-kin  reach  of  the
Republican  River  in  south  central  Nebraska,   and
determine  the  temporal  and  spatial  relationship
among   them.

2)   Reconstruct  the  upland  and  lowland  chronology  in
the  study  area,   and,   where  possible,   document
the  rate  at  which  change  occurred.

3)   Make  revisions  in  the   "classical"   late
Quaternary  stratigraphy  of  the  area,   most  of
which  was  constructed  prior  to  the  advent  of
radiocarbon  dating.

4)   Speculate  on  the  paleoclimatic  conditions  that
caused  landforn  change.

This   research  focuses  on  Harlan  Lake  and  an

associated  upstream  reach  of  the  Republican  River  in

south-central  Nebraska   (Figure   1:1).      Seasonal

fluctuations   in  the  level  of  the  lake  have  pl.ovided

exposures  of  upland  and  valley  side  deposits   (Plate

1:1),   and  lateral   migration  of  the  Republican  River  has

Produced  exposul.es  of  fluvial  deposits   in  the  valley

(Plate   1:2).   In  addition,   the   study  area   is  positioned

midway  between  the   Loup  River   system,   which  has   been  the

focus   of   extensive   wol`k   by   May   (1986,1989),    and   the
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Figure   1:1     Position  of  Harlan  Lake   and   Republican  River
in  the  Great  Plains.     Note   that  the  Republican  River   is
a  major   t,ributary   to   t,he   Kansas   River.      May   (1986,1989)
has  constructed  an  alluvial   chronology  f or  t.he  I.oup
River   system,   Nebraska,   and   Johnson   and   Mal`tin   (1987)   a
Chl`onology  for   the   Kansas   River   system,   north  central
and  nol`theastern  Kansas.



Plat,e   1:1     Harlan   Lake,   Nebraska.      Photo   shows   loess
bluffs   (Peol`ia   loess)   on   the   sout,h   shore   of   the   lake.
View   is   looking   to   the  west   f ron  a  location  just  west   of
t.he   Bone   Cove   site.
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Plate   1:2     Cutbank   on   the   Republican   River,   Nebl`aska.
This   is   the   Schoenenburg   site,   locat,ed   about   3   kin  south
of  Orleans,   Nebraska.      Deposits   are   late   Holocene   in
age.



Kansas   River   (see   Figure   1:1),   which  has   I.eceived   the

attention  of  several  researchers   (see  Johnson  and  Martin

1987;   Johnson  and  Logan,   In  press).      That   is,   the

results  of  this  study  pl.ovide  information  for  a  region

that  has  not,   hither.to,   been  studied  in  such  a  detailed

fashion.     Further,   as  Johnson  and  Martin   (1987)   noted,

it   is  not   known  whether.  changes  documented  along  major

trunk  streams  in  the  central  Great  Plains  occurred

concurrently  along  major  tributary  streams.     By

reconstructing  change  along  the  Republican  River,   a

major  tributary  to  the  Kansas  River,   this  study  should

help  in  assessing  the  spatial  and  temporal  pattel`ns  of

fluvial  change.     Research  completed  in  other  river

systems  has  revealed  that  the  direction  and  magnitude  of

response   in  the   f luvial   system  may  vary  according  to

position   in  the   drainage  basin   (e.g.,   Knox  et  al.1981;

Van  Nest   and  Bettis   1990).

Reconstruction  of  Land form  Evolution

The  reconstruction  of  land forms  depends  on  accurate

inter.pretation  of  the  recol.d  of  sedimentation  and

erosional   activity.      As   Baker   (1983,118)   has   notedi   the

fluvial  record  is  especially  critical  to  late  Quaternary

research  in  the  central  Great  Plains:



"...   in  many  interior  regions  of  the  United  States,
fluvial  deposits  pl.ovide  the  only  easily  studied
record  of  Quaternary  paleoclimate. "

Deciphering  the  stratigraphic  record,   especially  the

fluvial  I.ecord,   is  often  difficult,   however:   there  al.e

problems  interpreting  it,   correlating  it  from  region  to

region,   and  determining   the  causes   of  change  preserved

in  it.

Despite  considerable  I.eseal.ch,   a  thorough

understanding  of  fluvial  depositional  environments

remains   elusive   (Reineck  and   Singh   1975;   Allen   1978;

Collison   1986).      One   common  appl.oach   to   reconstructing

change   in  depositional  conditions   is  to  analyze  changes

in  grain  sediment   size  within  a  deposit   (e.g.,   Folk  and

Ward   1957).     Unfortunately,   such  studies  have  produced  a

range  of  conclusions:     sediment  size   in  stratigraphic

sequences  has   been  linked  to   sediment   sour.ce  area   (e.g. ,

Diffendal   and  Corner   1983;   Kochel   and  Baker   1988);

proximity  to  the  active  channel  at  the  time  of

deposit.ion   (e.g.,   Nanson   1980;   Down   and   Kraus   1987;

Brakenridge   1988);   and  changes   in   flood  magnitude   and

frequency   (e.g.,    Starkel   1983;   Knox   1985).

Although  numerous   st,udies  have  demonstrated  that

the  sedimentation  recol`d  contains  evidence  of  changes   in

fluvial  depositional  and  erosional  activity   (e.8.i



Schumn   1976;   Baker.   and   Penteado-Orellana   1977;   Knox   et

al.1981;   Starkel   1983;   Waters   1988),    it   has   proven

difficult  to  determine  the  cause  of  such  changes.     Much

of  the  literature  suggests  t.hat  fluvial  adjustment

I.esults   from  climate  change,   although  there   is

considerable  disagreement  about  the  type  of  adjustment

that   is  trigger.ed  by  a  given  climatic  regime.     Indeed,
some  have  argued  that  more  than  one  type  of  fluvial

adjustment  can  result   from  a  given  climatic  regime

(e.g.,   Baker  and  Penteado-Orellana   1977).

Early  wol.k  by  Bryan   (1941)   and  Antevs   (1952)   in   the

American  southwest  indicated  that  river  incision

occurred  during  dry  periods,   aggradation  during  the

tl`ansition  to  wet  periods.     According  to  this  model,   dry

conditions  I.educe  the  vegetation  cover,   thereby

I.esulting   in  larger  floods  having  increased  erosive

Power..     Mesic  conditions,   on  the  other  hand,   increase

the  vegetation  cover,   thereby  slowing  the  velocity  of

river  flow.     As  a  result  of  the  decrease   in  flow

Velocity,   deposition  occurs.     Subsequent  work  in  the

region  reported  similar  findings   (e.g.,   Leopold  and

Miller   1954;    Karlstrom   1988;   Water.s   1988).      Conversely,

Several   studies   linked  mesic  periods  to  a  I`egime  of



I`iver   incision.     According   to   this  model,   increased

moisture   fosters  an  expanded  vegetation  cover  which,   in

turn,   reduces   sediment  delivery  to  channels  and  prompts

entrenchment.     In  contrast,   xeric  conditions  cause

contraction  of  the  vegetation  cover,   and  a  concomitant

increase   in  sediment  delivery  to  channels;   over.supplied

with  sediment,   rivers  then  aggl.ade  their  beds

(Huntington   1914;    Love   1979;    Brakenridge   1981,1984;   Knox

1983 )  .

Other  studies  postulated  that  adjustment  is

governed  by  the  complex  I.esponse  of  the  drainage  basin

to  a  single  event.     Adjustment  occurs  when  an  internal

thl.eshold   (e.g.,   slope,   surface  mater.ial,   vegetation)   is

exceeded.     Adjacent   basins,   depending   on  how  close   they

are  to  exceeding  a  threshold,   may  respond  differently  to

change   in  a  single  external  variable   (e.g.,   climate,

base-level,   tectonics).     This  hypothesis,   developed  to

explain  the  lack  of  synchrony  among  erosional  and

depositional  episodes   in  adjacent  basins  of  the  American

Southwest   (Schumn   1973),   is   supported  by   findings   from

Several   studies   in  the  western  United  States   (e.g.,

Schumm   and   Parker   1973;   Wonack   and   Schumm   1977;   Patton

and   Schumm   1981;    Boison   and   Patton   1985).

Although  most  researchers  have  argued  that  climate



is  an  important,   if  not  the  most   impol`tant,   factor   in

fluvial  activity,   some  studies  have  suggested  that

conditions  inherent  to  a  particular  dl.ainage  basin  nay

be  equally  important  in  explaining  activity.     Trinble

(1983)   maintained  that   floodplains  are   fairly  immobile,

even  during  high  magnitude   fluvial   events.     He  argued

that  vegetation  armors  floodplain  sediments  and  reduces
the  velocity  of  overbank  flow,   thereby  reducing  the

erosive  power  of  overbank  floods.     He  concluded  that  the

erosion  of  deposits  and  the  loss  of   sediment   from

storage  is  a  slow  process  that  is  affected  by  factors

(e.g.,   amount   of   sediment   in  storage,   conveyance

capacity  of  streams)   in  addition  to  climate   (Trimble  and

Lund   1982;   Trimble   1983;   Trimble   1989).      This   model

stands   in  contrast  to  that  of  Knox   (1983),   which

concluded  that  changes  in  the  magnitude  and  frequency  of

floods  are  key  determinants  of  fluvial  activity.

Recent   studies  of  drainage  basins,   although

Producing  conflicting  results   in  several   instances,

generally  agree  that  the  fluvial  system  is  inherently
Complex,   and  that  adjustment  within  it   is  complicated

and  often  non-synchronous   (Butzer   1980;   Bettis   and  Benn

1984).     When   regional   synchrony   is   obsel`ved,   it   is
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generally  assumed  to  have  resulted  f ron  major  change   in

an  extel`nal  variable  such  as  climate,   base-level,   ol.

tectonics   (Wendland   1982;   Knox   1983).      In   studies   of   the

late  Quaternary  record  of  the  Great  Plains,   tectonism

can  usually  be  eliminated  as  a  variable   (Osterkamp  et

al.1987).      The   existence   of   synchrony   among

sedimentation  records  in  the  region  is  typically  linked,

therefore,   to   a  climatic  Control   (Wendland   1982;   Knox

1983;    May   1989).

This   study  will  develop  a  model   of  landforn

evolution  in  an  al.ea  of  the  central  GI.eat  Plains  that

has  not,   to  this  point,   been  studied.     The  reach  of  the

Republican  River  examined  here  f ills  a  "geographical

niche"   between  the   Loup  River  system  to  the  north  and

the  Kansas  River  system  to   the   south,   both  of  which  have

received  attention   from   investigators   (e.g.,   May   1986,

1989;   Johnson   and  Martin   1987;   Johnson  and   Logan,   In

Press).     Also,   the  Republican  River.   falls  between  these

two  systems   in  terms  of  size   (larger  than  the  Loup

River,   smaller  than  the  Kansas  River),   and  is  a  major

tributary  of  the  Kansas  River.     The  resultant

radiocarbon-controlled  chronology  will  be  compared  to

dated  sequences   in  the   surl'ounding   region  to  determine

Whether   synchrony  exists  among   them.     Finally,   the
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CHAPTER   2:    LATE   QUATERNARY   LANDFORM   EVOLUTION   IN   THE
CENTRAL   GREAT   PLAINS

Late  Pleistocene  Landforn  Evolution

Much  of  the  chronology  of  Pleistocene  landforn

evolution  for  the  central  Great  Plains,   including

stratigraphic  relationships  and  implications,   was

compiled   in  the   1940s   and   50s,   prior  to   the  development

of   radiocarbon  dating   (e.g.,   Lugn   1935;   Schultz   and

Stout   1945;   Frye   and   Fent   1947;   Frye   and   Leonard   1951,

1952);   subsequent   revisions,   as   summarized   in  Reed  and

Dreeszen   (1965),   Bayne   and   O'Connor   (1968),   and   Dreeszen

(1970),   affol.ded  radiocarbon  control   and  additional

detail  to  the  chronology.     Unfortunately,   as  detailed  in

the  following  review,   little  has  been  done  during  the

last  twenty  years  to  further  refine  the  chl.onology.

Moreover,   the  work  completed  to  date  varies   in  scope  and

detail.     At  one  extl.eme  are  the  single-site

archaeological  studies  that  contain  little,   if  any,

infol.nation  about  f ills  and  surfaces  other  than  those

associated  with  excavation  sites;   at  the  other  end  are

the  basin-wide  surveys  that  measure,   describe,   and

Correlate  f ills  and  terraces  thl.oughout  a  drainage

basin.     Additionally,   erosion  has   removed  a  large  part

Of  the   late  Quaternary  record   from  many  drainage  basins
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in  the  central   Great  Plains   (see  Knox   1983).

Consequently,   a  comprehensive   sedimentation  and  el.osion

chronology   for.   the   region   is   lacking   (see   Knox   1983;

Osterkamp   et   al.1987).

My  I.eview  of  the  literature   is  arranged

chronologically  from  the  late  Pleistocene  to  the  late

Holocene.      The   survey  begins   at   30,000   yr  B.P.   to   ensure

that  it  includes  the  Peoria  loess,   the  major  upland

deposit   found  in  the  study  area.     The  date  of  the

Pleistocene/Holocene  boundary  is  designated  after  Porter

(1983),   and  the  divisions   of   the  Holocene   are  based  on

the  tripartite   climates  as  proposed  by  Antevs   (1955).

The  tempol.al  categories  are:

Late  Pleistocene
Early  Holocene
Middle  Holocene
Late  Holocene

30,000   -10,000   yr   BP
10'000   -7500   yr   BP

7500   -   4000   yr  BP
4000  yr  BP  -  Present

L±±£  Pleistocene   (30.000  =   10.000  z£  B.P.  )

The  no'st  comprehensive  record  of  late  Pleistocene

fluvial   sedimentation  cones   from  Nebraska,   where  Schultz

and  Stout   (1945)   developed,   and   in  subsequent  years

revised,   their  TO   (floodplain)   to  T5   (highest   terrace)

Sequence  of  terl.aces  and  fills   (see  Schultz  and  Stout

1948;   Schultz   and  Martin   1970;   Schultz   and  Hillel.ud
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1978).     Unfortunately,   the   site  descriptions  contained

in  much  of  their  work  lacked  the  requisite  stratigraphic

detail  and  documentation  for  the  construction  of  a

regional   fluvial  chl`onology.

In  some  of  the  first  basin-wide,   radiocarbon-

controlled  studies  of  drainage  systems   in  the  central

Great   Plains,   Brice   (1964,1966)   napped   two   Pleistocene-

age  terraces   in  Nebraska,   t.he  Well fleet  terrace  in  the

Medicine  Creek  valley  and  the  Kilgore  terrace  in  the

Loup  River  valley.     Although  the  ages  of  the  Well fleet

terrace  and   fill  were  unknown,   Libby   (1955)   repol`ted  a

radiocarbon  age   of   10,500   yr  B.P.   on  char.coal   extracted

from  basal  fill  of  the  Stockville  terrace,   the  terrace

that  is   inset  against  the  Well fleet.     In  the  Loup  River

valley,   the  entrenchment  that  formed  the  Kilgore  terrace

occurred  prior  to   10,500  yr  B.P.,   and  was   followed  by

alluviation  of  the  Elba  terrace  fill  after  10,500  yr

B.P.    (BI.ice   1964).      In  the  Middle  Platte   River  valley,

Nebraska,   May   (1989a)   I`epol.ted  deposition   of   the   Todd

Valley  Formation  around   14,000  yr  B.P.,   and   incision  to

form  the  Todd  terrace  shortly  thel`eafter;   this  terl`ace

nay  be  contemporaneous  with  the  Well fleet  terrace  of

Medicine   Creek.      Diffendal   and  Corner   (1983)   noted   three

late  Quaternal`y  alluvial   f ills  along  Pumpkin  Creek  in
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westel.n  Nebraska,   but,   owing  to  a  lack  of  datable

material,   did  not  I)rovide  a  chronology  of  fluvial

activity.

Along  the  Pomme  de  Terre  River   in  south-central

Missoul`i,   fill  beneath  the  highest  of  three  tel.races

present  in  the  valley  was  deposited,   and  subsequently

incised,    between   32,000   and   30,000   yr   B.P.    (Haynes   1976,

1985).     Fill   of  the  middle  terrace  was  deposited  between

26,000   and   16,500   yr  B.P.      Stability  and   soil   formation

occurred  between   16,500   and   13,000   yr  B.P.,   followed

after   13,000   yr  B.P.   by  the  entl.enchment   that   formed  the

middle  terrace.     Alternating  aggl.adation  and  incision

took  place   around   11,000   yr  B.P. ,   and  then  aggradation

dul.ing  the   late  Pleistocene  and  early  Holocene   (Haynes

1976,1985).      In   the   same   valley,   Brakenridge   (1981)

identif ied  a  period  of  floodplain  stability  between

26,000   and   13,500   yr  B.P.,   and   an   episode   of   aggradation

between   10,500   and   8100   yr   B.P.

The  late  Pleistocene  fluvial  record  of  Kansas   is

documented  most  completely  along   the   Kansas  River  and

its  tl.ibutaries  in  the  northeastern  part  of  the  state

(Johnson  and  Logan,   In  pl.ess).     At   several   locations

along  the  Kansas  River  valley,   Frye   and  Leonard
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(1952,1954)   noted   late   Pleistocene   alluvium  beneath  the

surface   of   a   low  terrace.      Davis   and  Carlson   (1952)

napped  three  terraces  along  the  Kansas  River,   and

Dufford   (1958)   correlated  them  to  Pleistocene  glacial

advances;   neither  study,   however,   provided  detailed

information  about  fills  underlying  the  terl.ace  sul.faces,

or  about   the   surfaces  themselves.     F}ecent  radiocarbon

dating  of  tel.race   f ills  along  the  Kansas  River  has  shown

that  deposits  assigned  pl.eviously  to  the  Pleistocene

actually  date   to   the  Holocene   (Holien   1982;   Bowman   1985;

Johnson   1985).      Following   a   survey  of   radiocal.bon  assays

from  the   Kansas   River  basin,   Johnson  and  Martin   (1987)

concluded  that  a  regionally  synchronous  episode  of

floodplain  stability  and  strong  soil   formation  occurred

between   10,500   and   10,300   yr   B.P.

Elsewher.e   in  northeastern  and  nor.th-central  Kansas,

Bayne  and  Fent   (1963)   I.eported   late  Pleistocene   fluvial

deposits  buried   in  the  Republican  River.  valley.     Schmits

(1980)   identified,   but  did  not  radiocarbon  date,   a  late

Pleistocene   f ill  along  the  Big  Blue  River;   the  oldest

Holocene  fill,   which  is   inset  against  the  late

Pleistocene   fill,   dated  to  at   least   6280  yr  B.P.     In

Westel`n   Kansas,   Rogers   (1984)   napped   three   late

Pleistocene   tel.races  along  the  Arkansas  River  and  one
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along  the   Smoky  Hill   River.,   but  provided  no   radiocal.bon

ages  on  terl`ace   fills;   ages  wel.e  assigned  on  the  basis

of  resident  faunal  remains.

Research  in  North  and  South  Dakota  has   focused  on

the  Missouri  River  and  its  tributaries.     In  South

Dakota,   Coogan  and   Irving   (1959)   recognized  three   late

Quaternary  terraces  along  the  Missouri  River.     At

sevel`al   locations   in  North  Dakota,      Bickley   (1972)

napped,   but  did  not  radiocarbon  date,   the  late

Pleistocene  Oahe  Formation.     Along  the  Knife  River,   the

lowermost   (youngest)   of  three  Pleistocene  terraces  was

form;d  by  an  episode  of   incision  about   13,000  yr  B.P.

(Reiten   1983).

On  the  periphery  of  the  central  Great  Plains,

Holliday   (1987)   napped  three  terl.aces  along  the  South

Platte  River  in  northeastern  Colorado.     Fill  of  the

Kel.sey  terrace,   the  oldest  of  the  three,   was  deposited

until   10,000  yr  B.P.,   after  which  incision  formed  the

terl.ace  scarp.   Also   in  northeastern  Colorado,   Stan ford

(1979)   reported  an  episode   of   soil   development   around

10,500   yr  B.P.     To   the   east  of   the  central   Great  Plains

in  northeastern  Iowa,   undated  Pleistocene  terrace

remnants  were   cited  by  Hallberg   and   others   (1984)   as
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evidence  of  episodic,   late  Pleistocene   river

ent renchment .

The  dearth  of  studies  having  basin-wide  radiocarbon

control  has  precluded  the  construction  of  a

comprehensive  late  Pleistocene   fluvial  chronology  for

the  central  GI.eat  Plains.     It  appears  that  most

sediments  of  this  age  have  been  eroded   from  or  bul`ied   in

valleys,   leaving  only  scattered  tel.race  remnants  to
piece  together.  fluvial  activity.     Evidence  gathered  from

these  remnants   suggests  widespread  entrenchment,

concurrent  with  a  period  of  regional  surface  stability

and  soil  development,   at  or  shortly  before   10,500  yr

B.P.

Because  eolian  deposits  are  well-presel.ved  on

uplands,   much  more   is   known  about   late  Pleistocene

eolian  activity.     In  the  central  Great  Plains.   eolian

sediments  dating   to   the  late  Pleistocene   (30,000  to

10,000   yr  B.P'.)   have  been  divided   into   two   loess  units:

a  lower  unit,   designated  the  Gilman  Canyon  Formation,

and  an  upper  unit,   designated  the  Peoria  loess   (Reed  and

Dreeszen   1965).      The   Gilman  Canyon   Formation  was

deposited  and  a  paleosol  developed   in   its  upper  Portion

between   34,800   and   21,290   yr   B.P.    (Dreeszen   1970;    May

and   Souders   1988;    May   1989a;    D.W.    May,    Pers.    Comm.
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1989).      Recent   I.adiocarbon   ages   on  the   Gilman  Canyon

Formation   include   24,270  i  750   yr  B.P.   on  the  uppermost

Ab   and   33,590   i   2260   yr   B.P.   on   the   lowermost   Ab   (both

C13-corrected)   in  Phillips  County,   north  centl`al  Kansas;

25,090   ±   590   yr   B.P.    (C13-corrected)   on   the   middle

portion  of  the  uppermost  Ab  at  the  Eustis  site  in

southwestern  Nebraska;    19,640   +230/-240   yr  B.P.   on   the

upper  Ab  near  Central  City,   Nebraska   (Fredlund  and

Jaumann   1987);   and   20,550   i   590   yr   B.P.    (C13-corrected)

on  the  uppermost  Ab  at  Pratt  County,   south  central

Kansas   (W.C.   Johnson,   Pers.   Conm.1990).      At   the   type

section,   which  is   located  at  Buzzard's  Roost   in

southeastern  Lincoln  County,   Nebraska,   the  Gilnan  Canyon

For.nation  was  described  as  nediun  dark  gray,

noncalcareous,   slightly  humic   silt   (Reed  and  Dreeszen

1965 )  .

Peoria  loess   is  the  major  eolian  deposit  preserved

in  the  vicinity  of  Harlan  Ijake.     It   is  a  buff ,

Calcareous,   massive,   coarse  silt-to-very  fine  sand  that

attains  maximum  thickness  adjacent  to  major  river

Valleys   (Frye   and   Leonard   1951,1952).      Leonard   (1951,

1952)   divided  t.he   loess   into  basal,   lower,   and  upper

molluscan  faunal   zones.     Descriptions  of   the  Peoria
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loess  frequently  noted  that  the  basal   zone   is  leached,

an   indication  of   relatively  slow  deposition   (FI.ye  and

Leonard  1952),   and  that   it  has  a  coarser  texture  than  do

the   middle   and  upper.   zones   (Lugn   1935).      Sand  horizons

found  within  it  are  postulated  to  have  been  deposited

during  periods  of  relatively  higher  wind  velocity

(Prescott   1952).     The  clay  mineralogy  of   the  Peoria

loess  comprises  montmol.illonite,   illite,   quartz,   and  a

trace  of  kaolinite   (Swine ford  and  Frye   1951:   Beavers

1957 )  .

Based  on  radiocarbon  ages   from  its  base,   the  Peoria

loess   is  believed  to  have  been  deposited  in  the  Great

Plains   between   21,000   and   14,000-to-12,000   yr  B.P.

(Thonpson   and   Bettis   1980;   Ruhe   1983).      Recently,   a

radiocarbon  age   of   19,640   yr  B.P.   on  Picea  charcoal   was

obtained   from  the  upper  portion  of  the  Gilman  Canyon

Formation  below  the  base  of  the  Peoria  loess  near.

Centl.al  City,   Nebraska,   a  locality  that   lies  about  200

kn  to  the  northeast  of  the  Harlan  Lake  area   (Fredlund

and  Jaumann   1987).      Evidence   that   Peol.ia   loess

deposition  was   episodic  comes   from  western  Iowa   (Daniels

et  al.1960;   Ruhe   et   al.1971)   and   southwestern   Illinois

(MCKay   1986),   where   the   deposit   contains   dark,   organic-

rich  bands  that  are  thought  to  represent   incipient  soils
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formed  during  pel`iods  of  slower  deposition;   differ.ential

abundance  and  preservation  of  fossil  mollusks   in  the

loess  have  also  been  cited  as  evidence  of  episodic  loess

deposition   (Frankel   1957).      The   BI.ady  paleosol   developed

in  the  upper  portion  of  the  Peal.ia  loess  between  12,700

and   8000   yr   B.P.    (Frye   et   al.    1968;   Dreeszen   1970;

Lutenegger   1985;   May   1989a);   recently  obtained

radiocarbon  ages   of  8850  yr  B.P.   on  the  uppermost  Ab  and

10,050   yr  B.P.   on   the   lowermost  Ab   (both  C13-corrected)

of  the  Brady  paleosol   in  Phillips  County,   north  central

Kansas,   fall  within  this   range   (W.C.   Johnson,   Pers.

Conm.1990).     The   geographic   extent   of   this   episode   of

pedogenesis   is   unknown.

Studies  of  the  loess  cover  around  the  United  States

have  revealed  that  particle  size  and  cover  thickness

decrease  rapidly  with  increasing  distance  from  the  loess

Source   area   (Swine ford   and   FI.ye   1951;   Waggoner   and

Bingham   1961;   Frazee   et   al.1970).      In  the   central   Great

Plains,   the  Peoria  loess  attains  a  maximum  thickness  of

10  meters   on  the   flanks   of  the  Nebraskan  Sand  Hills

(Thorpe   and   Smith   1952;   Ruhe   1983).      To   the   south   and

southeast,   the  cover  thins  and  particle  size  decreases

(Smith   1965;    Lugn   1968).      These   findings   led   Smith
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(1965)   and   Lugn   (1968)   to   conclude   that   loess   in  central

and  south-centl`al  Nebraska  was  derived   f ron  the  Sand

Hills.     More   recently,   however,   Ahlbrandt  and  other.s

(1983)   reported  Holocene   radiocarbon  ages  on  organic-

rich  Band  underlying  large  dunes   in  the  headwaters  of

the  Loup  River  system  adjacent   to  the   Sand  Hills.     Based

on  these  ages,   they  concluded  that  the  Sand  Hills  date

to  the  Holocene  rather  than  to  the  Pleistocene,   which
would  pl.eclude   them  as   the   source  of  the  Peoria  loess.

Col.roboration   for  this  conclusion  comes   from  Muhs

(1985),   who   I.eported  widespl.ead  dune   activity   in

northeastern  Colorado  during  the  late  Holocene.

Elsewhere   in  the  Sand  Hills,   Wright  and  others

(1985)   cited  late  Pleistocene  radiocal.bon  ages  on  basal

sediments   in  interdunal  depl.essions  as  evidence  that

dunes  have  been  stable  since  the  end  of  the  Pleistocene.

Because  large-scale,   complex  dunes   such  as  those  that

Constitute  the  Sand  Hills  result  from  long-tern

accumulations   of   sand   (Lancaster   1988),   it   seems

Probable,   as  Bradbury   (1980)   postulated,   that  the  Sand

Hills   formed  during  the  late  Pleistocene,   and  then

underwent  minor  reworking  during   the  Holocene.

While   loess  was  being  deposited   in  the  central

Gr.eat  Plains,   eo|ian   sediments  were   accumulating   in  the
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northern  GI`eat  Plains.      In  North  Dakota,   the  Mallard

Island  member  of   the  Oahe  Formation  was  deposited  prior

to   13,000   yr  B.P.,   followed  by  the  Aggie   Brown  nenber

between   13,000   and   8500   yr   B.P.    (Clayton   et   al.    1976;

Jorstad  et   al.1986).     Along   the  Missoul.i   River   in  South

Dakota,   a  meter-thick  mantle  of  eolian  silt  was

deposited  during  the  late  Pleistocene  or  early  Holocene

(Abler   et   al.1974).

In  summary,   loess  deposition  was  widespread  across

the  central  Great  Plains  during  the  late  Pleistocene.

Although  inadequately  dated,   the  record  of  this

deposition   is  well  documented,   especially   in  Kansas   and

Nebraska.     There,   deposition  of  the  Oilman  Canyon

Formation,   which   had   begun   by   35,000   yr   B.P.    (May

1989a),   ended   around   21,290   yr  B.P.   and   soil   development

was   initiated   (D.W.   May,    Pers.    Comm.1989).      The

overlying  Peol.ia  loess  was  deposited   from  about   21,290

yl.I  B.P.   until   sometime   between   14,000   and   12,000   yr

B.P.;   this  loess  appears  to  have  been  contemporaneous

With  th.a  eolian  Mallard  Island  member   identif led   in

Nor.th.  Dakota.     As   indicated  by  the  presence  of   incipient,

Soils   in  loess,   deposition  was   likely  episodic.     The

thick  cover  of  Peoria  loess   in  central  and  south-central
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Nebraska   is  believed  to  have   been  del`ived   from  the   Sand

Hills,   although  a  minority  of  researchers  have  recently

questioned  the  age  of  these  hills.     Following  cessation

of  loess  deposition,   the  Brady  paleosol  developed  in  the

upper  portion  of  the  Peoria  loess;   radiocarbon  ages  on

this   soil   range   fl.om   12,700   to   8000   yr   B.P.

Holocene  Land form  Evolution

Early  Holocene   (10.000   =  J£QQ  ][J=   B.P.  )

As  might  be  expected,   the  Holocene   sedimentation

record,   owing  to   its  relative  youthfulness  and  therefore

better  preservation,   is  documented  more  completely  than

that  of  the  late  Pleistocene.     The  fluvial  record  shows

evidence  of  both  synchronous  and  non-synchronous

activity;   the   former  is  usually  linked  to  major  climate

change   (Wendland   1982;   Knox   1983),   whereas   the   latter   is

typically  attributed  to  the  complex  I.esponse  of

individual  basins  to  changes   in  extel`nal  or  internal

variables  `(Schumm   1973.

Most  research  has  suggested  that  an  interval  of

Widespread  soil   formation  at  the  Pleistocene/Holocene

boundary  ended   after   10,500   yr  B.P.   with  a  long-term,

and  relatively  uninterl`upted,   episode  of  aggl.adation

(Knox   1983);   there   is   evidence   from   some   basins   that
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this     alluviation  was  punctuated  by  brief  episodes  of

incision   (Hallberg   et  al.1984).      In  drainage   basins   of

Nebraska,   Davis   (1962),   Brice   (1964,1966),   May   and   Holen

(1985),   and  May   (1989)   also   noted   aggl.adation  after

10,500   yr   B.P.      Along   t,he   Pomme   de   Terre   River   in

Missouri   and   the   Des  Moines   River   in  central   Iowa,

aggl.adation  occurred   from   11,000   to   8000   yr  B.P.    (Ahler

1976;   Brakenridge   1981;   Haynes   1985;   Bettis   and  Hoyer

1986).     Buchanan  Drainage,   a  tributary  to  the  Skunk

River   in  central   Iowa,   underwent  aggradation  between

10,230   and   6300   yr   B.P.    (Van   Nest   and   Bettis   1990).

Along  the  Kansas  River  in  Kansas,   floodplain  alluviation

began   shortly  after   10,430   yr   B.P.    (Holien   1982;   Johnson

and  Martin   1987),   but   appears   to   have   slowed  by  8300   yr

B.P.    (Johnson   and   Martin   1987).

Although  most   studies  noted  river  aggradation

during   the  early  Holocene,   research   in  Wyoming  and  South

Dakota  has  uncovered  evidence  of  widespread  entrenchment

during  this  pel`iod.     At  the  Agate  Basin  site   in  easter.n

Wyoming,   Albanese   (1982)   I`eported   cutting   and   filling

after.10,000   yr  B.P.      Along   the   Missouri   River.   in   South

Dakota,   Reiten   (1983)   noted   incision  until   about   8000   yr

B.P.     Climatic   conditions  different  than  those  that

af fected  the  central  Great  Plains  during  this  time  may
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have  caused  these  disparate  adjustments.

At  the   same  time  as  early  Holocene   fluvial  activity

was  taking  place,   the  Bignell  loess,   which  overlies  the

Brady  paleosol,   is  postulated  to  have  been  blown  fl.on

the  floodplains  of  major  rivers   in  the  central  Great

Plains   and  deposited  on  uplands   (Condra  et   al.   1947;

Dreeszen   1970).     This   loess   is   described  at  the  type

section   in  Lincoln  County,   Nebraska,   as  gray  silt  about

2.5   to   3.0   in  thick   (Schultz   and   Stout   1945;   Schultz   and

Martin  1970).      It  differs   in  color  and  molluscan  faunal

assemblage   from  the  undel`lying  Peoria  loess   (Leonard

1952),   and  has  been  identified   in  counties  of  north-

central  Kansas  that  are  contiguous  to  Harlan  County

(Frye   and   Leonard   1949;   Frye   and   Leonard   1952;   W.C.

Johnson,   Pers.   Comm.1989).      Research  has   suggested   that

deposition  of  the  Bignell   loess  began  shortly  after  8000

yr   B.P.    (Lutenegger   1985;   May   1989a).      If   so,    it

Probably  co`rrelates  with  the  early  Holocene  loess

reported  along   the  Missouri   River   in  South  Dakota   (Ahler

et   al.1974;   MCFaul   1985),    and   with   the   Aggie   Brown

member  of   the  oahe   Formation   in  North  Dakota   (Jorstad  et

al.1986).      It  may  also   correlate   with  ear.ly  Holocene

eolian  activity  documented   in  the   Sand  Hills  of  Nebraska
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and   sand   fields   of   neighboring   states   (Agenbroad   1977;

Ahlbrandt   et   al.1983;   Muhs   1985),   and   with  eolian

sediments  deposited   in  northern  Texas  around  9000  yr

B.P.    (Holliday   1987).

Middle   IIolocene    (7500   =  4QQQ  ZE  B.P.  )

Although  interl.upted  in  some   locations  by  a  brief

episode  of  incision,   the  aggradation  that  dominat,ed  the

early  Holocene   continued  during   the  middle  Holocene.     On

the   Loup  River   in  Nebraska,   May  and  Holen   (1985)   and  May

(1989)   reported  continued  alluviation  until   sometime

between   4780   and   3030   yr   B.P.      Along   Medicine   Creek   and

the   Loup  River   of   Nebraska,      Brice   (1964,1966)   noted

aggradation  until   about   5000   yr  B.P.     Radiocarbon  ages

of   7800   and   7400   yr   B.P.   on  paleosols   developed   in

terrace  fill  along  the  Republican  River,   Nebraska,

furnished  additional  evidence  of  middle  Holocene

floodplain  aggradation   (Libby   1955).

Along   the   Big   Blue   River   in  Kansas,   Schmits   (1980)

identified  two  inset  fills,   the  older  radiocarbon  dating

to  at   least   6300   yr  B.P. ,   and  the   younger  at   5800   to

4800   yr  B.P.      In  the   Pawnee   River  water.shed,   westel`n

Kansas,   Handel   (1988)   noted  alluviation  prior   to   7000   yl.

B.P.,   and   an   episode   of   soil   formation   al`ound   7000   yr
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B.P.      Rapid   aggradation  occurred   between   7000   and   5000

yr  B.P.,   followed   by   soil   development   around   5000   yr

B.P.     Entrenchment   after   5000   yr  B.P.   then   formed  the

scarp  of  the  highest  terrace.     Aggradation  was  the

dominant  process  along  the  Kansas  River  after  7250  yr

B.P.    (Bowman   1985).      Except   for   a   short   period   of

floodplain  stability  and  soil  for.nation  that  occurred  in

some   basins   between   6500   and   6000   yr  B.P.    (Bettis   and

Hoyer   1986),   rivers   in  centl.al   and  western  Iowa  were

aggrading  until   approximately  4000   yl.  B.P.    (Hallberg  et

al.   1984;   Bettis   and  Hoyer   1986;   Bettis   and  Littke

1987 )  .

In  the  Ponme  de  Terre  River  valley,   Missoul.i,

Haynes   (1985)   reconstructed  a  detailed  middle  Holocene

fluvial   I.ecord  comprising   several  cut  and  f ill  cycles

that   dated  between   11,000   and   1400   yr  B.P.     He   reported

alluviation  between  8000   and   6300   yr  B.P.,   followed  by  a

Short   period   of   soil   fol`nation   fl`om   6300   to   6000   yr  B.P.

and   renewed  aggl`adation  to   5000   yr  B.P.      Erosion  then

occurred   between   5000   and   4600   yr   B.P. ,    followed  by

alluviation  until   2900  yr  B.P.     In  the   same  valley,

Ahlel`   (1976)   noted   erosion   between   8000   and   7500   yr

B.P.i   sul.face   stability   between   7500   and   6300   yr   B.P.I

and  rapid  a||uviation  after  6300   yr  B.P.     Also   in  the
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same   valley,   Brakenridge   (1980,1981)   reported   incision

from   8100   to   7500   yr   B.P.,    followed   by   a  per.iod   of

surface  stability  to  5000  yr  B.P.,   and  then  rapid

aggradation  after   5000  yr  B.P.

Along  the  South  Platte  River   in  northeastern

Colorado,   Holliday   (1987)   reported  deposition  of  the

Kuner  tel.race   fill   pl.ior  to   3000   yr  B.P.     Along   the

Missouri   River   in  North  Dakota,   Reiten   (1983)   documented

aggl.adation   from   8000   to   4500   yr   B.P.      AJ.so   along   the

Missouri   River   in  North  Dakota,   Kornbrath   (1975)   noted  a

radiocarbon  age  of   5995   yr  B.P.   on  charcoal   buried   in

terrace  fill.

In  surmary,   following  a  brief  and  local  episode  of

incision  around  8000   yr  B.P. ,   aggradation  dominated

fluvial  activity  in  the  central  GI.eat  Plains  until

approximat€ly   6000   to   5000   yr   B.P.      In  most   basins,   a

Short  episode   of   erosion  took  place   after   5000   yr  B.P. i

followed  by  alluviation.     At  several   locations   in  the

Central  Great  Plains,   aggradation  during  the  middle

Holocene  was   interrupted  by  up  to   f ive   intervals  of

floodplain  stability  and  soil   fol`mation.

Recent  studies  have   suggested  that  multiphase

eolian  activity  took  place   in  pa|`ts  of  the  central  Great
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Plains  during   the   middle  Holocene.   In  Nebraska,   Bradbury

(1980)   and  Wright,   and   others   (1985)   concluded   that

tracts  of  the   Sand  Hills  were   reworked  during   the  middle

Holocene,   but   rejected  the  conclusions  of  Ahlbl.andt  and

others   (1983)   that   the   hills   fol`med  during   the  Holocene.

Clayton   and   othel`s   (1976),   Reiten   (1983),   and  Jorstad

and  others   (1986)   postulated  that  eolian  silt   (t,he  Pick

City  member  of   the  Oahe   Formation)   was   deposited  between

8500   and   5000   yl.  B.P.   on  terraces   and   uplands   in  North

Dakota.     Paleosols   developed   in  middle   and   late  Holocene

eolian  silt  along  the  Missouri  River.,   North  Dakota,

provided  strong  evidence  that  eolian  deposition  was

episodic   (Jorstad   et   al.1986).      Near  Great   Bend   and

Pratt,   south  central  Kansas,   two  paleosols  developed  in

and  buried  by  eolian  silt  have  been  radiocarbon  dated  at

ca.   6500   yr  B.P.      At   the   Great  Bend   sand  prairie   between

these  two  localities,   a  paleosol  developed  in  loess  and

over.lain  by,  dune   sand  has  been  radiocarbon  dated  at  ca.

5000   yr   B.P.     (W.C.    Johnson,    Peps.    Comm.1989).       The   age

of   5000   yr  B.P.   fits   closely  with  evidence  of  eolian

activity  documented   in  northern  Texas   between   5500   and

4500   yr   B.P.    (Holliday   1989).
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LL±±j2   Holocene    (4000   ][±  BIB  =   PI`esent)

The  chronology  of  late  Holocene   fluvial  activity

appears  to  be  more  complex  than  chronologies  of  earlier

fluvial  activity.     The  cause  of  this  greater  complexity

is  uncertain,   however..     It  may  result   fl`om  the   relative

youth,   and  therefore  better  pl.eservation,   of  late
Holocene  deposits,   or  possibly  it  can  be  attributed  to  a

greater  frequency  of  climatic  fluctuations  during  the

late  Holocene  than  during  ear.lier  periods.     Certainly

the  relative  youth  of  deposit.s  affords  a  f iner  dating
I

I`esolution,   thereby  adding  detail  and  complexity  to

chronologies.     That   resolution  notwithstanding,   many

late  Holocene   f luvial  chronologies   f eat.ure  several

episodes  of  aggradation  alter.nating  with  floodplain

stability  and  soil   formation.     This  record  stands   in

marked  cont,fast  to  that  of  the  early  Holocene,   which  is

characterized  by  evidence  of  aggradation  interrupted  by

only  one  ol.  two   soil-forming   intervals.

The  late  Holocene  sedimentation  record  of  the

Kansas  River  basin  contains  abundant  evidence  of  change

in  fluvial  activity.     In  the  Walnut  Creek  valley,   Artz

(1983)   noted   aggradation   between   4500   and   2000   yr.   B.P.,

entrenchment   at   2000   yr  B.P. ,   and   finally  aggradation

and  soil   formation.     Along   Stranger  Creek   in
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northeastern  Kansas,   Logan   (1985)   documented  alluviation

between   4300   and   1300   yl`   B.P.      Schmits   (1980)   napped   two

alluvial  fills,   one  dating  to  about  2400,   the  other  to

pre-1000   yr   B.P. ,   along   the   Big   Blue   River   in

northeastern  Kansas.     Research  on  the  Kansas  River  has

pl.oduced   I.adiocarbon   ages   of   4290,    2600,    2395,1600,   and

1200   yl`  B.P.   on  paleosols  buried   in  Holliday  terrace

fill   (Bender   et   al.1980;   Holien   1982;   Johnson   1985),

and  alluvium  underlying  the  Kansas  River  f loodplain  has

yielded   a   radiocarbon   age   of   785   yr   B.P.    (W.   Dort,   Jr.,

Pers;   Comm.1984).      These   ages   demonstrate   that   fill   of

the  Holliday  terrace  had  begun  to  accumulate  by  at  least

4300  yr  B.P.      Incision  to   form  the  terrace   scarp  then

occurred   sometime   between   1200   and   785   yr   B.P.      The

pl`esence  of  paleosols   is  also  evidence  that  late

Holocene   aggradation   in  the  Kansas  River  basin  was

episodic   (Johnson   and  Martin   1987).

In  the   Pawnee   River  basin  of  western  Kansas,   Handel

(1988)   reported   aggradation  between   5000   and   2600   yr

B.P.„   followed   by  an  episode   of   soil   formation  between

2600   and   Z000   yr   B.P.      Incision   followed   by   aggradation

took  place   between   2000   and   1300   yr   B.P. ,   and   then   soil

fornlation  occurred  until   approximately   1000   yl`  B.P. ;
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el`nating   incision  and  aggl.adation  have  dominated

ial   activity  dul`ing  the   last   1000   yeal`s.

In  northel.n  Colorado  along  the  South  Platte  River,

liday   (1987)   I`eported   incision  after   3000   yr  B.P.,

lowed  by  alluviation  during  the  last   1000  years.

ng   Medicine   CI`eek   in  Nebraska,   Brice   (1966)   noted

aggradation  of  the  Mousel  terrace   f ill  between  4000  and

10do   yr  B.P.,   incision  after   1000   yr  B.P.,   and   then
I

I

de|}osition  of  the  f ill  that,  underlies  the  lowermost

t,eltrace.      In  the   South  Loup  River  valley,   Nebraska,   May

and  Holen   (1985)   and   May   (1989)   docunented   incision

pl`ior   to   3030   yr  B.P. ,   followed   by  aggradation,   and

f ipally  another  episode  of   incision  sometime  before   2080

yr  b.P.     Aggradation  then  took  place  until  around   300  yr

8.1}.,   at  which  time   incision  occurl`ed.      Along   the

Calamus  Rivel`,   a  small   tl`ibutary   in  the   Loup  River.
I

drainage,   Falk  and  Pepperl   (1980)   reported  an  episode  of

Soj|l   fol`mat'ion   between   1330   and   1200   yr   B.P.,   an

interval   that,  matches  closely  the   1660   to   930   yr  B.P.

Pel\iod   of   soil   development   noted   by   May   (1989).

In  North  and  South  Dakota,   work  has  been

Cohcentl`ated  on  the  Missoul`i   River  and   its   tribut,al`ies.

In  tsouth  Dakota,   Coogan   and   Irving   (1959)   found   late

Prdhistol`ical   a|`tifacts   in  f ill   of   the   lowermost   terl`ace
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along   the   Missoul`i   River.      Along   Bear  Creek   in

southwestern  South  Dakota,   Harksen   (1974)   reported

radiocarbon   ages   of   2350   and   780   yr  B.P.   on  two   inset

fills.      In  North  Dakota  on  the  Knife  River,   Reiten

(1983)   documented   an  episode   of   incision  concurrent  with

i  period   of   soil   formation  bet,ween   4500   and   2500   yl.  B.P.

Aggradation  then  occurred   from   2500   to   500   yr  B.P.

Dul`ing  the   last   500  years,   the   river  has  been

pltel.nately  cutting  and  filling  its  channel.     Also   in

North  Dakota,   Hamilton   (1967,1967a)   reported   the

deposition  of  f ive  units  of  f ill  along  Jones  Creek,   a

tribut.ary  to  the  Missouri  River,   since  approximately  250

lyr   B.P.

Along   the   Pomne   de   Terre   River   in   Missoul.i,   Haynes

(1985)   documented   four  episodes   of   late  Holocene   cutting

land   filling,   each  spanning   300   to   600   years;   periods   of

cutting,   which  were  brief  in  contrast  to   intervals  of

filling,   occurred   about   2900,   1800,   1000,   and   430   yr

B.P.     Deposition  has  dominated  the  basin  for  the   last
I

I'250   years    (Haynes   1985).      At   Delaware   Canyon,   Oklahoma,

Ferl`ing   (1986),   Hall   (1987),    and   Hall   and   Ferring   (1987)

repol`ted   rapid   aggradation   between   2700   and   1900   yr   B.P.

and   700   and   600   yr  B.P.;   this   alluviation  was
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inte'rrupt,ed   by  entrenchment   around   1000   yr  B.P.   and

duri'ng   the   last   100   years.      Ferring   (1986),   Hall   (1987),

and ,'Hall   and  Ferring   (1987)   also   identified  episodes   of

soil   formation   bet,ween   1900   and   1000   yr   B.P.    (Caddo

paleosol)   and   600   and   385   yr   B.P.    (Delaware   Canyon

pal€osol).      In   Iowa,   the   Buchanan  Drainage  experienced

allhviation  between   3000   and   2000   yr  B.P.    (Van  Nest   and

Bettis   1990).     It  has  been  noted  that  valley  fill
I

imq'ediately  adjacent  to  many  streams   in  western  and

central   Iowa  has  accumulated  during   the  past  2000  years

(Rulhe   1969;    Bettis   and   Tholnpson   1981).      This   late

Ho|ocene   f ill   has  but.ied  middle   and  early  Holocene

fluvial   deposits   (Van  Nest   and  Bettis   1990).

In  summary,   the  fluvial  activity  of  the  late

Hoiocene,   which  consisted  of   sevel`al   episodes   each  of

alluviation,   entrenchment,   and  soil   formation,   stands   in

marked  contrast  to  the  relatively  unintel.rupted

aggradation  that  charactel`ized  the  early  Holocene.

Although  synchrony  is  not,  evident  among  all   events,   it

is  Present   among   some   of   them,   most   notably  those   of   the

edrly  part   of  the  late  Holocene.     With  the  exception  of

a'  few  basins  where   incision  was   recorded,   aggradation

a'Ppears  to  have  been  the  dominant   f luvial   activity  from

about   4500   to   3ooo   yr   B.P.    in   sevel`al   basins,   and   from
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4500   to   2000   yr   B.P.    in   others.      Most   studies   noted   a

short  episode  of  entrenchment,   following   this

aggradation,   and  then  renewed  deposition,   although  the

timing  of  these  two  events  varied  across  the  central

Gieat  Plains.      It,   is   impossible   t,o   identify  much

synchrony  among   fluvial   activity  of   the   last  2500   years.

This  lack  of  synchrony  indicates  that  factors   in

addition  to  regional  climate  change   (e.g.,   water  table

level   fluctuations,   internal  variables)   must,  be

cpnsidered  when  attempting  to  explain  some  of  the   late

Hblocene   fluvial  activity  documented  in  the  central

Gieat  Plains.     It  should  also  serve  to  caution  those

workel`s  who   seek  to  derive  regional   climatic  conditions

from  the   alluvial   record  of  one   basin.     Episodes  of  soil

formation,   which  occurred  at  different  places  around

2600   to   2400,    2100   to   1600,    and   1200   yr   B.P.,    correspond

to  periods  when  alluviation  slowed  and  surface  stability

took  place.     Several   short-term  erosional   and

depositional   events   occur.red   in   some  basins  between

approximately   1000   yr  B.P.   and   the   present.

Episodic   eolian   sedimentation  that  occul`I.ed  during

the  middle  Holocene  apparently  continued   into  the   late

H0locene.      In   North   Dakota,   Jol`stad   and   others   (1986)
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reported  eolian  deposition,   inter.rupted  by  short  periods

of   s'oil   formation,   during   the   last   5000   years;   these

deposits  constitute  the  Riverdale  member  of  the  Oahe

Formation.      Reiten   (1983)   documented   eolian

sedimentation   along   the  Knife  River   in  North  Dakota

between   2500   and   500   yr   B.P.      Eolian   silt   caps

containing  cultural  artifacts  that  date  between  900  and

600   yr   B.P.   were   napped   by   Coogan   and   II.ving   (1959)   on

the  middle  terrace  of  t,he  Missouri   River   in  South

Dakota;   elsewhere  .in   South   Dakota,   MCFaul   (1985)

identif led  similar  eolian  deposit,s  mantling  terraces  on

the'Missouri   River.

There   is  also   strong  evidence  of   late  Holocene  dune

activity  at  several  locations  in  the  central  Great

Plains.      Muhs   (1985)   postulated   sand   dune   movement

between  3000   and   1500   yr  B.P   in  northeastern  Colorado,

activity  that  appears  to  have  been  contemporaneous  with

the' late  Hoiocene  dune   formation  that  Ahlbrandt  and

Fryberger   (1980)   and  Ahlbrandt   and   others   (1983)   noted   in

Nebraska.      In   Lincoln  County,   Nebraska,   cedar   stumps,

Which   radiocarbon   dated   to   400   yl`   B.P.  ,   were   uncovered

in  ,eolian   sand   (Weakley   1962).      A   similar   find   is   noted

by  Mart,in   (1985),   who   found   I`ecently   excavated   cedar

Stumps   that  dated   to   "modern"   in  a   small   gully   in  the
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Medicine   Lodge   River  basin,   south-central   Kansas.

I     In  summary,   it  appears  that  eolian  activity  was  an
I

imriortant  component  of  late  Holocene  upland  land form
I

evollution  in  those  areas  of  the  central  Great  Plains

thalt  have   sandy  surface  materials.     Sand  dunes  appear  to

hawie  been  active   in  nor.theastern  Colorado   and  Nebraska
I

betlween   3000   and   1500   yr   B.P.      Findings   from  North
I

I

Daxpota  suggest  that  eolian  sedimentation,   interrupted
I

pel|iodically  by  soil   formation,   occurl`ed  after  5000   yr

B .  El .

too

rec

it

In  south-cent,I`al  Nebraska,   eolian  sand  deposition

k  place   around   400   yr  B.P.      Based  on  the   limited

ord  of  upland  activity  in  the  central  Great  Plains,

appears  that  lat,e  Holocene  eolian  sedimentation  on

upllands  was  contelnporaneous  with   f luvial   aggradation   in
I

vallleys .

Colluvial  Deposits

In  addition  to  fluvial  and  eolian  deposits,   several
I

Stuldies   have   noted  the   existence   of  colluvium  on  I.ivel.

Val+ey  sides   in  the  central  Great  Plains.     Colluvial

debosits  al`e  believed  to  be  transported  by  hillslope

Was|h   from  upland  deposits   to   the   valley   floor   (Leopold
I

I

et  lal.1966).      |n   Iowa,   valley   side   deposits   comprising

redeposited   loess  we|.e   radiocarbon  dated   at   8000   to   3000
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yr   B.P.    (Thompson   and   Bettis   1980;    Bettis   et   al.    1984;

Bett,is   and  Hoyer   1986;   Bettis   and   Lit,tke   1987).      Moving

away  from  the  valley  wall  across  the   floodplain  towards

the  active  channel,   these  deposits  graded  into  fluvial

deposits   (Bettis   and   Littke   1987).      Accumulation  of

valley  side  deposits  was  apparently  episodic,   as

indicated  by  the  presence  within  them  of  multiple

weakly-to-moderately  developed  paleosols   (Bettis  et  al.

1984;   Bet,t.is   and   Hoyer   1986).      The   episode   of   hillslope

instability  dul`ing  which  valley  side  deposits

accumulated   is   believed  to  have  been  caused  by  a  per.iod

of  erlhanced  westerly  flow  that  af fected  the  central
I

GI`eat   Plains   between   9000   to   6000   yr   B.P.    (Bettis   and

Hoyer   1986);   such  flow   is  postulated   to  have  extended

the   rainshadow  of   the   Rocky  Mountains   eastward,

Spreading  dry  conditions  to  the   interior  of  North

America   (Wendland   1978).      In  valleys   during   this  period,

the  poorly-dated  f luvial  record  indicates  generally

Cont,inuous   aggradation   (Knox   1983).      After   3000   yr   B.P.i

an  i'ncrease   in  the  vegetation  cover  resulting   from  a

retu'I`n  to  more  mesic  conditions   likely   restored

hilislope   stability.     An  episode  of   incision  noted  about

3000  yr  B.P.   in   several   drainage   basins   of  the  central

40



Great  Plains  t,runcated  the  valley  side  deposits,   forming

a  terrace  that,  t,rends   smoothly   from  valley  nal`gins  to

uplands .

Summary

Although  research  of  the  last  twenty  years  has

measur'ably   increased  knowledge   of   late  Quaternary

sedimentation  and  el.osional  activity  in  the  central
Great  Plains,   sizable  gaps   I.emain   in  the   chl`onology  of

land form  evolut.ion   for  this  period.      For  example,   owing

to  a  Paucity  of   radiocarbon  ages,   little   is  known,   about

the  late  Pleistocene  and  early  Holocene   fluvial  record

(Knox   1983).      Evidence   uncovered  to   date   suggests   river

entrenchment  at  the  end  of  the  Pleistocene,   followed  by

alluviation,   and   f inally  an  episode  of   Soil  development

at   tht   Pleistocene/Holocene  boundary.     On  uplands,

deposition  of   the   eolian  Gilman  Canyon  Formation  ended,

ar`d  a'n  episode   of   soil   development  was   initiated,   about

21ioo'O   yr   B.P.      Beginning   shortly   after   21,000   yr   B.P.I

the   Peol`ia  loess   was   deposited,   burying   the   Gilman

Canyon  Formation.      Deposition  continued  until   14,000-to-

12.000   yr   B.P.  ,    at   which   time   the   Brady   Paleosol

developed   in  the   Peoria  loess;   radiocarbon  ages  on  this

Paleosol   range   from   12,700   to   8000   yr   B.P.      The   Peoria

41



loess   in  the  cent,I`al  Great  Plains   is   generally  assumed

to   halve   been  blown  out   of  the  Nebraska  Sand  Hills,

although  a  recent  study  has  postulated  that  the  hills

for.ned   in  the  Holocene,   not   in  the  Pleistocene

(Ahlbrandt   and   others   1983).      While   acknowledging   that

some  minor  reworking   of  dunes   likely  occurred  dul`ing   the

Holocene,   most   reseal.chers  continue   to   suppol`t  t,he

theoiy  that  the  Sand  Hills  formed  during  the  Pleistocene

(e.g.,    BI`adbury   1980;   Wright,   et   al.1985).

Fluvial  activity  during  the  early  Holocene  was

dominated  by  aggradation,   although   in   some  basins   a

shop,t   episode   of   incision  pl`eceeded  deposition.     On

upla,nds,   deposition  of  the  Bignell  loess,   and  its  eolian

counterparts   in  the  Dakotas  and  northern  Texas,   is

thought   to   have   begun  about   8000   yr   B.P.      There   is   also

evidence   from  northwestern  and  central  Nebraska  of   sand

dune   for.nation  during   the   early  Holocene.     Around   8000

yr  B.P.,   an  episode  of  floodplain  stability  occurred  in

Several   dl`ainage   basins;     other  basins,   however,

experienced   incision  at   this   time.     Following  this,

alluviation,   alternat,ing  with  short  periods  of  surface

Stability,   took  place;   valley  side  deposits  accumulated

in   Some   localities   between   8000   and   3000   yr   B.P.

A88'radation   slowed,   or   ceased,   between   6000   and   5000   yr
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B.P.,   and   incision  occurred.      Eolian  sedimentation

during   the  middle  Holocene   has   been   recorded  at

scattered  locations  around  the  central  Great  Plains.

In  contl`ast  to  the  record  of  the  middle  and  early

Holocene,   which  contains  evidence  of  relatively

uninterrupted  aggradation,   the  late  Holocene  fluvial

record  is  characterized  by  several  el.osional  and
deposiitional   events,   most  of  which  are  non-synchronous.

The  absence  of   synchrony  suggests  that   factol`s   in

addition  to   I.egional  climate  change  must  be  considered

when ,attempting  to  explain  late  Holocene   f luvial

activity.     The  eolian  recol.d  contains  evidence  of  late

Holocene  dune   formation  in  northeastern  Color.ado   and

northwestern  Nebraska,   and  eolian  sedimentation  in  North

Dakota;   the  activity   in  Colorado   and  Nebraska  appears   to

have  been  contemporaneous  with  fluvial   aggradation.
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CHAPTER   3:    LATE   QUATERNARY   PALEOENVIRONMENTAL   RECORI)   OF
THE   CENTRAL   GREAT   PLAINS

Methods  of  Paleoenvironmental  Reconstruction
I   Current  knowledge  of  late  Quaternary  climatic
I

conditions  in  the  central  Great  Plains   is  based  on  a

limited,   but  rapidly  expanding,   paleoenvil`onmental

recdrd.     This   recol.d  consists  of  evidence   from  surrogate

indicators  such  as  micro-and  macrobotanical   fossils,
I

landsnails,   opal  phytoliths,   and  vertebrate  and
I

inv+rtebrate  remains.     Because  single   indicators
I

gendrally  fail  to  produce  a  clear  signal  of

paldoenvironmental  change,   I.eseal`chers   frequently  use
I

mol`¢  than  one   surrogate   indicat,or   in  I`econstructions.

Although  more   time-consuming  and  expensive,   such  a
I

procedure  usually  af fords  a  broader  paleoecological

spe¢tl`um  fl`on  which   to   gauge   envil`onmental   and  climatic

change .
I

I   Notwithstanding  its  limitations,   palynology  remains
I

the|technique  used  most  widely  in  the  reconstruction  of

latS  Quaternary  environmental   conditions   (e.g. ,   Davis

196S;   Delcourt   and   Delcourt   1980;   Jacobson   and   Bradshaw

198i;   Bryant   and  Holloway   1985;    Fall   1987).      Typicallyi
I

bogS  and  lakes  serve  as   ideal  preservational   sites  for

Pollen;   unfortunately,   both  are   rare   in  the   subhumid
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central  Great  Plains.     In  eolian  and  fluvial  deposits,

the  materials  that  mantle  much  of  the  central  Great

Plains,   pollen  preservation  is  generally  poor..     Further,

b6cause  pollen  does  not  deteriorate  uniformly   (Sangster

and   Dale   1964;   Gushing   1967;   Havinga   1967),   certain   taxa

may  be  misrepresented   in  the  record.     Well-preserved

pollen  is  present   in  and  has  been  recovered  from  fluvial

deposit.s.     It   is  unclear,   however,   whether  pollen

assemblages  extracted  from  such  deposits  are

representative  of  the  regional  vegetation  cover   (Fall
I

1d87;   Hall   1989).      Consequently,   most   of   our   knowledge

about  paleoenvironmental  conditions   in  the  central  Great

Plains  derives   f ron  wol`k  completed   in  contiguous   states

(a.g.,   Missouri,   Iowa,   and  Minnesota).      In  these   states,

which  al.e   located  on  the   humid,   eastern  per.iphel`y  of  the

region,   sites  conducive  to  pollen  preservation  are  more

common .

In  lieu  of  pool`ly  preserved  pollen  and  other  floral

remains,   I`esearchers   in  the  central  Great  Plains  have

turned  to  other.  surrogat.e   indicators   in  their

reconstruction  of  paleoenvironmental   conditions.      Some

have  advocated  the  use  of   inorganic   biogenetic  plant

Particles   (phytoliths)   to  document  vegetation  change
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(Twiss   et   al.1969;    Rovner   1971;    Brown   1984).

Phytoliths,   which  are   composed  of   silica  that

preclipitated  around  plant  cells   (Rovner   1971),

accumulate  in  eolian  and  fluvial  deposits,   and  are

highly  resistant  to  dissolution.     They  have  proven

usefull   in  detecting  the  presence  of  grasses   (Rovner

1971;   Kurmann   1985),   and   in  differentiating   between  C4

(warm  and  dry   region)   and   C3   (cool   and   moist   region)

gI`as:es   (Twigs   1987).     Because   their  hard   shell   renders

them  resistant  to  the  aeration  pl`esent  in  loess

deposits,   terrestrial  landsnails  have  also  proven  to  be

a  useful  surrogate  indicator  of  late  Quaternary

environmental  conditions   in  the  central  Great.  Plains.

Approximately  thirty  species,   most  of  which  al`e  extinct

today  in  the  central  Great  Plains,   have  been  identified

in  the   Peol.ia   loess   of   the   region   (Leonard   1952;   Wells

and   Stewart   1987),   often   in   gI.eat.   abundance   (Leonal.d

1952 )  .

tThe  central   Great   Plains   has   also  produced  among

the  largest  quantities  of  fossil   faunal   remains   (Schultz

and   Mal`tin   1970).      As   noted   by  many   researchers   (e.g.,

Hibbdl`d   1970;    Hoffman   and   Jones   1970;    Graham   1987;

¥al`t+n  and  Hoffman   1987),   the   char`acter   of   a   faunal

Province   is  determined  by  regional   climatic  conditions.
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In  'locating  actual  boundaries  between  late  Quatel.nary

faunal  provinces,   however,   one  must  consider  additional

vat.iables   such  as  topography,   soils,   frequency  of
I

precipitation,   the  occurrence  of  fil`e,   and  the  impact  of

huhan  activity   (Mar.tin  and  Klein   1984;   Martin  and

Hoffman   1987).      Mol`eover,   faunal   sequences   do   not   always

reflect   short-t,erin  fluctuations   in  climate   (see  GI.aham

1987).     In  spite  of  these  limitations,   researchers,   by
I

comparing   fossil   faunal   remains   to  modern  analogues,

hav±  reconstructed  paleoenvironmental  conditions   in

several  parts  of  the  central  Great,  Plains   (e.g.,   Hibbard

1970;   Hoffman   and   Jones   1970;    Lundelius   et   al.1983;
I

Gr.aham   1987;    Stewart   1989).
I

Finally,   several  scholars  have  used  t,he

characteristics  of  paleosols  to  make   some   inferences

about  paleoenvironmental   conditions   (e.g. ,   Simonson

1954;    Ruhe   1969,1974;    Mol`rison   1978;    and   Mahaney   1981).
I

The  degree  of  soil  development  has  been  linked  to   the

Warhth  of   the   climate   (Morrison   1978);   the   amounts   of

kao|inite  and  halloysite  contained  in  a  paleosol  have

been  related  to   leaching   intensity   (Mahaney  1981);   the

Color  of  a  paleosol  has  been  associated  with  a
I

Particular   vegetation  community   (Simonson   1954;   Ruhe
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1969,1974);   and   the  weathering   ratios   of  heavy-to-light

minerals   have   been  used  as  an  indicator  of  weathering

intensities   (Ruhe   1969).      There   are   some   problems,

hoivevel`,   associated  with  the  derivation  of  paleoclimatic

conditions   from  paleosols,   including  secondary

en'richment   of   buried  paleosols   (e.g.,   Ruhe   1956;
I

Ma'usbach  et   al.1982);   the  post.burial   alteration  of

chemical  properties   (e.g.,      Stevenson   1969;   Valentine

and   Dalrymple   1976;   Schaetzl   and   Sorenson   1987);   and   the

dif f iculty  in  controlling  for  the   impact  of  non-climatic

f;ctors   (i.e.,   parent  material,   time,   topographic

posit,ion)   on  pedogenesis  and  the  I.esultant  soil  profile

(6.g.,    Scholtes   et   al.1951).

Late  Quaternary  Paleoenvironnental  and  Climatic
Conditions

Much  of  our  knowledge  about   late  Quaternary

Paleoenvironmental  conditions   in  the  central  Great

Plains  derives   f I`om  work  completed   in  the   last  two

d'ecades.     We   can  now   I`econstruct   genel`alized   late

Pleistocene  vegetation  patterns   for  the  region,   but  our

knowledge  of  Holocene  patterns   is   limited.     Even  less   is

known  about  the  natu|`e  of  the  climatic   fluctuations  that

dictated  these  patt,erns.     My  objective   in  the   following

+eview   is   to   provide   a   summary  of  paleoenvironmental   and
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climatic  conditions   in  the  centl.al  Great  Plains  during

the  last  30,000  years.     The  text   is  arranged

chronologically  using  the  temporal   categories  pl`oposed

in  Chapter   2.

±ate  Pleistocene   (30,000  =  10,000  H  B.P. )
t       As  detailed   in  Chapter  2,   the  Gilnan  Canyon
I

Formation  accumulated  and  then  the  Peoria  loess  was

deposited  over  much  of  the  central  Great  Plains  between

abbut   35,000   and   14,000-to-12,000   yr   B.P.      Although
I

early  studies  often  postulated  that  late  Pleistocene

loess   sheets  accumulated  dul.ing  drought  conditions

(e'.g.,   Schultz   and   Stout   1948),   evidence   from  modern
I

depositional  environments  suggests  that  loess  can

accumulate  only  on  well-vegetated  surfaces   (Yaalon  and

Dab   1974).      Moreover,   the   landsnail   fauna  contained   in
I

the  Peol`ia  loess  of  the  centl.al  Great  Plains   implies

deposition  on  a  well-vegetated   surface   (Shimek   1930;

Leonard   1952;   Wells   and   Stewart   1987a).
I

i     The   floral   record  also   suggests   that  mesic

Cohditions  existed  in  the  central  Great  Plains  during
I

loess  deposition.     In  loess  deposits  at   two  locations   in

Kansas,   Wells   and   Stewart   (1987,1987a)   found   needle

leaves  of  E±a!±E  flexilis   (limber  pine)   and  ±is2£±
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(spruce)   charcoal   dated  at   14,450   yr   B.P.      At   the  North
ICove  paleoindian  site   in  south-central  Nebraska,   Wells

and,Stewal`t   (1987)   recovered   cones,   needles,   and  wood   of

Picea  Elauca   (white   spruce)   from  spring  deposits;   ages
I

on   the   wood   ranged   from   14,700   to   13,loo   yr   B.P.

(Johnson   1989).     A  preliminary  grass  phytolith  analysis

of  loess  exposed  at  the  Eustis  Pit,   Frontier  County,
I

southwestern  Nebraska,   in.dicated  that  Peoria  loess  was

depbsited  during  periods  o.f  more  effective  moisture,

whereas   soil   format,ion  occurl.ed  during  periods  of   less
I

effective  moisture   (Fredlund  et  al.1985).     Floral  data

froh  Sander's  well,   an  upland  site  in  southeastern

KanFasi   and   from  the   North  Cove   site   on  Hal.lan  Lake,

south  central  Nebl.aska,   implied  that  a  Populus   (aspen)

Parkland  existed  on  uplands   between   24,000   and   12,800   yr

B.Pi.    (Fredlund   and   Jaumann   1987;    FI`edlund   1989).      Ruhe

(1983),   on  the   basis   of   conifer  wood   found   in  loess
Ideposits   in  Iowa,   concluded  that  trees  were  present

during  deposition  of  the  Peoria  loess.     Finally,   in  a

Survey  of   the   pollen   record,   Webb  and   othel`s   (1983)   and

Baker  and  Waln   (1985)   postulated  that   treeless   openingsi

Perhaps   a  Pinu_a_  parkland,   existed  on  t,he   central   GI`eat

Plains  during   the  late  Pleistocene.
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I Faunal   remains  also   suggest   that   steppe  or  parkland
I

vegetation  existed  on  the  central  Great  Plains  during

the  time  of  loess  deposition.     In  northeastern  Colorado,

the  5elby  and  Dutton  fauna,   which  wel`e  extracted   from
I

Peoria  loess   that  dates   to  appl`oximately   16,000  yr  B.P.,

al.e  bharacteristic   of  an  open  grassland  envil`onment
I

with  few,   if  any,   tl`ees;   in  the  same   fauna,   t,he
I

appearance   of   Mammuthus   columbi   (Colunbian  mammouth)   in

lacu!strian  deposits  that  date  to  between  16,000  and
I

12,000   yr  B.P.   implies   an   increase   in  effective
I

moisture,   and  perhaps  additional   tree  cover   (Graham

1987).      Loess   deposits   in  southwestern   Iowa  that  date
I

between   24,000   and   14,000   yr   B.P.   have   yielded   small

mammal   fauna  typical   of   grassland   areas   (Rhodes   1984).

Prairie  and  steppe   fauna  such  as  Cynomys   (both  white-
1

and ,black-tailed  prairie  dog)   have  been  recovered  from

Peolia  loess  deposits  across  the  central  Great  Plains
I

(Hoffman  and  Jones   1970).     A   late   Pleistocene   grassland
I

fauna   comprising   Manmuthus   LE]2+   (mammouth) ,    Equus

(ho+Se),   and  Bij±QQ  anticiuus   (bison)   was   excavated   from
I

deposits   along   the  Republican  River,   Nebraska   (Corner
I

1977).      In  Peoria   loess   at   the  North  Cove   paleoindian

Sit:i   Nebl`aska,    Stewart   (1989)   identified   Thomomys
I

££lpQidES   (nor.them  pocket   gopher) ,   SpermoDhilus
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kimbdllensis   (kimballs   ground   squirrel) ,   and  Bootherium

bombifl`ons   (woodland  muskox),   fauna  that   typically

reside   in  an  environment  that   is  cooler  and  mol`e  mesic

thanl that  which  is  extant  at  present   in  Nebraska.

IThe  most  detailed  account  of   late  Pleistocene

environmental  conditions   in  the  centl`al  Great  Plains

comes   fl`om  palynological   studies  under.taken  along   the

eastern  and  northern  periphel.y  of  the  region.     Picea  was

the  dominant  component  of  the  vegetation  cover  in  the

Sand|  Hills   of   South  Dakota  until   12,500   yr  B.P. ,   at

which  time  Pinus  and  herbaceous  pollen   increased   (Watts

and  WI.ight   1966).      At   Muscotah   and  AI.lington  Marshes   in

northeastern  Kansas,   Gruger   (1973)   documented  a  Picea

fore|st   from   23,000   to   15,000   yr   B.P.,    followed   at   11,500

yr  a.P.   by  a  slow  decline   in  Picea  and   a  I`ise   in  mixed

prairie  and  deciduous  tree  species   such  as     Ostrya

(irqnwood),   Cal`ylus   (hazlenut),   and   Quercus   (oak).      To

the  ,south  in  southeast,ern  Kansas,   the  £±£j2La:  for.est  was

transitional   tc)  a  mosaic  of  prail`ie  and  Quer.cus/Qarya

(hiqkory)   forest   that   existed  until   about   22,000   yr  B.P.

Around   22,000   yr   B.P. ,   this   mosaic   evolved   to   a  mixed

Eipe/deciduous  forest  in  river  valleys  and  a  Pooulus

Parkland  on  uplands.     The   Picea_  population  declined   in

52



the   ce'ntral   Great   Plains   between   12,000   and   10,500   yr
I

B.P.  ,   ,land   by   10,500   yr   B.P.   E2±£eL±  had   disappeared   from

the   region.      After   10,500   yr  B.P.,   deciduous   species
I

such   is  §La±±2E   (willow),   }!|jB±±g   (elm),    Fraxinus   (ash),   and
I

Querc`+s  dominated  the  vegetation  cover  of  the  central

Greati'Plains   (Fredlund   and   Jaumann   1987).
I

Paleoenvironmental   studies   in  Iowa,   although

portraying  vegetation  under  more  mesic  climatic
i

conditions  than  those  that  likely  existed  in  the  central
I

GI`eati Plains,   have  produced  a  similar  picture  of  late
I

I

Quaternary  vegetation  and  climatic  change.     Much  of
I

northern  Iowa  apparently  supported  a  Picea-dominated
I

fores't  during   the   late  Pleistocene   (Brush   1967;   Dul`kee

1971).      At   Lake   West   Okoboji   in   nol`thwestern   Iowa,   a
I

P±£L§i  and  ±±=i2E   (Tamarack)   dominated   forest   existed   from
I

14,000   to   11,800   yr   B.P.      After   11,800   yr   B.P.,    there
I

Was   ;  sharp  decrease   in  P±££La:  and  ±j±±±2£,   and   an  equally

abrupt   rise   in  Quercus   and  !2i"±E   (Van  Zant   1979).      In
I

Southwestern  Iowa,   Picea  was  present   in  high
I

ConcFntl`ations   until   approximately   11,800   yr   B.P.    (Baker

et   ai.198o).

I  Finally,   several  reseal.chers  have  used  soil
I

Characteristics   in  attempting  to  derive  late  Pleistocene
i

Paldoenvironmental   conditions.      Based   on   the  nature   and
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sequence  of  horizons   in  buried  soils   in  the  upper

His,'sissippi   River  valley,   Simonson   (1954)   concluded   that,

the,I  Yarmouth   soil   (pre-Illinoian   in  age)   developed  under

a  for.est  vegetation  in  a  climatic  regime  similar  to  that

of  ithe  present.     This   conclusion  was   based  on  a
I

comparison  of  the  horizon  thickness,   clay  mineral   types,

and  clay  content  of  the  buried  soil  with  those  same

characteristics  of  the  surface  soil.     The  podzolic

nature  of  the   Sangamon  paleosol  has  been  attl`ibuted  to
I

it:  formation  under  a  forest,  vegetat,ion  cover   (Thorpe  et

al,I.1951).      Humus   forms   present   in  paleosols   developed
I

in'  western  European  loess  deposits  were  used  t,a  conclude
I

that  moist  conditions  existed  in  the.  late  Pleistocene
I

(balyrymple   1958).      Ruhe   (1969)   suggested   that   the   red-
1

yellow  color  of   the   Sangamon  and   late   Sangamon  paleosols
I

in?y  have   resulted  from  development  under  conditions

Wal`mer  and  wetter   than  those  of   the  present.
I

In  summal.y,   evidence   indicates   that  the  Peoria

lbess  accumulated  on  a  well-vegetated  surface  rather
I

than  on  a  bal`ren  one.     Many  landsnail   species  preserved

ii'n  the  Peoria  loess  are  extant  today  in  littel`-covered

f,'Orested  areas   of   the  Rocky  Mountains.      Faunal   remains
I

qharactel`istic  of  grasslands  have  been  recovered   f ron
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loess  ,in   Iowa,   Nebraska,   and  elsewhere   in  the  central

Great ,'Plains.     A  preliminary  grass  phytolith  analysis  of

Pleistocene  loess  at  the  Eustis  Pit,   southwestern

Nebraska,   indicates  that  Peoria  loess  accumulated  under

cool  ind  mesic  conditions.     Macro-and  micro floral

evidehce   suggests   that  a  parkland  vegetation  community

may  have  existed  on  uplands  of  the  central  GI`eat  Plains

during   loess   deposition,   24,000   to   12,000   yr  B.P.

Limit,led  data  f ron  southeastern  Kansas   indicates  that  a

more  'continuous  Picea/deciduous  cover  was  present  during

this  itime   in  some   river.  valleys.     East  of  the  centl`al
I

Great  Plains,   a  more  continuous  Picea-dominated   forest

appa+ently  existed   from  about,   24,000   to   12,000   yr  B.P.

In  response  to  warming  climatic  conditions  after  12,000
I

yr  Bip.,   there  was   a  Sharp  decline   in  Picea  and  a

concbmnitant   rise   in  deciduous   species   acl.oss  the

central  GI`eat  Plains.
II  In  addition  to  being  cooler,   t.here   is  evidence  that

the  ilate  Pleistocene  was  character.ized  by  I.educed

Seas,'onal   temperature  extremes.     The  disappearance  of  the

late  Pleistocene  landsnail   fauna  from  the  central  Great

Plains   around   12,500   yr  B.P.   is   generally  ascribed   to

the ionset  of  a  climate  characterized  by  high
I

temberatul`es   and  more  xeric   conditions;   that   isi
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climatic  conditions  similar  to  those  pl.esent   in  the

region   today   (Leonard   1952;   Wells   and   Stewart,1987).
I

Other, aspects  of  the   faunal   I`ecord  have   led  several

investigators  t,o  conclude  that  late  Pleistocene
I

biological   communitites  were  more   complex  and  diverse

than  those   of   t,he  Holocene   (Taylor   1965;   Martin  and

Neuneir   1978;   Martin   and   Hoffman   1987;    Martin   and   Mar.tin
I

1987),.      A  more   equable   climate   featuring   cool   summer.s

and  Warm  winters   is  postulated  to  have   fostered  this
I

complexity   and   diver.sity   (Martin   and  Neuner   1978;   Mar.tin

and   I]offman   1987;    Mar.tin   and   Martin   1987).      The

transition  to  a  less  equable  climate   (i.e.,   incl`eased

seasJnality)   at  the  close  of  the  Pleistocene  destroyed
I

I

these  complex  biological   communities,   and  brought   about
Ithe   extinction   of  many  mega-fauna   (Martin   and  Neuman

1978!   Martin   and   Hoffman   1987).
I

t Recent  climatic  models  based  on  atmospheric
Varidbles  and  orbital  parameters  have  largely  agreed

I

With, conclusions   dl.awn   from  the  paleoenvironmental

recoLd.      For   the   cent,ral  Great  Plains,   Kutzbach  and
I

Wright   (1985)   postulated  drier  conditions   coupled  with

Slightly  cooler  January  and  signif icantly  cooler  July
I

templet.atures   (i.e.  ,   narrowed   seasonal   temperature   range)
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during  the  late  Pleistocene  than  exist   in  the  region

today.      In  another  climatic   reconstruction,   Kutzbach  and

quetter   (1986)   argued  that   reduced  seasonal  temperature
I

extremes   and  cold,   dry  conditions  dominated  the  climatic

patter.n  of  the   interior  of  North  America  during  the  late

Pleistocene.     Their  model  concluded  that  the   seasonal

lemperature   range   began   to   widen   al`ound   12,000   yr  B.P.

because  of  an  increase   in  annual   radiation  extremes.

Although  omitting  a  discussion  of  temperature

!easonality,   a  third  model  of  atmospheric  activity,   the

COHMAP   (Cooperative   Holocene   Mapping   Project)   model,

reported  warming  of  the  climate   in  North  America  around

2,000   yl.  B.P.   as   summertime   solar   radiation  began   to

increase    (COHMAP   Members   1988).

E.ar±j[  Holocene    (10.000   =  JEQQ  J[J[   B.P.  )

I          The  paleoenvil`onnental  record,   albeit  limited,
Suggests  that  the  transition  fl.on  the  Pleistocene  to  the

Holocene  was   a  period  of  major  climatic  and  vegetational

i::::e±:C::::h:::t:::t:::s:::a:r::::n:ig7::  ::::::::ed  a
Sharp  decline   in  fi±  after  12,000  yr  B.P.,   and  a

Concurrent   rise   in  Que|`cus,   Ulmus,   FI`axinus,   and   Salix.

by   loi500   yr   B.P. ,   P±±¥±  had   been   I`eplaced   by  deciduous
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speciles.     The   deciduous   forest  pel`sisted  until

grasqlands   expanded   about   9000   yr   B.P.      At   the   Rosebud

site   in  the   Sand  Hills   of   South  Dakota,   Watts  and  Wright
I

(1966)   noted   an   incl.ease   in  Pinus   and  herbaceous  pollen

durihg   the  early  Holocene.     The  pollen  record   from  Swan

Lake  lin  the  Nebraska  Sand  Hills   showed  marsh  vegetation

during  the  early  Holocene,   an  indication  of  I.elatively

xeric   conditions   (Wright   et   al.1985).     At   the   Siebold
I

Slough   in  North   Dakota,   Cvancara   and   others   (1971)

repolted  a  decline   in  P±j=L§Laf  pollen  and   a  concomitant

increase   in  grass  pollen  about   9700   yr  B.P.     And   in

Central  Oklahoma,   prairie   indicators   such  as  Poaceae  and

Asteraceae   increased   in  abundance   around   11,000   yr  B.P.
I

(Wilson   1966).

IThe  vertebrate  and  invertebrate  I.ecords  of  the

early  Holocene   also  contain  evidence  of  major  climatic

Change.     Fauna  such  as  Blarina  brevicauda   (short-tailed

Shrew),   which  had  been  present   in  the   region  as   I.ecently

as  the  Sangamon  interglacial,   reappeared  in  the  central

Great   Plains   between   13,000   and   10,500   yr   B.P.,   an

fndiFation   of   climatic  warming   (Hoffman   and   Jones   1970).

There  was   also   a  change   to   the  modern   land§nail
Iassemblage   between  the   end  of  Peoria   loess  deposition

(aboLt   13,0oo   yr   B.P.)   and   the   start   of   Bignell   loess
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.,L

deposiition   (about   8000   yr  B.P.),   a  change   attributed   to
I

I

the  onset  of  a  less  equable  climate  at  the  end  of  the
I

I

Pleistocene   (Leonard   1952).

A  more  extensive  paleoenvironmental   record  of  the

Pleistocene/Holocene  transition  is  available  along  the

eastern  periphery  of  the  central  Great  Plains.
I

Decid+ous   forest  comprising  predominant,ly  Quercus   and
I

!±imus,I  covel`ed   the   area   around   Lake  West   Okoboji,
I

northwestern   Iowa,    from   11,800   to   9000   yr   B.P.      PI`obably
I

in  r:sponse  to  post-glacial  warming  and  increased
I

al`idity,   this   forest  was  gradually  I`eplaced  around  9000
I

yr  B|P.   by  prairie  grasses  and  shrubs,   most  notably
I

GI`amineae,   Artemesia,    and   Ambrosia   (Van   Zant   1979).      In

nor.th-centl.al   Iowa,   increasingly  xel.ic  conditions  after
I

8000i  yr  B.P.   likely  caused   the  decline   in  Quercus   and

!!l"±E  and   the   increase   in  Ambrosia   (Brush   1967;   Durkee
I

1971,I).      In   Iowa,   micromamlnal   fossils   testify   to
I

inclieased  aridity  during  the  early  Holocene  and
I

establishment   of   the   prairie   by   8400   yr  B.P.    (Semken
I

198d;    Rhodes   and   Semken   1986).
I

1'   In  summary,   there   is   conclusive   evidence   of
I

Ve8etational   change  during   t,he   early  Holocene   on  the
I

eastern  periphery  of  the  central  Great  Plains.     Although
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the, paleoenvironmental   record  for  this  period  in  the
I

Gen,tral  GI`eat  Plains   is  much  more   limited,   the  available

dat'a  do   Suggest   some  change   in  vegetational   communities,
I

specifically  a  shift  to  a  grassland  vegetational

corimunity.     On  the  eastern  periphery  of  the  central

Gr!at  Plains,   floral  and  faunal  records  show  that
I

prairie  moved  eastward  across  the  central  Great  Plains
I

between   9000   and   8000   yr  B.P.,   eventually  extending   into

Iovia   by   8000   yr   B.P.    (Leonard   1952;    Gruger   1973;   Van
I

Zatlt   1979;    Semken   1980;   Wright   et   al.    1985;    Rhodes   and

Semken   1986).      These   changes   in  vegetational   and   faunal
I

as:emblages  al`e  thought  to  reflect  a  shift  to  warmer

tehperatures   and   increased  aridity   (Webb  et  al.1983),   a
I

Ch'ange  that   likely  resulted  from  increased  summer
I

in'Solation   (COHMAP   Members   1988).      As   documented   in   the
I

Prlevious  chapter,   this  climatic  and  vegetational   shift
I

is  marked   in   the   early  Holocene   sedimentation  I.ecord  by
I

WidespI.ead'  fluvial   aggradation.     The   coupling  of   fluvial
I

I

deposition  to  the  onset  of  xeric  conditions  has  been
I

Pbstulated   elsewhere   (e.g.,   Huntington   1914;   Love   1979;

Bfakenridge    1981,    1984;    Knox   1983).

i;iLJ±d±±  Holocene  J±±QQ  =  4QQn  H  BJfl
I

I         The   most   widely   reported   event   of   the   middle
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Holoqene   is   the  Altithermal,   a  period  when  climatic

conditions  were  apparently  drier  than  those  of  the
I

present.      Fil`st   noted  by  Antevs   (1955),   the  Altithernal
I

is  b81ieved  to  have  resulted   from  the  dominance  of   zonal

atmo5phel.ic   flow,   a  pattel`n  that   increased  the  frequency
I

of  dlty  Pacif ic  air  over  the  central  Great  Plains
I

(Wendland   1978).      According   to   some   studies,   this  period

of  d+y  climatic  conditions  affected  much  of  the  central

GI`eat   Plains   from   approximately   7000   to   5000   yr  B.P. ,
I

and  pay  have   been  severe  enough  to   reduce  human

populations   in   the   I.egion   (Hurt   1966;   Prison   1975;
I

Benedict   1979;   Wedel   1986).      Conversely,   others   have
I

argued  that  the  cultural  hiatus  in  the  al`chaeological

reco'rd  is  not  the  result  of  a  depopulation  of  the
I

centiral  Great  Plains,   but  I.ather  the  product  of
I

insufficient   reseal`ch   in  the   region   (see  Reeves   1973).
I  According   to  the  paleoenvironmental   record,   the

I

tall  grass  p'rairie   (apparently  in  response  to  the

droJght)   migrated  eastward  dul.ing   the  pel`iod  to  areas

that  at  present  support.  mixed  deciduous-prairie
I

Vegetation.      At   Lake   West  Okoboji   in   northwestel`n   Iowa,

Vantzant   (1979)   report,ed  a  rapid  decline   in
I

q±1e±S±±S/!±±m±±jE   after   9000   yr   B.P.  ,    concomitant   with   a
I

rise   in,   and  eventual  dominance  of ,   prail.ie   species   such
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as   Gramineae,   Artemesia,   and  A.mbrosia.      Prairie

veget,'ation  covel`ed   the   area  between   7700   and   3200   yr
I

B.P.   I  Van  Zant   (1979)   also   identified  an   influx  of
I

I

coarse   sediment   to   Lake  West  okoboji   between   7730   and
I

6200  ,'yr  B.P. ,   activity  that  he   interpreted  as  evidence
I

of  a'dry,   or  nearly-dry,   lake.      Micromammal   remains   from
I

I

the  Oherokee   Sewer  site   in  northwester.n  Iowa  also
I

I

indicate   increased  al`idity  between   8400   and   6300   yr  B.P.

(Semken   1980),   followed   by  more   mesic   conditions   after

5000,'yr   B.P.    (Rhodes   and   Semken   1986).      In   the   pollen

record  at  the   Siebold  Slough,   North  Dakota,   Cvancara  and

othei'rs   (1971)   repol`ted  dry  conditions   between   8500   and
I

4500'  yr  B.P.      Fossil   diat.om  assemblages   and  Pollen
I

Prop iles   from  southeastern  Minnesota  showed  dry
I

Conditions   between   8000   and   4000   yr   B.P.  ,   and  maximum
I

I

eastward  extension  of  the  p|.airie   about   7200   yr  B.P.
I

(Wr.i8ht   1976;    Brugam   1980;    Brugam   et   al.1988).       In
I

northeastern  Kansas,      Gruger   (1973)   noted   the   dominance
I

I

0f  Prail.ie   species  Ambrosia  and  Artemesia  between   9900
I

andi'  5000   yr   B.P.  ;    about   5ooo   yr   B.P.  ,    the   present   mixed
I

dec,'iduous/prairie  mosaic  began  to   develop.
I

I     In  contrast   t.o   the   middle  Holocene

Pal'eoenvironmenta|   record  of  areas  peripheral   to   the
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central  Great  Plains,   a  record  that  reveals  an  expansion
I

of  priairie  vegetation,   the  middle  Holocene   record   from
I

the  c,entral  GI.eat  Plains   lacks  evidence   of  major

clindtic  and  vegetational  change.     Either  the  recol`d  is

too  |'imited  to  reveal  the  climatic  and  vegetational

changes,   or  the  changes  did  not  affect  the  surrogate
I

indidators  of  vegetational  change  that  have  been  studied
I

to  date.     At   Swan  Lake   in  the  Nebraska  Sand  Hills,
I

WI`ight   and   other.s   (1985)   noted   relatively   low  water
I

levels   from  8900   to   3700   yr  B.P. ,   but   could  not  discern
Iany  Significant   fluctuations   in  pollen  fl`equencies.     At,

Hackberry  Lake   in   the  Nebraska  Sand  Hills,   Sears   (1961)
I

cited  an   incl`ease   in  arboreal  pollen  al`ound   5000   yr  B.P.
I

as  evidence  of  more  mesic  conditions  during  the  middle
I

Holocene .
I

I  Evidence   of   al.id   conditions   is,   however,   presel`ved
Iin  the  eolian  sedimentation  record  of  the  middle

Holotene.     Parts  of  the  Nebraska  .Sand  Hills  and  adjacent
I

area's  experienced  eolian  activity  during  the  per.iod
I

(A8e'nbroad   1977;   Ahlbrandt   and   Fryberger   1980;   BI.adbul`y
I

19801;   Ahlbrandt,   et   al.1983;    Muhs   1985;   Wright   et   al.
I

1985).      Findings   from  northern  Texas   indicated   eolian
I

Sedimentation   between   5500   and   4500   yr   B.P.    (Holliday
I

1989).      In  central   Kansas,   paleosols   developed   in  and
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ied  by  eolian  silt  have  been  radiocarbon  dated  at

t   6500   yr  B.P.,   and  at   the  Great   Bend  sand  prairie,

leosol  developed  in  eolian  silt  and  buried  by  dune

has  been  radiocarbon  dated  at,  approximately  5000  yr

B.P.    (W.C.    Johnson,    Peps.    Comm.1989).       This   middle

Holocene  eolian  activity  likely  resulted  from  increased

ari  ity  and  an  attendant  reduction  in  the  vegetation

Cover ,

The  fluvial  record  of  the  middle  Holocene  reveals

aggradation  in  the  central  Great  Plains  between  8000   and

6000-to-5000   yr   B.P.    (Johnson   and   Logan,    In   press).

This  episode  of  aggl.adation  nay  have   resulted   from

0

C

C

ught  conditions  that  I.educed  the  vegetation  cover  and

reased   sediment   delivery  to   rivers   (Knox   1983).     As

umented   in  studies  of  the  prairie  during  the   1930s,

arid  conditions  can  I`apidly  and  dramatically  diminish

grassland   cover   (Albertson   and  Weaver   1942;   Weaver   and

Albertson   1943;   Weaver   and   Bruner   1948;   Tomanek   and

Hulett   1970),   leaving  the   surface  exposed  to   raindrop

imp'act   and  the   effects   of   overland   flow;   with  the   I.eturn

of'

Fee,

Hul

Plentiful  moisture,   the  grassland  cover  is  I`apidly

Stablished   (Weaver   and  Albertson   1943:   Tomanek  and

ett   1970).
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Atmospheric  models  have  also  generated  drought

conditions   during   the   middle   Holocene.      The   AGCM
I

(Atmosphel`ic   General   Circulation  Model)   developed   by
I

Kutzbach   and   Guetter   (1986)   and   the   COHMAP   model   (COHMAP

Members   1988)   postulated   maximum   summer  warmth   in   the
I

norlthern  hemisphere   around   6000   yr  B.P. ;   a  strengthening

of  +esterly  f low  act.oss  North  America  is  thought  to  have

caulsed   these   warm   and   dry   conditions   (COHMAP  Menbel`s
I

1988).     Moisture   availabilit.y  was   further  I.educed  by  the
I

inqreased  evapol.ation  that   accompanied   such  warmt,h.
I     In   summary,   paleoenvironmental   records   from  acI`oss

I

the  central  Great  Plains  show  a  dominance  of  prairie
I

vegetation  and  xeric  conditions  dul`ing   the  middle

Holocene.     The  prairie  apparently  expanded  eastward,
I

reaching   its  limit.   in  eastern  Minnesota  and  western
I

WiFconsin   around   7200   yr   B.P.      The   dry   climatic

Cohditions  may  have  been  of  suf f icient  severity  to
I

reduce  human  populations   in  t.he   region.     Maximum  aridity
I

0CFurred   between   6000   and   5000   yr   B.P.  ,    followed   by   a

re'turn  to   more   mesic   conditions   after   5000   yr  B.P.      The
I

driy  conditions,   by  reducing  the  vegetation  cover,   likely

ac'Celerated  eo|ian  activity  in  the  region.
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I:ate  Holocene   (4000  ][±  B|PL  =  Present)
I

As  noted   in  several   studies,   frequent  changes   in
I

flood, magnitude  and  fl`equency  are  preserved  in  the  late
I

HolocFne   sedimentation   record   (e.g.,   Knox   et   al.1981;
I

HayneF   1985;   May   1986).      Dominance   of   meridional

atmospheric  circulation,   which  I`esults   in  high  intensity

frontil  precipitation,   appal`ently  gave  rise  to  this
I

fluvilal   regime   (Knox   et   al.1981;   Brakenridge   1981).      In
I

the   I]oup  River   system,   Nebraska,   May   (1986)   cited   thick
I

late  iHolocene  alluvial  fills  and  frequent  episodes  of
I

incision  as  evidence  of  highly  val`iable   flood

magnitudes;    Knox   and   others   (1981)   and   Knox   (1985)

repo+ted  similar  f indings   fl`om  drainage  basins   in

southwestern  Wisconsin.     Such  short-term  change   in
I

fluvial  I`egime  does  not  appear  to  have  perisited  long
I

enough  to  affect  regional  faunal  and  flol.al  patterns,   as
I

it  is  imperceptible   in  the  paleoecological  record  of  the
I

Peripd   (Fredlund   and   Jaumann   1987).
I

The  change  noted  most   f requently  in  the  late

Holotene  paleoenvironmental   I.ecord  of  the  central  Great
I

Plaihs  is  the  replacement  of  prairie  vegetation  by  the
I

mixed  deciduous   forest   and  prairie.     At  Muscotah  Marsh
I

in  northeastern  Kansas,   this  shift,   which  is   indicated
I

by   an   increase   in  Que|`cus   and  g:a:r][ja„   occurl`ed   about   5000
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yr   B|P.    (Gruger   1973);    at   Lake   West   Okoboji   in
I

northwester.n   Iowa,    it   took  place   about   3200   yr  B.P.    (Van
I

Zant,I  1979).      The   remaindel`   of   the  Holocene   record   to   the
I

timei  of  anthl`opogenic  vegetational   changes  reveals  only
I

mino,'r  fluctuations   in  the  vegetation  cover   (see  Gruger
I

1973';   Van   Zant   1979),   none   of   which   can   be   construed   as
I

I

a  signal  of  regional  climatic  shifts.
I

I   In  areas  contiguous  to  the  central  Great  Plains,
I

however,   there   is  evidence  of  significant  climatic
I

flu¢tuations   dul.ing  the   late  Holocene.     Hall   (1982),   in
I

an  analysis  of  pollen  and  landsnails  from  rockshelters
I

Iin  northeastern  Oklahoma,   proposed  that  moist  conditions
I

existed   between   2000   and   1000   yr  B.P.,    followed   by
I

Iincreasing   aridity  after   1000   yr  B.P.     At  Carnegie
I

Canyon   in  west-central   Oklahoma,   Hall   and   Lintz   (1984)
I

andi'  Hall   (1987)   documented   a  high  water   table   between
I

3200   and   1000   yr   B.P.      About   900   yr   B.P.    the   water   table
I

Ideclined,   resulting   in  trenching  of  the  canyon  fill.
I

I     Although  generally  indiscernible   in  the
I

Paleoecological   |`ecord,   evidence  of   short-term  climatic
I

fl+Ctuations  does  appear  in  the  cultural   record  of  the
I

Central  Great  Plains.     For  example,   the   record  of  the
I

upper  Republican  culture   in  south-centl`al   Nebraska
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contains evidence   of  mesic   conditions   between   1250   and

850 |yr  B.P. ,   followed  by   increasingly  xeric   conditions

ml8

198

ame

Gen

yr   B.P.    (Wedel   1986).      The   xeric   conditions

for.ced  the  Upper  Republican  culture  to

ate   sout.hward   (Bryson   and  Wendland   1967;   Wedel

),   whel`e   they   remained  until   450   yr   B.P.   when

ioration  of  the  climate  permitted  a  I`eturn  to  the

ral   GI`eat   Plains   (Wedel   1986).      Records   from  the

Creek  culture   in  northwestern  Iowa  also   show

ence  of  environmental  stress   (apparently  an  acute

ght)   about   800   yr   B.P.    (Bryson   and   Bael`reis   1968;

on  et   al.1970).      At  Ash  Hollow   in  western  Nebraska,
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magnitudes,   and  archaeological   evidence   suggests   that
I

more  xeLic  conditions,   probably  caused  by  an   increase   in
I

zonal   a,'tmosphel`ic   flow,   affected  most  of   the  central

Great  rilains   from  800   to   700   yr  B.P.      Mesic   conditions
I

I

retul`ned   t.o   the   region  about   450   yr  B.P.

Summal.y  and  Conclusions
I

I

Dul.ing  the   last   30,000  years,   climatic  conditions
I

I

on  theicentral  Great  Plains  have  changed  fl`om  cool   and
I

mesic  during  the  late  Pleistocene  to  relatively  warm  and
I

I

dry  during  the  Holocene.     The   limited  paleoecological
I

record,I  of  the  central  Great  Plains  suggests  that  Peoria

loess  ,'accunulated  on  a  vegetated  surface,   possibly  in  a
I

parkland  vegetational  community.     Analysis  of  phytoliths
I

extradted  fl`on  loess  deposits  at  the  Eustis  site   in
I

I

Southwestern  Nebraska  indicates  that  loess  was  deposited
I

I

under'cool   conditions  wit.h  more   effective  moisture.      In
I

I

I`ivel.'valleys,   a  more   continuous  Picea/deciduous   forest
I

I

Cover,'probably  existed.     On  the  eastern  periphery  of  the
I

regioh,   where  more  data  al.e  available,   it   is  generally
I

accep,ted  that   a  continuous  Pjj2j2La:  forest  Was  Present
I

durin,'g  the  late  Pleistocene.      In  response   to   increasing
I

Itemperatures   after   12,000   yr   B.P. ,   P±j=L§:a  moved   rapidly
I

Inorthward  and  deciduous   species  became   established   in
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the  clentral  Great  Plains;   Picea  disappeared  from  the

regio'n  by   10,500   yr  B.P.      In   addition   to   rapid  war.ming,
Iless  equable  climatic  conditions  appear  to  have

I

developed   in  the   region  between   12,000   and   10,500   yr

B.P.   ,  These   conditions  may  have   destroyed   the   complex

bioldgical   communities  that  existed  during  the

Plei!tocene,   I.esulting  in  either  the  extinction  of  mega-

faund  or  migration  of  those  having  a  boreal  affinity.
I

The  limited  record  from  the  central  Great  Plains
I

suggists  that  a  mixed  deciduous   forest/prairie  covered

at  least  the  eastern  portion  of  the  region  from  10,500

to   between   9000   and   8000   yr   B.P.      In   response   to  warmer

and  drier  conditions,   t,he  prairie  moved  eastward  across

the  tentral  Great  Plains  after  9000   yr  B.P.;   by  8000  yr
IB.P.,   it  covered  the   central   Great  Plains,   and  by  7200

I

yr  Bip.   it  extended  to  eastern  Minnesota  and  western

Wiscpnsin.      Mesic   conditions   returned   around   5000   yr

B.P.I,   resulting   in  establishment  of  the  deciduous   forest

at  its  present  position  on  the  eastern  periphery  of  the

CentLal   Great   Plains.     The   remainder  of   the  Holocene

PaleLecological   |`eco|`d  displays  only  minor   fluctuations
I

£n  tihe  vegetation  cover,   none   of  which  provide  a  clear

8i8r]al   of  climatic   fluctuations.
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Evidence   of   late  Holocene   climatic   change  does
I

appear,   however,   in  the   archaeological   and  sedimentation
I

rec6rds.     The  archaeological  record   implies  that  dry
I

conditions  existed  in  the  central  Great  Plains  between
I

800   and   700   yl`   B.P. ,   followed   by   a   return  of  mol.e   mesic
I

conditions   around  450   yr  B.P.     Numerous   cut   and   fill
I

episodes  and  thick  alluvial  f ills  in  the  sedimentation
I

record  attest  to  a  fluvial   regime  dominated  by  highly
I

variable  flood  magnitudes;   such  a  regime  contrasts
I

mal`kedly  with  the   regimes   of  the  middle   and  early
I

Holocene,   which   appear  to  have  been  chal`acterized  by
Ilong-term  aggradation,   punctuated  by  relatively  bl`ief

epi!odes  of   incision.
I    Finally,   while  it   is  generally  accepted  that

draLatic and  frequent  clinat.ic  change  has  occurred  in

the'  central  Great  Plains  over  the  last  30,000  years,

the!re   is   less   agreement  as   to  whether   such  change

occLrred   in  an  episodic   or  a  gI`adual   fashion.     Based  on

the'  temporal  distribution  of  sever.al   thousand

radiocal`bon   determinations,   Wendland   and   Bryson   (1974)

ardued  that  climatic  change  occurred  in  an  abrupt,   step-

Wi±e   fashion  that  could  be   linked  to  perturbations   in

athospheric  circulation.     In  contrast,   following  an

analysis  of   the   pa|ynological   record   from  various
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CHAPTE'R   4:    STUDY   SITE   AND   METHODOLOGY

Study  lsite
I

The  Republican  River  basin  has   its  headwaters   in
I

the  dissected  plains  of  eastern  Colorado.     Elevations  in
I

the  portion  of  the  Republican  River  basin  under  study
I

here   range   from   1798   in  above   mean   sea   level   (amsl)   at
I

the  headwaters  of  the  Arikaree  River  northwest  of  Limon,
I

Colorado,   to   593   in  amsl   at  Harlan  Lake.      At   its  mouth  on
I

the  western  shore  of  Hal`lan  Lake,   the   river  dl`ains
I

18,500   km4'of   eastern  Colorado   and   southwestern  Nebraska
I

(see   Figul`e   1:1).
I

iln  the  vicinity  of  Harlan  I.ake,   the  Republican
I

Riverl  has   incised  through  Quaternal`y  and  Tertiary
I

depoEgits   to   expose   the  under.lying  Niobrara  formation  and
I

Pierr`e   shale   of  Cretaceous  age.     The  Niobrara   formation
I

is  a 'lead  gray-to-yellowish  cream  chalk,   and  the  Pierre
I

Shale  a  car.bonaceous,   clayey  yellowish-gI`ay  to  black
•1

Shale   that   is   interbedded  with  gypsum   (Bradley  and
I

Johnson   1957).      The   Pierl`e   shale   serves   as   an   impol.tant
I

aqui6lude   in  the  central  Great  Plains.     The  Ogallala
I

formation  of  Tertiary  age,   which  consists  of
I

uncohsolidat.ed,   cross-bedded   sand   and   gI`avel,   ovel`lies
I

the  ¢retaceous   bed|.ock,   and   is   exposed  on  upland   flanks
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in  the  study  area.
I

I

Pre-Quaternary  fluvial  dissection  cut,  dl.ainage  ways
I

in   the   Pierre   shale   and  Niobrara   formation   (Lugn   1935).
I

These  drainage  ways  wel.e   subsequently  f illed  with  early
I

Pleistocene   fluvial  deposits  that  compl.ise  the  Holdrege,
I

Grand   I:land,   Sappa,   and  CI`ete   formations   (Bradley  and
I

Johnsont'  1957).      Of   these,   the   most  widespread   in   the
I

st,udy  a,'rea  is  the  Crete   formation,   a  Pleistocene  deposit
I

of  fluvial  origin  that   is  composed  of  cross-bedded,
I

I

clean  sands  and  gravels.     Erosion  just  prior  to  or
Iconcurrent  with  late  Pleistocene  loess  deposition

I

removed  much  of   the  Crete   formation   fl.om  the   south  shore
I

of  the'Republican  River  valley,   although  extensive
I

I

exposures  I.emain  on  the  nor.th  side  of   the   river
I

(Zakrztwska   1963).      This   asymmetrical   pattern  of   erosion
I

is  believed  to  have  resulted  from  Quaternary  faulting  of
I

the  Ogpllala  and  overlying  early  Pleistocene   formations

( Zakrzi'ewska   1963 )  .
I

B'oth  the   Loveland  and  Peoria  loess   have   been
I

recogbized   in  the   study  area,   although  exposul.es  of  the
I

latter  are  far  more  prevalent.     Following  deposition  of
I

Ithe   Loveland   loess,   widespread   land form  dissection
I

Occur+ed,      The   Peo|.ia   loess  was   subsequently  deposited.
I

Obscuring  most   of   the   small   valleys   formed  by  the
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earlier   erosion   (Lugn   1935).
!With  the   exception  of   I`eworked   loess   that   appears

as  cdlluvium  on  valley  sides  and  Holocene   fluvial
I

depoSits  that  al`e   found  in  valleys,   the  Peoria  loess

constitutes  most  of  the  surface  material   in  the  study
I

areai  (see  Plate   1:1).     Generally,   upland   soils   are

developed  in  Peoria  loess,   and  lowland  soils   in  silty
I

and  loamy  alluvium.     Upland  soils,   which  are  silty  in
I

textrre  with  a  small   component   (ca.   lox)   of   fine  sand,

are  blass'if led  as  Typic  Argiustolls  or  Typic
I

Haplrstolls.     Lowland  soils  close  to  the  river.  are

claslsif led  as  Typic  Ustipsamments  and  Typic
I

Usti,fluvents,   whereas  those  developed  on  distal

flobdplains  and  terl.aces  are  clasif led  as  Cunulic
I

Hap|ustolls   (Mitchell   et  al.1974).
I  The  Harlan  County  area  receives   an  average   of   566

I

nm  c}f  precipitation  each  year,   although  the  annual   total

Varies   significantly   (Meyers   1974).      Frontal  activity  in

the lspring  and  convectional  activity  in  the  early  summer
Iaccpunt   for   the   bulk  of  the  pl`ecipitation   (Figure   4:1).

Thelvegetation  cover  of  the   study  area  consists  of  a
I

mixed  prairie-short   gI.ass   cover   (Figure   4:2).      Short

grabs  types  are  generally  restricted  to  steep  slopes  and
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F18ur'e  4:1     Representative   climograph   for   study  area.
Data  lare   for  A|ma,   Nebraska,   for  the   period   1937   to
1966.      Note   t,he   summer  maximum   of   pl.ecipitation   and   the
`inte!r  minimum.      The   average   annual   pl`ecipitat.ion   tot,al
durinlg   the   period   1937   to   1966   was   566   mm.      Data   are
rrom  ,Mitche||   et   al.    (1974,    62).
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Figul`d   4:2     Portion   of   Kuchler's   (1964)   map   of   pot.ential
natul`al  vegetation  of   the   United   States.     Hal`lan  Lake

iifei:::::i::i:::::::;i::::;i:i!i::t::p
are:      I

#67:   wheatgrasss-bluest,em-needlegl`ass   (Agl`opyron-
I        .   BLo_uteloua-Buchloe )
#69:   bluestem-grama  prairie   (Andropogon-Bouteloua)
f70:   sandsage-bluestem  prairie   (Art,emesia-

Andropofrm)
#75:   Nebl`askan   Sandhills   prairie   (AndroTJogon-
I          galamovilfa )
#98:   nol`thern   floodplain   forest   (Populus-Salix-
I              ELl ming )
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dry  rplands,   whereas  mid-and  tall   gI`asses   are   found  on

gentler   slopes   and   in  valleys   (Weavel`   and   Bruner   1948).

The  dominant   short   grasses   are   Bouteloua  f{racilis   (blue

gramF)i      B!±£blQf  dactyloides   (buffalo   grass),   B=QE!±LE

gQpmutatus   (hairy   chess) ,   and  Andl.oTJof!on   scopal`ius

(little  bluestem).     Common  mid-and  tall     I`asses   include

Andr f{erardii   (big  bluestem),   Bouteloua

curtipendula   (side-oats  grama) ,   Anf{roDyron  smithii

(western  wheat   grass) ,   and  ±ga±j=±±±  virf{atum

(swi|tchgrass)    (Weaver   and   Bruner   1948;    Weaver   1954).

The  extensive  grasslands  of  the  central  Great

Plai'ns  occupy  a  I`egion  of  North  America  that   receives

little  winter  precipitation.     It  is  a  region  that  is

subjected  frequently  to  drought,   especially  when  spring

and \summer  rains   fail.     In  contrast  to  the  eastern  half

of  the  United  States,   where  the  midlatitude   forest   is

the [dominant  vegetation  type,   areas   supporting  grassland

have  few  days  of  precipitation,   little  cloud  cover,   and

low  relative   humidities.   Drought   conditions  occur  when

:;r!:;::a:I::in::::e::: ::::. fr::et::t:::t:n:Ss::::::;dof
droulght   depends   on   the   strength  of   such   flow   (Borchert

195?;   Bryson   and   Wendland   1967;    Bryson   and   Bael.reis

1968;    Kalnicky   1974;    Wendland   1978).
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The   drought   of   the   1930s   may   serve   as   a  model`n
I

I

analogque  to   the  dl`y  conditions   t,hat  af fected  the  Great

Plains''  from  approximately   7000   to   5000   yr  B.P.      Research
I

I

conducted  dul.ing  and   following  this  drought   revealed

signif,'icant  changes   in  grassland  cover  as  a  consequence
I

of   thei!  dry  conditions.      For  example,   at  Hays,   Kansas,
I

I

t,he   gltassland   cover  was   reduced   from   85%   in   1932   to   20%
I

I

in   1940.     After   1940,   with  the   return  of  more   abundant
I

I

precipitation,   the  cover  increased,   although  the  speed
I

of   re¢ovel`y  varied  by  species  and  according  to

topographic   position   (Weaver   and   BI.uner   1945;   Tomanek
I

and  Hulett   1970).      For  example,   hillslopes   in  parts   of
I

the  cEntl.al  Great  Plains  that  had  been  rendered  barl`en
I

by  th:  drought  of   the   1930s   supported  only   50%  of   theil`
I

Pre-d'rought   grass   cover  by  the   late   1940s   (Weavel`  and
I

Brune'r  1948);   in  contrast,   the  pre-drought  vegetation
I

I

Cover   in  many  a|.eas   of  Nebl`aska  was   entirely  restored  by
I

the   late   1940s   (Weaver   and   BI`uner   1945).      After   an
I

I

analysis  of  the  historical  period   (i.e. ,   post-European
I

Settlement),   Kuchler   (1972)   concluded   that   prairie
I

bounqaries   in  the  cent|.a|  Great  Plains  are  responsive  to
I

Varibtions   in  the  reliability  of  precipitation.
I

i'  In  detailed   studies   of  the  prairie   in  western  Iowat
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eastern  Nebraska,   and  north-central   Kansas,   Weaver  and
I

Albertson   (1943)   noted   that  Andropo#on   scoT>arius
I

suf fered  the  most   serious  losses   f ron  the  drought  of  the
I

I

1930si      In  contrast,   AndroT)of{on   gerardii,   probably
I

because  of   its  deeper.  root   system,   successfully
I

weathered  the  dl`y  conditions.     With  the   loss   of  much  of
I

the  Andropogon   scoparius  cover,   species   such  as
I

a.p.ute|oua  curtiT]endula  and  Af{roT)yron   smithii   invaded   the
I

cent,r'al   Great   Plains   (Weaver   and  Albertson   1943);   many
I

cont,i'nue  to  prosper  there  today.
I

Iprior  to  the  arrival  of  white  settlers   in  1871,   the
I

I

Republican  River  valley  supported  numel.ous  Native
I

Amel`ican  cultures  who  valued  the   I.egion   for   its
I

Plen+iful   game   and  good  water  supply.      Perhaps  the  most
I

notable  of  these  was   the  Upper  Republican  complex,   a
I

ICultul`e   that   inhabited  the   region  between  900   and  600   yr
I

B.P.,I  (Wedel   1986).      These   original   inhabitants   yielded
I

eventually  to   the   Eu|`opean  settlers  who   founded  Harlan
I

I

County   in  June   1871   and  later  selected  Alma  as   the
I

C0uhty  seat.      That   same   year,   Republican  City  was
I

estqblished,   followed  by  o|`|eans  the  year  after   (Figure
I

4:3).      In   1879   the   railroad   arrived   in  Hal.lan  Countyj
I

IPrecipitating   an   economic   boom  and   an   increase   in
I

P°Ptrlation   (Andreas   1882).      Harlan   County,   because   of
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P18urb   4:3     Sample   localities,   Republican   River   and
i.lArlan   Lake,   Nebraska.      Map   scale   is   1:250,000.      Top   of
a^P   is  north.      Sample   site   abbreviations   are   as   follows:

AV   =   Alma   Vista
BC   =   Bone   Cove
¢C   =   Coyote   Canyon
FR   =   Freer
•YC   =   North   Cove

Prairie   Dog  Bay
Schoenenburg
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its  li|nk  to  agriculture,   has  suffered  through  several
I

boom  and  bust  cycles.      It  has  also  been  affected  by  the

20th  dentury  consolidation  of  agl`icultural  activity,   and

the  rqsultant  decline   in  the  number  of  family  farms.

This  decline   is  I`eflected  in  the  population  trends  of
Ithe  county:      after   reaching  a  peak  of   9578   in   1910,   the

population  has  declined  steadily  to  the  pl`esent  f igure

of   4292   (Mitchell   et   al.1974;   Bureau   of   the   Census
I

1980 , 29-16 )  .

Harlan  Dam  was   planned  by  the   United   States  Army

Corps,of  Engineers   in  the   late   1930s,   primarily  in

response   to  a  deadly  flood   in  June   1935   that   struck

along  the  Republican  River   from  the  Colorado/Nebraska

border  to   the  Nebraska/Kansas   border.      Eyewitness

accounts  of  this   f lood  reported  that  a  wall  of  water  3

to   16lfeet   high   and   1   to   2   miles  wide   descended   on

Orlears   at   3:00   A.M.   on   June   1.      The   floodwaters   then

Continued   downstream,   striking   Alma   at   5:00   A.M.   and

Republican  City  just  after  daybreak.      In  all,   112  people

Perisred  across   southern  Nebraska,   one-fourth  of   them  in

the  Oxford-Orleans-Alma  reach  of  the   river   (Hurlbert

1980;I Pfeifer  1985;  !±±  gg±  ±eurnd  1985L
SpurrFd  by  the  devastation,   construction  of  the  Harlan

Project  began   in  the   late   |940s.     The  gat,es   that  hold
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Harllan  Lake   were   closed   in   1952.      Ostensibly  built   to

aff|rd  flood  control  to  the  valley,   the  lake  serves

increasingly  as  a  recreational  facility  and  a  reliable
I

supbly  of  irrigation  water  to   farmers  downl.iver  in

Nebl\aska   and   Kansas.

Methodology

I  Reconstruction  of  t.he   late  Quaternary  sedimentation

history  of  the  study  area  required  extensive  sampling  of

and  drilling   in  upland,   valley  side,   and  lowland
I

deposits.     Because  of  the  outstanding  exposur.es  present

on  riarlan  Lake,   sampling   focused  on  the  lake   shoreline

andla  reach   of   the   Republican  Rivel`   from  Republican  City

to  Px ford,   Nebl`aska   (see   Figul.e   4:3).      With   the   aid   of

7.5   minute,1:24,000   United   States   Geological   Survey
I

Itopographic  maps,   I   first  undertook  a  walking   survey  of

the'river  to  identify  accessible  river  and  wave-cut

exppsures  that  appeared  to  feature  eol`ian  and  fluvial

dep?sits.     Because  of  their  potential   for  radiocal`bon

dating,   those   exposures   that  contained  paleosols  were

assigned  a  higher  priority  for  description  and  sampling.

°n  the  basis  of  this   survey,   the   following  wave-cut

exppsures   on  Har|an  Lake  were   selected   for  detailed

description   and   sampling:      A|ma  Vista,   North  Cove,   Bone
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Cove,   and  Prairie   Dog   Bay.      Unfortunately,   only  one   non-
1

vegetated  cutbank  exposure,   the  Schoenenburg   site,   was

found  on  the  reach  of  the  river  under  study  here   (see
I

Figurei'4:3).      In  order   to   augment,   investigation  of   the
I

stratigraphic   relationships  between  upland  and  lowland
I

deposits,   I  used  a  trailer-mounted  drill  rig  to  collect
I

cores  along  two  tl`ansects  plotted  acl.oss   lowland
I

alluvii'al   and  upland  loess  deposits   (Plate   4:1).     Cores
I

Iwere  packaged  and  transported  to  the  laboratory  for
I

description,   measurement,,   sampling,   and  analysis.
I

4s   a   compromise   between   a   time-consuming,   random
I

sampling   scheme  and  a  potentially  biased  systematic
I

Ischeme,   I   sampled  randomly  within  each  depositional   unit.
I

of  exi>osures   and   cores.     At   the   same   time,   I   was   careful
I

t.hat  at   least  one   sample,   and  usually  two,   were  obtained
I

I

from  each  unit.      Where   stratigl.aphy  was   more   complex
I

(e.8.i!,   fluvial   deposits),   additional   samples  were
I

Colle,'cted.      To   prevent   contamination   from  above,
I

exposures  were   cut  back  at   least   0.20   in  prior  to
I

Sampling.      Depth   to   units   was   determined   from  exposure
I

banktops.      Moist   Munse||   colors   of   all   samples  were   also
I']etermined   in  the   field  under  natural   light.     For  a

I

I`]`±tailed  description  of   ccires   and  exposures   and   the
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Plate   4:1      Trailel`-mounted   drill   rig    (Giddings)   used   to
':Ollect   cores   from   valley   and   valley   side   fills.
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samples   collected   from   them,   see   Appendix  A.

At   several   locations,   2   kg  bulk   samples   of

paleosols  were  collected  for  radiocarbon  dating  of

humites.     To  guard  against  contamination,   faces  were  cut,

back  at   least   0.50   in  prior   to   sampling   (Plate   4:2).

Theh,   the   sediment   overhanging   the   top  of  the  Ab  was

removed   to   form  a   shelf   from  which   samples  were

collected   (Plat,e   4:3).     Although   I   attempted  to   sample

within  0.05   n  of   the   top  of  each  Ab,   biotul.bation  of

some  paleosols  made   it  necessary  to   sample  at  a  lower

level  of  the   soil.     Rootlets  were  handpicked   from  bulk

palbosol   samples   in  the  laboratory,   and  then  the  samples

were   submitted   to   the  University  of  Texas   Radiocarbon

Labbratory  for  radiocal`bon  dating  of   soil   humates   (base-

soluble   fraction).     Where   noted,   ages  wel`e   corl`ected   for

thel  stable   carbon   isotope   (C13)   ratio   (see   Stuiver   and

Polach   1977;    Taylor   1987).

I    Because  paleosols  represent  episodes  of   soil

formation,   an  age   from  the  upper  portion  of  an

unstripped  paleosol  provides   a  maximum  date   for  the

burial   of   that   soil.     Conversely,   an  age   from  the   lower

portion  of   a   soil   Ab  horizon   furnishes   a  minimum  dat,e

for   the   beginning   of   soil   formation   (Haas   et   al.1986).

By   Pffording   st,ratigraphy   a   ch|`onometl`ic   framewor.ki
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Plate   4:2      Paleosol   prepared   fol`   bulk   radiocal`bon
Sample.      Exposures   were   cut   back   at   least,   0.50   in  prior
t,o   sampling   to   guard   against   contamination   by   humates
from   above.    Photo   is   the   Bone   Cove   site.
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Plate   4:3     Close-up   of   paleosol   in   Plate   4:2   prepar.ed
for   bulk   I`adiocal`bon   sample.      Sample   was   collected   from
Shelf   in   which   trowel   is   sticking.      Pen   length   is   13.5
Cm.      Photo   is   the   Bone   Cove   site.
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radiocarbon  ages   facilitated  the  constl`uction  of  a
I

chronology  of   sedimentation  and  erosional   activity.     A

list  of  all  radiocarbon  ages  obtained  in  this  study  and
I

a  discussion  of  the  pl`ocess  of  radiocarbon  dating  of

soils  are  contained   in  Appendix  8.
I In  the  laboratory,   several  basic  soil  analyses  were

run  to  detel`mine   the  physical   and  chemical

chaLacteristics  of  deposits.     I  used  the  pipette  method

to  determine  the  particle  size  distl`ibution  of  samples

(DaJ   1965;    Gee   and   Bauder   1985).      This   method   has   been

shown  to  produce  results  that  al.e  consistent  with  those

obtLined  using  the  Coulter  counter/multisizer

(Pennington   and   Lewis   1979).      Particle   size   data  were

conJerted  to   the   logal`ithmic  phi   scale  using  a  program

developed   by  M.C.   Prante   of   the   Department   of   Geography,

UniJersity  of  Kansas.     This  program  constructs  a

Cumulative   fl`equency  curve   for  the  particle

distribution,   and  then  reads  the  desired  phi  value   from

it.     Using  this  technique,   the  fifth,   fiftieth,   and

eighty-four.th  percentile  phi  values  were  determined.

The  f ifth  percentile  value  represents  the  coarse  tail  of

thelsample,   the   fiftieth  pe|`centile  value  the  median

V'|lue  of   the   sample,   and  the  eighty-fourth  percent.ile

VaL+e   the   fine   tail   of   the   sample   (see   Knox   1985).      The
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mean'phi   value   and  degree   of   sorting  were   also

calcvilated  using   equations   devised  by   Folk  and  Ward

(1957).      For   a  detailed   summary  of   calculations   and

statistical   tests,   see  Appendix  C.
I

The  calculated  phi  values  were  plotted  against

depth  to  ascertain  trends  down  a  profile.     Comparison  of

these  trends,   in  turn,   facilitated  differentiation  of

eolian.,   fluvial,   and  I.eworked  deposits,   and,   for  fluvial
I

deposits,   permitted  assessment  of  the  relative  strengths
I

of  fluvial   sediment.ation  events.     Calcium  carbonate

contlents  were  measured  using   the  Chittick  method  of

digqstion  with  hydrochloric   acid   (DI`eimanis   1962).

Organic   carbon  content  was  determined  by  the  dichromate
I

method   (Allison   1965;    Nelson   and   Sommers   1982).      The
I

organic  carbon  content  of  paleosols  developed  in  late

Holdcene  deposits  was   assumed  to   be  proport,ional   to   the

dur]tion  of   surface  stability  and  soil  development   (see

Bil.keland   19'84;   Holliday   1988).      That   is,   the   organic
I

Carbon  content  was  used  as  an  indicator  of  the  relative

dul`ation  of   floodplain  stability.     This   assumption   is

Valid  only  when  the  paleosols   being   compared  have

approximately  t,he   same  ages;   if  their  ages  differ
I

Substantially,   then  the   loss  of  organic  matter  through
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postburial  alteration  will  likely  bias  results   (see
I

Stevenson   1969;    Gerasimov   1971;   Hallberg   et   al.1978).

Finally,   I  used  clay  mineralogy,   as  determined  by  x-ray

diffiaction,   to  help  differentiate  among  deposits.     The
I

clay,fraction   (<   2   microns)   was   slurry-mounted  on

ceramic   tiles   and  x-rayed  between  2°  and   37°  2®  using  Cu
I

K-alpha  radiation  with  Ni-filtration.     To  assist   in  the

recognition  of  clays,   bot,h  air-dried  and  oven-dried   (600°

C   for   1   hour)   samples  were   run.      I   identified
I

diffraction  peaks  by  comparison  to  x-ray  diffraction
I

traces  provided   in  Carroll   (1970).
I The   range   of   labol`atory  analyses  discussed  above

I

permitted  det,ermination  of  the  physical  character  of  the

varibus  sediments   in  the  study  area.     The  resultant  data
I

were  then  used  to  differentiate  among   fluvial,   eolian,
I

and  reworked  deposit.s,   and,   for  fluvial  deposits,   to

8aug!e  the  relative  stl`engths  of   fluvial   sedimentation
I

events.     Radiocarbon  ages   on  paleosols   afforded
I

Chrolnometric  control   for  the  chronology,   and,   in  the

Case  of   late  Holocene   fluvial   deposits,   pl`ovided  an
I

indicator  of  the  relative  duration  of  floodplain

Stability,     Radiocarbon  determinations  also  facilitated
ICorrelations  with  chronologies  of   landfol`m  evolution

I

that  have   been  p|`oduced  elsewhere   in   the  Great  Plains.
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CHAPTER,  5:    RESULTS   AND   DISCUSSION

As,I  a  result  of  descriptions  completed  and  sampling

undertaiken  at  the  six  study  localities,   I  have
I

identified  loess,   colluvial,   and  alluvial  deposits;   at
I

least  one  type  of  deposit   is  present  at  each  site,   and
I

two  sites  feature  all  three  deposits   (see  Figure  4:3   for

site  locations).     A  more  precise  location  of  study  sites
I

is  provided  by  annotated  topographic  maps   included  in

the  deScription  of  each  sit,e.     As  noted  earlier.,
I

detailed  descl.iptions  of  exposures  and  cores  al.e

contaihed   in  Appendix  A.     The   following  abbreviations
I

are  used  in  descriptions  of  the  sample  locations:
I

BC   =   Bone   Cove
PDB   =   Prairie   Dog  Bay
NC   =   North   CoveI             AV   =   Alma  Vista

Late  Pleistocene  Study  Sites

BQpe dse
Bone  Cove   is   located  on  the   south   shore   of  Harlan

Lake, iapproximately  nine   kin  southeast   of  Alma,   Nebraska

(Figure   5:1).      Sampling   was   completed   on   the   east.-facing

exposLre   of   the   cove   (Plates   5:1   and   5:2).      At   the   base
I

°f   th,e   exposure,   1.5   in  of   cross-bedded,   coarse   and
I

•edi.urn  fluvial   sands   are   overlain  by  yellowish-brown
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Plate   5:1      Bone   Cove   exposure.      Exposure   comprises   a
basal   unit   of   the   temporal   equivalent   of   the   Gilman
Canyon   Formation   and   overlying   Peol`ia   loess.      Paleosol,
Which  divides   the   two   units,   was   radiocarbon   dated   at
26,260   i   680   yr   B.P.    (Tx-5910).       Note   diffuse   upper
boundary  of  paleosol,   an   indication   t,hat   it   is   a  cumulic
soil .
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Plate   5:2      Sample   section   on   Bone   Cove   exposure.
From  bottom   to   top,    exposul`e   compl`ises   the   temporal
equivalent   of   t,he   Gilman   Canyon   Formation,   a  paleosol
radiocarbon   dated   at   26,260   +   680   yr   B.P.    (Tx-5910),    and
Peoria   loess.      Radioca|`bon   sample   indicated   with   al`I`oW.
Note   the   diffuse   upper   boundary   of   pa.Ieosol,   an
indication   that   it   is   a  cumulic   soil.
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(10YR'  6/4),    massive   fine   sand   (Figures   5:2   and   5:3).      A

paleoi!sol   featuring   dark   gray   (10YR   3/1)   Ab   and   Bw

horiz'ons   is  developed  in  this   fine  sand;   the  diffuse
I

upper  boundary  of   the  Ab  hot.izon   indicates  that
I

pedoBenesis  was   able   to   keep  pace   for  a   short   time  with
I

deposition  of  the  overlying   loess   (see  Plate   5:2),

therdby  forming   a  cumulic   soil   (see  Riecken  and  Poetsch
I

1960).      Soil   humates   from   the   upper   0.17   in   (5.20   -5.27
I

in)   of  the  paleosol  were   radiocal`bon  dated   (uncorrected

for   C13   I.atio)    at,   26,260   +   680   yr   B.P.    (Tx-5910),    an   age
I

thati  correlates  with  dates   of   35,000   to   21,290   yr  B.P.
I

on  the  upper  portion  of   the  Gilman  Canyon  Formation  as
I

repoirted   elsewhel.e   in  Nebraska   (Dreeszen   1970;   May   and
I

Souders    1988;    May   1989a;    D.W.    May,    Pers.    Comm.1989).
I

I  The  paleosol   is  overlain  by  up  t,o   5  in  of   slightly

Cal¢al.eous,   massive   buff   (10YR   5/3   to   10YR   4/4)   silt
I

that  was  deposited   sometime   after   26,260   yr  B.P.    (see

Fi8til.es   5:2   and   5:3).      Aside   from  a   layer   of   slightly
I

Coarser  silt   between  4   and   5   in  that  may  correspond  to

deptlsition  by  higher  wind  velocities,   the  texture   is

homogeneous   to   the   top   of   the   exposure   (see   Figure   5:3).

Landsnails  are   scattered  t.hl`oughout   the  deposit;   a  high

Concentration  between   2   and   3   in  may  denote   deposit,ion

under  conditions   of   inc|.eased   moistul`e.      The   exposul`e   is
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ill
e   5:2     Diagl.ammatic   section   of   the   Bone   Cove
ul`e.      Depth   is  measured   fl`om   the   banktop.      Banktop
t   is   603   in  above  mean   sea  level.      Locations   of  clay
al  and  radiocal`bon  samples  are   indicated.     Note  the
formity  between  basal   sands   and  t,he  overlying   f ine
•     Fine   sand  unit   is   t,hought   to   be   t.he   t,emporal
alent   of   the   Gilman  Canyon  Formation.
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alcareous  throughout,   with  highest  values  present   in

he  upper  portion  of   the  paleosol   (Figure   5:4).     An  x-

ay  diffraction  sample   collected  between   3.30   and   3.35   in

see  Figure   5:2)   revealed  montnorillonite,   illite,

uartz,   and  kaolinite  clays   (Figure   5:5),   a  mineral

ssemblage  that   is  t,ypical  of  the  Peoria  loess

Swinefol`d   and   FI.ye   1951;    Beavers   1957).      In   age

deposition  post-26,260   yr  B.P.),   appearance,   texture,

nd  clay  miner.alogy,   this  unit  is   identical  to  t,he

eoria  loess  that  mantles  much  of  the  centl.al  Great

lains ,

In  the  classical  loess  stratigraphy  of  the  GI.eat

lains,   as   reported  by  C.B.   Schultz  and  associates  of

he  University  of  Nebl`aska-Lincoln,   the  BI`ady  paleosol

s  developed   in  the  top  of  the  Peoria  loess.     At   the

one  Cove   site,   however,   the  BI.ady  is  absent,   at   least

s  a  buried  soil;     indeed,   there   is  no  evidence   in  the

eol`ia  loess   that  deposition  ceased,   or  even  slowed

(e.8.,   organic   enrichment),   and  there  does   not   appear  to

e  any  unconformity  in  the  deposit.     It   is  possible  that

the  Brady  paleosol  was   eroded   f ron  the  Bone  Cove

XPosul`e   sometime  during   the  Holocene,   although  one

Ould  expect   to   see  evidence  of   such  an  event  preserved

ln  the  stratigraphy.     |t  is  also  possible  that  the
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Qz  =  Quartz
K  =   Kaolinite
Cr  =  Cristobalite
M  =   Mica
I   =   '„lte
Mn  =   Montmorillonite

Fi8ul.e   5:5     X-ray  diffraction  traces   for  clays   (<2

BE
Crons)   fl`om  sample   collected   at   Bone   Cove   section,
Oria   loess   (depth   of   3.30   -3.35   in).      See   Figure   5:2

for  sample   |o6at-ion.     Material   sampled  was  deposited

:i::i:I:::f!!r:;!i:::n:ir:i:.i:!!::8i::::;:::::e;:;::::-
by   Swine ford   and   Frye   (1951)
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surface   soil   at  the  Bone  Cove  exposure   is  the

stratigraphic   and  tempol`al   equivalent  of  the  BI.ady

pa+eosol.     A  radiocarbon  age   on  humates   from  the   base   of

the  surface   soil  would  answer  this  question.

In  summary,   the  Bone  Cove   site   features  what

appears  to  be part   of  the  Gilman  Canyon  Formation

overlain  by  up  to   5   in  of  massive  Peoria  loess.   The

cumulic  paleosol   at  the  base  of  the  loess,   which  marks

the  start  of  Peoria  loess  deposition,   was  radiocal.bon

dat ed  at   26,260   yr  B.P.      Although   the   BI`ady   soil   does

not  appear  as  a  buried  soil  at  the  site,   the  sur.face

soil  may  be  the  stratigraphic  and  tempol.al  equivalent  of

itl.

Prair.ie   DQg  B±]Z

The  Prail`ie  Dog  Bay  site,   which   is   located  at   the

Pr a irie  Dog  Bay  inlet  on  the  south  shore  of  Harlan  Lake,

Comprises   four   exposul.es:      PDB1,    PD84,    PD83,    and   PD85

(Figures   5:6   and   5:7,   Plate   5:3).      The   extensive

;:I:mt2h:'s::::i:fL::::a:I::::et:°:h:a:p:::::C:p::::nds
5:4).      The   PDBl   exposure   is   composed   of   buff   (10YR   5/3)I

Calcareous,   massive  coa|`se  silt  t,hat  displays  lit,tie

Va|riation   in  texture   from  the  base  of   the  exposure   to
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Figure   5:6     Section  of   topogl.aphic   map   showing   location
Of  Prairie   Dog   Bay   sample   sites.   Numbel`s   correspond   to

S884tng±¥±#g±.Sag¥t:sS±:::tea   :sP33±±o:s=   p883£   4   =
-'SE   1/4,    SE    1/4,    See.    23,    TIN,    R18W:       PD84    -SW    1/4,    SE

!!:'T:::.R23*;T::a  B£3g;_   ;E83/;,Sgw[(;4,Sge:/4£3?e:iN,
Rl18W.   Alnah    NE/KS   7.5   minute   quadrangle.      Top   of   map   is
nbrth,   contour   interval   is   10   feet,.     The  pre-dam  channel
a,'f  Prairie   Dog   Creek   is  visible   in  t,he   middle   of   Sec.
213.     The   extensive   and   flat   Prairie   Dog   Bay   surface
•tretches  about  2   kin  to  the   south  of  the   sample   locality.
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PDB1

PRAIRIE  DOG  BAY  SITE

PD84

Peo,j& loess  .

0B

PD83

0                                   loo                                ZOO                                300                               400                               500                              COO

Meters
---   lnleired Coolact

TTT  so"
•      F`adiocarbon sampl.

0      Clay Minelalooy s&mple

0      Snail  S,mpl®

Figure   5:7     Idealized  profile   of  the  Prairie   Dog  Bay
site  and   sample   localities.     View   is   from  Prairie  Dog
Bay  facing   south,     with  east  on  the  left   and  west  on  the
right  of  the  profile.     Surface  height  is  given  in  meters
above  mean   sea   level   (amsl).     Note   locations   of   snail,
radiocarbon,   and   clay  mineral   samples.   See   Figure   5:15
for  proposed  lot,e  Quaternary  evolution  of  the  site.
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Plate   5:3      Prair.ie   Dog   Bay   site.      AI`rows   mark,    from   left
to   right,    PDB1,    PD84   and   PD83    sample   localities.       Note
that   PDBl   and   PD83    featur.e   paleosols,    but   PD84   does   not.
Paleosol   in   PDB1    (fol`eground)   was   radiocarbon   dated   at
10,360   i   130    yr.   B.P.     (Tx-5909).       Deposits    are   Peoria
`ioess    (ca.    25,000    to    11,500    yeal`s    old)    and    reworked

i`Jr3oria   loess    (ear.1y   Holocene    in   age).

i  ( ) :-)



Plate   5:4      Prairie   Dog   Bay   sul.face.      Photo   taken   from
Surface   looking   towal`ds   Harlan   Lake   and   the   edge   of   the
PD84   exposure.    Surface   extends   approximately   2   kin   back
from   the   lake.
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the  banktop;   this   implies   that  deposition  was

uhinterrupted   (Figure   5:8).     Humates   extracted   from  the

ubper   0.20   in   (2.10   -2.28   in)   of   the   paleosol   that   is

pirominent   in  the  middle  of  the  exposure  produced  a

radiocarbon   age   (uncorrected   for  C13   ratio)   of   10,360   +

130   yr   B.P.    (Tx-5909).      A   small    (ca.1   kg)   bulk   sample

of  sediment   from  the  base  of  the  exposure  yielded

numerous  landsnails,   including  Vallonia  gracilicosta,

PuDilla  blandi,   PuDilla  muscorum,   and  GastrocoT>ta

altmifera;   these   species  were  present   in  upland  settings

ofl   the   central   Great   Plains   between   13,000   and   10,500   yr

B.ip.    (J.D.    Stewart,    Pers.    Comm.1986).      With   the

efception  of   Gastl`ocoTDta,   which   is   still   present   in

tqpographically  sheltered  settings  of  the  central  GI`eat

Pliains,   all  of  these  landsnails  are  ext,ant  today  in

litter.-covered   for.est   al`eas  of   the   Rocky  Mountains   and
I

alpng  the  United  States/Canadian  border,   that  is,   in

Climates  having  more  effective  moisture  and  a  lower
I

annual  temperature  than  the  climate  that  exists  today  in
I

the  central   Great   Plains   (Leonard   1952;   Wells   and
I

St,ewart   1987a).      The  x-I.ay  diffraction   traces   on  a
I

Sample   collected   just   below  the  paleosol   (see   Figure
I

5:7)   reveal   the   dominance   of  montmorillonitei   illitei
I

quartz,   and   kao|inite   (Figure   5:9).      Based  on   the
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Qz  =  Quartz
K  =  Kaollnite
Cr  =  Cristobalite
M  =  Mica
I   =   lllite
Mn  =   Montmorillonite

Figure   5:9     X-ray  diffraction  traces   for  clays   (<2

:i::i:;i::::::::g?!!t:::::;:::;::3:;::i:::::i:!d:::rla
30metime   between   13,000   and   11,500   yr   B.P.      X-ray
diffraLction  traces   are   for  air-dried   (25°  C)   and  oven-
dried   (600°  C)   samples.      Mineral   assemblage   is   typical
°f   the   Peoria   loess,   as   repol.ted   by  Swine ford   and   FI`ye
(  ,951,  .
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I`adiocarbon  age  on  the  paleosol,   the   silty  texture   and

clay  mineralogy  of  the  basal   3  in  of   the  deposit,   and  the

presence  of  late  Pleistocene  terrestrial  landsnail

fauna,   it  appears  that  the  sediment  below  the  paleosol

is  in  situ  Peoria  loess.

The  paleosol   just  above  the  middle  of  the  exposure

featul.es   a  dark  brown   (10YR   3/2)   Ab   horizon  and   a

prominent  Btb  horizon.     Calcium  carbonate  has  been

leached   fl`om  the  Ab   horizon   (see   Figure   5:8).      The

paleosol   can  be   tl.aced  along   the   length  of   the  PDBl

exposure,   and  hand-auger  and  drill  cores  established

that  a  paleosol   at  roughly  the  same  depth  as  the

radiocarbon  dated  paleosol  extends  at   least   1   kin  to  the

south   of   the   exposure.      The   2   in  of   massive,   buff   (10YR

5/3)   coarse  silt  that  overlies  the  paleosol   is  identical

in  texture  and  color  to  the  Peoria  loess   in  which  the

Paleosol   is   developed   (see   Figure   5:7).      This   implies

that  the  massive  coarse  silt,  was  derived  f ron  the  Peoria

loess.     The   lack  of  structure   in  this  upper  silt.  unit

Suggests  that   it   is  an  eolian  deposit,   possibly  reworked

from  Peoria  loess   deposits  dul.ing   the   early  Holocene.     A

0.40   in-thick   surface   soil   with  Ab  and   Bw  horizons   is

formed   in  this  upper  material.

The   PD84   exposure   lies   to   west   of   the   PDBl   exposul`e
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(see   Figures   5:6   and   5:7).      Although   both   consist   of

buff   (10YR   5/3),   coarse   silt   (Figure   5:10,    see   Figul.e

5:8),   and  have   similal`   clay  mineral   assemblages   (Figure

5:11,   see   Figul.e   5:9),   PD84   lacks   the   paleosol   that   is

so   conspicuous   in   the   PDBl   face   (see   Plate   5:3).

Moreover.,   hand-augel`ing   to   depths   of   4.0   in  in   the

surface  to  the   south  of  the  PD84   exposul.e   failed  to

reveal   a  paleosol;   this   is  approximately  twice  the  depth
to  the  paleosol   in  the  PDBl   exposure.     Further,   a  bulk

sample   (ca.    1   kg)   of  natel.ial   fl`om  the   base   of   the   PD84

exposure  yielded  a  landsnail  assemblage  consisting  of

Discus   shimeki,   Discus   cronkitei,   Vallonia  gracilicosta,

and  Put)illa  blandi.     These   species,   all   of  which  are

extinct  today  in  Kansas,   are  presently  found  in  litt,er-

covered   forest   areas   of  the  Rocky  Mountains   and  along

the  United  States/Canadian  border   (Leonard   1952;   Wells

and  Stewart   1987a).     They  thrive  under  climatic

Conditions   of  mol`e   effective  moisture   and   a  lower.   annual

temperature  t,han  are   found  today  on  the  central  Great

Plains.      The   presence   of  ]2±   Shimeki,   which  was   not   noted

at  the  PDBl   site,   is  particularly  noteworthy  in  that  it

restrict,s  deposition  of  the   sediment   to  the  period

between   20,000   and   13,000   yr   B.P.    (J.D.    Stewart   Pers.
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Qz  =  Quartz
K  =   Kaollnite
Cr  =  Cristobalite
M  =   Mica
I   =   lllite

Mn  =   Montmorillonite

Figure   5:11     X-ray  diffl.act.ion  tl`aces   for  clays   (<2
microns)   from  sample  collected  at  PD84   section,   Peoria
loess   (depth   of   4.09   -4.16   n).      See   Figure   5:7   for.
Sample   location.     Mate|`ial   sampled  was   deposited

:::e:::eaE::::::d2:i3oooc7n:n:3:3::-::i:dpi 6o:-orgy  traces
::::::s;s  :::::::da:;e::i:::o::  :::i;:;eof|5g: )?eoria
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Comm.1986),   that   is,   before   the   fill   at   PDBl   was

apparently  deposited.

Similar  to   the   PDBl   exposure,   the   PD83   exposure

features   a  paleosol   (Ab/Bwb  profile)   developed   in  and

buried  by  buff,   massive  coarse   silt   (Plate   5:5).      Unlike

the   paleosol   at   PDB1,   which   is   dark   brown   (10YR   5/3)   and

has  crumb  structure,   the  paleosol  at  PD83   is  dark  gray

(10YR2/2)   and  has   blocky   structure.      It   is   also  more

clay-rich  and  calcareous  than  the  paleosol   at  PDB1   (see

Figure   5:8,   Figure   5:12).      Auger   holes   in   the   PD83

surface  disclosed  that  a  paleosol   is  present  at

approximately  the   same  depth  as  the  one   in  the  exposure

for  a  distance   of   about   1   kin  back   fl`om  the   face.     As

revealed  by  the  eighty-fourth  phi  pel`centile  trend,

Samples   collected   from  the  PD83   face   have  consistently

higher  clay  contents   (see   Figure   5:12)   than  did   samples

taken   from   PDBl   and   PD84   (see   Figures   5:8   and   5:10).      X-

ray  dif fraction  traces   for  samples   f ron  PD83  display  the

typical  kaolinite-quartz-illite  mineral  assemblage  of

the   Peoria   loess   (Figure   5:13),   with   slightly  more

kaolinite   than  was   present   in  PDBl   and   PD84   (see   Figures

5:9   and   5:11).      Curiously,    the   PD83   sample   lacks

Cristobalite,   a  mineral   that   is   pl`esent   in  PDB1.

`\lthough   by  no   means   conclusive,   these   data   indicate
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Plate   5:5      PD83   sample   section.    Fill   below   paleosol   is
thought   to   be   Peoria   loess   deposit=`,`d   sometime   between
13tooo   and    11,500   yr   B.P.       Paleosol   may   correlate
With   soil   radiocar`bon   dated   at,10,360   yr   B.P.    in   nearby
PDBl   e:{posur`e.       Sediment,   overlying   paleosol   is   eolian
Coarse   silt   probably   reworked   f I`om   Peoria   loess   during
the   early   Holocene.
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M  =   Mica
I   =   lllite

Mn  =   Montmorillonite

Figure  5:13   , X-ray  diffraction  traces   for  clays
microns)   fl`om   sample   collected   at   PD83   exposure
Of   a.90   -3.96   in)   below   the   paleosol.      See   Figure
for;sample   location.     Matel`ial   sampled   is   thought,   t,o   be
the,Peol`ia   loess   deposited   between   13,000   and   11,500   yr
B.P.     X-ray  traces   al`e   for  air-dried   (25°  C)   and  oven-
dried   (600°  C)   samples.      Mineral   assemblage   is   typical
Of  the  Peoria  loess,   as   reported  by  Swine ford  and  Frye
(  19$1  )  `
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that  the   f ill   of  PD83  may  be  dif ferent   than  that  of

PDB1.      It   is   equally  possible   that   the   PD83   and  PDBl

fills  are  the   same  age,   but  that  the  PD83   fill  has  been

more  highly  weathered.     This  would  account   for  the

higher  clay  and  kaolinite  contents  of  PD83   relative  to

PDB1.

The   PD85   exposul.e,   which   lies   to   the  west   of   the

PD83   exposure   (see   Figures   5:6   and   5:7),   comprises   buff-

to-light   brown   (10YR   5/2-to-10YR  4/4)   coarse   silt.   The

fill  lacks  a  paleosol,   giving   it  the  appear.ance  of  PD84,

and,     similar  to  PD84,   it   is  highly  calcareous   in  the

upper   2   in   (Figure   5:14,   see   Figure   5:10).      Its   texture

is  similar  to  that  of  the  other  three  exposures.

The  evidence   f ron  the   four  exposures  at  the  Prairie

Dog  Bay  site   implies  a  complex   sedimentation  history

between   approximately   20,000   and   10,000   yl.   B.P.      To

summarize  my  observations   at   the   site:   1)   A  radiocarbon

date   of   10,360   yr   B.P.   on   the  paleosol   in   the   PDBl

exposure  indicates  that  deposits  at  that  site  date  to

t.he   lat.e  Pleistocene;   2)   Although  the   banktop  heights   of

the  foul.  exposures  are  different,   (PD84   is   the  highest,

PD85   the   lowest),   the   relief  between  the  highest   surface

and   the   lowest   one   is   only   1.5   in   (see   Figure   5:7);    3)

PDBl   and  PD83   contain  a  paleosol   that   differ.s   in  color,
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stl`ucture,   and   textul.e,   whereas   PD84   and   PD85   do   not

contain  a  paleosol;   4)   Landsnails   found  near  the  base  of

the   PDBl   exposure   date   to   the   period   13,000   to   10,500   yr

B.P. ,   whereas   landsnails   found   at   the  base  of  PD84   date

to   the   period   20,000   to   13,000   yl`   B.P.;    5)   Sedimental.y

struct,ures  are  absent  from  all  fills  at  the  site,

suggesting   that  nat.erial   is  wind-deposited;   and  6)

Together,   the   fills  constitute  the  extensive   (3   km£ ),

nearly  level   Prair.ie  Dog   Bay  surface.

The   radiocarbon  age   from  the   middle   of   the   PDBl

exposure   and   the   landsnail   assemblages   f I`om  the   lower

half  of  it  conf irm  that  the  exposure  consists  of  iE  E±±±±

Peol`ia  loess   that  was   likely  deposited  prior  to   10,360

yr  B.P.     This  terminal   age   for  deposition  of  the  Peoria

loess   is   close   to   the   accepted   I.ange   (14,000   to   12,000

yr  B.P. )   for  the  end  of  Peoria  loess  deposition   in  the

Great   Plains   (Thompson   and   Bettis   1980;   Ruhe   1983).

Landsnails   from  the   contiguous   PD84   exposul`e   place

deposition  of   that   fill   to   between   20,000   and   13,000   yr

P.P.I   in  other  words,   immediately  prior  to  deposition  of

the  PDBl   fill.     Based  on  this  evidence,   I   postulate   that,

PD84   is   a  remnant  of  an  extensive   loess   surface  that,  was

deposited   between   20,000   and   13,000   yr   B.P.,   and   then

entl`enched   before   13,000   yr   B.P.      Following   this
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incision,   the   loess   in  the   lower  half   of  PDBl   was

deposited.

The   I`elationship  of   the   PD83   and  PD85   exposures   to

this   sequence  of  events   is   less  clear,   however.     The

small   (up  to   1.5   in)   differences   among   banktop  heights   of

the  four  sites  cannot  be  construed  as  proof  that  four

distinct  fills  exist;   the  differences  in  elevation  may

have  resulted  fl`om  post-depositional   erosion,   and  indeed

they  become  more   dif f icult   to  detect   as   one  moves   from

the  exposures   across   the  Prail.ie  Dog  Bay  surface  to  the

upland.     The  absence  of  a  paleosol   and  the   similarities

in  texture   (see   Figul.es   5:10   and   5:14)   and  color   suggest

that   PD84   and   PD85   comprise   fill   of   the   same   age.      Based

on  the  landsnail   fauna  from  the  base  of  PD84,   that   fill

(Peol`ia   loess)   was   deposited   between   20,000   and   13,000

yr  B.P. ,   and  therefore  predates   the   PDBl   fill  which  was

deposited   between   13,000   and   10,500   yr   B.P.      Fitting   the

PD83   fill   into   the   sequence   is  more  problematic.     The

Presence   of   a  paleosol   in  PD83   demonstrates   that   t.he

f ill   is   not   contempol`aneous   with   the   PD84   and   PD85

fills.     On  the  other  hand,   the  PD83   fill  does  not  match

the  PDBl   fill.     The  PD83   fill   is  more   clay-rich  than  the

PDBl   fill,   and   the  paleosol   in  PD83   is   more  clay-rich
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and  mol`e   gI`ay   in   color   than   the   paleosol   in  PDB1   (see

Figures   5:8   and   5:12).      These   differences   suggest   that

either  the  fills  are  different,   or  that  PD83   is  more

weathered  than   is   PDB1.     Assigning   the   two   fills   to

different  depositional  events  further  complicates  the

chronology  of  events  by  introducing  a  third  period  of

aggradation.     Moreover,   it   is  not  clear  that  the

aforementioned  dif ferences  between  PDBl   and  PD83   f ill

are  significant.     These  differences  notwithstanding,   I

propose   that   PD83   corl.elates   with   PDB1.

On  the  basis  of  the  stratigraphic  relationship

among  the   four  exposures,   I   have  constructed  the

following   chronology   of   events   (Figul`e   5:15).      First,

deposition  of   Peoria   loess   before   13,000   yr  B.P.   formed

a  broad   loess   surface.      Second,   pl`ior   to   13,000   yl.   B.P.,

this  loess  surface  was  entrenched  and  partially  removed,

leaving   PD84   and  PD85   as   remnants;      a   similar   episode   of

entrenchment   along  the  middle  Platte  River,   Nebraska,

Sometime   after.14,000   yr   B.P.    was   noted   by   May   (1989a).

Third,   Peoria  loess   accumulated  until   about   13,000   yr

B.P.I   filling   the   recently-entrenched  valleys  and

forming   the   loess   units   at   PDBl   and   PD83;   some   loess

Probably   accumulated   on   PD84   and   PD85,   as   well.      Fourthi

the   Paleosols   at   PDBl   and   PD83   then   formed   during   a
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pflAmlE  DOG  BAy  LANDFORM   EvOLUTioN

EAST

1)  PRE.13,000  BP

P®of ia  Loess-
2) PRE.13,OO0  BP                                    P084

WEST

^^^  Pro.Dam Floodplain Eleva`lon

- Soil
•   F]adlocarbon Sample

Figure   5:15`    Chl`onology   of   events   at   Prairie   Dog   Bay
Site,   pl`e-13,000   yr   B.P.   to   early  Holocene.      View   is
from  Prairie   Dog   Bay  looking   south,   with  east   on  the
left  and  west  on  the  right  of  the  profile.     Height  and
Width  of   exposures   are  not   to   scale.     Chronology   is   as
follows:    1)   Pre-13,000   yr   B.P:      Deposition   of   Peoria
loess   to   form  broad   loess   surface;   2)   Pre-13,000   yr
B.P.:   Entrenchment   of   loess   sul`face   and   removal   of
loess:    3)   13,000   yr   B.P.:   Renewed   deposition   of   Peoria
loess   in  recently-cut   valleys;   4)   11,500   to  :10,360   yr
B.P.:   Soil   development   on   the   recently-deposited  Peoria
loess:   and   5)   Post-13,000   yr   B.P.:   Eolian   deposition   of
Coarse   silt   to   form  the   extensive   Prairie   Dog   Bay
Surf ace .
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period  of  surface  stability  and  soil   formation  that

lasted  until   10,360   yr  B.P.;   it   was   during   this   same

interval  of  stability  that  the  Brady  paleosol  developed

across  at  least  part  of  the  central  Great  Plains.

Finally,   surface  stability  ended  after   10,360  yr  B.P.

with  eolian  deposition  of  coarse   silt,   pl.obably  reworked

locally  from  deposits  of  Peoria  loess.     A  local   soul`ce

for  this  coarse  silt  would  explain  why  it  is  nearly

identical   in  textul`e  and  color  to  the  Peoria  loess  in

which  the   radiocarbon  dated  paleosol   is  developed.     The

absence  from  the  coarse  silt  of  any  f luvial  structures

indicates  that  it  is  an  eolian  rather.  than  a  fluvial

deposit.

North   Cove

The  North  Cove   site,   located  on  the   north  shore   of

Harlan  Lake   about   6   kn  southwest   of   Republican  City,   has

yielded  a  wealth  of  paleoenvironmental  and  stratigraphic

information  about   late   Pleist,ocene   and  early  Holocene

Conditions   in   the   study   area   (Plate   5:6,   Figure   5:16).

Numerous   late  Pleistocene  vertebrate   and   invertebrate

aquatic  and  terrestrial   fossils,   many  of  a  bol`eal

aff inity,   were   recovered  from  spring  deposit,s  near  the

base   of   the   north  end   of   the  North  Cove   exposure
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Plate   5:6      North   Cove   site.    Upper   Ab   of   paleosol   on   the
left    (al`row)   was   radiocarbon   dat,ed   at    16,130   +   130   yr
B.P.    (DIG-3358),    and   upper   Ab   of   paleosol   on   the   right
(arrow)     a.t    10,550    +    160    yr    B.P.     (Tx-6319).
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(Figure   5:17).      Among   the   extracted   fauna  were

Bootherium  bombifrons   (woodland  muskox),   Sorex   cinerus

(masked   shrew),   Sorex   articus   (arctic   shl`ew),   Lepus

gmeri.canus   (snowshoe   hare),      Microtus   xanthognathus

(yellow-cheeked   vole),   Tamias   minimus   (least   chipmunk),

Phenacomys   intermedius   (heather  vole) ,   and  Dendragapus

canadensis   (spruce  goose);   prior  to  their  collection  at

the  North  Cove  site,   several  of  these   species  had  been

unrecorded   in  Nebraska   (Stewal.t   1989).      In  addition  to

faunal   remains,   £ig§ja  flauca   (white   spl.hce)   wood,   cones,

and  needles  were   recovered  fl`om  an  organic-rich,   clayey

lens  lying  adjacent   to  the  spring  deposits.     Radiocal.bon

ages   of   12,965   i   135   yr   B.P.    (UGa-5476),13,loo   +   140   yr

B.P.   ,(UGa-5477),    and   12,650   ±   250   yl`   B.P.     (Beta-18,188)

were   obtained   on   the   Picea  Ls]2±  wood   (Johnson   1989).      The

site  was  also  excavated  for  paleoindian  artifacts  in

September,   1987,   although  no  conclusive   evidence  of  a

cultural  presence  was  unearthed.

Although  pollen  preservation  in  the  deposits   is

Poor,   counts   from  three   samples  of  sediment  dating

between   14,500   and   12,500   yr   B.P.   revealed   approximately

68%  arboreal  pollen;   the  arboreal   component  was

dominated   by   Picea   (35%),   with   lesser   amounts   of   P±±±±±j±

(5%),    JuniT)erus   (juniper)    (3%),    PoT>ulus   tremuloides
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(aspen)    (2.6%),    and   Quercus    (1.8%).       The   most,   common

constituent   of   the  nonal.boreal   component  was  Poaceae

(grass)    (9%),   followed   by  val`ious   species   of   Cyperaceae

(sedge)    (8.9%),   Artenesia   (big   sagebrush)    (2.9%),    and

ALm_brosia   (giant   ragweed)    (2.3%)    (Fredlund   1989).

Finally,   a  distal   humel`us,   skull,   and  vertebra  of  Bison

occidentalis  were   I.ecovered   from  an  al.ea  just   to   the

north  of  the   spring;   the  hunel.us  was   radiocarbon  dated
at   11,365   +   865   yr   B.P.    (UGa-5480),   and   the   vertebra   at

11,020   +   635   yr   B.P.    (UGa-5475)    (Johnson   et   al.1986).

On  the  basis  of  these  flol`al   and  faunal  remains,   a

preliminal.y  picture  of  late  Pleistocene  environmental

conditions   in  and  around   the  Nor.th  Cove   site   has   begun

to  emel`ge.     It   appears   that  the  area   immediately

adjacent   to   the   spl.ing  may  have   supported  a  mixed

P±_CLj2±/deciduous   parkland   (Fredlund   1989) ,   although   the

Vegetative  composition  of  this  parkland  on  uplands   is

uncertain;   the   presence   of  PoT>ulus  pollen   implies,

however,   that   at   least   some  aspen  was  present  on  uplands

(Fredlund   1989).      Pot)ulus   pollen  had  previously   been

recovered  from  the   Sanders  Well  upland   site   in

Solltheastern   Kansas   (Fredlund   and   Jaumann   1987).      The

recovery   of   a   Mammut   americanum   (mastadon)   vertebra   fl`om

the   shore   of   the  North  Cove   site   also   suggests   that   some
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woodlands  were  present  on  uplands  during   the   late

Pleistocene   (Stewart   1989).      The   vertebrate   remains   fr.om

the  spring  deposit   indicate  permanent,   cool  water,   and  a

cover  comprising  bl.ush,   and  possibly  coniferous,

vegetation   (Stewart   1989).

Sediments  at  the   site  range   in  age   from  pre-20,000

yr  B.P.   at   the   sout,hem  end  of  the   exposure  to  middle

Holocene   at   the  northern  end.     At   sample   site  NC3

(southern  end  of  the  exposure),   basal   cross-bedded

river   sands   al`e   overlain  by  yellowish-brown   (10YR   5/4),

caloareous,   hat.d,   fine  sand-to-coarse  silt   (Figure

5:18).      At   the   time   sampling  was   conducted,   the   lower

half  of   the   exposure  was  masked  by  slump   (see  Figure

5:17);      subsequent   removal   of  this   slump  has   revealed  at

least  two   faint  paleosols  developed   in  the  yellowish-

brown  unit.      A   sample   collected   from  the   upper  0.10   in

(3.81   -3.88   n)   of   a   brown   (10YR   4/4)   paleosol   developed

in  the  upper.  portion  of  the  yellowish-brown  unit  yielded

a  radiocarbon  age   on  hunates   (uncorrected   for  C13   I`atio)

Of   16,130   ±   270   yr   B.P.    (DIG-3358).       To   my   knowledge,    an

episode  of  soil   formation  at  this  time  has  not  been

reported  elsewhere   in  the  central   Gr.eat  Plains.

It  Seems   likely  that  the  date   is  several   thousand  yeal`s
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young,   possibly  because   the   sample  was   contaminated   from

above   by  youthful   humates.     More   likely,   the  paleosol

dates   to   around   20,000   yr  B.P.,   which  would  correlate   it.

to   the  upper  portion  of   the  Gilman  Canyon  Formation.

Buff   (10YR  5/3),   calcareous,   soft   silt   that  has  yielded

landsnails  and  vertebrate  remains  characteristic  of  t,he

Peoria  loess   overlies   this  paleosol   (Johnson   1989).

More   gel`mane   to   this   I`esearch   is   the   age   of   a

paleosol  that  divides  Pleistocene  deposits  on  the
southern  end  of   the   exposure   from  Holocene  deposits   on

the   nol`thel.n  end   (see   Figul.e   5:17).      This   paleosol,

which  stretches  across  the  nol`thern  half  of  the  exposure

(see   Plate   5:6),   consists   of   a  dark   brown   (10YR   3/1)   Ab

and  clay-I.ich  Btb  horizons   (Plate   5:7).      It   is  darkel`

(10YR   3/1)   than   the   bl.own   paleosol    (10YR   4/4)

radiocarbon  dated  at   16,130   yr  B.P.   at   the   southern  end

of  the  exposure,   and  the  material   in  which  it   is

developed   is'a  gray   (5Y  5/1),   clayey   silt   in  contrast  to

the  yellowish-brown   (10YR   5/4)   fine   sand-to-coarse   silt

in  which   the   16,130   yr   B.P.   paleosol   is   formed.      Where

the  paleosol   rises   steeply  towal`ds   the   surface   (see

Figure   5:17),   a   sample   collected   from   the   upper   0.28   in

(2.65   -2.73   in)   of   the   Ab   produced   a   radiocarbon   age   on

humates   (uncorrected   for   C13   ratio)   of   6860  ±   loo   yr
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P  ate   5:7     North   Cove   spl`ing   deposits.      Sample   section
N  12.5   is   located   in  the  center  of  photo.      Basal   fill
(EI.I`ow)   consisting   of   spring   deposits   and   Picea  wood
dEted   at,   ca.13,000   to   11,400   yr   B.P.      Paleosol
r   diocarbon   dated   at   11,530   +   150   yr   B.P.    (Tx-6321)   at
b   se   and   10,550   ±   160   (Tx-63T9)   at   t,op.      Material
o  el`lying  paleosol   is   t.hought   to   be   the   Bignell   loess,
d  posited   after   10,500   yr   B.P.
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B.P.    (DIG-3357);   on  an  archaeological   test   pit   face   that

had  been  f I`eshly  dug   into  the  more   level  portion  of  the

same   soil   (see   Figure   5:17),   a   sample   from   the   upper

0.04   in  of   the   same  Ab   yielded   a  C13-col`rected

radiocarbon   age   on   humates   of   10,550  ±   160   yr   B.P.    (Tx-

6319)    (Johnson   1989).

The  discrepancy  between  the  ages  pl`obably  resulted

from  contamination  of   the   6860   yr  B.P.   sample   by

youthful   humates   washed   from  above;   indeed,   Haas   and

others   (1986)   reported  that  radiocarbon  ages   from

freshly  excavated   faces  wel`e   up  to   1000   years   oldel`  than

ages  obtained  f ron  faces  that  had  been  exposed  for

several  years.     A  paleosol  uncovered  on  the  east   side  of

North  Cove   appears   to  be  contemporaneous  with  the

Paleosol   radiocarbon  dat,ed  in  the  northern  half  of  the

North  Cove   site;   it  produced  a  C13-corrected  radiocarbon

age   on   humates   of   10,270   i   160   yl`   B.P.    (Tx-6320)    from

the   upper   0.30   in,   and   a  C13-col`rected   I.adiocarbon   age   on

humates   of   11,530   +   150   yr   B.P.    (Tx-6321)    from   the   lower

0.20   in   (Johnson   1989).      Assuming   these   two   soils   are   the

Salne,   as   is   indicated  by  the   radiocarbon  ages,   then

Ped08enesis   at   t,he   site  was  underway  by  at   least   11,400

yr  B.P.,   and   continued  until   about   10,300   yr  B.P.

Sample   section   NC12.5,   which   extended   from   the
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surface  of  the  exposure  to  the  late  Pleistocene   spring

deposits   (see  Figure   5:17),   reveals   that  clayey  silt

underlies   the  paleosol   (Figure   5:19).     This  clayey  silt

unit,   which   is  gray  in  color   (5Y  5/1),   features  organic-

rich  laminations  that  likely  developed   in  a  wet,   well-

vegetated   environment   such  as   a  backswamp,   swale,   or  the

edge   of   a   spl.ing   or  stream;   the   reduced  natul`e   of  the

sediment  and   its   low  calcium  carbonate  content   (see

Figure   5:19)   are   further  evidence  of  deposition  in  a

saturated  environment„

The  stl`atigl`aphic  relationship  between  these

lowland  spring  or  streamside  deposits  and  the  upland

late  Pleistocene  loess  is  not  fully  understood.

Assuming  that  the  gray  clayey  silt  unit  and  its  rich

faunal   and   floral   assemblages   accumulated   in  a  lowland

Stream   environment   sometime   between   14,500   and   12,500   yr

B.P.,   as   is   suggested  by   I.adiocarbon  ages   and   floral   and

faunal  remains,   then  there  must  be  a  channel  cut   in  the

loess   somewhere   to  the   south  of  the   s|)ring  or  streamside

d'eposits;   based  on  the   radiocarbon   ages   of   ca.   13,000   yr

B.P.   from  t,he   spl`ing  deposits,   it  would  appear  that   this

incision  was   contenpol.aneous  with  late   Pleistocene

incision  noted  at   the  Prairie  Dog  Bay  site  as  well   as
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TTTh Paleosol

Figure  5:19     Particle   size  and  calcium  carbonate   trends
for  NC12.5   sample   section.      Depth   is   measured   from   the
banktop.      Banktop   height   is   605   in  above   mean   sea   level.
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elsewhere   in  Nebraska   (May   1989a).      Despite   car.eful

searching,   hindered  in  many  places  by  slump,   this  cut

has  not  yet  been  found.     The  contact  may  be  obscured

because  the  inset  and  ±a  situ  f ills  both  have  a  coarse

silt  texture,   or   it  may  be  hidden  by  micro-slumping  on

the  exposure   face.     I  depict  the   inferred  position  of

the   contact  with  a  dashed   line  on  Figure   5:17.

The  matel.ial   overlying  the  paleosol   is  dark  brown

(10YR   4/3),   homogeneous,   calcareous   coal`se   silt  whose

phi  values   (see   Figure   5:19)   and  x-ray  diffraction

traces   (Figure   5:20)   are   identical   t,o  those  of  the

Peoria  loess  at  the  south  end  of  the  exposure   (Figure

5:21,   see   Figure   5:18);      the  material   that  overlies  the

paleosol   at  NC12.5   is  more  calcareous   and  darker,

however,   than  the  Peol.ia  loess  at  NC3,   suggesting  that

it  is  a  different  depositional  unit.     The  surface  of  the

deposit   at  NC   12.5   grades   smoothly  to  upland  loess

deposits,   an  indication  that  the  material  is  not  a

fluvial  fill.     Rather,   it  appears  that  it  is  either
Colluvium  that,  was   blown  or  washed  of f  upland  deposits

Sometime   after   10,500   yr  B.P.,   or   the   Bignell   loess.

Sever.al  observations  support  the  hypothesis  that   it
is  the  Bignell   loess.     First,   in  contiguous  Phillips

County,   Kansas,   Leonard   (1952a)   identified   a   light   gray
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Qz  =  Quartz
K  =   Kaolinite
Cr  =  Crlstobalite
M  =   Mica
I   =   lllite

Mn  =   M6ntmorillonite

Figure  5:20     X-ray  diffraction  traces  for  clays   (<2
in,icrons)   fl`om   sample   collected   at   NC12.5   section,
Bignell   loess   (?)    (depth   of   3.30   -3.35   in).      See   Figure
5:17   for   sample   location.      Matel.ial   sampled  was

:::o:i:::I:::rt±¥oa€7e:n:o:3::_¥:i:dp{ 6o%_orgy  ::::::s:re
Mineral   assemblage   is   identical   to  that  of  the  Peoria
loess   (see   Figure   5:21)   as   described   by  Swine ford   and
Frye   (1951),   which   suggests   that   the   Bignell   loess   at,
the   Site   was   derived   from  Peoria   loess.
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Cr  =  Cristobalito
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®20

Figure  5:21     X-ray  diffraction  traces   for  clays   (<2
microns)  .from  sample   collected   at  NC3   section,   Peoria
loess   (depth   of   2.75   -2.80   n).      See   Figure   5:17   for
Sample   location.     Material   sampled  was  deposited
Sometime   between   ca.    20,000   and   13,000   yr   B.P.      X-ray
traces  are   for  air-dried   (25C'  C)   and  oven-dried   (600°  C)

::::::a;s :::::::da:;e::::::o::  :::i;::eo]|:3: )?e:::a
identical   to   that   of  a  sample   (Bignell   loess?)   from  NC
12.6    (see   Figure   5:20).
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loess  unit   overlying   the  Brady  paleosol.     Mol.e   recently

in   Phillips   County,   W.C.    Johnson   (Pers.    Conm.1989)

reported  that  the  Bignell   loess  I`ests  on  the  Brady

paleosol   in  a  cut  in  Peoria  loess,   a  topographic

Position  that  is  identical  to  that  of  the  f ill  at  Nol`th

Cove.     Second,   the   fill   at  North  Cove   is   similar   in

color  to  the  Bignell  loess   (gray  silt,   dal`ker  in  color

than  the  Peoria  loess)   at  its  type  section  in

southwestern  Nebraska   (Schultz   and   Stout   1945;   Schultz

and  Martin   1970).     Finally,   the  Bignell   loess  has  been

identif led  along  the  Republican  River  by  previous

workers   in   the   region   (e.g.,   Condra   et   al.1947).

Sample   section  NC14   is   located  at   the  northern  end

of   the  Nor.th  Cove   site   (see   Figure   5:17).      It   contains   a

paleosol  and  gray  clayey  silt  unit  that,   based  on

similarity  in  color,   appears  to  be  an  extension  of  the

Paleosol  and  clayey  silt  unit  present   in  NC   12.5.     The

exposure   also   features   a  basal   yellowish-brown   (10YR

5/4),   fine`  sand-to-coarse  silt   fill.     The  color  and

t?Xture  of   this  yellowish-brown   fill   (Figure   5:22)   are

Similal`  to  those  of  the  yellowish-brown  f ine   sand  unit

Observed   in  the   lower  part   of  NC3   at   the   south  end  of

the  exposure,   and  t,o   those   of   the   yellowish-bl.own   fine

Band  unit   that   cont.ains  the  paleosol   dated  at   26,260   yr
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B.P.   at   the   Bone   Cove   site   (see   Figure   5:3).      On   the

basis  of  a  radiocarbon  age,   the  unit  at  the  Bone  Cove

site  has  been  tentatively  corl`elated  to  the  Oilman

Car|yon   Formation.

To   summarize,   the  North  Cove   site   features  a

complex   sequence  of  deposits   ranging   in  age   from  the

late  Pleistocene   (the  Gilman  Canyon  Formation

equivalent?)   to  the  early  and  middle  Holocene.     It  has

also  yielded  strong  evidence  that  a  boreal  environment

existed  in  lowland  topographic  settings  in  the  vicinity

of  the   site  during  the  late  Pleistocene.     Cross-bedded

sands  that  extend  along  the  base  of  the  middle  and
northern  parts  of  the  exposure  are  the  oldest  deposits

found  at  the   site;   they  may  correlate  with  pl`e-30,000  yr

B.P.   sands   that  were`  observed   at   the   base  of   the  Bone

Cove  exposul`e.      In  the  middle  and  northern  parts  of  the

exp,osure,   these   sands  are  over.lain  by  yellowish-brown

fine  sand;   at  the   southern  end  of  the  exposure,   the

yeliowish~brown  f ine   sand  lies  directly  on  the  Pier.re

Shale.     Unfortunately,   extensive   slumping   in  the  middle

Of  the  exposure  has  precluded  the   tracing  of  these  lower

units  acl`oss   the   length  of   the  North  Cove   face.

Similal`ities   in  appearance  and  texture   suggest,   however,

that  the  yellowish-brown  f ine  sand  at  the  northern  and
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southern  ends  of  the  exposure   is  the  same   f ill

Figure   5:17).      At   the   southel.n  end   of   the   exposure,   a

palebsol  developed  in  the  upper  pot.tion  of  the

yellbwish-brown   f ine   sand  was   radiocarbon  dated

uncbrrected   for   C13   ratio)   at   16,130   ±   270   yl.   B.P.

date   should  be  regarded  as  a  minimum  age   f or  the

as   it   likely  dates   to  about   20,000   yl.  B.P.

The  Peoria  loess  was  deposited  at   the  North  Cove

beginning   sometime   aftel`   20,000   yl`   B.P.,   ending

e   stability  and  pedogenesis.     At  one  time,   the

loess  likely  extended  across  the  length  of  the  North

Cove'  exposure,   but  was   removed   from  the   northern  part  by

chanhel   cutting  prior  to   13,000   yr  B.P.      I   noted  this

same:  pre-13,000   yr  B.P.   erosion  event   at   Prairie   Dog

Bay.I    Following   the   incision,   fill   accumulated   in  a

Spring,   streamside,   or  swale  topographic   setting  under

Climatic  conditions  that  were  much  cooler  than  those  of

the  Present.      The   range   of   radiocal.bon  ages   (12,650   to

13,100   yr   B.P.  )    on   the  E±£L§L±   wood   I`ecovered   fl`om   these

deposits   indicates  that,  deposition  likely  began  around

1310ap   yr  B.P.      It   apparently  continued  until   sometime

before   11,400   yr   B.P.    (basal   date   on  paleosol),   at   which

time   the   slow  aggradation  ceased  and   soil   formatic`ri  was
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initiated.     Pedogenesis  lasted  until   approximately

10,500   yr  B.P. ,   when   the   paleosol  was   buried  by   fill

that   is   likely  the  Bignell   loess.     The  dul.ation  of

Bignell  loess  deposition  at  the  site   is  unknown,

although  work  elsewhere   in  Nebraska  suggests  that

Bignell  loess  deposition  took  place  during  the  early

Holocene   (Lutenegger   1985;   May   1989a).

Late  Pleistocene  Sedimentation

The   Bone   Cove,   Prairie   Dog   Bay,   and   Nol`th   Cove

sites  contain  a  valuable  record  of  land form  evolution  in

the  Republican  River  valley  for  the  period   30,000   to

10,000   yr  B.P.      This   record   is   presel`ved   in  eolian

deposits  of  the  uplands;   if  there  are  fluvial  deposits

that  date  to  this  period,   they  have  been  eroded  from  the

valley  or  deeply  buried  under  younger  fill.

A  calcareous,   yellowish-brown   (10YR   6/4   to   10YR

5/4)   fine   sand  deposited  sometime  prior  to   26.000  yr

B.P.   is  the  oldest  depositional  unit  dated  in  this

Stu'dy.     At   Bone   Cove,   a  paleosol   developed   in  the   upper

P0rtion  of  this  unit  was   radiocarbon  dated  at   26,260  yr

B.P.,   whereas   at  North  Cove   a  paleosol   developed   in   it

Was]   radiocarbon   dated   at   16,130   yr   B.P.;   the   age   at

North  Cove   is   believed   to   be   several   t,housand   yeal`S
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`.oung.     The   age  of  the  unit  and   its   stratigraphic

position  directly  beneath  the  Peoria  loess  suggest   that
it  col.relates  with  the  Gilman  Canyon  Formation,   a  unit

that  has   been  dated   between   34,800   and   21,290   yr  B.P.

elsewhere   in  Nebraska   (Dreeszen   1970;   May   and   Souders

1988;    May    1989a;    D.W.    May,    Pers.    Comm.1989).

Deposition  of  the  Peoria  loess,   a  massive,

homogeneous,   coal.se   silt,   is   thought   to   have  begun   in

the   central   Great   Plains   after   21,000   yr  B.P   (Thompson

and  Bettis   1980;   Ruhe   1983).      Charcoal   and   three

incipient  Ab  horizons  observed   in  loess   in  the  vicinity

of  Coyote   Canyon,    located   6.5   kin  west   of   Bone   Cove   on

the   south   shore   of   Harlan   Lake   (Figure   5:23),   provide

evidence   that   deposition  was   episodic   (Plate   5:8).      At

t,he   Prail`ie   Dog   Bay  and  North  Cove   sites,   deposition  was

apparently  interrupted  by  an  episode  of  erosion  prior  to

13iooo   yr   B.P. ,    followed   by   renewed   loess   deposition.

This  erosional   episode  has  also   been  noted  by  May

(1989a)   in  th;  middle  Platte  River  valley  of  central

\.ebr;ska.

Deposition  of  the  Peoria  loess   is   believed  to  have
''nded   between   14,000   and   12,000   yr   B.P.    (Thompson   and

r}et.tis   1980;   Ruhe   1983),   an   age   that   matches   the   end   of

t.he   loess   deposition   reported  here.      Soil   development
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Figu,re   5:23     Section  of   topographic   map   showing   location
Of  C'oyote  Canyon.      Incipient  paleosols   are   developed   in
Peoria  loess  here,   an  indication  that   loess  deposition
WGls  episodic.     Charcoal   identified  as   Picea  En
Was   extracted   f|`om   Peoria   loess   (depth   of   2.55   -2.65
below   bankt,op)   at   the   site.      Site   located   in:   SW   1/4,   SW
I/4i,Sec.11,    T|N,    R18W,    Alma,    NE/K.S    7.5   minute
quadrangle.     Top  of   the  map   is   north,   contour   interval
18   1d   feet„
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Plate   5:8      Coyote   Canyon   exposul`e.       Photo   shows   three
Paleosols   developed   in   Peoria   loess   (arrow),    an
indication   that   loess   deposition   was   episodic.      Exposure
located    in:     SW    1/4,     SW    1/4,     Sec.11,    TIN,     R18W,    Alma
h.E/KS   7.5   minute   quadrangle.       From   banktop   t,o   top   of
Slump,    exposu|`e    is   approximately   5.30   in   high.
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then  began   in  the  upper  pol`tion  of   the  Peoria  loess,

forming   the   Brady  paleosol.     A  well-developed  paleosol

featuring  Ab  and  Btb  horizons,   and  dating  to  the   late

Pleistocene,   was  observed  at  several   locations   in  the

study  area:     at  North  Cove,   it  developed  in  the  upper

portion  of  late  Pleistocene  spring  or  streamside

deposits   between   11,500   and   10,500   yr   B.P.;   at   Prairie

Dog  Bay,   it   formed   in  the  upper  portion  of  the  Peoria

loess  until   sometime   after   10,360   yr  B.P.;   and  at   Bone

Cove,   it  may  be  present  as  the  surface   soil   in  the  upper

p6rtion  of  the  Peoria  loess.     I  propose  that  this

paleosol  at  the  three  locations  is  th'e  temporal

equivalent  of  the  Brady  paleosol.

Late  Pleistocene  Paleoenvironmental  Conditions

Although  reconstruction  of  paleoenvironmental

conditions   is  not  the  focus  of  this  study,   new

information  concerning  the   late  Pleistocene  environment

of  the   study  area  has   recently  emerged.     Such

information  is  clearly  pertinent  to  a  discussion  of

land form  activity.     In  addition  to  the   floral  and  faunal

remains   uncovered  at  North  Cove,   remains   implying   that  a

Parkland  vegetational   community  comprising  Populus   and

P°aceae   exist.ed  on  uplands  under  climatic   conditions
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cooler  than  those  of  the  present,     I  uncovered  thin

bands   of  charcoal   in  Peoria  loess  deposits  at   several

locations   on  the   south  shore  of  Harlan  Lake.     Near  the

mouth   of   Coyote   Canyon   (see   Figure   5:23),   four   charcoal

samples  extracted   from  Peoria  loess   (Plate   5:9)   were

identif led  as  Picea LEn   (J.   Thomas   Quirk,    Pers.    Comm.

1988).     To  what  extent  this  charcoal   is  representative

of  the  upland  vegetation  cover  during  the  late

Pleistocene   is  unknown.     On  the  basis  of  this  evidence

alone,   it  would  be   imprundent  to  conclude  that.  uplands

suppol.ted  a  mixed  Picea/deciduous   forest,   the  type  of

cover  that  apparently  existed  in  the  Republican  River

valley  during  the  late  Pleistocene.   It  seems  more

plausible,   as   is  indicated  by  the  limited  pollen  and

faunal  dat,a  from  the  North  Cove   site,   that  uplands  were

covered  by  a  pal`kland  vegetational   community  during  that

time.     Increasingly,   evidence   from  the  central  Great

Plains   (e.g.,    Fredlund   and   Jaumann   1987;   Fredlund   1989;

Stewart   1989)   suggests   t,hat   loess  was  deposited  on  a

'Vegetated,   rather  than  on  a  barren,   surface.
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Plate   5:9      Charcoal   sample   in   Peoria   loess   at   Coyote
Canyon   exposure.      Charcoal   was   identified   as   Picea  LEjp+
(J.    Thomas   Quirk,    Pers.    Comm.1988),    and   suggests   that
Picea   was   present,   in   the   study   area   during   deposit,ion   of
the   Peoria   loess,    ca.    25,000    to    11,500   yr.   B.P.       Length
of   pen    is    13.5    cm.
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Holocene   Study  Sites

Alma  Vista

The  Alma  Vista  exposure   is   located  on  the   south

shore   of  Harlan   Lake,   about   2.5   kn  south  of  Alma  and

just  east   of  the  Alma  Vista  picnic   area   (Figure   5:24).

Two  paleosols   are  conspicuous   in  the  upper  half  of  the

exposure   (Plate   5:10),   and  a  thick  paleosol   that  was

covered  at   the  time  of  sampling  has   recently  been

unearthed  near  the  base  of  the  exposul`e.     The  uppermost

and  middle  paleosols   feature  thick,   structureless  Ab

horizons,   whereas   the  more  well-developed  lowermost

paleosol   features  Ab  and  Bwb  horizons.     Although  lacking

structure,   the  organic-rich  uppermost  and  middle

Paleosols  are  clef icient   in  calcium  carbonate  I.elative  to

pther  levels   of  the   fill   (Figure   5:25).     Humates
extracted   from   the   upper   0.12   in   (1.55   -1.62   in)   of   the

middle  paleosol   produced  a  C13-corrected   radiocarbon  age

on   humates   of   4550   i   80   yl`   B.P.    (Tx-5979);   neither   the

upper  nor  the   lowermost  paleosol   has   been  radiocarbon

dated,   however.

Moving   from  the   base   to   the   top  of   the   exposure,

the   sediment   texture   changes   from   a  buff   (10YR   5/3),

fine   sand   to   a   buff   (10¥R   5/3),   coarse   silt.      This

Change   is   illustrated  by  the   fifth  percentile  valuet
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Plate   5:10     Alma   Vista   site.      Lower   paleosol   visible   in
photo    (arl`ow)    was   radiocal`bon   dated   at   4550   +   80   yr   B.P.
(Tx-5979).      At   a   later   date,   an   additional   p=leosol
(lower   in   pl`ofile   than   dated   soil)   developed   in  what
appears   to   be   Peoria   loess   was   found   buried   in   slump
(See   Plat,e   5:11).      Height   of   exposure   is   appl`oximately   3
rn   from   banktop   to   top   of   slump.
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which  ranges   from   1.05   at   the  base   of   the   exposure   to

3.95   at   the   banktop   (see   Figure   5:25).      A   textul.al   break

fr.om  fine   sand  to   silt   occur.s   at   a  depth  of   I.50  in,   as

illustl.ated  by  the  fifth  percentile  phi  values   (see

Figul.e   5:25).      The   dark   brown   (10YR   3/3)   middle   paleosol

is  developed   in   fine   sand,   and   is   buried  by  buff   (10YR

5/3),   highly  calcal`eous   coarse   silt.     The  dark  brown

(10YR  3/1)   uppermost  paleosol   is   developed   in  this   silt

and  buried   by  a  veneer  of   organic-rich,   buff   (10YR   5/3)

coarse  silt.

Because   it  was  covered  by  slump  at  the  time  of

sampling,   I   lack  quantitative  data  for  the  lowermost

paleosol   and  the  material   in  which   it   is   fol`med   (Plate

5:11).     The  paleosol   is  developed   in  calcareous,   coarse

silt  that  is  similar  in  textul.e,   appearance,   and  color

to  the  Peol.ia   loess   at   the  Prairie  Dog  Bay,   Bone  Cove,

and  Nor.th  Cove   sites.      If  the  material   is  the  Peol.ia

loess,   or  its  alluvial  equivalent,   then  this  lowermost

Paleosol   could   col`relate   to   the   10,500   yr  B.P.   soil

radiocal.bon  dated  at   the  North  Cove   and  Prairie  Dog  Bay

Sites.     Well-sorted  sands,   apparently  fluvial   in  origin,

Overlie   the   lowermost  paleosol.     Moving  upsection,   they

8I`ade   into   the   buf f   f ine   sand   in  which   the   middle

PalFosol   is   developed   (Plate   5:12).
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Plate   5:11      Lowermost   paleosol   at   Alma  Vista   sit,e   (top
marked   with   al.row).      This   soil,    which   was   uncovered
aft,er   sampling   of   the   exposure,    appears   t,o   be   developed
in   Peol`ia   loess,    and   is   bul`ied   by   fluvial   sands   (see
Plate   5:12).       Length   of   shovel    is    1.08   in.
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Plate   5:12      Fluvial   sands   ovel`lying   lowermost   paleosol
(See   Plat.e   5:11)    at   Alma   Vista   site.      Top   of   paleosol   is
at   "552"   on   ruler.    Ruler   scale   is   in   cm.
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The   surface  of   the  Alma  Vista  exposure   grades

smoothly  t,o   upland   loess   deposits.     Hand-augering   across

the  Alma  Vista  surface  to  the  uplands   revealed  two

paleosols  in  the  f ill  that  could  be  traced  a  distance  of

200   in  back   from   the   exposure   (Figure   5:26).      Upon

reaching  upland  loess  fill,   the  two  paleosols

disappeared,   evidence  that  a  younger  fill  has  been  inset

on  the  valley  side  against  older  upland  loess  deposits.

It  appears  that  two  fills  constitute  the  exposure.

The'  lower  fill,   in  which  the  middle  paleosol   is

developed,   comprises  fluvial   sand  that  was  deposited

prior  to  4500   yr  B.P.     The  upper   fill,   which  directly

overlies  the  middle  paleosol,   consists  of  coarse  silt.

Similarities  between  the  x-ray  diffraction  traces

(Figure   5:27)   and  I)hi   values   (see   Figure   5:25)   of   the

upper.  f ill  and  those  of  in  situ  Peoria  loess  at  the  Bone

Cove   site   (see   Figures   5:5   and   5:3)   indicate   that   the

upper  f ill  vias  derived  from  adjacent  deposits  of  Peoria

loess.     The   absence   fl`om  the  upper  fill   of  any  fluvial

Structures  suggests  that  it   is  an  eolian  deposit,

POssibly  I.eworked   locally  fl`om  loess   deposits   shortly

after   4500   yr   B.P.
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ALMA VISTA SITE
SOUTH

|TT  so"
•    F`adlocarbon sampl®

a   Clay  Mln®ralooy Sampl®

Figure   5:26     Cross-section  of  Alma  Vista  site.     View   is
looking   to   the   east   (downstream).     Height   is   given   in
meters   above  mean   sea  level   (amsl).      Note   location  of
radiocarbon  and  clay  mineral   samples.
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Qz  =  Quartz
K  =   Kaolinite
Cr  =  Cristobalito
M  =   Mica
I   =   llllte

Mn  =   Montmorlllonite

®20

Figure   5:27     X-ray  diffraction   tl`aces   for  clays   (<2
microns)   from  sample   collected  at  Alma  Vista  sect,ion,
Coal`se   silt   overlying   middle   (4550   yr   B.P.)   paleosol
(depth   of   1.18   -1.22   in).      See   Figure   5:26   for   sample
location.     Material   sampled  was  deposited  shortly  after

:::o.::n:i:i;d  f;;3yo :Ta:::p:::. fo;i:::::i:::ei3::g:)
Which  is   typical   of   the   assemblage   for   the   Peol.ia   loess
(S`.'ineford   and   Frye   1951),   suggests   that   the  material   is
f+.erived   from  upland   Peoria   loess   deposits.
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To   summarize,   the  AIIna  Vista   site   contains   deposits

dating   from  at   least  t,he  middle  Holocene  to  the  pl`esent,

and  possibly  from  the  late  Pleistocene  to  the  present  if

silt  recently  uncovered  at  the  base  of  the  exposure  is

±p  s±±±±  Peoria  loess  or  its  alluvial  equivalent.

Assuming  the  basal  sediments  date  t,o  the  late

Pleistocene,   then  the  lowermost  paleosol  nay  have   formed

contemporaneously  with  the  paleosols  dated  at   10,300   yr

B.P.   at   the   North  Cove   and  PI.air.ie   Dog   Bay   sites.

Fluvial  deposition  of  the  overlying   f ine  sand  unit  ended

surface  stability  and  soil   format,ion,   and  formed  the

fill   terrace   in  which  the  middle  paleosol   (4500   yr  B.P. )

developed.     After   4500   yr  B.P.,   local   eolian   reworking

of  Peoria  loess  resulted  in  burial  of  the  middle

Paleosol  beneath  coarse   silt.     Following  this

deposition,   surface  stability  returned,   and  the  upper

Paleosol  developed.     It  was  then  buried  by  a  veneer  of

Coarse   silt   (eolian?)   in  which  a  thin,   weakly-developed

Surface   soil  has   formed;   the  weak  development  of  this

Soil  suggests  surface  stability  of ,   at  most,   only

Several   hundred  years   (see  Hallberg   et   al.1978).

EEeJer

The   Freer   site,   named  after.   landowner  Jack  Freer,
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is  located  on  the   south  side  of  the  Republican  River,

about   2.5   kin   south   of   Oxford   (Figure   5:28).      As   such,    it

is  the  westernmost  site  sampled  in  this  research.

Unlike  the   sites   al.ound  Harlan  Lake,   the  Freer  site  does

not   feature  any  natural  exposures.     Consequently,   a

transect  was  positioned  acl.oss  the   floodplain  to  the

uplands  and  f ive  cores  were  extracted  using  a  tl.ailer-

mounted  Giddings   drill   rig   (see   Figure   5:28).      Goring

sites  were  located  to  ensure  that  at.  least  one  core  was

recovered  from  each  of  the  three  surfaces  identif led  at

the  site.     Two  cores  were  extracted  from  the  floodplain

fill,   two  from  t,he  terrace  fill,   and  one   from  the

uplands.     Detailed  core  descl`iptions  are  provided   in

Appendix  A.     Although  coring  was   carried  out  on  the

south  side  of  the  Republican  River,   three  surfaces

having  approximately  the  sane  heights  above  the  river

Wel`e  also   identified  on  the  north  side.

Core   #3,   which  was   collected   from  sediments   in  the

middle  of  the   floodplain,   revealed  fine   sand  and  coal`se

Silt   overlying   fine   to   medium   sand   (Figul`e   5:29).      At

depths  below  2.5  in,   the  coarse  nature   of  the   fill

Prevented  extraction  of  a  core,   making   it  necessal`y  to

use  a  continuous   flight  auger  to  explore   to  gI`eater

depths.      Augering   uncovered   a   thick   fill   of   gray   (10YR
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Figure   5:28     Section  of   topographic  map   showing   location
of  core  holes  at  Freer  site.     FI.eer  site  located
approximately   50   river-kin  upriver   from  Harlan  Lake.
Core   locations   are   as   follows:      #3   -SW   1/4,   SW   1/4,
See.17.    T3N,    R20W;    #4    -NW   1/4,    SW    1/4,    See.    20,    T3N,
R20W:     #5    -SW    1/4,    NW    1/4,     See.     20,    T3N,     R20W;     #6    -NW
1/4,    NW    1/4,    See.     20,    T3N,    R20W;    #7    -SE    1/4,    SW    1/4,
See.    20,    T3N,    R20W      Stamford,    NE   7.5   minute   quadrangle.
Cores   #3   and   #6   were   collected   from  t,he   floodplain,
COI`es   #4   and   #5   from   the   terrace,    and   Core   #7   from
upland  Peoria  loess.     Position  of  the  present  channel  of
the  Republican  River   is  visible   in  t.he   NE   1/4   of   See.
20i    SW   1/4   of   Sec.17,    and   NE   1/4   of   See.18.   Top   of   the
map  is  north,   contour  interval   is   10   feet.     Direction  of
river   f low   is   f |`om  t,he   no|`t,hwest   t.o   the   southeast

163



mean '(¢)
34567

84'(')
3   4    5   6    7   8   91011

Figure  5:29     Particle  size  trends   for  Core  #3,   Freer
site.     Core  was  extracted  fl.om  the   floodplain   (see
Figure   5:28).     Depth  is  measured   fl.on  the  top  of  the
core.     Height  of   floodplain  surface   is   623  in  above  neon
sea  level.
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6/1)   coarse   sand   between   2.5   and   7.1   in,    and,   at

approximately   6.0   in,   a   layer   (ca.   0.50   in)   of   grayish-

bl`own   (10YR   4/1),    silty   clay.      No   paleosols   or   organic-

rich  layers  were  noted  in  the  col.e,   an  indication  that

deposition  was   continuous.

Col`e   #6  was  extracted   f ron  the   floodplain  at  the

base   of  the   terrace   scarp   (Plate   5:13).      Below  a  depth

of  approximately  1   in,   the  texture  of   sediment   in  Core   #6

(Figure   5:30)   is   finer  than  that,   in  Core   #3   (see   Figure

5:29);    in   Core   #6,   the   phi   mean   ranges   from   4.0   to   9.5,

whereas   in  Core   #3   the  value   is   3.0   to   4.75.      The   finer

texture  of  sediment   in  Core  #6  can  likely  be  attributed

to  a  mol.e  distal  position  on  the   floodplain.

The   upper   pal`t   of  Core   #6   is   composed  of   f ine   sand

and  silty  f ine  sand  layers   intel`bedded  with  continuous

and  discontinuous  organic-I`ich  clay  bands;   these  clay-

rich  bands  al`e  illustrated  in  the  trend  of  the  eighty-

fourth  per.6entile  line,   particularly  between  2.5   and  5.0

in   (see   Figure   5:30).      This   upper   5.0   in  of   fill   probably

represents  vertically  accreted  f loodplain  deposits  that

accumulated  du|`ing   repeated  overbank   flooding.     Between

depths   of   5.03   and   5.97   in,    interbedded   black   (10YR   2/1).

Organic-rich   silt   and   silty   sand  was   encountel`ed.      This

matel`ial   overlies   a  f ill   of  gleyed  coarse   sand  and
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Plate   5:13      Freer   site,    location   of   Cores   #6   and   #5.
Posit,ion   of   Core   #6   is   mal`ked   with   arrow,    and   truck   is
parked   at,   location   of   Core   #5.      Lower   sur.face   is   modern
floodplain,   upper   surface   is   fluvial   fill   terrace   that
is   thought,   to   have   been   deposited   between   ca.    4000   and
Post-2000   yr   B,P.,    and   then   incised   sometime   after   2000
yr   B.P.      View   is   t,o   the   southeast   from   gravel   road   (see
Figure   5:28).       Height   of   floodplain   is   623   in   above   mean
Sea   level,    height   of   terrace   surface   is   626   in   above   mean
sea   level.
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gravel  that  appears  to  be  an  extension  of  f ill  noted  in

Core   #3   at   depths   below   2.5   in.    (see   Appendix   A).

The  core  data  reveal  that  the  f loodplain  at  the

FI.eer.  site  comprises  an  upper  unit  of   interbedded  f ine

sand  and  silt  that  overlies  a  basal  f ill  of  coarse  sand

and  gravel.     The  thickness  of  the  upper  unit   incl.eases

with  distance   from  the  Republican  Rivel`.     At  the  margin

of  the  floodplain   (Core  #6),   this   fill   is  approximately

5.0  in  thick,   and   includes  a  series  of  ol`ganic-rich  clay

bands   in  the   lowel`   3.5   n;   closer   to   the   river   (Col`e   #3),

the  fill   is  only  2.5  in  thick,   and  the  ol.ganic-rich  clay

bands  constitute   only  the   lower  0.20  in  of  the   fill

(Figure   5:31).

The  subsul`face  data  also  indicate  that  the  top  of

the  basal  coarse  sand  and  gravel  unit  is  at  a  greater

depth  at  the  margin  of  the   floodplain   (5.97  in)   than  it

is   in  the  middle   of   the   floodplain   (2.5   in).     This

Variation  may  have  been  caused  by  river  incision  that

occurred  after  deposition  of  the  sand  and  gI`avel  unit,

but  before  deposition  of  the  organic-rich  bands.     In  the

Vicinity  of  Core   #6,   a  topographic   low,   possibly  an

Oxbow  lake,   served  as   a  sink   in  which  organics   and  clay

accumulated  during  overbank   flow,   forming   the   organic

Silt  and  clayey   silt   bands   in  Core   #6.     These   bands   are
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Figure   5:31,  CI`oss-section   of   Freer   sit,e   and   location  of
Col`e   holes.      View   is   to   the   southea.st   (downstream),   with
north  to  the  left  of  the  cross-section  and  south  to  the
right.     Tel`I.ace   fill   of   late  Holocene   age   is   inset
against  let,e  Pleistocene  Peoria  loess.     Fill   of  t,he
modern  floodp|ain  is,   in  turn,   inset  against  the
Holocene   fill.     Height   is   given   in  meters   above  mean  sea
level   (amsl).      Depth  of   coring   and   augering   for  each
hole   a|`e   shown  on  cross-section.
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overlain  by  coarser  sediments  deposited  by  the  active

channel   of   the   Republican  River  as   it  meandered  across

the   floodplain.

Cores  #4  and  #5  were  extracted  f ron  the  terrace

whose   sul`face   stands   about   3   in  above   the   floodplain  and

5.5   in  above   the   Republican   River   (Plate   5:14);   Core   #5

was   taken  at  the  edge  of  the  terrace   scarp,   Col.e   #4  near
I

the  contact  of  the  terrace  surface  and  the  slope  leading

to   the   uplands   (see   Figul.e   5:31).      The   homogeneous

textul`e  of  the  upper  3-to-4  in  of  tel.race   fill   (Figures

5:32   and   5:33)   stands   in  stark  contrast,   to   the

heterogeneous  character  of  the  floodplain  fill   (see

Figures   5:29   and   5:30).      In  Core   #4,   the   mean  phi   value

in  the  upper  3  in  is  approximately  5.0,   while   in  the

upper   4   in  of   Core   #5   it   ranges   between   4.5   and   6;    in

Contrast,   the  mean  phi  values  of  the  floodplain  fill  are

highly  variable,   ranging   from  3   to   7   in  Core   #3,   and

from   4   to   9   in   Core   #6.      At   depths   of   3.5   to   5.5   in   in

Core   #4,   and   4.36   to   4.70   in   Col.e   #5,   the   fill   comprises

inteilaminated  coarse   silt   and   fine   sand;   in  Col.e   #4,

the  laninations  are  clear.ly  visible   in  the  phi  size

trends   (see   Figure   5:32).      The   upper   3-to-4   in  of   the

fill   consist   of   buff-to-brown   (10YR   5/3   to   10YR   3/3),

massive   coarse   silt.     A   lower  paleosol   featul`ing   black
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Plate   5:14      Freer   site,    looking   fl`om   position   of   Core   #4
across   terr.ace   to   floodplain   and   Republican   River
(marked   by   t,fees).      View   is   looking   directly   nort,h.
Drill   rig   is   parked   at,   location   of   Core   #4,   and   arrow
marks   position   of   Core   #5.      Height,   of   terrace   surface   is
626   in   above   mean   sea   level,   and   height   of   floodplain   is
623   in   above   mean   sea   level    (see   Figure    5:31).
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(10YR   3/1)   Ab   and   Btb   horizons   is   formed   in   buff   (10YR

5/3)   silt   at   depths   of   3.14   to   3.78   in   in  Core   #4   and

3.83   to   4.36   in  in  Core   #5;      the  paleosol   appears   as   a

prominent  clay  bulge  in  the  particle  size  distributions

for   Cores   #4   and   #5    (see   Figures   5:32   and   5:33).      An

upper   soil   featul.ing   black   (10YR   3/1)   Ab   and   Bwb

horizons   is  present   at   a  depth  of   0.88   to   1.43   in  in  Core

#5,   and   2.00   t,o   2.24   in   in  Core   #4.      There   is   a   clay

bulge  present   in  this   soil   in  Core   #5   (see   Figure   5:33),

but   not   in  Core   #4   (see   Figul.e   5:32).

Clayey   fill   prevented  coring   below  depths  of   5.70

in  Care   #4   and   4.76   in  Core   #5.      Continuous   flight

augering   revealed  gray   (7.5R  4/0)   clay  at   a  depth  of

approximately   6.10   in   in  Core   #5.      This   layer  may  overlie

the  gray   (7.5R  4/0),   coarse   fluvial   sand   found   in  Core

#4  at  depths   greater  than   5.70   in.     This   sand  appears   to

be  an  extension  of  the  basal   sand  and  gI.avel  unit  noted

in  Cores   #3   a'nd   #6.

To  determine  whether  f ill  of  the  terrace  at  the

FI.eer  site  differs  from  fill  beneath  the  upland  surface,

an  additional   core   (Core   #7)   was   collected   from  the

adjacent   uplands   (see   Figure   5:31).      The   upper   8.50   in  of

this  core   consists   of  buff-to-light   brown   (10YR  6/3-to-

10YR   5/3),   massive,   homogeneous   calcareous   silt   that
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displays  lit,tie  variation  in  the  mean,   fifth,   fiftieth,

and  eighty-fourth  phi  values   (Figure   5:34).     Dispersed

charcoal   flecks  were   noted  between  4.20   and   5.0   in,   and

brown   (10YR   4/3),   organic-rich   zones   (incipient  A

hol`izons?)   at   depths   of   5.40   to   5.80,    6.95   to   7.11,    7.35

to   8J16,   and   8.34   to   8.44   in.      The   matrix   of   charcoal   and

incipient  soils  is  similar  to  that  noted  in  in  situ

Peoria  loess  near  Coyote  Canyon  on  the   southern  shore  of

Harlan  Lake.     In  contl.ast  to  the  long-term  stability

denoted  by  paleosols  developed  in  loess   at  the  Bone

Cove,   Prairie   Dog   Bay,   and  North  Cove   sites,   these

incipient  soils  indicat,e  I.elativit,y  short-tern

inter.I`uptions   in  loess  deposition.

As  I`evealed  by  the  eighty-fourth  percentile  line

(see   Figure   5:34),   sediment   textul`e   is   finer  near  the

botto,in  of   the   core   (between   8.80   and   11.0   in)   than   it   is

in  the  upper  portion  of  the  core;   the  change  represents

an   increase   in  the   fine   clay  component   (clays   <   0.5

microtns)   from   values   of   2%   to   5%   above   8.80   in  to   values

of   10%   to   18%   between   8.80   and   11.0   in.      This   break   is

also  reflected   in  the  mean  sol`ting  values  of  the

material   above   and  below   8.80   in:      from  the   surface   to   a

depth'  of   8.80   in,   the   mean   sorting   value   is   1.28
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(Standard   Deviation   =   0.24),   whereas   from  depths   of   8.80

tc)   11.0   in,   the   mean   value   is   1.99   (Standard   Deviation   =

0.;32)    (Figure   5:35).      Low   values   of   sorting   correspond
I

tg   a  higher   degl.ee   of   sorting   (see   Appendix  C).      Note,

tbo,   that  the  degl`ee  of  sorting   for  the  loess   is  much

g+eater  than  that   for  the  tel`I`I`ace   fill.     Owing   to   the
I

shall   number  of   samples   at   depths   of   8.80   to   11.0   in,

hdwever,   it  was   not  possible   to  determine  whether  the
I

mdans  are  statistically  different.     The  basal  sediments
I

in  the  core  may  represent  a  different  depositional  unit

ih  the  Peoria  loess,   ol.  perhaps   a  zone  of  weathering.
I

The   absence   from  the   f ill   of  a  st,I`ongly  developed

pileosol,   such  as  was  noted  in  the  terl.ace  fill,   and  the

hblnogeneous  natul.e  of  the  deposit  conf irm  that  the   f ill
I

from  which  Core   #7  was   extracted   is   dif fel`ent   than  that

f+om  which  Cores   #4   and   #5   were   taken.      That   is,   the

terrace  is  a  f ill  terrace  rather  than  a  surface  cut  into

t.he   Peoria`  loess   (i.e. ,   a   cut   tel`I`ace).

I        To   summarize,   although   radiometric   ages   on  the

fioodplain  and  ter|.ace   fills  have  not  been  obtained,   the

Vertical  proximities  of   the   floodplain   (2.5   in)   and  terrace

(5.5   in)   to   the   Republican  River   imply   that   the   surfaces

Qhd  at  least  the  upper  portion  of  the   f ills  are

relatively  young,   probably  dating  to   the  middle  and  late
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•.....    core#5

Figure   5:35     Sediment   sorting   values   for  Cores   #4,   #5,
and  #7,   Freer  site.      Lower  values   of   sorting  corl`espond
to  a  higher  degree  of  sorting,   i.e.,   better  sorting   (see
Folk  and  Ward   1957;   Appendix   C).      Graph   reveals   that
Sorting  of   loess   (Core   #7)   is  better  t,han  sorting   of
fluvially-deposited  terrace   fill   (Cores   #4   and   #5).
Corel  #7   was   extracted   from  upland  Peoria   loess,   Cores   #4
and   #5   fl.om  terrace   fill   (see   Figures   5:28   and   5:31).
Depth  is  measured   from  top   of   t,he   core.      Surface   height
for  Core   #7   is   629   in  above   mean   sea   level,   and   for  Cores
*4   aLnd   #5   is   626   in   above   mean   sea   level.
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Holocene.     As   such,   the   Freer  site   affords   a  unique  view

of  th'e  continuum  of  deposits   from  the  valley  to  the

uplan'd,   and  pl`ovides  cl`itical   infornat.ion  about  t,he

stratigraphic  relationship  between  Pleistocene  and

Holocene  deposits   in  the   study  al`ea.      Fur.then,   it

contains  a  valuable  record  of  land form  evolution  at  the

late  'Pleistocene/early  Holocene  boundary.
'Sometime  during  the   late  Pleistocene,   perhaps

contemporaneous  with  erosion  that  occurred  at  the

Prairie   Dog   Bay  and  North  Cove   sites   around   13,000   yr

B.P. ,,   loess  was   removed   from  valley  margins   and  upland

loess  deposits  were   truncated.     Early  and  middle

Holooene  deposits  were  probably  removed   from  the  valley,

although  it  is  possible  that  the  coarse  sand  and  gravel

underlying  the   f loodplain  and  terrace  date  to  this

Period.     During  the  late  Holocene,   the  clay  layer  at  the

base,of  the  tel.race   fill  was  deposited   in  a  low-energy

environment,   possibly   in  an  oxbow   lake   at  the  margin  of

the   floodplain.      Following  this,   ovel`bank  deposits  of

interlaminated  f ine   sand  and  coat.se   silt  accumulated  on

the   floodplain.     Deposition  then  ceased  and  a  lengthy

Period  of  stability  was   initiated,   permitting  formation

Of   the  Ab   and   Btb  horizons   of   the   lower  paleosol.

Following   this  per.iod  of   floodplain  stabilityi   the
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paleosol  was  buried  by  fluvial  deposits   of  massive

coarse   silt.     Next,,   the  upper  paleosol   formed  during  a

relatively  short  interval  of  surface  stability  and

pedog6nesis.     It  was  buried,   in  turn,   by  a  veneer  of

colluvium  or  alluvium  neal`  the  valley  margin.

During  the  last   1000  years,   this  fill  was  truncated

by  river  incision  to  create  the  tel.race,   and  2.5  in  of

laminated  f ine  sand  and  coal.se  silt  were  deposited  in

the  valley.     Aside   from  scattered  ol`ganic   silts  at  the

base,   no  organic   accumulations  were   found   in  the  most

recently  deposited  fill,   implying  that  floodplain

accl`etion  has   been   rapid.     A  weak  cumulic  A  horizon  has

developed  on  the   floodplain.

S c ho e ne nbu r g

The   Schoenenburg   sit,e,   named  after   landowner  Glenn

Schoenenburg,   is   a  cutbank  exposure   located   3   kin  south

of   Orleans   (Figure   5:36).      Nearly   7   in  high,   it   featur.es

thl.ee  paleosols  that  can  be  traced  the  length  of  the

exposure,   a  distance   of   appl.oximately   185   in   (Plate

5:15).     The   paleosols   are   developed   in  and   sepal.ated  by

depo;it.s  of   silt,   silty  clay,   and  medium-to-fine   sands.

For  i  dist,ance   of   270   in  back   from  the  banktop,   the

Surface  of  the  fill   is  nearly  level,   but   it  rises
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Figul`e   5:36     Section   of   t,opographic   map   showing   locat,ion
of  Schoenenburg   site  cutbank  and  core   holes.
Schoenenburg   site   located  approximately   15   river-kin
uprivbr   from  Harlan  Lake.      Cut,bank  position   is   marked
With  an   arrow,   and   core   holes   with   a  dot.      Exposure   and
Col`e   holes   located   in:    SE   1/4,    SE   1/4,    See.    34,    T2N,
R19W     Alma   SW,    NE   7.5   minut.e   quadrangle.      Top   of   the   map
is  nohth,   contour   int,el`val   is   10   feet.      Channel   of
Republican  River   is  visible   in   sections   35   and   34.
Dil`ection  of   |`iver   flow   is   fl`om  west   to   east.
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Plate   5:15      Cutbank   at   the   Schoenenbul`g   on   the
Republican   River.      Three   paleosols   developed   in   late
Holocene   fluvial   deposits   are   marked   with   arrows.
Radiocal`bon   ages   on   paleosols   are   as   follows:      Lowel`most
Paleosol    -(basal   Ab)    3720    +    90    yr   B.P.     (Tx-5977),
(upper   Ab)    3050    +    60   yr   B.PT    (Tx-5912);    Middle   paleosol
-(uppel`   Ab)    2786   +    80    yl`    B.P.     (Tx-5978);    Uppermost

Paleosol    -(upper   lb)    2020   i   60    yr   B.P.     (T:{-5911).       View
is   to   the   southwest.      Banktop   height   is   603   in   above   mean
Sea   level.      Banktop   is   a.pproxima.tely   7   in   above   level   of
the   Republican   Rivel`.
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sharply  where  valley  fill   intersects  upland  loess.

Along  the  base  of  the  exposure,   there   is  a  layer  of

cross-bedded,   well-sorted  medium  fluvial   sands   (Figure

5:37).      These   coarse   sands   are   capped  by  a  0.20   in-thick

bed  of  fine  sand  that,   in  turn,   is  overlain  by  coal`se

sands.     At  a  depth  of  6.00  n,   there   is   an  abrupt  change

to  si+ty  fill,   and  at  5.80  in  the  deposit  has  a  silty

clay  texture;   these  changes  are  reflected  by  the  high

eighty-fourth  percentile  phi  values  at  a  depth  of  6.00  in

(see'Figure   5:37).      The   silty   clay  unit   is   gI`ay   (10YR

6/1)land   highly   calcareous   (Figure   5:38).      A  well-

deveioped  paleosol   featuring   a  black   (10YR   3/1),

orgahic-rich   (OM   =   1.9%),   cumulic   Ab   hol`izon   and   dark

brow'n   (10YR   4/2)   Bwb   or   Btb   horizon   is   formed   in   the

fill   at   depths   of   4.87   to   5.57   in   (Plate   5:16).      The   Ab

horzon  is  clearly  marked  by  high  organic  mattel`  content

and'leaching   of   carbonates   between   4.87   and   5.30   in   (see

Figure   5:38)'.

To  establish  a  minimum  age   for  the   start  of

Peddgenesis,   a  bulk  sample  was   collected   from  the   lower

0.16   in   (5.41   -5.47   in)   of   this   soil.      It   yielded   a   C13-

Cor'iected   radiocarbon  age   on  humates   of   3720   +   90   yr

B.P.    (Tx-5977).      A   second   sample,    fl`om   the   upper   0.15   n

(4.'96   -5.02   in)   of   the   soil,   yielded   a   C13-corrected
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in paleosol

Figurie   5:38     Organic   matter   and   calcium   carbonat,e   tl`ends
fol`  Sbhoenenbul`g   cut,bank.      Note   high   ol`ganic   matter   and
low  cilcium  carbonate  contents   in  the   t,hree  paleosols.
Depthl  is   measured   from   the   banktop.      Banktop   height,   is
603   m|  above   mean   sea   level   (amsl).
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Plate   5:16     Lowermost   paleosol   at   the   Schoenenburg
Cutbank   along   the   Republican   River.      Arrow  marks   the   top
Of   t.he   Ab.      Lower   Ab   of   soil   radiocarbon   dated   at
3720   ±   90   yr   B.P.     (Tx-5977),    and   upper   Ab   at   3050   +   60
yr   B.P.    (Tx-5912).      Soil   is   developed   in   fluvially=
deposited   si|ty   clay.      Length   of   shovel   is   1.08   in.
Middle   and   uppe|`most   paleosols   al`e   visible   in  upper   part
Of   photo,
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I iocarbon   age   on   humates   of   3050   i   60   yr   B.P.    (Tx-

5912).     Assuming   that   the  basal   sample   represents   a
I

mj|nimum  date   for  the   start  of  pedogenesis   (see  Haas  et
I

ai.1986),   then   soil   development   had  commenced  by  at

ldast   3720  yl.  B.P;   it  continued  until   burial  of  the   soil

around   3050   yr  B.P.      Regardless   of   the   exact  beginning

of  pedogenesis,   the   two  ages  demonstl`ate  that  8  horizon

development   in  a  f loodplain  environment   can  occur   in  as

little  as   1000  years;   studies   in  Iowa  have   indicated
I

that   development   of  a  Bt   horizon  can  occur  within  2500

yjars   (e.g.,   Parsons   et   al.1962).      The   ages   also
I

demonstrate   that   the   Schoenenburg   exposure  compl.ises

middle  Holocene   and  younger  fills.

The   lower.most   paleosol   is   buried  by   2   in  of   ovel`bank

djposits.      Grayish-brown   (2.5Y   5/2)   clay  over.lies   the

P4leosol,   and  is   in  turn  overlain  by  laminated  clayey

Silt  that   is   interbedded  with  clay  dl`apes   (see  Figul`e

5:|37).      At   a   depth   of   4.20   in,   thel`e   is   an   abrupt   change

from  clayey  silt   to   f ining  upwal`ds   sequences  of
I

ihterbedded   fine   and  medium  sand,   a  change   that  may
IripI.esent  an   increase   in  stl`eamflow  energy.      It   is   in

t.hese  overbank  deposits   that   the  middle  paleosol   is

d¢Veloped   at   a   depth   of   2.94   to   3.20   In   (Plate   5:17).      A

a+mple   from   the   upper   0.09   in   (2.96   -3.03   in)    of   this
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Plate   5:17     Middle   paleosol   at   the   Schoenenbul`g   cutbank
along   the   Republican   River..      Arrow   marks   the   top   of   the
Ab.      Upper   Ab   of   soil   radiocarbon   dated   at   2780   +   70   yr
a.P.    (Tx-5978).       The   radiocarbon   age   of   3050   yr   5.P.    on
uppel`  Ab   of   lowermost,   paleosol   demonstl`ates   that   the
f ine   and  medium  sand   f ill   in  which   the  middle  paleosol
is  developed   was   deposited   and   the   A   horizon  of   the
Paleosol   was   fo|`med   in   ca.    300   years.    Length   of   shovel
LS   1.08   in.      Lowermost   paleosol   is   visible   at   the   bottom
Of   photo,
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soil  produced   a  C13-corrected   I.adiocarbon  age   of   2780  ±

80   yr   B.P.    (Tx-5978).      The   paleosol   consists   of   only   a

dal.k   brown   (10YR   3/3),   cumulic   Ab   horizon   that,    in

contrast  to  the  lowermost   soil,   is  not  enriched  in  clays

(see  Figure   5:37);   additionally,   the   organic  matter

content   of  the  middle  paleosol   is   lower   (1.7%)   than  that

of   the   lowermost   soil   (1.9%).      Based   on   these   two

measures,   it  appears  that  the  episode  of  surface

stability  during  which  the  middle  paleosol   formed  was

shorter  than  the  one  during  which  the   lowermost  paleosol
I

developed.      The   radiocarbon   ages   of   3050   yr   B.P.   for   the

burial   of   the   lowermost,  paleosol   and   2780   yr  B.P.   for

the 'burial  of  the  middle  paleosol  establish  that

floodplain  aggradation  and  development  of  the  A  horizon

(middle   paleosol)   took  place   in  only   300   yeal`s.

Burial   of  the  middle  paleosol   by  massive  and

homdgeneous  coarse   silt  took  place   shortly  after  2780  yr

B.P.     The  overlying  coarse  silt  unit  displays   little  of

the;bedding  and   few  of  the   laminations   that  characterize

most  other  deposits   at   the   Schoenenburg   site   (see   Figure

5:37),   suggesting   that.   it  may  have   accumulated   in  an

environment   of   lower  energy   stl`eamf low   than  that   in

Whibh   the   other   units   were   deposited.      At   depths   of   1.63

to   2.50   in,   the   uppermost   paleosol,   which   consists   of   a
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black   (10YR   2/1)   Ab   and   dark   brown   (10YR   3/3)   clayey   Bwb

horizons,   is  developed   in  the   coarse   silt   (Plate   5:18).

The  uppermost  paleosol  has   the  highest  organic  mattel`

content   (2.3%)   of  the   three  paleosols   in  the  exposure,   a

condition  that  is  likely  due,   in  part,   to  the  relative

youth  of  the   soil.     A  bulk  sample  collected  from  the

upper   0.33   in   (1.90   -1.96)   of   the   paleosol   (the   most

ol`ganic-rich  interval)   yielded  a  C13-col`rected

radiocarbon  age   on  humates   of   2020  ±   60   yr   B.P.    (Tx-

5911).      The  Ab   horizon   is   leached   of   carbonates   (see

Figul.e   5:38),   while   the   Bwb   is   relatively   I.ich   in

carbonates  and  clays  that  were  probably  translocated

from  above   (see   Figure   5:37).      Profile   development   of

the  uppermost  paleosol,   as  measul.ed  by  degree   of

hot.izonation  and  clay  content,   is  greater  than  that  of

the  middle  paleosol,   and  roughly  equal   to  that  of  the

lower.most   soil.      I   suggest   that   the  period  of   sul`face

Stability  during  which  the  uppermost  paleosol   formed  was

longer   in  dul`ation  than  the  pel`iod  during  which  the

middle  soil   formed,   and  approximately  equal   in  length  to

the'  Pel`iod  during  which  the   lowermost   paleosol

developed.
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Plate   5:18     Uppermost   paleosol   at   the   Schoenenburg
Cutbank   along   the   Republican   River.      Arrow  marks   the   top
Of   the   Ab.      Upper   Ab   of   soil   radiocarbon   dated   at   2020   i
60   yr   B.P.    (Tx-5911).      Uppermost   paleosol   is   developed
in  fluvially-deposited   coarse   silt,   and   is  buried  by  1.6
in  of   laminated   medium   and   fine   sand   (overbank  deposits).
Length   of   shovel   is   1.08   in.      Middle   paleosol   is   visible
in  the   lower   part   of   phot,o.
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This  third  episode  of  floodplain  stability  and

pedogenesis   ended  after   2020   yr  B.P.   with  truncation  and

deformation  of  the  Ab  to  produce  a  wavy  upper  soil

boundary.      This  defol`mation  was   followed  by  deposition

of   fi'ning  upwards   sequences   of   medium  and   fine   sand.

Thirteen  discrete   sandy  laminations,   some  only  0.02   in

thick,   wel`e   noted   in  the  uppel`   1.60   in  of   the   cutbank

(see   Figure   5:37).     These   laminations   are  postulated   to

have   resulted   from   individual   ovel`bank   flows.     Following

deposition  of  these   fining  upwards   sequences,   floodplain

stability  I.etul.ned  and  a  sul`face   soil   formed.

Subsequent   incision  of   7   in  has   exposed  the   late  Holocene

deposits.

To  trace  the  lateral  extent  of  fills  and`paleosols

to  the  south  of  the  exposure,   I  extracted  two  cores   from

the   terrace   fill   (Col`es   #8   and   #14)   and   one   fl`om  the

Valley   side   (Core   #16)    (Figure   5:39).      Core   #8,

Collected   28.5   in  fl`om  the   edge   of   the   cutbank,   contains

three  paleosols  at  dept,hs  closely  approximating  the

depths  of  the  thl`ee  radiocarbon  dated  paleosols   in  the

Cutb'ank  exposure.      Col.e   #14,   which  was   extracted   about

92  in  from  the   banktop,   contains   two  paleosols.      In  light

Of  the  variation   in  sediment   texture   that   commonly

exists  across  a  floodplain,   grain  size  parameters  are  of
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little  use  in  correlating  soils  across  floodplain  fills.

Consequently,   it  was   not  possible   to  determine  whether

the  soils  that  al.e  present   in  the  cores  are  the  same

soils  that  are  present   in  the  Schoenenburg  exposul`e.     To

underscore  this  uncertainty,   soils  are  depicted  with

dashed  lines   in  the  valley  cl.oss-section   (see  Figure

5 :  39 )  .

Additional  differences  between  the  stratigraphy  of

Cor'es   #8   and   #14   and   that   of   the   exposure  were   also

observed.     First,   the  character.  of  the  sediments  at  a

distance   from  the  exposure  is  dif ferent  than  the

character  of  the   sediments   in  the   exposul`e.

Specif ically,   the  cores  lack  the   fining  upward  sequences

that  are   so  prevalent   in  the  exposure  between  the

lowermost  and  middle  paleosols;   this   is   illustrat.ed  in

the  'phi   value   trends   for  Cores   #8   and   #14   (Figures   5:40

and  '5:41),   which  display  fewer  oscillations   than  do

lines   for   samples   taken   fl`om  appl`oximately  the   same

depths  on  the   exposure   (see  Figure   5:37).      Further,   the

Standard  deviation  around  the  mean  phi   values  decreases

and  the  coefficient  of  variation   (ratio  of  standal`d

deviation  to  mean)   increases  with  distance   from  the

CutbSnk,   reflecting   a   tl`end   to   mol`e   homogeneous   sediment

(Table   5:1).      This   trend  can  likely  be   attributed   to   the
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Figure   5:41     Particle   size   trends   for  Core   #14,
Schoenenbu|.g   site.     Core  was   extl.acted   fr.om  terl`ace   fill
a  dist,ance   of   9Z   in  back  f ron  the   Schoenenburg   cutbank
(See,Figures   5:36   and   5:39).      Dept,h   is   measured   from   top
Of   the   core.      Height   of   terrace   is   604   in  above   mean   sea
level .
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TABLE   5:1    :   Schoenenburg   Site   -Sol`ting*

Site                  N                  Mean    (3E)               St.    Dev.                        CRV

Cutbdnk        38

Core   #8         28

Core   #14      26

Core,#16      22

2.35

2.25

2.95

2.95

0.58

0.36

0.62

0.30

0.25

0.16

0.21

0.10

CRV  =  Coeff icient   of  Relative  Val.iation
(Standard  Deviation  /   Mean)

*  The  degree  of   sorting  measures  the  dispersion  of
sediment   sizes   al.ound  the  mean  phi   value   (see   Folk  and
Wahd   1957).      The   higher  the  value   of   sorting,   the

::5::#:o::r::n:h:fd:::e:e:=m:::tin::rs::ai:::::I:  c.



mechanics   of   overland   flow  on  the   floodplain:     coarser

sediments  settled  out  of  suspension  closer  to  the  active

channel,   leaving   only  homogeneous   sediment   suspended   in

the  pvel`bank  flow  that  reached  the  more  distal  portions

of  the   floodplain   (Allen   1970).      In  addition,   the  degree

of  s,ediment   sorting  decl.eases  with  distance   from  the

channel.     Although  t,he  mean  sol.ting  value   of   sediments

in  the   exposure   (5E   =   2..35)   is   similar   to   the   value   of

sediments   in  Core   #8   (¥  =   2.25),   the   value   of  mean

sorting   is   substantially  higher.   (which  corl.esponds   to

poorer  sorting)   on  the  distal  part  of  the  terrace  at
Core   #14   (¥   =   2.95)    (Figure   5:42).      This   decrease   in

sorting  may  I`eflect   inputs  of  poorly  sorted  colluvium  to

the  alluvial  fill  on  the  distal  part  of  the  terrace.
I

A  second  dif ference  between  stratigraphy  of  the

col`es  and  that  of  the  exposure  is  that  the  depth  to  the

Paleosols  and  the  thickness  of  the  f ills  decreases  with

distance   from  the   exposure   (see   Figure   5:39).      This

observation  is  also  consistent  with  theories  of  overbank
I

flow  and  sediment  deposition:     highest   rates  of

deposition,   and  therefor.e  the  thickest   fills,   occur  near

t.he  active  channel  where   sediment  concentration  in

Overbank   flows   is   at   a   maximum   (Allen   1970).
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Figure   5:42     Sediment   sorting  values   for  Core   #14   and
Cutbqnk,   Schoenenburg   site.      Lower  values   of   sorting
Correspond  to  a  higher  degree  of   sorting,   i.e.,   better
Sorti',ng   (see   Folk   and   Ward   1957;   Appendix   C).      Core   #14
Was   e',xtracted   92   in  back   fl`om   the   cutbank   (see   Figures
5:36   and   5:39).      Graph  reveals   that   the   sorting   of  Core
*14   is  worse  than  the  sorting  of   samples  collected  f ron
the  Cutbank,   possibly  because   there  were   inputs   of
C0llulyium  to  fill  on  the  distal  part  of  the  terrace.
Depth''  is   measured   from  top   of   exposure   and   core.
Height   of   banktop   at   cut,bank   is   603   in  above   mean
Sea  level,   and  height   of   surface   at  Core   #14   is   604   in
above' mean   sea   level.
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Core   #16,   extl`acted   from  fill   at   the   edge   of  the

uplands   about   160   in  from  the   cutbank,   contains  no

palebsols  and   features  poorly  sorted   fill   (see  Figure

5:39)   comprising   interbedded  sandy  clay  and  sandy  silt

(Figul`e   5:43).      Pebbles   are   also   scattered  throughout

the  mat,erial.     The  absence   from  the   core  of  a  paleosol
I

I

demonstrates  that  this  valley-side  f ill  is  dist,inct  from

the  fill  exposed  in  the  cutbank,   and  the  poor  sorting

suggests  that   it  may  not  be   in  situ  Peoria  loess;

indeed,   an  unpaired  T-test  revealed  that  the  mean

sorting   of   sediment   in  Core   #16   (i:   =   2.95)   is

significantly  different   (0.05   level)   than  the  mean

sol.ting  of   in  situ  Peoria  loess   identif ied   in  Core  #7
I

(i  =   1.28)   at   the   Freer.   sit,e   (see   Figul`e   5:34).      Because

the  fill  is  so  poorly  sorted,   and  because  it  rests  along

the  margin  of  the  valley,   I  propose  that   it  is  colluvium
I

deriJed  from  the  uplands.     Because  the   fill   is  tl.uncated

by  valley  deposits,   it  must  have  accumulated  prior  to

deposition  of  the  basal   f ill  of  the  Schoenenburg

expo|sul`e,   that   is   sometime   before   3700   yr   B.P.      The

Colluvium  overlies   an  oxidized  and  weathered  yellowish-

brown   (Z.5Y   6/4)   clay   layer.      This   clayey   and   oxidized

unitt  may  represent  an  eroded  Bt  horizon  dating  to   at
I

least  the  late  Pleist,ocene.
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Figure   5:43     Par.ticle   size   trends   for  Core   #16,
Schoenenburg   site.     Core  was  extracted   from  early  or
middl'e  Holocene   colluvium  a  dist,ance   of   160   in  back   from
the   Schoenenburg   cutbank   (see   Figures   5:36   and   5:39).
Depth,  is  measured   from  top  of   t,he   core.     Height   of
terrace   is   607   in  above  mean  sea   level.
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To   summarize,   the   Schoenenburg   site,   in  addition  to

Providing  a  radiocarbon-dated   record  of  late  Holocene

fluvial  activity  in  the  study  al.ea,   also  affords  a  view

of  the  stratigraphic  relationship  between  valley  and

upland  deposits   (see   Figure   5:39).      River  entrenchment

occurred   sometime   befol.e   3780   yr  B.P. ,   truncating

colluvium  that  had  extended  down  valley  sides   (Core   #16

sediments).     Then,   the  fill  of  coarse   fluvial   sands  at

the  base  of   the  exposure  was  deposited;   these   sands  nay

correlate  with  basal  coarse  sediment  noted  below  the

f|oodplain  and  lower  terrace  fills  at  the  Freer  site.

Floodplain  stability  and  soil   for.nation  wet.e   initiated

prior  to   3780   yr  B.P.,   and  persisted  until   3050   yr  B.P.

Between   3050   and   2780   yr  B.P.,   deposition  of   2   in  of   fill

t6ok  place,   followed  by  development   of   an  A  horizon.

The   radiocarbon  ages   on  the   lowermost  paleosol

demonstrate   that   2   in  of   f ill  was  depositied  and  an

organic-rich  A  horizon   formed   in   about   300   years.

Floodplain   aggradation   resumed  around   2780   yr   B.P. ,

ahd   tel.minated   before   2020   yr  B.P.      Floodplain  stability
I

lasted  until   approximately  2020   yl.  B.P.,   at  which  time

I`enewed  overbank  deposition  f irst  truncated  part  of  the

A  hol.izon  of   the   uppermost  paleosol,   and   then  buried  the

Soil   beneath   f ining   upwards   sequences   of   medium  and   f ine
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sand.     Contempol.aneous  with  this   floodplain  accretion,

colluvium  derived   from  upland  deposits   of  ±I±  situ  Peoria

loess  accumulated  at  the  margin  of  the   floodplain

adjalcent  to  the  valley  wall.     Following   the  episode  of

alluviation  and  colluviation,   the  Republican  River

entrenched   7   in  to   its  pre-3780   yr   B.P.   level,   exposing

the  ,sequence  of  late  Holocene   f ills  and  paleosols

pl`eserved   in  the   Schoenenburg   exposure.     Although  the

date  of  this   incision  in  the  study  al`ea  is  unknown,

terminal   radiocarbon  ages  on  paleosols  developed  in  f ill

of  the  lowermost   terrace  in  other  drainage  basins  of  the

central  Great  Plains  indicate  that  it  occurred  shortly

after   1200   yr   B.P.    (see   Johnson   and   Martin   1987).

Although  adjustment  of  the   fluvial   system  is  often
Icomplex,   I  maintain  that  val.iation   in  stream flow  energy

and, fl`equency  account   for  the  abrupt   changes   in  the

chaiacter  of   sediment  obsel`ved   in  the   Schoenenburg

exposure.      Changes   in   sediment   source   area,   while

altering  sediment  size,   would  not  accelerate  the  rate  of

flobdplain  constl`uct,ion,   and  therefore  cannot   account

for   the   episodes   of   I.apid  deposition   (e.g.,   between   3000

and'  2780   yr   B.P.)   noted   in   the   exposure.      So   too,

movement  of  the   active  channel   closer  to   the  position  of

203



the  Qutbank  would   increase   the   rate   of  deposition,   but

would  also   result   in  deposition  of  sediment  t,hat   is  much

coarser   (nediun  or  coarse  sand)   than  that  preserved   in

the   Schoenenburg  exposure.     Finally,   the  episodes  of

f loodplain  aggradation  identif led  here  al`e  generally

cont,emporaneous  with  episodes  of  alluviation  noted  by

May   (1986,1989)   in   the   Loup   River   system  of   central

Nebl`aska.     This   regional   synchrony  argues  against  basin-

specific  controls   (e.g.,   change   in  sediment   source  area,

position  of  the  active  channel)   as  the  cause  of  changes

docupented   in  the   Schoenenburg   stl`atigraphy,   and   in

favor  of  regional  climatic   fluctutions.     A  similar

hypothesis   has   been  advocated  by  Knox   (1983),   but

refuted   by  Trimble   (1983,1989);   the   latter  has

emphpsized  basin-specific   intrinsic  variables   (e.g.,

amount   of   sediment   in  stol`age,   conveyance   capacity  of
I

streams)   rather  than  climatic  val.iables   in  explaining

change   in  th`e   fluvial   system.

Unfol.tunately,   there  are  no  additional  cutbank

exposures  of  Schoenenburg  tel.race   f ill   in  the  portion  of

the  Republican  River  valley  under.   study  here.     At   the

Fr.eer  site   and   in  the  valley  between  Orleans   and  Ox for.d,
I

isolated   remnants   of   a  terl.ace   stand   about   5.5   in  above
I

the  Republican  River.      Elsewhere   in   the   valley,
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migration  of   the  Republican  River  during  the   late-

Holocene   has   removed  most   of   this   terl`ace.      Assuming

these   I`emnants  corl`elate  with  the   Schoenenburg  terrace,

as  I  believe  they  do,   then  they  were  also  deposited

between   3780   and   2000   yr   B.P.

Holocene  Sedimentation

Based  on  analysis  of  deposits   in  the  st,udy  area,

the   early  and  middle  Holocene  were  dominated  by

deposition  both  on  uplands   (Bignell   loess)   and   in  the

v;lley.     On  uplands,   this  deposition  buried  the

equivalent  of  the  Brady  paleosol   at   the  North  Cove,

Prairie  Dog   Bay,   and  Alma  Vista  sites.      It  ended

s|ometime   prior   to   4500   yl`   B.P. ,   at   which   time   surface

stability  and  soil  development  were  initiated;   the

paleosol   dated   at   4500   yr  B.P.   at   the  Alma  Vista  site

dieveloped  during   this   interval.     This  period  of

stability  ended   shortly  aftel`  4500  yr  B.P.   with

deposition   (eolian?)   of  coarse   silt,   followed  by  soil

formation.      Sometime   between   4500   and   3780   yr   B.P.,    an

ebisode  of   incision  occurred.

In  the  Republican  River  valley,   the   late  Holocene

has  been  characterized  by  alt,ernating   floodplain

al88radation  and   surface   stability.      Following   the
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episode   of   incision  that   took  place   between  4500   and

3780   yr  B.P.,   a  brief  period  of   floodplain  accl`etion

ensutd,   and  then  development  of   the   lowel`most  paleosol

was  'initiat.ed.      Pedogenesis   had  begun  by  at   least   3780

yr   B'.P.,   and   ended   shortly   after   3050   yl.   B.P.

Depo'sition  of   2   in  of   f ill   followed  by  formation  of  the

midd'le   paleosol   took  place   between   3050   and   2780   yr  B.P.

Flo6dplain  aggradation   I.esumed  after   2780   yr  B.P. ,

burying  the  middle  paleosol.

Development,  of   the  uppermost  paleosol   followed   this

period  of  floodplain  alluviation.     Soil   formation

per.5isted  until   shortly  after   2020   yr  B.P.,   at  which

time   the   soil  was   buried.      Sometime   during   the   last   2000

yea+s,   the  Republican  River   incised  about   7  in  to   its

preL3780   yr   B.P.   level.      This   incision   formed   the

Sch®enenburg  terrace  and  the  terrace  at   t,he   Freer.  site.

Since  the   incision,   the   river  has  deposited  about,   2.5  n

of  Sediment   that,  constitutes  the  modern   floodplain.
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CHAPTER    6:    CHRONOLOGY   OF   LANDFORM   EVOLUTION   AND
CONCLUSIONS

Chronology  of  Late  Quaternary  Land form  Evolution

Integration  of  data  collected  from  the  six  sample

localities  has   yielded  a  chronology  of  land form

evolution  over  the   last   30,000   years  along  a.  reach  of

the  Republican  River.  in  south  central  Nebraska  that  had

been  previously  unstudied.     Chronologies  of  this   type

are  appearing  with  gI.eater.  frequency  in  the  literature

(6.g.,   Knox   1983;    Johnson   and   Martin   1987;   Karlstron

1988;    Waters   1988;    Blum   and   Valastl`o   1989;    May   1989),

and  al.e  helping  to  facilit,ate  regional  correlations

among   periods   of   el`osion  and   sedimentation.      Because

sulch  corl.elations  are  contingent  upon  radiocarbon

c6ntrol,   however,   it  has  proven  difficult  to  reconcile

older  studies,   most  of  which  lack  radiocarbon  ages,   with

the  emerging   chronologies.     Consequently,   substantial

revisions   have   been  made   to  much  of   the   earlier  work   in

the  central  Great  Plains  and  the  classical  late

Qulaternal`y  stratigraphy  that  developed   from  it.     This

St'udy  joins   the   g|.owing   list   of   such  revisions.

My  model   of   land form  evolution   for   the   reach  of   the

Republican  River  under.   study  documents   change   on  uplands

and   in  the   river  valley.     With  one   exception,   I   organize
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the  chronology  of   landforn  change   accol`ding   to   the   same

tempo+al  categories  that  were  used  in  earlier  chapters;

the  efception  is   the  early  and  middle  Holocene,   which
I

are  cpmbined  because  land form  change   that  was   initiated

in  thF   former  continued  into   the   latter.     Where

possible,   I   speculate  on  the  paleoclimatic  conditions
I

I

that  hay  have   triggered  land form  change.     As  a
I

ISupplFment  to  the  text,   diagrammatic   stratigraphic

sectibns  from  the  six  study  localities  are  depicted  and
I

I

probaple  corl.elations  among   fills  are   suggested   (Figure

6:1).i   All   sections  are  tied  to  the   longitudinal  profile
I

of  the  pre-dam  Republican  River  floodplain  as  obtained

from   7.5   minute,1:24,000   United   States   Geological
I

SurveJ  topographic  maps.      In  addition,   Table   6:1
I

I

provipes   a  summary  of  the   geologic   and  environmental

history  of  the  study  area  dul.ing  the  last  30,000  years.
I

Finally,   to  establish  the  degl`ee  of  regional   synchl`ony

between  this   study  and  those  complet,ed  elsewhere   in  the

centrL| Great  Plains,   I  compare  the  activity  that  I

documfnt  to  episodes  of  erosion  and  deposition  reported

in  stLdies   from  contiguous   areas   (i.e.,   eastern
I

Color+do,   central   and   southel`n  Nebraska,   and  northel`n
I

and  nbrtheastern  Kansas) .
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Figure   6:1     Diagrammatic   stl.atigraphic   sections   for  six
study  sites,   Republican  Rivel`  basin,   Nebraska.      The
height.  of  all  sections  is  tied  to  the  longitudinal
profile  of  the  pre-dam  Republican  Rivel`.     Note   location
of   radiocarbon   samples.   For  location  of   sit.es,   see
Figure  4:3.     For  a  more  detailed  portrayal  of   individual
sites,   see  the  following   figures:     Freer  site  -Figures
5i28_and  _5:31;  _Schoenenburg   site   -Figures   5:36   and
5 : 39;    Alms   Vista  -si-t,e-i -Fi-g-ur-es-5:2-4-and   5:-Z6-;_  Prairie
Dog   Bay   site   -Figul.es   5:6   and   5:7;   North   Cove   site   -
Figures   5:16   and   5:17;   and   Bone   Cove   site   -Figures   5:1
and   5:2.
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TABLE   6:1   :   Geologic   and  Environmental   Chronology   for
Study  Site,   30,000   yr  B.P.   to  Present

Time   (yr  B.P. )               Event                 Environmental  Conditions

H'istorical

Pbst-1200

1200-2000

2000

2000-2700

2700

2700-3000

3000-3700

Post-3700

Pre-4500

4500

4500-10 , 200

10 , 200-11, 500

Deposition

Incision
( SC , FR )

Deposition
( SC , FR )

Soil   Fol`mation
( SC , FR )

Deposition
( SC , FR )

Soil   Formation
(SC)

Deposition
( SC , FR )

Soil   Format,ion
( SC , FR )

Incision
( AV , SC , FR )

Deposition
(AV)

Soil   Formation
( AV , PDB ( ?  )  , NC ( ?  )  )

Deposition
(Rewol`ked   Loess)

( AV , PDB , NC )

Soil   Fol`mation
(Brady  Equivalent?)

( PDB , NC , AV (  ?  )  )
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Increased  Flood
Magnit,udes

Reduced   Flood
Magnitudes

Increased  Flood
Magnitudes

Reduced   Flood
Magnitudes

Increased  Flood
Magnitudes

Wet,   Reduced   Flood
Magnitudes

More   Ef fective
Moisture

Shift   to   Less
Ef fective  Moisture

Shift   to  More
Effective  Moisture

Shift,   to   Less
Ef fective  Moisture

Mol`e   Ef fective
Moisture



TABLE   6:1    :   Geologic   and  Environmental   Chl.onology   for
Study  Site,   30,000  yr  B.P.   to  Present

Time   (yr  B.P. )               Event                 Environmental  Conditions

11, 500-13 , 000

13 , 000

13 ' 000-26 , 000

Slow  Deposition                 More   Effective
( PDB , NC )

Incision
( PDB , NC )

Deposition
(Peoria  Loess

( BC , NC , PDB , AV (

Moisture

?

More   Effective   Moistul`e
( Parkland( ? ) )

26,000                  Soil   Formation
(BC)

26,000-30,000              Deposition
(Gilman   Canyon   Equivalent)

Site  Locality  Key   (see   Figure   4:3)

Alma  Vista  Site
Bone   Cove   Site
Freer.  Site
North  Cove  Site
Prairie  Dog  Bay  Site

Schoenenburg  Site

Less  Effective
Moisture

?
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soil   formation  that  was   initiated   in  the  uppel`  portion

of  what   I  postulate  to  be  the  temporal  equivalent  of  the

Gilman   Canyon   Fol`mation   ceased   around   26,260   yr   B.P. ,

and  deposition  of   the  Peol.ia  loess   began.     This   age   for

the   stal`t  of  the  Peol`ia  loess  deposition  is  several

thousand  years  older  than  the  generally  accepted  age  on

basal  Peoria  loess  repol`ted  elsewhere   in  the  central

Great   Plains   (e.g.,   Thompson   and   Bettis   1980;   Ruhe   1983;

L:D.    Martin,    Pers.   Comm.1989).      At   least   some   of   this
I

discrepancy  nay   I`esult   from  the   level   in  the  Bone   Cove

paleosol   from  which  the  afol`ementioned   radiocarbon

sample   was   collected.      As   shown   in   Plates   5:1   and   5:2,

the  paleosol   has  a  dif fuse  upper  Ab  horizon

characteristic  of  a  cumulic   soil.     To  determine   the

te,rminal   age  of  an  episode  of  pedogenesis,   it   is

st'andard  practice   to   sample   the  upper   few  cm  of   a

paleosol.   In  this   instance,   however,   to  ensure  that

there  was   sufficient  ol`ganic  carbon  for  dating,   the

radiocarbon  sample  was  collected   f ron  the  most  organic-

rich  level,   which  lies  just  below  the  diffuse  upper  part

of,the   paleosol.     Consequently,   the   radiocarbon  age

likely  pre-dates   the   actual   t,ermination  of  pedogenesis.

That   is,   deposition  of   the  Peoria  loess  appears   to   have
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begun   shortly   after   26,Z60   yr  B.P. ,   but   at   a   rate   slow

enough  that  pedogenesis  could  keep  pace  with  it;   this

period  of  deposition  is  pl`eserved  as   the  dif fuse  upper

portion  of   the  Ab  horizon.     At   some   later  time,

deposition  of  loess  accelerated  to  a  rate  faster  than

the   rate  of  pedogenesis,   a  change  that   is  marked  by  the

top  of   the  diffuse  Ab  hol.izon.

Three   incipient  Ab  horizons   noted   in  Peol`ia  loess

rlear  Coyote  Canyon  indicate  that  deposition  of  the
I

Pleoria  loess   in  the   study  area  was  episodic   (see   Figure

5':23   and   Plate   5:8).      A   similar   conclusion  has   been

rleached  in  ot,her  studies  of  loess  deposits   in  the

central  Great  Plains  and  adjacent  areas   (e.g.,   Daniels

e't   al.1960;    Ruhe   et   al.1971;    MCKay   1986).       The

presence  of  Picea  char.coal   in  Peoria  loess  near  Coyote

Cinyon,   together  with  the   identification  of  flol.al  and
I

faunal   I`emains   in  loess  deposits   elsewhere   in  the

vicinity   Qf   south-centl.al   Nebraska   (e.g.,   Leonard   1952;

F'redlund   et,   al.1985;   Wells   and   Stewart   1987,1987a),

h?  or  parkland  vegetation  existed  on  uplands  of

the  central  Great  Plains  during  deposition  of  the  Peoria

loess.      This   hypothesis   is   suppol`ted  by  evidence   fl.on

m6del`n   loess   depositional   environments   showing   that
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loess   accumulates   only  on  well-vegetated   sul`faces
I

(Yaalon   and   Dan   1974).
t  The  climate  conditions  during  deposition  of  the

Peoria  loess   are   unknown.     Oxygen   isotopes   for  opal

phytiolit,hs  that,  were  extracted  from  Peoria  loess  at  the

Eustis  Pit,   southwestern  Nebl`aska,   have   implied  that

loess  deposition  occurred  during  conditions  of  more

effective  moisture,   whereas   soil   formation  took  place

und:I.  conditions   of   les.s  effective  moisture   (Fredlund  et

al.  il985).      The  variation   in  effective  moisture  may

reflect,  a  change   in  temperature   (and  hence  evaporation

rates)   rather  than  a  change   in  pl.ecipitation  amounts.

Conversely,   several   comput.er  models  have  postulated  that

cold,   dry  conditions  persisted  over  the   interior  of

Nol`th  America  during   the   late   Pleistocene   (e.g. ,

Kutzbach  and  Guetter   1986).      Whatever   the   climatic

conditions,   there  appears   to  have  been  a  tenuous  balance

between  the   rate  of  Peol.ia  loess  deposition  and  the

gI`owth  of  vegetation  on  the   aggrading   loess   surface.
I

Generally,   deposition  was   slow  enough  to  permit   the

establishment  of  vegetation,   yet  t,oo   rapid  to  allow  the

forhation  of   thick  mollic   epipedons.     High  moisture
I

Con,ditions   in   topographic   lows  may  have   enhanced   the

215



presSrvation  of  organic  matter  and  encouraged  the

formition  of   the   incipient  Ab  horizons   that  have  been
I

obse[ved   in  exposul`es  of  Peoria  loess.

|Deposition  of  the  Peoria  loess   in  the   study  area
I

cont+nued  until   just  prior  to   13,000   yr  B.P.,   a  time

thatlfalls  within  the  generally  accepted  age  range  of

14,OPO to   12,000   yr  B.P.   for  the   termination  of  Peoria

loess  deposition   in  the  Great  Plains   (Thompson  and

Bettis   1980;   Ruhe   1983).      As   observed   at   the   Prairie   Dog
I

Bay  +nd  North  Cove   sites,   deposition  was   interrupted  by
I

an  e+isode   of   entrenchment   just  prior  to   13,000   yr  B.P.

Thisl incision  was  apparently  restricted  t,o  topographical

sett ings  in  close  lateral  and  vertical  proximity  to  the

Republican  Rivel`  and  its  tributaries,   as  evidence  for  it

is  licking  at  upland  localities.     Colluviation  may  have

OCCu r red  during  this  time  along  the  walls  of  the

recertly-cut  valleys,   but  away  fl`om  valleys  upland

depoSits  appear  to  have  been  little  affected.     The
I

in€iSion   fol`med  t,he  valleys   at  Prairie   Dog   Bay  in  which
I

the  +DBl   and  PD83   fills  were  deposited,   as  well   as   the

chan n el   cut  at   the  North  Cove   site   in  which  the  spl`ing

or  streamside  deposits  accumulated.     Elsewhere   in
I

Nebriska,   entrenchment   has   been  noted   by  BI`ice   (1964)

before   10,500   yr   B.P.   on   the   Loup   River,   Nebraska,   and
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by   May   (1989a)    around   13,000   yr   B.P.    on   the   middle

Platte   River,   Nebl`aska.

The   episode   of   incision   around   13,000   yl`   B.P.   may

reflect  a  transition  in  the  central  Great  Plains   from

the   climatic   conditions   of  the   glacial   maximum   (ca.

18,000   yr.   B.P.  )   t,o   those   of   the   late   Pleistocene.

Recent  climatic  models   suggest  that  with  the  accelel`ated

wasting  of   the  Laurentide   ice  sheet   after   12,000   yr

B.P. ,   the  glacial   anticyclone  over  the  western  United

States  weakened.     This,   in  turn,   mitigaced  the   stl`ength

bf   the   winter   polar   jet   (COHMAP   Members   1988),    and   may

have  been  suf f icient  Lo   incl`ease  winter  precipitation

and  amplify  the  magnitude   of   flooding.     Additional

e'vidc-nce   for  wetter  conditions  during   the  late

Pleistocene   comes   from  the  Nol`th  Cove   site,   where   spl`ing

activity,   which  indicates  increased  precipitation  and  a

higher  gI`oundwater   table,   occurred   between   13,000   and

11,420   yl.  B.P.      The   flora  and   fauna   that   lived   in   the

vicinity  of  the  spring  are   indicative  of  cooler  and

w6tter  conditions  than  those  that  exist  in  the  region

t6day   (Stewal`t   1989).

The   recently-incised  valleys  were   f illed   sometime

after   13,000   yr  B.P.   with   late   Peoria   loess   and   reworked
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loess    (i.e.,    the   PDBl   and   PD83   fills).      May   (1989a)

noted  a  similar  episode  of  valley  f illing   in  the  middle
I

Platte   River   valley  prior   to   10,500   yr  B.P.      Loess

depdsition  and  valley  f illing  ceased   sometime  bet,ween

13,P00   yr   B.P.   and   11,500   yr   B.P.,   and   formation   of   the

Brady  paleosol  equivalent  was   initiated.     Depending  on
Itopographic  position,   the  Brady  is  preserved  either  as  a

paleosol  ol`  as   the   surface  soil.     It   is  exposed  as  a

paleosol   at   the   Prairie   Dog   Bay   (PDBl   and  PD83   fills),
Almi  Vista,   and  Nol`th  Cove   sites,   and  possibly  as   the

surface   soil   at,  the  Bone  Cove  site  and   in  the  upper

portion  of  the  PD84   and  PD85   f ills  at   the  Prairie  Dog
I

Bay  site.     Radiocarbon  ages  obtained  at   the  Prairie  Dog

Bayi and  North  Cove   sites  demonstrate   that  development   of

the  Brady  equivalent  had  begun  by  at   least   11,420  yr
I

B.P.,   and   continued   until   10,550   to   10,270   yr   B.P.      This

I.ange  of  ages   falls  within  t,he  generally  accepted  dates

of   12,700   to   8000   yl.   B.P.    I`eported   for   the   Brady
I

paleosol   in  the  central  Great  Plains  by  sever.al

I`esearchers   (e.g.,   Reed   and   Dreeszen   1965;   Frye   et   al.

1968;   Luttenegger   1985),   but   is   older   than  an  age   of
I

9160   yr   B.P.    obtained   on   humates   fl.om   the   upper  Ab   of

the!  Brady  soil   at   its  type  section   in  southwestel`n

Nebraska   (Reed   and   Dreeszen   1965).
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Eal`l,y   ed   Middle   Holocene    (10,000   =  4QJ2J2  ;]£j=   B.P.  )
'  Deposition  on  uplands,   valley   sides,   and

f loc}dplains   occurred  dul.ing   the   early  Holocene   from
I

shortly  after   10,300   yr  B.P.   to   sometime   before   4500   yr

B.P.,   burying   the  Brady  paleosol   equivalent„      I   suggest
I

that  on  uplands  and  valley  sides,   deposition  was   in  the
I

form  of  the  Bignell   loess,   whereas  on  floodplains

f luvial   sand  and  f luvially-reworked  loess  were

deposited.     For  example,   at  the  Alma  Vista  site,   the

Brady  paleosol  equivalent   is  overlain  by  fluvial   sand;

conversely,   at   the  North  Cove   and  Prairie   Dog  Bay  sites,
I

which  al.e   stratigl.aphically  higher  than  the  Alma  Vista

site   (see   Figure   6:1),   the  paleosol   is   bullied  by  Bignell

loe:s  and  eolian  coarse  silt  reworked  locally  from

Peoria  loess,   I`espectively.     Although  deposition  of   the
I

Big,nell   loess  may  have   been  widespread  along   the

Rebublican  River  valley   (Condra  et   al.1947),   this   gray
I

loess   is  pr,esent   today  only  in  topogl.aphic  depl`essions
i

on,sheltered  valley   sides   (e.g.,   North  Cove).      I   surmise

that   it  was   blown-off  of   the  exposed  uplands   (e.g. ,   Bone

Cove)   and  eroded   fl.om  the  valley  floor  at   a  later  date.
I

Deposits   of  Bignell   loess   ranging   in  thickness   f l`om   1-

toL3   in  have   also   been   identif led   in  contiguous   north-
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central   Kansas   (FI`ye   and   Leonard   1949;    Frye   and   Leonard

1952i    W.C.    Johnson   Pers.    Comm.1989).       In   central

Nebraska,   May   (1989)   noted  widespread   alluviation
I

between   10,200   and   4800   yr   B.P.    in   the   South   Loup   River
I

valley,   while  elsewhere  in  the  central  Great  Plains

seve!ral   studies  documented  alluviation  dul`ing   the  early

Holopene    (e.g.,    Davis   1962;    Brice   1964,1966;

Brakenridge   1980;    Knox   1983;    Johnson   and   Martin   1987).
I

Such  st,I.ong   synchrony  among   activity   in  the   region

impl'ies  a  climatic   control.     Although  the

pale|oenvironmental   record  of  the  early  Holocene   is

limited,   models  of  climatic  conditions  during  the  period

indicate  a  trend  towards  warmer  and  drier  conditions,
I

apparently  as   a  I.esult  of   incl.eased   summer   insolation

valJes   (COHMAP   Members   1988)   and   stronger   zonal

atmqspheric   flow  at  the   sul`face   (Kutzbach  and  Guetter

1986:   Kutzbach   1987).      Assuming   these   I.econstructions

are  accurate,   then  the  sedimentation  that  occurred  in

the  !Republican   Fliver  valley  between   10,300   and  pre-4500

yr  B.P.   appear.s   to   have   I.esulted   fl.om  a   shift   to  dry

conditions.      Such  a  linkage  between  dry  conditions  and

Periods  of   aggl.adation  has   been  noted  by  other  workers
I

(e.g.,    Huntington   1914;    Love   1979;    Brakenr.idge   1981,
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1984;I   Knox    1983).

Prior   to   4500   yr  B.P. ,   valley  and   upland

sedirpentation  ceased   and  an  episode  of   land form

stability  was   initiated.     It  was  during  this  pel`iod  that

the  lniddle  paleosol   at  the  Alms  Vista  site   formed;

development  of  the   surface   soils  at   the  Prail`ie  Dog  Bay

and  Nor.th  Cove   sites  may  also   date   to   this   time.

Episodes   of   pedogenesis   contempol`aneous  with  this   have

beeninoted  at  several  other  locations   in  the  central

Great   Plains   (see   Johnson   and   Martin   1987;   May   1989),

which  suggests   a  climate  control   for   soil   formation.
I  Because   the  middle  Holocene  paleoclimatic   record

I

for  the  centl`al  Great  Plains   is  limited   (Fredlund  and

Jaum'ann   1987),   little   is   known  about   the   specific

clindatic   fluctuations  that  prompted  land form  change

during  the  period.     In  perhaps  the  most  detailed  study

of  baleoenvironnental  conditions   in  the   region  during

tha+   time,   GI.uger   (1973)   cited   the   presence   of   prail`ie

veg?tation  as  evidence  that  dry  conditions  doninat,ed  the

region   until   about   5000   yr   B.P.      Aftel`   5000   yr   B.P.,    a

shift  to  mol`e  mesic  conditions   led  to   the  establishment

of   the   modern-day  mixed  deciduous/pl`airie   mosaic

Vegetation   cover.      In  a   study   from   the   Nebraska   Sand

Hills,   Sears   (1961)   documented   an   increase   in   arboreal
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pollen   indicative  of  wetter  conditions   around  5000   yr

B.P.   I More   distant   from  the   central   Great   Plains,

Holliday   (1989)   reported   that   eolian  sedimentation  ended

in  no'rthern  Texas   around  4500   yr  B.P.      In  central

Kansas,   tel`minal   ages   of   6500   to   5000   yr   B.P.   on

paleoisols  developed   in  dune   sand  also   indicate  an

interval   of   mesic   conditions   around   5000   yr   B.P.    (W.C.

Johnson  Pers.   Comm.1989).      It   appears,   then,   that   the

interval  of  landscape  stability  and  soil   formation  that

persisted   in  the   study  area  until   4500   yr  B.P.   can  be

linked  to  an  increase   in  effective  moisture.     The  onset

of  mesic  conditions  nay  reflect  a  shift   from  a  zonal   to

a  meridional   pattern   of   upper   atmospheric   flow   (COHMAP

Members   1988).
I

Shortly  aft,er  4500   yr  B.P. ,   soil   formation  was

terminated  by  renewed  deposition.     This   deposition  may

have'  resulted  from  a  relatively  short-term  drought.     At

the  Alma  Vista   site,   the  middle  paleosol   was   bul.ied  by  a

veneer  of  coarse  silt  that  may  have  been  the  product  of

eolian  reworking  of  Peoria  loess  deposits.     Deposition

ended  with  another.  episode  of  surface   stability  and
I

Soil,  formation,   the  date  of  which   is  unknown.
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Lj±±±  Holocene   _(__4000   ][±  BjjL  =   Present)

The  record  of  late  Holocene   fluvial   activity  in  the

studyi  area  features  three  paleosols  that  denote  pel`iods

of   floodplain  stability   (i.e.,   periods  of  non-

aggradation)   and  several  fills  indicative  of  fluvial

aggradation.     When  compared  to   the  middle   and  early
I

Holoc'ene   record,   which  depicts   generally  continuous

aggradation  in  an  increasingly  arid  environment,   the

recol;d  of  the   late  Holocene   suggests   frequently  changing

climatic   conditions.      For  example,   the   pre-4500   yr  B.P.

reco+d  at  the  Alma  Vista  site   implies   I`elatively  slow,

uninterrupted  floodplain  construction;   conversely,   t,he

late\Holocene   record  at   the   Freer  and   Schoenenburg   sites
i

docunlents  up  to   four  periods  of  aggradation  interrupted
I

by   intervals  of   soil   formation.     Some   I`esearchers  have

attributed  the  variability  `in  the  late  Holocene  record
I

to  changes   in   flood  magnitude   and   frequency   (e.g. ,

Brakenridge   1981;    Knox   et   al.1981;   Haynes   1985;    Knox

1985i).     Although   I.eflected   in  the   alluvial   record  of   the

Cent'ral   Great,   Plains,   such  changes   are   impel`ceptible   in

t,he  'floral   and   faunal   I`ecol`ds   of   the   region   (Fredlund
I

and  'Jaumann   1987

I  As   illustrated   in  Figure   6:1,   the   upper  pol`tion  of

the  'fluvial   deposits   in  which  the  middle   paleosol   (4500
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yr  B.P.  )   at   the  Alma  Vista  site  developed   is   slightly

more   than   10   in  above   the   fluvial   sand  unit  at   the   base

6f   the   Schoenenburg   site.     Therefol`e,   at   least   10  n  of

incision   occurred   between   4500   and   3700   yr   B.P. ,

probably  accounting   for  the  absence   fl`om  the  valley  of

most  middle   and  early  Holocene  deposits.     Valley   fill

inset  against  Peoria  loess  and  located  beneath

floodplain  sediment  at  the  Freer  site  and  at  the  base  of

tihe   Schoenenburg   exposure   may  be   remnants   of   these

dieposits   (see   Figures   5:31   and   5:39).      The   entrenchment

cbrrelates  with  an  episode  of   incision  noted  by  May  and

Hblen   (1985)   and   May   (1989)    in   the   South   Loup   River

valley,   central   Nebl.aska,   between   4780   and   3030   yr  B.P.

Following   entrenchment   and  a  brief   episode   of

floodplain  accretion,   floodplain  stability  and  soil

fpl`mation   occul`red   between   3720   and   3050   yr   B.P.

Floodplain  aggradation  resumed  after   3050   yr  B.P.   with

deposition  of  massive   f ine  sand  and  coal`se  silt  at,  the

Freer  site  and  laminated  medium  and   f ine   sand  at   the

SGhoenenbul`g   site.      This   episode   of   deposition  ended

prior  to   2780   yr  B.P.   with  renewed   floodplain   stability.

About   2   in  of   f ill   accumulated   between   3050   and   2780   yr

B.'P.   at   the   Schoenenburg   site,   and   nearly   2.5   in  at   the
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Freel`   site.

I        The   duration   of   floodplain   stability  around   2780   yl`

B.P.   was   relatively  short.      This   conclusion   is   based   on

the  following  observations  at  and  results  of  analyses

fl|om  the   Schoenenburg   site:   1)   Radiocarbon  ages   limit

soil   formation   to   the   period   3050   to   2780   yr   B.P.,   2)

Carbonates   are  present   in  the  middle  paleosol,

suggesting   that   leaching  did  not   occur,   3)   The  middle
I

paleosol   lacks   a  Btb,   or  even  a  Bwb,   horizon,   4)   The

organic   matter   content   of   the   middle   paleosol   (1.7%)   is

less   than   that,   of   the   lowel`most   paleosol   (1.9%),   and   5)

The  Ab  horizon  of   the   middle  paleosol   is   thinner   (0.26

in)   than   the   Ab   horizons   of   the   uppermost   (0.87   in)   and

lower.most    (0.70   in)   paleosols.

Floodplain  accretion  resumed  after   2780  yr  B.P. ,
I

bJrying   the  middle  paleosol.     Similar  to  deposits   lowel.

in  the  section,   the  unit  that  overlies  the  middle

paleosol'has  a  coarse  silt  texture,   but  it  lacks  the

lalminations  that  characterize  the  units   in  which  the

middle   and   lowermost   paleosols   developed.      The   absence

of  laminations   suggests  t,hat  the  upper   f ill  was

de|posited   in  an  envil`onment   of   reduced   stream flow

enel`gy.      Deposition   ended   prior   to   2020   yr   B.P.,   and   the

uppermost  paleosols   at   the   Schoenenburg   and  Freel`   sit.es
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developed.      PI`ofile   development   of   the   uppermost

paleosol,   as   measured  by  the   thickness   of   the  Ab

hol.izon,   clay  content,   and  organic  matter  content,   is
I

greater  than  that  of  the  middle  paleosol,   and  roughly
I

equal   to  that  of  the   lower.most  paleosol   (see  Figures

5:37!  and   5:38).      Shortly   after   2020   yr   B.P.,    renewed

alluviation  on  the  floodplain  and  colluviation  at  the

margin  of   the   floodplain  ended   soil   development.     The
I

medium-to-f ine  sand  texture  of  the  valley  f ill  that

buries  the  uppermost  paleosol  at  the  Schoenenburg   site

may  lreflect  an   increase   in  flood  frequency  or  magnitude.

Sometime   after   2020   yr  B.P.,   and   following   the
I

period  of  alluviation  and  colluviation,   there  was  a
I

shift  in  fluvial  activity  fl.om  a  regime  characterized  by

alternating  aggradation  and  non-aggradation  to  a  period

of   iincision.     The  Republican  River  entrenched   its

f loqdplain  approximately   7  in  at   the   Schoenenburg   and

Freer  sites,   I`eaching  the   level   it  had  occupied  prior  to
I

3780   yl`   B.P.'    Ftesearch   elsewhel`e   in   t,he   central   Great

Plaflns  has  dated  this  entl.enchment   to   shortly  aft,er   1200

yr  P.P.    (see   Johnson   and  Martin   1987).      As   noted   at   the

Freer  site,   valley  filling  of   2.5   in  to   form  the  modern
I

floodplain  has  occurred  since   this  entl.enchment.
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The   record  of   late  Holocene   f luvial   activity   in  the

study  area   is   roughly   synchronous   with   observations   f I.om

the   Loup   Rivel`   system   in   central   Nebraska.      There,   May
I

and   Holen   (1985)    and   May   (1989)   documented   incision

between   4780   and   3030   yr   B.P.  ,   and   then   a  period   of

alluviation  shortly  thereaftel`.      Before   2080   yr  B.P.,

thel`e  was   an  episode   of   soil   formation,   and  then

entrenchment;   t.his   episode  of   entrenchment   appal.ently
I

did  pot  occur  in  the  Republican  River  valley  as  there   is

no  evidence   of   downcutting   at   the   Schoenenburg   and   Freer

site±   until   sometime   after   2020   yr   B.P.      Alluviation
I

took,  place   in   the   Loup  River   system   from  before   2080

until   sometime   after   900   yl`   B.P. ,   at  which  time   a   short

int,erval  of  incision  was  initiated;   although  this
I

alluivation  is   contemporaneous  with  sedimentation  that

occulrred   in  the   Republican  River  valley  after   2020   yr

B.P.,,   the   episode   of   incision  has   not   been  noted   in  the

study  area.     Deposition  of   sandy  fill   in  the  Loup  River

system  after   900   yr  B.P.   was   followed   by   incision  of

appltoximately  8   in.     The   latter  may  correlate   to   the

ent+enchment   by   the   Republican  River   that   occurl`ed
I

sometime   during   the   last   2020   years.
I

I   Although   I`egional   synchl`ony   among   f luvial   activity

does   not  prove   climatic   forcing   of   the   system,   it   does
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imply  some   climatic   influence.      Unfortunately,   widely-

u'sed   surrogate   indicators   of  paleoclimatic  change   (e.g. ,
I

micro-and  macrobotanical   fossils,   landsnails,   opal

phytoliths)   have  been  unable   to  detect  Holocene  climatic

fluctuations   in  the  central  Great  Plains,   pl`obably

btcause  such  fluctuations  resulted  only  in  a  change   in

glass   species   (Fredlund   and   Jaumann   1987).

Cbnsequently,   only  generalized  reconstructions  of

Hblocene  paleoclimatic   conditions,   as   gleaned   from  the
alluvial   recol`d,   have   been  presented  hel`e.

I        It   is  also  possible  that  changes   in  fluvial

activity  during   the   late  Holocene   I`esulted  f ron  minor

rather  than  major  climatic  change.     That   is,   climatic

change  may  have  been  of   suff icient  magnitude   to  af feet

fluvial  activity,   and  yet  too  snail  to  alter

vegetational  patt,erns.     For  example,   studies  of  modern

f luvial  systems  have  revealed  that  rivers  are  sensitive

to  change   in  precipitation  and   flood   fl.equency  and

magnitude    (e.g.,    Schumm   and   Lichty   1963;    Burkham   1972;

Herefol.d   1984,1986;   Martin   and   Johnson   1987).      But   at

the   same   time,   such  change   had  no   effect   on  vegetational

cqmmuni t ie s .
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Contl`ibutions   of  This   St,udy
I   This   study   has   added   to   the   emel`ging   chronology   of

late  Quaternary  land form  evolution  in  the  central  Great

Plains.      It   also   I`epresents  one  of   the   few  radiocarbon-

controlled,   late  Quaternary  chronologies   in  the  region.

Among   the   impol`tant   findings   are:

1)   The   basal   Peoria  loess   may  be   older
(ca.   26,200   yr   B.P.  )   than   the   generally
accepted   age   of   ca.    21,000   yr   B.P.
(Thompson   and   Bettis   1980;    Ruhe   1983).

2)   Deposition  of  Peoria  loess  was   interrupted
by  an   episode   of   entrenchment   around   13,000
yr  B.P.      Following   this,   Peoria  loess
deposition  resumed,   and  continued  until
sometime   just   priol`   to   11,400   yl.   B.P.

3)   The   episode   of   soil   development   around
10,500   yr  B.P.   that   has   been  noted
elsewhere   in  the  central  Great  Plains  also
occurred  in  the  st,udy  area.     This   soil   is
tentatively  designated  the  BI.ady  paleosol
equivalent .

4)   The   early  Holocene  was   characterized  by
uninterrupted  aggl.adation  that  persisted
until   sometime   shortly  before   4500   yr  B.P.
This   alluviation   is   linked  to  a  warm  and
dry  climatic   regime.

5)   The   late   Holocene   (post-4500   yr   B.P.  )   has
been  charactel`ized  by  alternating   fluvial
aggl`adation  and  floodplain  stability,
activity  that  stands   in  mal`ked  contrast  to
the  relatively  continuous  aggradation  of
the   early  Holocene.   Late  Holocene   activity
appears  to  have  resulted  f ron  f requent
shifts   in  flood  magnitude   and   f requency
under  relatively  mesic  climatic   conditions.
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6,)   Dark,   organic-rich  A   horizons   can  develop
on   floodplains   in   300   years   or   less,   a
f inding  that  had  been  noted  on  the
relatively  mesic  eastern  periphery  of  the
Great  Plains   in   Iowa   (Hallberg   et   al.
1978),   but   not   in  the  more   arid  central
Great  Plains.

The  record  of   late  Holocene   fluvial  activity  is
I

especially  intriguing  in  that  it  I`eveals  the  sensitivity

of  river  systems   to  what  were  apparently  short-term
I

climatic  fluctuations.
I

To  a  limited  degree,   this   research  also  documents

the   linkage   between  upland  and   lowland  geomorphic

activity.     Unfortunately,   lowland  activity  during  the

late  Pleist,ocene   is  unknown;   deposits  of  that  age  appear

to  have   been  removed   from  or  deeply  buried   in  the
I

valley.     Consequently,   the   following  discussion   is

limited   to   the  Holocene.
I       My   f indings   suggest   that  uplands  have  been

relatively  stable  since  the  star.t  of  the  Holocene  about

10',000   years   ago.     As   indicated  by  the   stratigraphic

bosition  of  eal`ly  Holocene   fluvial   sand  at  the  base  of

th;  Alma  Vista  site   (see   Figure   6:1),   the   Republican

River  aggraded   to   an  elevation  of  up  to   10  in  above   its

Present,level   during   the   early  and  middle  Holocene.     At

th±   same  time   that   this   aggradat,ion  occurred,   the
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Bignell   loess  was  deposited  on  valley   sides   and  uplands.

This|  loess,   which   may   have   been  derived   fr.om   the

aggrading   floodplain   (Condra  et   al.1947),   is   apparently

restricted  to  sheltered  topographic  settings  such  as  the

channel   cut  at   the  Nort,h  Cove  site.     At  exposed  upland
I

sites   such  as   Bone   Cove,   it  was   subsequently   I.emoved  by

el.osion,   or  perhaps  was  never  deposited   because   such

sites  were  too   fal`  removed   from  the   source  area  of   the

loesis   (i.e.,   the   aggrading   floodplain).      Karlstrom

(1988)   has   recently  postulated  .a  similar  coupling

between  periods  of  valley-floor  aggradation  and  eolian

depoFition  on  uplands   in  Arizona.
I

Land form  stability  retul.ned  to  bot,h  valley  floors

and  valley   sides   prior   to   4500   yr  B.P.      Development   of

the  middle  paleosol  at  the  Alma  Vista  site,   and  perhaps

the  bresent-day  surface  soils  at  the  North  Cove  and

PI`airie  Dog   Bay  sites,   as  well,   began  during   this

interval   of   stability.      Sometime  between  4500  yr  B.P.

and   P780   yr  B.P. ,   the   Republican  River   entrenched   at

least   10   in,   and   then  aggraded   about,   2   in.      During   this

same  period,   coarse   silt  was   reworked   by  wind   from

Peoria  loess  and  deposited  on  valley  sides   at   the  Alma
I

Vista  site.      Since   the   entrenchment,   landfol`m  evolution

in  the  valley  has  alternated  between  periods  of  non-
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a88r
Fdation   (i.e.t   floodplain  stability),   which  are

denoted  by  paleosols,   and  periods  of   floodplain
I

::::i::::;:::::::::::::::::::::::::;::::::::::::::;u;:::
at   a| maximum   after   2020   yr   B.P. ,   and   at   a  minimum

::t:i::°::::t::;:0:°o:rf:i:af:::i::::gy:h:.:::°:::ion
Repu

terr
ato

Orle

ilican  River  entrenched  at  least   7  in,   forming  the
ce   I.emnants   at   the   Freer.  and  Schoenenburg   sites   and

th
a

shift

er  localities   in  the  valley  between  Oxford  and

ns.     This   entrenchment  may  have   resulted  from  a

to  even  more  mesic   climatic   conditions.     As  noted

previously,   this  episode  of   incision  has  been  reported

atd rainage  basins  elsewhere   in  the  central  Great  Plains

(see|  Johnson   and   Martin   1987).      The   approximately   2.5   in

offi

thef

chara

11  deposit.ed   since   the  entrenchment   indicates   that

luvial   system  has  returned  to  a  regime

cterized  by  floodplain  aggradation.

Futie Ftesearch

Much   remains   to   be  done   in  the   central   Great  Plains

inbr valley  and  upland  settings  before  a  regional
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model   of   late  Quaternary   land form  evolution   can  emerge.

Some   possible   avenues   of   reseal`ch   include:    1)   Examine

the  spatial  extent  of  per.iods  of  landfol`m  stability  by

radiocarbon  dating  paleosols  developed   in  colluvial

deposits,   and  then  comparing  the   ages   to  those  obtained

on  paieosols   in  valley   fills;   2)   Est,ablish  the   minimum

age   for  the   initiation  of  land form  stability  at  upland

local'ities   (e.g.,   Bone   Cove,   Prairie   Dog   Bay,   Nol`th

Cove),I  by   I.adiocarbon  dating   the   lower  A  horizon  of

surf;ce  soils   in  upland  deposits;   3)   Facilitate  the

calculation  of  rates  of  Holocene   floodplain  aggl.adation

by  obtaining  basal  and  close-interval   radiocarbon  ages

from,'paleosols   contained   in  Holocene   alluvium;   4)
I

Examine  the  problems   inherent   in  the   radiocarbon  dating
I

of  soils   (e.g.,   contamination,lab  variability,

variability  among  humate   fractions),   a  cl`itical   need
I

since  paleosols  constitute  the  most  widespread  source  of

organic  material   for  I.adiocal`bon  assays   in  the  Great

Plains;   and   5)   Seek  to  clarify  the   I.elationship  between

climtatic   fluctuations   and  geomorphic   processes   by

fur.t,'her  docunenting  histol.ical   (post-European

settlement)   land form  change,   ideally   in  landscapes  whet.e

historical  human  disturbance  of  biological  and  physical
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APPENDIX   A:    FIELD   AND   LABORATORY   DESCRIPTIONS   OF
SAMPLED   EXPOSURES   AND   CORES

I  This   appendix  contains   f ield  and   laboratol`y
descriptions   of   exposul`es   and  cores,   and   the   location
from,I  which   samples   were   collected.      All   measurement,s   are
give,'n  as   depths   (in  meters)   below   the   banktop.      The
samp'le   sites   are   as   follows:

BC      =   Bone   Cove   Site   (see   Figures   5:1   and   5:2,
Plates   5:1   and   5:2)
SW   1/4,    NE    1/4,    See.     20,    TIN,    R17W
Alma,    NE/KS   Quadrangle    (1:24,000)
Banktop   Elevation   =   603   in   (amsl)

PDB

NC

AV

Prairie   Dog   Bay   Site   (see   Figures   5:6
and   5:7,    Plate   5:3)
PDB1    =    SE    1/4,    SE    1/4,     Sec.     23,    TIN,    R18W
PD84    =    SW    1/4
PD83    =    SW    1/4

SE    1/4,    Sec.    23,    TIN,    R18W
SE    1/4,    Sec.    23,    TIN,    R18W

PD85    =    SE    1/4,    SW    1/4,    See.     23,    TIN,    R18W
Alma,    NE/KS   Quadrangle    (1:24,000)
Banktop   Elevation   =   598   in   (amsl)

North   Cove   Site   (see   Figures   5:16   and
5:17,    Plate   5:6)
N    1/2,    NE    1/4,    See.    7,    TIN,    R17W
Alma,    NE/KS   Quadrangle    (1:24,000)
Banktop   Elevation   =   605   in   (amsl)

Alma  Vista   Site   (see   Figures   5:24   and
5:26,    Plate   5:10)
NE    1/4,    SE    1/4,    See.    5,    TIN,    R18W
Alma,    NE/KS   Quadrangle    (1:24,000)
Banktop   Elevation   =   600   in   (amsl)

Cores   #3,    #4,    #5,    #6,    #7   =   Freer   site   (see
Figures   5:28   and   5:31,    Plates   5:13   and
5  :  14  )
Core    #3    =    SW    1/4,    SW    1/4,    See.17,    T3N,
R20W.
Core   #4    =   NW    1/4,    SW    1/4,    See.    20,    T3N,
R20W .
Core    #5    =    SW    1/4,    NW    1/4,    See.    20,    T3N,
R20W.
Core    #6    =   NW    1/4,    NW    1/4,    See.     20,    T3N,
R20W.
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Core   #7    =    SE    1/4,    SW    1/4,    See.    20,    T3N,
R20W.
Stamfol`d,    NE   Quadrangle    (1:24,000)
Surface   Elevation   (Cores   #3,    #6)   =

623   in    (amsl)
Surface   Elevation   (Cores   #4,    #5)   =

626   in    (amsl)
Surface   Elevation   (Core   #7)    =   629   in

( amsl )

Schoenenburg   =   Schoenenburg   Site   Exposure   (see
Figures   5:36   and   5:39,    Plate   5:15)
SE    1/4,    SE    1/4,    See.    34,    T2N,    R19W
Alma   SW,    NE   Quadrangle    (1:24,000)
Banktop   Elevation   =   603   in   (amsl)

Col.es   #8,    #14,    #16   =   Schoenenburg   Site   Cores
(see   Figures   5:36   and   5:39)
SE    1/4,    SE    1/4,    Sec.    34,    T2N,    R19W
Alma   SW,    NE   Quadrangle    (1:24,000)
Surface   Elevation   (Col`e   #8)    =

603    in    (amsl)
Surface   Elevation   (Core   #14)   =

604   in    (amsl)
Surface   Elevation   (Core   #16)   =

607   in   (amsl)

DESCRIPTIONS
I

Bone   Cove
I•  -''Stratigraphy   (in)

BC51

0   -Q.40     Surface   soil,   dark   brown
(10YR   3/3),    coarse   silt

0.40   -3.75      Buff    (10YR   5/3),
I            non-calcareous  coarse   silt

3.75   -4.70      Dark   buff    (10YR   4/4),
non-calcareous  coarse  silt

4.70'-5.10       Brown    (10YR   4/3),
calcareous  coarse   silt
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Samples    (in)

#0    (3.30    -3.38)

#1     (3.85    -4.00)

#2    (4.74    -4.82)
#3     (4.95    -5.03)



St,ratigraphy   (in)

5.10,I-6.15      Paleosol,    dark   gray
(10YR   3/1)    highly
calcareous   to   5.60

6.15,I-6.94   Massive,    buff    (10YR   5/3)
fine  sand-to-coarse  silt

6.94'  -8.60     Yellowish-brown
(10YR   6/4)    fine   sand

8.60,I  -9.15      Coarse,    laminat,ed   sand
9.15i+       Slump

Prai,fie  Dog  Bay

PDB1,

0   -io.75      Sul`face   soil,    dal`k   brown
(10YR   3/1),   coarse   silt

O.7S   -1.40      Massive,    buff    (10YR   5/3)
coal`se   silt,

1.4d   -2.10      Massive,    buff    (10YR   5/3)
coarse   silt,   some   Cac03

2.10   -2.55      Paleosol,    cl.umb
structure,   calcareous,
dark   brown   (10YR   3/2)

2.55   -4.95      Massive,    buff    (10YR   5/3)
I silt,   non-calcal`eous

4.95   +            Slump

PD84

0   -I  0.73      Surface   soil,   dark   brown
(10YR   4/2)    silt

0.7,'3   -3.04      Buff    (10YR   5/3)    coarse
silt,   fossiliferous   (snails)

I                     from   1.50   -3.04

3.d4   -5.90      Dark   buff    (10YR   4/4)
coarse  silt,   fossilifel`ous
( snails )

5.90+         Slump
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Samples    (in)

#4     (5.20    -5.27)

#5    (5.90    -5.96)
#6    (6.57    -6.63)

#7    (7.50    -7.56\

#8    (8.80    -8.96)

#7    (0.25    -0.40)

#6    (0.90    -1.05)

#5     (1.55    -1.70)

#4    (2.10    -2.28)

#3     (2.43    -2.55)
#2     (3.02    -3.15)
#1     (3`.85    -4.15)

#7    (0.25    -0.32)



Stratigraphy   (in)
I

PD83
I

0   -1.30     Surface   soil,   dark   brown
I                      (10YR    3/2)

1.30   -1.85      Buff    (10YR   5/3)    silt,
I              slightly  calcareous

1.85   -2.63      BI.own    (10YR   3/1)    silt
I               calcareous

2.63   -3.20     Paleosol,   grayish-black
I                    (10YR   2/2),    blocky

s t. 1` u c t u I e
3.2P   -5.05      Buff   (10YR   5/4)    silt

non-calcareous

PD85
I

0   -0.70     Sul`face   soil,   black
I                 (10YR   3/1)    silt

O.7P   -2.10      Buff    (10YR   5/2)    coarse
silt,   fossiliferous

2.1b   -5.20      Dark   buff    (10YR   4/4),
coarse  silt

I

5.20+      Slump

Samples    (in)

#1     (0.70    -0.79)

#2    (1.56    -1.63)

#3    (2.23    -2.34)

#4    (2.65    -2.75)
#5     (3.05    -3.14)

#6    (3.90    -3.96)

#7

North  Cove

NC31

0  .T'  0.70      Surface   soil,    dark   bl`own   (10YR   3
0.70   -3.78'    Buff    (10YR   5/3),    non-

t               calcal.eous,   soft  coarse   silt
3.78   -4.28      Paleosol,    brown

I                   (10YR   4/4),    calcareous
4.28   -5.34      Yellowish-brown

I                   (10YR   5/4),    hard,    calcareous
f ine   sand

5.34   +   Slump

#1
#2
#3
#4
#5

(0.55    -0.60)

269



I                        Stratigraphy   (in)

I

NC12 . 5
I

0   -0.75      Surface   soil,   black   (10YR   3/1)
0'.75    -3.20       Brown    (10YR   4/3),

calcar.eous  coarse  silt
3'.20   -3.63      Dark   brown    (10YR   4/2),

calcareous  coarse  silt
3.63   -4.50      Paleosol,   dark   brown

I                        (10YR   3/1),    non-calcareous
4,50   -5.08      Gray   (5Y   5/1),    clayey

s i i t,

Samples    (in)

#1     (2.05    -2.12)

5,08   -5.22      Laminated,    organic-rich        #7   (5.08   -5.13)
clayey  silt

5i22   -6.50      Gray   (5Y   5/1)    clayey-silt   #8    (5.30   -5.34)
appears   reduced

6j50   -6.70     Coarse-to-medium,   cross-bedded
f luvial  sands

6:7o   +      Slump

NC14

0!-0.28      Dark   bl`own    (10YR   3/2),    fine
I               sand   -   sul`face   soil

0.28   -0.53      Buff    (10YR   5/4)    fine
I                 sand

Ot53   -1.12      Paleosol,   dark   brown
(10YR    3/1)

1.,12    -1.74      Brown    (10YR   4/2),
calcareous  coarse  silt

1.i74    -2.04       Buff    (10YR   5/3),
calcareous  coarse  silt

`2.'04   -2.96      Gray   (5Y   5/1),    clayey-
silt,   appears  reduced

2.96   -4.20     Yellowish-brown
(10YR   5/4)   fine   sand-to-
coarse  silt

4.120    +       Slump
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#1     (0.14    -0.21)

#2    (0.40    -0.46)

#3    (0.70    -0.80)

#4    (1.35    -1.42)

#5    (1.96    -2.02)

#6    (2.41    -2.48)

#7    (3.21    -3.29)
#8    (3.42    -3.44)
#9    (4.06    -4.12)



Stratigraphy   (in)

Alms  Vista

AY1

0   -0.15     Sul`face   soil,   structureless
dark   brown   (10   YR   3/3)

0.15   -0.25   Massive   buff    (10YR   5/3)
silt

0.25   -1.18      Uppel`   paleosol,    non-
calcareous
dark   brown

1.  20  )  '
3/1)

1.18   -1.50      Massive,    buff    (10YR   5/3)
silt„   calcal`eous

1.50   -2.00     Middle   paleosol,   non-
calcareous,   crumb  and  blocky
structure,   dark  brown
(10YR    3/3)

2.loo   -2.80      Buff    (10YR   5/3)    fine
sand

2.80   +            Slump

Freer  Site

cdre   #3

0   -0.55     Surface   soil,   cumulic
A,    dark   brown   (10YR   3/2),
f ine  sand  to  sandy  silt

0.55   -0.86      Buff    (10YR   5/3)    silt

o.!86   -1.og±tEu:;g?:;?Rf;;:fs fine
sand•1.03    -1.42       Buff    (10YR   5/3)

interlaminated  coarse
silt  and  f ine  sand

::i::  :  :::;    ::::  :::::  :;:;  ::::y
sand

silt
1.80   -2.00   Laminated   buff    (10YR   5/2)

sandy  silt,   with  organic-
rich  laminae

( Augerin8 )
:£Tg::;

Samples   (n)

#9    (0.05    -0.10)

#8    (0.20    -0.30)

#7    (0.50    -0.58)

#6    (1.08    -1.13)
#5    (1.18    -1.22)

#4     (1.55    -1.62)

#3    (1.85    -1.98)
#2    (2.07    -2.18)
#1     (2.30    -2.45)

#1     (0.25    -0.30)

#2    (0.63    -0.68)

#3     (0.93    -0.98)

#8    (1.69    -1.74)

#9    (1.82    -1.87)

Medium-to-coal`se   sand   (10YR   6/1)
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Stratigraphy   (in) Samples    (in)

Coarse   sand  with  pebbles
Gray   (10YR   4/1)   silty-clay,   pebbles   in  clay
Coarse,   pebbly  sand

cqre   #6

sand  -   sul.face   soil

calcareous   f ine  sand

calcareous   f ine  sand

calcareous   f ine  sand

medium  sand,   organic-rich
laminae   (1.02   -1.05,
1.07    -1.08,1.31    -1.33),

1.140    -1

oxidized   (5YR   4/2)    (0.94
1.  01  )

60      Buff    (10YR   4/3)    fine
sand

60   -1.67      Gray    (10YR   3/3),
oxidized  clayey-silt

67    -2.40       BI.own    (10YR   4/2),
interlaminted  coarse  silt
and   f ine   sand

2.|40   -2.68      Buff    (10YR   5/3L
laminated,   wavy   fine   sand

2.168   -2.88r8;:::  :::;1;|ovR  3/1)

with  scattered  f leeks  of

clay,   appears  organic-
rich

80   -2.88      Buff    (10YR   5/3),
laminated  f ine  sand

:I:::::;i;:*;:i:i;#!:;;;:;
silty  and  sandy  clay,
snails,   more   sand   at   3.73

interlaminated  f ine  sand
and   organic-I`ich  clay  drapes

4107 -4.20      Gray    (10YR   3/1)    clay
snails
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#1    (0.04    -0.08)

#2    (0.17    -0.22)
#3    (0.45    -0.50)
#4    (0.56    -0.60)

#5    (0.71    -0.75)

(1.44    -1.48)

(1.61    -1.65)

#17    (2.69    -2.73)

#18    (2.80    -2.83)

#19    (3.04    -3.07)
#20    (3.25    -3.29)
#21     (3.78    -3.83)
#22    (4.01    -4.06)

#23     (4.15    -4.19)



Stratigraphy   (in)
I

4.20   -5.03      Grayish-brown
(10YR   5/2),    inter.laminatedI          f ine   sand  and  organic-rich
clay

5.03  ,-5.17      Black    (10YR   2/1),

Samples   (n)

#24    (4.23    -4.27)
#25    (4.36   -4.39)
#26    (4.74    -4.77)

#27    (5.11    -5.14)
organic-rich  silty  and
clayey  f ine  sand

5.17  ,-5.39      Grayish-brown    (10YR   5/2)    #28    (5.34   -5.38)
interlaminated  f ine  sand
and  organic-rich  clay

5.39,-5.56      Black    (10YR   2/1),

3#;:;cEIi:hs:ilty  and
5.56   -5.60      Laminated   medium   sand

#29    (5.43    -5.46)

(10YR   6/4),   grading   into   gray   clay
at   5.60

5.60,-5.::ga:::yfi:;::  :i3'|:::y:f      ;::  ,(::gg  :  ::g8)

fine   sand   5.73   -5.75
5.97,+       Coarse   fluvial   sand   and  pebbles

Core  I #4

0   -0.16      Sul`face   soil,   plow   zone,    brown
I                (10YR   3/1)    fine   sand

0.16   -0.34      Surface   soil,   dal.k
brown   (10YR   2/1)    fine

I               sand
0.34   -0.90      Surface   soil   (Bw),   dark

brown   (10YR   3/3)    silt
0.901-1.21       Buff    (10YR    5/3),

calcareous  coarse  silt

#1     (0.30    -0.35)

#2    (1.00    -1.10)

1.21   -2.00      Massive,    non-calcareous         #3    (1.40   -1.45)
buff   (10YR   5/3)   coat.se   silt

2.00   -2.24      Dark   buff    (10YR   4/3)
calcareous  coarse  silt,,
likely  weakly  developed
paleosol   (eroded   Bw?)

2.24   -2.94      Buff    (10YR   5/3)    coarseI             silt
2.94   -3.14      Buff    (10YR   5/3)    coarse

silt-to-f ine  sand

#4    (2.10    -2.16)

#5    (2.60    -2.65)

#6    (3.05    -3.10)
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Stratigraphy   (in)

3.14   -3.40      Ab,    black    (10YR   3/1)I             clayey-silt,   columnar
structure

3.40r   3.78      Bwb,    dal.k   brown
(10YR   5/2)   clayey-silt,
carbonate  nodules

3.78'-4.00      Brown    (10YR   5/4)
calcareous,   clayey-silt,
oxidized   at   3.94   -4.00

4.00!-4.65      Buff    (10YR   5/3)    coarse
silt,   charcoal  bands  at

I                  4.09,     4.54,    4.56
4.65   -5.05      Gray   (10YR   4/1)    clayey-

silt,   sand  inclusions  at
I                  5.oo    -5.o5

5.05   -5.51      Dark   gray   (5Y4/1)
I             clay,   bands   of   sand  at

5.24   -5.26   and   5.39   -
5.41

5.51'-5.70      Fine   sand    (5.51    -5.54)
grading   into  medium  sand

5.70t              Gray   (7.5R   4/0),    coarse   sand

Core'  #5

0   -P.20     Surface   soil,   cumulic   A,
dark   brown   (10YR   3/3)   fine
sand

0.201   -0.40      Bw,    brown    (10YR   4/2)
f ine  sand

0.40,  -0.88      Buff    (10YR   4/3)    fine
sand

0.881   -1.08      Ab   (paleosol),    black
(10YR   3/1)    fine   sand

1.08,   -1.43      Bwb,    black    (10YR   3/1)
fine   sand,   blocky  structure

1.43    -1.66      Brown    (10YR   4/3)
I              calcareous  coarse  silt

1.66   -2.60      Buff    (10YR   5/2)
calcal`eous  coarse  silt
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Samples    (in)

#7    (3.16    -3.20)

#8    (3.72    -3.76)

#9    (3.88    -3.93)

#10    (4.05    -4.10)

#11    (4.41    -4.46)
#12    (4.65    -4.69)

#13    (5.00    -5.04)
#14     (5.11    -5.15)

#15    (5.44    -5.48)
#16    (5.57    -5,61)

#1     (0.10    -0.14)

#2 (0.24    -0.27)

#10
#11
#12



I                Stratigraphy   (in)

2.60   -3.11   Buff    (10YR   5/3)    coarse
silt,   calcareous

3.11   -3.41   Buff    (10YR   5/3),    non-
calcareous   f ine  sand

3.41   -3.63      Ab   (paleosol),    dark
brown   (10YR   4/2)   coarse
silt

3.63   -3.83      Buff    (10YR   5/3)
calcareous  coarse  silt

3.P3   -4.05      Ab   (paleosol),    black
I                 t±g¥:y3:±it  calcareous

4.05   -4.36      Btb,    dark   brown
(10YR   3/2),   silty   clay,
c a i c a 1` e o u s

4.36   -4.54      Buff    (10YR   5/3),    non-
calcareous  coarse  silt

4.$4   -4.76      Interlaminated
I                  coal`se   silt   and   f ine   sand

4.76   +           Fine   sand
( Auger.ing )
ca.   6.10     Interbedded   gray

(7.5R   4/0)   clay   and   clayey
sand

Samples    (in)

#17    (3.43    -3.47)
#18    (3.57    -3.61)

#19    (3.76    -3.80)

#20    (3.88    -3.91)
#21    (4.00    -4.03)

#29

Core   #7

0   -0.40     Surface   soil   (cumulic   A),
dark   bl`own   (10YR   3/2)   coarse   silt

'O-.to    -
0.63      Bw,   calcareous,   brown

(10YR   4/3),   coarse   silt
0.63   -4.20      Buff    (10YR   6/3),

calcareous  coarse  silt,
with  lenses   of   f ine  sand
(2.56    -2.63,    2.78    -2.89)

4.20    -5.00       Brown    (10YR   3/3)I                 coarse   silt,   charcoal
flecks   (incipient  A?)

5.00   -5.40      Buff    (10YR   4/2),
coarse  silt
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#1    (0.60    -0.65)

#9 (5.07    -5.11)



Stratigraphy   (in)

540|-58:oa:::W:Li:?Y:u£{£i:Ab,

charcoal    (5.40   -5.48)

:;;L;:::::b;::::,:::;,:;::se

silt

coarse  silt

calcareous  coarse  silt

Samples    (in)

#10    (5.40    -5.43)
#11     (5.77    -5.80)

#12    (6.04    -6.07)
#13    (6.40    -6.43)
#14    (6.86    -6.91)
#15     (6.99    -7.01)

#16    (7.17    -7.20)

7.35   +   8.16      Brown    (10YR   4/3)    coarse   #17    (7.40   -7.43)

8.1618.3j±::i:::ii:§§?i;3L
I           coarse  silt

8.34   I-8.44       Brown    (10YR   4/2),
coarse  silt,   charcoal
(incipient  Ab?)

:::: I  ::::    :::;n(;::;R5:;:;,
calcareous  coarse  silt

I            calcal`eous  coarse   silt,

900|-io§§;:i;:;:;;;:i::;:;::::ent
I

10.81   -11.0       Buff    (10VR   4.3),
calcareous  clayey  silt

Schoejnenburg   'Site

I

0

Scho

0-

nenburg  Cutbank

.20      Black   (10YR   3/1)    fine   sand
0.201-0.60      Fine   sand

8::8  [   ::8:

Medium   sand
Fine   sand
Medium   sand
Fine   sand
Medium   sand
Fine   sand
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#18    (8.04    -8.07)

#19    (8.26    -8.29)

#20    (8.37    -8.39)

#21     (8.54    -8.57)

#22    (8.79    -8.81)
#23    (8.97    -9.00)

#38    (0.08    -0,15)
#37    (0.Z6    -0.29)
#36    (0.40   -0.43)

#35    (0.65    -0.69)

#34    (0.76    -0.82)

#33     (0.96    -1.01)



St,ratigraphy   (in)

1.01    -1.02
1.01    -1.02
1.02    -1.05
1
1 8i

-1.07
-1.20

1.20    -1.28
1.28    -1.63

1.63    -2.00

2.od   -2.5o

2.50   -2.94

2.94    -3.20

3.20   -3.78

3.7b    -3.92
3.92   -4.02
4.02   -4.07
4.07   -4.12

:::i
-4.14
-4.15

4.15    -4.19
4.19    -4.22
4.22   -4.35

4.-35    -4.6o
4.60   -4.87

I

4.87   -5.30

5.30   -5.57

5.57    -5.80

Clay
Medium   sand
Fine   sand
Medium   sand
Fine   sand
Medium   sand
Laminated   f ine   sand
and  coarse  silt
Black    (10YR   2/1)
clayey-silt,   upper
paleosol  Ab,   top  appears
churned
Bwb,    dark   brown
(10YR   3/3)   clayey-silt
Massive  coarse  silt

Brown   (10YR   3/3)    fine
sand,   middle  paleosol
Ab,   t,op  appears   churned
Fine   sand

Medium   sand
Fine   sand
Medium   sand
Fine   sand
Medium   sand
Fine   sand
Medium   sand
Fine   sand
Laminated  clayey-silt,
5   clay,   4   silt   laminae
Fine   sand
Grayish-brown   (2.5Y
clay
Black   (10YR   3/1)   clayey-
silt,   lowermost  paleosol
Ab,   wavy  upper.   boundary,
granular  structure,   non-
calcareous
Bwb,    dark   brown
(10YR   4/2),    clayey,
c a i c a 1` e a u s
Gray    (2.5Y   5/2),
calcal`eous   clay
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Samples   (in)

#27    (i.90-1.96)

#26    (2.30    -2.40)

#25    (2.50    -2.54)
#24    (2.70    -2.76)
#23    (2.96    -3.03)

#8 (4.96    -5.02)

#7     (5.41    -5.47)

#6    (5.58    -5.63)
#5     (5.70    -5.77)



Stl.atigl.aphy   (in)                                        Samples   (n)

5.80   -6.13      Mott,led,    gray    (10YR   6/1)       #4    (5.98   -6.04)
I                    silty  clay

6.13   -6.30      Gray    (10YR   5/3),    oxidized   #3    (6.19   -6.27)
massive   coarse   sand

6.30!-6.50      Gray    (10YR   6/1),    oxidized   #2    (6.31    -6.39)
massive   f ine  sand

6.501-6.60      Plane   bedded,    coarse   sand   #1    (6.52   -6.60)
6.60+                        Slump

Core   #8
I

0.0   L   0.45      Dark   brown    (10YR   2/2), #1     (0.11    -0.15)
fine   sand,   cumulic  A

0.45!-0.81       Brown    (10YR   4/3),    fine          #2    (0.45    -0.48)
sand,    Bw

0.81i-1.23      Buff    (10YR   4/3),    fine
sand,   carbonate  nodules

1.23,  -1.57      Ab   (uppermost   paleosol)I             black   (10YR   2/2),    coarse

silt
1.571  -3.36      Buff    (10YR   6/4),    intel`-

laminated  coarse  silt  and

f:?;os:Z?i4falcareous

3.36   -4.00     Ab   (middle   paleosol),
black   (10YR   2/2),    fineI           sand,   load   features  at
upper.   boundary

4.00,   -4.96      Buff    (10YR   6/4),
inter.laminat,ed  coal.se
silt  and  f ine  sand

4.961   -5.20      Incipient   Ab,    brown
(10YR   6/3),   clayey   silt

5.20,   -5.38       Buff    (10YR   5/3),
coarse  silt

5.38   -5.76       Brown    (10YR   4/3),
I            coarse   silt   (incipient

Ab?)
5.7q   -5.92       Buff    (10YR   5/4),

coarse  silt
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#16    (4.18    -4.22)
#17    (4.64    -4.67)

#18    (4.96    -5.00)

#19     (5.30    -5.34)

#20    (5.40    -5.44)

#21     (5.82    -5.86)



Stratigraphy   (in)

5.92   -6.15      Ab    (lowermost
I           paleosol),   black

(10YR   3/3)   clayey   silt
6.15   -6.60      Bwb,    dark   brown

I            (10YR   4/4),    clayey   silt,
cal`bonate   nodules

6.60i-6.64      Gray    (7.5Y   4/1)
clay

6.64    -7.38       BI`own    (10YR   6/4),I          interlaminated  f ine  sand
and  coarse  silt

7.38T   8.00      Buff    (10YR   5/3),
f ine  sand

Core   #14

0   -b.43      Cumulic   Ab,    black
(10YR   1/1)    fine   sand

0.431-0.63       Buff    (10YR   4/3),
coal`se   silt

0.63   -1.1      Ab    (uppel`most
I              paleosol),    black   (10YR   1.1)

coarse  silt,   calcareous
I                 (0.89    -1.10)

1.10'  -1.84      Bwb,    dark   brown
(10YR   3/1)   coarse   silt

I

1.84    -2.24      Buff    (10YR   5/3)
I           coarse   silt

2.24'  -2.70      Ab    (lowermost
paleosol),   blackI               (10YR   3/3)    coarse

Samples    (in)

#22     (5.93    -5.97)

#23    (6.32    -6.35)

#24    (6.60    -6.62)

#25    (6.75    -6.78)
#26     (7.31    -7.35)

#27    (7.40    -7.43)
#28    (7.80    -7.83)

#1     (0.20    -0.24)

#2    (0.51    -0.54)

#3    (0.66    -0.70)
#4    (0.86    -0.90)

#9
#10
#11

silt,   calcareous   (2.48   -2.70)
2.7q   -5.08      Buff    (10YR   5/3)

clayey  silt,   carbonate
nodules,   pebbles,   lenses

I             of   medium   sand   and   coal`se
sand    (4.75    -4.90)

5.08!   -6.00       Buff    (10YR   5/3),
coarse   silt.

6.Od   -6.20      Coarse   sand
6.20   -6.27      Fine   sand
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#13
#14
#15
#16
#17
#18
#19
#20
#21



I           Stratigraphy   (in)

6.27,-6.63      Buff    (10YR   5/3),
coarse   silt  with  pebbles

6.63   -6.81      Medium   sand
6.81i-6.92       Buff    (10YR   5/3),

silty  clay
6.92,-7.23      Medium   sand
7.23!-7.80      Interlaminated

buff   (10YR   5/3)    fine
I          sand  and  coarse   silt

Core   #16
I

0   -0.19      Black   (10YR   2/1),    coarse
silt,   cumulic  A

0.19!-0.55       Bw,    dal`k   bl`own
(10YR   5/4),    coal`se   silt

o.55r   1.05      Buff   (ioyR   5/3),
calcareous  coarse  silt

1.05    -1.14      Buff    (10YR   6/3),I      calcareous   sandy  silt
1.14   -3.03       Buff    (10YR   5/4),

I      sandy  silt,   lenses  of
fine   sand,   carbonate
nodules

3.03,   -3.12       Buff    (10YR   6/3),
calcal`eous  clayey  silt

3.12   -3.16      Oxidized    (10YR   5/6),
I       silty  clay

3.i6'   -3.48    `Buff    (10YR   6/3),
clayey  coarse  silt  and
fine   sand,   carbonate  nodules

3.48   -3.58      Buff    (10YR   6/4),
I       clayey   sand,   pebbles

3.58'   -3.81       Buff    (10YR   6/4),
coarse  silt

3.81'  -4.80      Yellowish-brown
(2.5Y   6/4)   clay,    oxidized
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Samples    (in)

#22    (6.38    -6.41)

#23    (6.65    -6.70)
#24    (6.84    -6.87)

#8
#9

#10
#11
#12
#13
#14

#15    (3.12    -3.16)

#16    (3.22    -3.26)

#17     (3.51    -3.54)

#18    (3.65    -3.69)

#19    (3.85    -3.89)
#20    (4.19    -4.23)
#21     (4.19    -4.49)
#22     (4.70    -4.75)



APPENDIX   a:    RADIOCARBON   DATING   OF   PALEOSOLS   AND
I                                RADI0CARBON   AGES   USED    IN   THIS   STUDY

I        Since   its   development   in  the   1950s,   radiocarbon

darting  has   been  used  extensively  by  researchers

atltempting  to  reconstruct  late  Quaternary  history.

Raldiocarbon  dating   of  material   in   river  and  wind

ddposits  has  proven  to  be  a  major  tool   in   investigating

thle  environmental   changes   that  have  occurred  during   that

pe|riod.      Because  many  of  these  deposits   lack  datable

maiterials   such  as  wood,   charcoal,   or  bone,   investigators

have   turned  t.o   I.adiocarbon  dating  of  organic  material

frpm  paleosols   to  determine   the  timing  of  depositional

and  erosional   events.     This   is  especially  true   in  the

cerltral  Great  Plains,   where  the   scarcity  of  trees  during

the   late  Quaternary  has   reduced  the   chances   of   f inding

wopd  or  charcoal   preserved   in  deposits.

Radiocarbon  dating   of  paleosols  measures   the  decay

of,organic   carbon  pl.esent   in  soil   humates.     As  a  soil
I

forms   at   tree   sul.face,    fl`esh  humus   from  decaying  plants

and  animals   is  continually  added  to   it   and  mixed  with
I

existing   humus.      The   total   humus   content   of   a  soil,

th?n,   is   a  mixture   of  young  and  old  humus.      Because   the
I

agFs   of   the   humat,es   vary,   humate   dates   on   soils   measul`e

the  mean   I`esidence   time   of   the   humates   in   the   soil.      The
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soils  that  were  dated  in  this   research  are  cumulic   soils
I

whicn   formed   when   pedogenesis   proceeded   in   con.junction

withlslow   sedimentation   (see   Riecken   and   Poetsch   1960).
I

Soil   formation  proceeds  until  the   land  surface   is

disturbed  by  either  erosion  and  removal   of  the  soil  or

by  ah   increase   in  the   rate  of   sediment   deposition  and
I

burial   of  the   soil.     Once  sufficiently  buried,   and
I

thereby   isolated   from  the   sul`face,   the   soil  no   longer

I.eceives   inputs   of   young   humus   (or  does   so   at   a  I`educed
I

rate,),   and   the   mixing   of   young   and   old   humus   ceases   (or

slowls)    (see   Schaetzl   and   Sorenson   1987).
I Alt,hough   the   pl`ocess   of   radiocarbon  dating   of   soil

I

humaites  appears   fairly  straightforward,   thel.e  are

seve'ral   factors  that  affect  the  ages  obtained.     First,
I

the  total  humate  content  of  a  soil  comprises  three
I

fl`aations:   fulvic   acid,   humic  acid,   and   fine   residuals

(huhin)    (Matthews   1980).      The   three   fractions   differ   in
I

s'olubility,   with  humin  being   completely   insoluble,   and

humflc   acid  and   fulvic   acid  being   alkali   and  acid

solJble,    I`espectively   (Matthews   1980;   Haas   et   al.1986).
I

In  +heory,   fulvic   and  humic   acids,   because   they  are

solulble,   should  possess   the   youngest   mean   I`esidence
I

time,   and   t,hel`efore   produce   the   youngest   ages.

Conversely,   humin,   being   the   least,   mobile   of   the
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fl`actions,   should   result   in  the   oldest   ages   (Matthews

1980).      The   humic   acid   fraction  was   dated   in  this   study.

Second,   fresh  humus   is  continually  mixed  with  older
I

humus  in  a  soil  until  that  soil   is  sufficiently  buried,

at  which   time   the   addition  of  young  material   ceases

(SchFetzl   and   Sol.enson   1987).      Therefore,   the   total

humus   content   of   a   soil   compl.ises   organic  matter  of

varibus   ages.      A   I`adiocarbon  age   from  a  but.led   soil,

because   it  measures   the  mean  residence   t,ime   of  a  mixture

of  young   and  old  humates,   provides   only  an  approximate

age  'for   the   soil.      Third,   the   fl`eshness   of   the   sampled

expoisure  affects   the   radiocarbon  age  obtained.     Freshly

excavated  exposul.es   have   been   found   to  pl`oduce   ages   that
Ial.e  up  to   1000   years   older  than  ages   obtained   from

expoisures   that   have  been  open   for   several   years   (Haas   et

al.1986).      Finally,   the   size   of   the   organic   fraction
I

beirig  dated  has   been  shown  to   affect   radiocarbon   ages.

Spec|ifically,   smaller   size   fl`actions  produced  younger

ages  than  did  larger  size   fractions   (Stuckenrath  et  al.
I

1979 )  .

I  Notwithstanding   these   limitations,   a  sample   from  the

top  ,of   a  cumulic   A  horizon  should  produce   a  younger   age

than   a   sample   from   the   base   of   a   cumulic   A   hol`izon   since
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the  humus  highel`   in  the  prof ile  was   incorporated  af ter

that  in  the   lower  par.t  of  the  profile.     That   is,   in  a
I

pale|osol   a  date   from  the   base   of   the  A  horizon  provides

a  minimum  time   for   the   beginning   of   pedogenesis,   whereas

a  date   from  the  upper  portion  of   t,he  A  hol`izon  yields

the  rpproximate  time   for  the  burial   of  the   soil   (Haas  et

al.   ,1986).
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Radiocarbon  Ages  Used   in  this   Study   (1)

Uncorrected       C13   Correct,ed       Calibrated
Lab#                Age    (2)                          Age    (2)                          Age    (3)----+---------.-----------------------------------------_

Bone   Cove
Tx-5910         26,260±680

I

North  Cove
DIG-3358          16,130±270

I           Tx-6321          11,420±150
Tx-6319         10,400±160
Tx-6320         10,120±160

I        DIG-3357                6860+loo

I

Prairie  Dog  Bay
Tx-5909          10,360±130

I

Alma  Vista
I           Tx-5979

I

Schoenenburg
I            Tx-5977

I            Tx-5912
Tx-5978
Tx-5911

11, 530±150
10 , 550±160
10 , 270±160

N/A

N/A
N/A
N/A
N/A

7676+93/-97

N/A

4550+80         5290+30/-240

3720±90      4087+146/-152

::i::::    ::::i::;#

(1):I  All   ages   were   obtained   on   soil   humates   from  bulk
(ca.    2   kg)   samples

(2):t   For   a   discussion  of   the   C13   isotope   correction
procedure,   see   Stuiver   and   Polach   (1977)   and   Taylor
(  1987  )  .

I

(3):,   Calibration   from  a  conventional   radiocarbon  age   to
calibrated  calendar  years  using  a  tree  ring
calibration  cur.ve.     The  calibration  accounts   for

I   variation   in  C14   activity   in   the   atmospher`e.     All
calibrations   reported  here  wel`e   done  using   the   20-I   year   at,mospheric   curve   (see   Linick   et   al.1985,

11986;    Kromel`   et   al.1986;    Nook   1986;    and   Stuiver   et

I   S±60[;::i;.  g::::::t:::dp:::i:::±£::t:::y±:he  last
contained   in   Stuiver   and   Reimer   (1986).
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APP+DIX

Phi C

a:    PHI    CALCULATIONS   AND   STATISTICAL   TESTS   USED
IN   THIS   STUDY

alculations

::::i:::;:::::::::::::::::::::::::::::::::::::::n:::::a
DepaI tment   of   Geogl`aphy,   University   of   Kansas.      This

program

:::i::n

constructs  a  cumulative   frequency  distribution

particle   size  distribution  of  a  given  sample,

I`eads   the   desil`ed  phi   value   from   it.      In  this

:::i;::;:i:::::::::;t;e::::::I::::::-::::::::::,the
were  also   calculated  using   the   following  equations

k   and   Ward   1957):

Mean  a

a+¢

=   16¢+   5o¢+

sel:::
degree  of  sol`ting   represents   the  dispersion  of

sizes   al`ound   the   mean  phi   value.      Folk  and  Ward

::::I:ip:::n:e::g:::ed:::e:°::a::::i::a:::::1:.:  the
calclulated  value ofd-¢..
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<   0.35   =   Vet.y  Well   Sorted
0.35   -0.50   =   Well   Sorted
0.50   -1.00   =   Moderately   Sorted
1.00   -2.00   =   Poorly   Sorted
2.00   -4.00   =   Very   Poor.ly   Sorted

>   4.00   =   Extremely  Poorly  Sorted

Statistical  Tests

I For   the   Freer   and   Schoenenburg   sites,   sevel`al   basic

statistical  tests  were  used  to  dif ferentiate  among  the

degree  of  sorting  of   fluvial,   colluvial,   and  eolian

depoFits.      Means   (iE)   were   calculated   as   follows

(Hamprond   and   Mccullagh   1974,    7):

•                       -x --f=
n

x  =  variable
n  =  number  of  variates

Stan'dard  deviations   (s)   were   calcualt,ed  as   follows

(Ham'mond   and   Mccullagh   1974,11):

x  =  variable
ir  =   mean  of  xI                                                n  =  number  of  variates

The  !coefficient   of   relative   variation   (CRV),   which

perulits   the   compal`ison  of   two  means   that   dif fer   in

magnitude,   was   calculated  as   follows:

CFIV    =    s
XI                                                     s     =   st,andard   deviation   of   x

iE   =   mean   of   x
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To   test  whether  the  dif ference   between  two  means
Iwas  'the   result  of  chance  or  of  consistent  dif ferences   in

Ithe  data,   an  unpaired  t-test  was  used.     Because  the  t-

test'  is  a  pal`ametric   test,   two  conditions  must  be  met   in

orde'r  to  conduct   the   analysis:

1)   The  data  must  be  normally  distributed
2)   The  variances  of  t,he  data  must  be  equal

I

In   this   case,   the   lal`ge   sample   size   (n   >   25)   allows   one

to  assume  that  the  population  is  normally  distributed.

The  variances   were   checked  using   a  val`iance   ratio   test
I

(F-test)    (see   Hammond   and   Mccullagh   1974,169-171).      The
I

calculated  F  value  was   less   than  the   critical   F,   meaning
I

that  the  variances  wel`e  not  statistically  diffel`ent,   and
I

a  t-test  could  be  used.
I

The   following  unpaired  t-test  was  used  to  determine
I

whether   the  mean   sediment   sorting   of   Core   #16
I

(Schoenenburg   site,   p.   120)   was   significantly  diffel`ent
I

t'h-an   that   of   Core   #7   (Freer   site,   pp.108-110).
I

Critical   values   of  F  and  t  were   obtained   fl`om
I

statistical   tables   in   Taylor   (1977,352,346).      The
I

hypotheses   were:
I

Ho:   There   is   no   signif icant   dif ference   in  the
I                           mean   sediment   sorting   values   of   Core   #16

and   Core   #].
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H,  :   The   mean   sediment   sorting   value   of   Core   #7
ls   signif icantly  less  than  the  mean
sorting   value   of   Col.e   #16.

Level   of   Significance   (one-tailed)   =   0.05

F-calculated   =   1.43
F-critical   =   2.03   (at   0.05   level)
Variances  are  not  significantly  different.

t-calculated   =   18.9
t-critical   =   2.02   (at   0.05   level)
Reject   H      ,   accept  H   .      The   mean   sorting   value
of  Col`e   #7   is   significantly   less   than  the   mean
sorting   value   of   Core   #16   (i.e.,   the   sorting
of   Col`e   #7   is   better   than   that   of   Core   #16).
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