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aesTRACT

Ceomorphic    reElearch  in  the  Wolf  Creek  bagin,   a  anall   (163  )m2)

drainage    in    the    Kant)ag  River  ey.ten,    indicatef)    that    four    late-

Quaternary    alluvial    fills    and  terraces    can   be    recognized.      The
uppermost    terrace    (I-4)     if)    located  in  the    uplandf)    where    it    ie

underlain    by  pre-Wit)conBin-age    gravel.    (Fill  I).    The  I-3  .urface,

created  ag  late-Pleistocene  entrenchment  elevated  the  I-4  terrace,  i.

a  gtrath  terrace  cut  on  Dakota    Sandf)tone    along  the    valley    margin.

The  dominant  Surf ace  in  the  bat)in,    the  I-2  terrace,  if!  underlain    by

9ilty  early-Holocene  and  late-Holocene    alluvium    (Fills  11  and    Ill,

regp. )  in  the  upper  reache.  of  f]nall  tributaries  and  in  late-Holocene

fill  in  the  larger  gtreamf].    Ongoing  I)tream  entrenchment  ie  producing

the  I-1  terrace  complex,  a  ®erief]  of  ill-defined  gurfacef)      underlain

by    Fills    Ill  and  IV  that  occupy  the  ingide  of  meander    bendB.      The

floodplain    (I-0)   iB  poorly  developed  in  the  basin,  conf]i.ting    of    a

thin  deposit  of  poet-Settlement  alluvium  that  capf)  coar.e  gravel.

Events    in  the  Wolf  Creek ba8in  generally  correlate    with    other

localities    in  the  KanBag  River  8ygtem,    indicating    that    wide.pread

changes    in    climate    during  the  late      Quaternary    governed    fluvial

behavior.    A9  valleys  in  the  Wolf  Creek  basin  filled  during  the  early

Holocene,     an  interval    of  Boil  formation  occurred      at    about    6,700

yrB    B.P.         Early-Holocene  fill  ie  expo.ed  only  in  portions    of    the
bagin8  upper  reaches,   ag  exten.ive  erof)ion  during  the  middle  Holocene

removed    most    early-Holocene    fill  from  wolf  Creek    valley    and    it8

larger    tributaries.  Ae  valleyB  filled    between  5,000  and    1,000    yre

B.P.,     Boil     formation  occurred    about  1,BOO,1,500,   and     1,ZOO    yr.
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B.P.        In    the     last  1,000  yr8  ag    much  af)  6  in    of    entrenchment    haB

occurred    in  gone  reaches    of  the  bat)in.
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CEN"R  I
INTROI)UCTION  AND   PROBI.EM  DEFINITION

Introduction

A    high-resolution  reconstruction  of    late-Quaternary    landscape

evolution    in  a  Small  baBin  in  the  Xanf)a8  River  gy.ten  hag  yet  to    be

reported.       The  lower  KanBaB  River  ba.in,   a8  well  aB  portionf)  of    itf)

major    tributarieB,  the  Smoky  Hill  and  Republican  River  bat)inB,     have

been    the  focus  of  exten8ive  geomorphic  re.earch.    ConBequently,    the

temporal    and    Spatial    pattern8    of    aggradation,    degradation,    and

Stability  are  better  understood  for  theBe  waterghedg.    In  contraf)t,  a

Small    basin    hag    not    thoroughly    been    etudied    thuB    far    becauBe

inveBtigationg    in  thef]e  baBinB  have  been    generally    archeologically

oriented,    restricted  to  a  I)ingle  I)tratigraphic  Section,  or    confined

to    a  Short  reach  of  a  I)tream.    AB  a  result,  the    detailed    land.cape

evolution  of  an  entire  Small  basin  in  the  Kangag  River  .yE)ten  and  the

relationship  between  the  upper  and  lower  waterBhed  i8  un)motm.

Origin  of  the  Ref]earch  Problem

Although  the  number  of  late-Quaternary  alluvial  chronologieB    in

the  central  United  StateB  hag  increaged  tremendously  in  the  laf)t    ten

years,  the  Spatial  and  temporal  relation8hipB  of  fluvial  behavior    in
Small  tributaries  and  laLrge  Btream8  remainf)  an  enigma.     Schurnm   (1977)

Buggegted  that  the  idealized  fluvial  BYE)ten  conf)igtg  of  three    zone.,

wherein  each  BerveB  a  Separate  function  within  the  8yBtem.     Zone  1  1.

the    uppermogt    part  of  the  Elyf)ten,   conf)if)ting  of  the  I)ediment  I)ource

area.       The    middle  part  of  the  ba.in  if)  the  location  of  Zone    2,    or

Sediment  transfer  zone,  where  Eiediment  input  can  equal  output.       Zone



3  ig  the  downstream  area  of  depoeition.    Although  era.ion  and  Btorage

of    Sediment    naturally  occur  in  all  porcion.  of    the    ba8in,     Schurml

(1977)     argued  thac  different  portions  of  the  drainage    bat)in    behave

differently  at  the  game  time.

Evidence  from  the  central  United  StateB  Bupportf!  the  conclugionf)

implied    in    Schurnm'B   (1977)   Study  that  small    tributarief)    ref)ponded

dif ferently  to  contemporaneous  change.  in  climate  or  other    variablef]

than  larger  gtreamB  during  the  late  Quaternary.     In  wef]tern  Iowa,   for

example,     Bettig     (1990)     reported    that  the    Cunder    Member    of    the

Deforest    Formation  began    to  accumulate  in  valley.  larger  than    4th-

order    nearly  11,500  yrB  B.P.,   and  extended  into  2nd-    and    3rd-order

valleys     by     10,500     yrB     B.P.     Between  7,000     and     4,000     yrB     B.P.,

however,   Sediment  wag  fluf)hod  from  2nd  and  3rd-order  tributartiee  and

accumulated    in    larger  valleyf)  down.tread  and  ae    alluvial    fans    at

tributary  confluences.    Radiocarbon  agef)  in  the  fanf)  range  from  about

8,700    to  3,000  yrg  B.P.,   and  corresponding  depogit8  are    lacking    ln

the    Smaller  tributarieEi.     Thif]  major  eroBional  episode  in    2nd-    and

3rd-order  tributaries  hag  been  termed  the  "Deforest  Gap"   (Bettie    and

Thomp8on   1981) .

I)uring    an    extenBive  8tudy  of  Holocene    terraces    and    alluvial

f ills  in  the  Pawnee  River  baBln,  a  tributary  to  the  Arkanf)af)  River  in

gouthwegtern    Kangaf],     Handel     (1990)     demonetrated    that      different

procegf]ef]  operated  in  Small  tributarie.  and  large  .€reamf)  during    the
late  Quaternary.    While  both  early-  and  late-Holocene  alluvial    fillf)

were    recognized  in  the  trunk  valley  of  the  Paimee  River,  much  of  the

early-Holocene    f ill    wag    f lu8hed  from    the    tributary    .treamf)    and

deposited  at  the  conf luencef!  of  small  tributarie.  and  the  main  valley
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Sometime  during  the  middle  Holocene.

Evidence    also  indicateB  that  anall  ba.inf!  in  the    Kanfiag    River

Bygtem  responded  dif ferently  to  contemporaneous  changef]  in  climate  or

other  variableg  than  did  the  larger  .treamg.    A  review  by  Johnson  and

Martin  (1987)  of  ref)earch  in  the  central  Great  PlainB,   including    the

KanBag    River  ByBtem,   Btrongly  8uggef)ted  that  large  bat)inf)  and    I)mall

tributaries  responded  dif ferently  to  contemporaneouB  variablef)  during

the    late    Quaternary.      According  to  them,  eight    epif)odef)    of    I)oil

formation    (i.e.,  floodplain  .tability)  have  been  recognized    in    the

Great     Plains:        10,600-10,200,     8,900-8,300,,     7,250,        5,loo-5,000,

4,300-4,000,     2,600-2,400,     2,loo-1,600,   and  1,200  yrg  B.P.       All     of

these    periods  of  Stability  have  been  recognized  in  the  large    baeinB

of  the  Bygtem.

In    contrast,    only  periodf)  of  .tability    occurring    at    10,600-

10,ZOO,     4,300-4,000,     and  2,loo-1,600  have  been    recognized    in    the

Smaller    basing    thu.    far.    Thif!    di.crepancy    in    fluvial    behavior

between    the    large  basing  and  the  Eitball  ba8inB  in  the    KanBaf)    River

gyBtem    may    be  real,   i.e.,   I)mall  bat)inf)  fluBh    their    I)ediment    more

readily      than    do    large    ba.ing.      Convert)ely,    other    periodg      of

f loodplain    Stability    might  be  unrecognized  in  Bmall  baeine    of    the

KanBaB    River    BYE)ten    .ince  they  have  not  been  the    focu.    of    high-

reBolution  research.

Coals  of  the  Re.earch

In  order  to  compare  late-Quaternary  landgcape  evolution  in  I)mall

and    large  baaing  of  the  Kan8af!  River  .y.ten,   a  I)mall  begin  must      be

Studied      that      containB    alluvial  depot)it.    ranging      in    age    from
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late  Pleistocene  through  Holocene.    Extent)1ve  ref)earch  indicates  that

Wolf  Creek,   a  Small   (163  ]m2)  tributary  within  the  centrll  portion  of

the    KangaB    River  gygcem   (Fig.1:1),   contains  Ouch    depogitB.       ThiB

theBiB    pregent8  a  detailed  reconstruction  (i.e.,  age,    relationf]hip,

number    and    distribution    of  terrac®f)  and  alluvial  fills)    of    late-

Quaternary    landscape  evolution  in  thl.  I)y.ten.    A  I)econdary  goal    if)

to    correlate    the    reBultg    from  thie    Study    with    other    ref)earch,

gpecif ically,   from  the  large  Stream.  in  the  Kant)a.  River  I)y.ten.       In

addition,     Speculation  will  focus  upon  the  cauf)ef)  of    late-Quaternary

landscape  evolution  in  the  Wolf  Creek  ba.in.
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Figure  1:1    I,ocaLtion  of  the  Wolf  Creek  basin  wlthln  the  Saline
River  drainage  ln  the  f]outhcentral  portion  of  the
KanBa.  River  .yf)ten   (modLf led  from  Johnf)on  and  I.ogan
1990) .



cHurTER  11
RELEVANT  RESEmcH

Fluvial  Sy.ten  Form  and  ProceBe

Many  gtreamg  have  experienced  cyclef)  of  alluviation  and    eroElion

during  the  laLte  Quaternary,  often  re.ulting  in  the  preservation  of    a

variety    of    alluvial  fill.  and  landformf)   (e.g.,     Womack    and    SchumL

1977).       The  pervasive  landformf)  produced  by  cutting  and  filling    are

floodplaing  and  terraceE).     According  to  Dunne  and  I,eopold  (1978) ,  the

I loodplain  ig  "the  flat  area  adjoining  a  river  channel  conf)tructed  in

the  present  climate  and  overflowed  at  timee  of  high  diecharge."      The

precise    definition  of  the  term  "floodplain"  hat)  been  the  I)ubject    of

gone    debate.      Although    the  united  states    Geological    Survey    once

maintained    that    an    active  f loodplain   waf)    inundated    by    bankfull

discharge    every    2.33    yearE)     (BenBon  1962),     it     if)    now    generally

accepted    that  an  actively  aggrading  I loodplain  will  be  inundated    by

bankfull     discharge  every  1.5  yearB   (e.g.,   Wolman  and    I.eopold    1957;

Leopold  et  al.   1964j  Dury  1973;  Richardg  1982j  Hori.awl  1985j     Ritter

1986).       Terraces,   in  contract,   are  "abandoned  floodplainf)"    produced

following    Stream    entrenchment,     i.e.,    they    are    not    flooded      aB

frequently   (Schumm  1977;   Richardg  1982j  Horigawa  1985j   Ritter     1986).

SchumrrL     (1977)   argued  that  I)tream  .y.ten  adjuBtment8  are     implied    by

dif ferenceg      in    elevation    and    alluvial    f ill    composition      among

terraces,   and  between  terracef)  and  the  floodplain.

Floodplaing    are  thought  to  be  produced  by  one  or  more  of    three

distinct    proce8geB:     lateral  accretion  of  unconBolidat®d    point    bar

depoeite,    vertical    accretion  of  fine  I)ediment.,    and    colluviation,

maB8-wasting,     and/or    alluvial    fan    development    at    the    mouth    of
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tributary    valleys.      Ritter    (1986)    alBo    noted    that    other    major

components  of  floodplaing  include  channel  lag  and  Splay  depo.itg.

It    ig  widely  accepted  that  the  dominant  procegB    in    f loodplain

construction  ig  a  combination  of  lateral  accretion  in  the  channel  bed

during    laceral    channel    migration  and    vertical    accretion    through

overbank    depogicion     (e.g.,   Hackin  1937j  Wolman    and    Leopold    1957;

Leopold  et  al.1964;  Morigawa  1985;   Ritter  1986).     Wolman  and  Leopold

(1957)       observed    that    pof]Bibly    80    percent    of    floodplaing      are

constructed    in  this  faghion.    Commonly,  lateral    accrecion    depoBit.

are    composed    of    point  bare  that  accumulate  within    the    inside    of

meander    bends    downstream  from  the  point  of    greateBt    meander    bend

curvature     (Morigawa  1986).     Point  bar  depogitf)  are  generally    coarE)e

in    texture,    but    often  contain  a  mixture  of    grain    Bizef).      Mackin

(1937)     argued    that  the  maximum  poet)ible  thickneBB  of    a    point    bar

deposit  does  not  exceed  the  "maximum  depth  of  effective  flood  Bcour."

Once    a  point  bar  become.  e8tabliBhed  in  the  channel  bed,   it    iB

often    inundated    by    f loodwaterg    that    carry    gilt    and    clay-Sized

particles    in    guBpenBion.       In    thif)    fashion,     fine    materialf)    are
vertically  deposited  over  the  point  bar  (Selby  1985).    Mackin  (1937),

in    his    illustration  of  the  ShoBhone  Valley  floodplain    in.  Wyoming,

described    "coarse  detritus"  that  waf)  overlain  by  "I)ilt"  that    wag    a

reBult    of  overbank  depoBition.     Wolman  and  I,eopold   (1957)     I)uggegted

that,    on  average,  only  10  percent  of  floodplain  depo8ite  conf]i8t    of

Such    fine,     overbank  BedimentB.    Moreover,  they    proposed    that    the

thicknege  of  overbank  depogitf)  dependf)  on  three  factorE):     the  rate  of

erosion    in    the  gygtem,  the  concentration  of  euBpended    I)ediment    at

peak  discharge,  and  the  velocity  of  the  water  over  the  floodplain.
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According    Co    Ritter   (1986),   the  amount  of    overbank    depot)i€ion    iB

controlled  by  the  rate  of  lateral  channel  migration,  i.e.,    increaf)ed

lateral  channel  migration  reducef)  the  amount  overbank  depo..ition.

Studies  along  river  valley.  in  Kant)af)   (Schum  and  I.ichty    1963),

in  Canada   (Stene  1980),   and  in  eouthea8tern  Au.tralia  (Nan.on    1986),

indicate    that    vertical    accretion  can be  the    dominant    proce.a    in

floodplain      formation.         Stene     ( 1980)      reported      that      Holocene

f loodplainB  in  Bouthwef)tern  Alberta  con.if)ted  of  a  thin  bed  of    bat)al

gravel    overlain    by    a  thick  depot)it    of    fine    overbank    f]ediment8.
Nan9on     (1986)     described    floodplainfi  that    famed    epif)odically    by

vertical  accretion  along  high-energy,  laterally  I)table  channel..

Schurrim    and    Lichty  (1963)   reported  that  the  floodplain    of    the

Cimarron    River  in  Kangag  wag  degtroyed  by  a  EierieB  of    large    I loodg

which    dramatically  widened  the  river  during  the  1930e.       Thig    Study

revealed  that,   following  a  major  flood  in  1942,  the  floodplain    began

to    reform  ag  the  river  channel  harrowed.    They  diBcovered    that    the

floodplain    wag    reconBtructed    in  two  vayg:       initially,    by    island

formation    and    Bub8equent    attachment  of  the  island    with    the    bank

following  channel  abandonment,   and  I)econdly,  by  depoBition  and    build

up  of  areas  not  occupied  by  the  low  water  channel.

Because    of    close    proximity    to    the    river,    floodplaing    are

typically    the  location  of  extensive  alluviacion  or  erof)ion    (I,eopold

et    al.1964);  consequently,  a  variety  of  geomorphic  featureB  can    be

observed.     Lewin  (1978)  propoBed  that  three  I)caleg  of  floodplain  form

could      be     identified:       macroform8,     meBoformg,       and      microformf).

Features  Such  ag  the  floodplain  and  channel  pattern,  for  example,  are

included  within  the  category  of  macroformf).    Microform8,   in  contract,
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congi8t    of    features    Such    ag    plane    beds,     ripples,     and      dunes.

Microform8    are    of  congiderable  interest  becauf)e    they    ref lect    the

fluvial  mechanicg  of  various  depoBitional  environment®  (Ritter  1986).

The  greatest  topographic  relief  on  the  I loodplain  .urface  if)    in

the  area  near  the  river  where  point  bare  are molded  into    alternating

ridges    and    gwaleg  called  "meander  gcrollB"   (Leopold  et    al.     1964).

These    mesoformg,     ag  propoBed  by  Lewin   (1978),   are  produced    aB    the

river    migrates  acrogB  the  valley,  leaving  gucceBgive  point  bare    and

intervening  Bwaleg  on  the  inBide  of  meander  bendf)   (Kolb  and  Van  Lopik

1958;     I,eopold    et  al.1964).     Clther  depoBitional    meBoformf]     include

natural  levees,  which  form  ag  coarse  Silt  and  I)and  builds  up  near  the

river,   and  f]play  depof]itB,  which  are  compof]ed  of  alluvium  Bpread  onto

the    flooodplain    Surface    through    break.    in    natural    levees.      In

contrast,   a  chute,  which  congiE)tg  of  a  low  water  channel  Scoured    out

of  the  floodplain  Surface,   iB  an  eroBional  meBoform.

A    terrace    iB    produced    when,  during    the    proce8.    of    Stream

entrenchment,  the  Surface  of  the  floodplain  ig  "abandoned",   i.e.,     it

iB    not  flooded  ag  frequently   (Wolman    and  I,eopold  1957j     I.eopold    et

al.1964;      Schurrim     1977j     Womack  and     Schumm     1977j     Richard81982j

Morigawa    1985j     Ritter    1986).       Before    1890,     the    developmerit    of

terraces  wag  attributed  to  movementf)  in  the  Earth'g  cruet   (e.g.,  Dana

1863;     Foster    and    Topley    1865;   I,yell     1871;     Hull     1878).       I,ater,

terraces  were  considered  to  be  productf)  of  climatic  variationf)  (e.g.,

Gilbert   1900j   DaviB  1902).

Today,  terrace  formation  ig  thought  to  fundamentally  reflect  one

or  both  of  two  controlf):    bagelevel  changeg  and  variationB  in  the

discharge:Sediment    yield    ratio  within  the    bagin    (Richardg    1982).
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BaBelevel    change    iB  usually  attributed  to  tectonlc,    ieof)tatic,    or

eustatic     adjuBtmentg   (e.g.,   Wolman  and  I,eopold  1957j     Si.gone     1979)

while    changes    in  the  discharge:I)ediment  yield  ratio  are    uf!ually    a

function    of    climatic  variabilicy  (e.g.,  Langbein  and    Schultm    1957;

Wendland   1982;   Knox  1983).

A    number    of    attemptE)  have  been  made    to    catagorize    alluvial

terraces.     Bucher  (1935)  propoBed  that  three  types  of  terracef)    could

be  identified;    Btrath,  fill,  and  rock  terraceB.    Further  effort    wag

made      to    catogorize  terracef)  by  Cotton  (1948),  who    eugge.ted    that

rock  and  Btrath  terraces  were  I)ynonomoue,  but  that  former    floodplain

gurfaceg  Should  be  called  "valley-plain  terrace.."

Eventually,     Howard  and  otherf)   (1968)   euggeBted  that    two    major

groups,    erogional  and  depot)itional  terracee,  8hould    be    recognized.
Depo8itional  terraces  are  thof)e  Where  the  I)urface  repregentg  uneroded

valley  fill;  consequently,  I)uch  terraces  are  called  -fill"    terracef).

The    development  of  a  depo8itional  terrace  alwayf!  require.    a    period

of  valley  filling  followed  by  I)ubf)equent  entrenchment   (Bitter    1986).

Erogional    terraces,  in  contrast,  are  those  that  have  been  formed    by

lateral    erosion.      If  bedrock  iB  truncated,  then    the    term    "f]trath

terrace"  iB  commonly  used.     "Fill-cut-  or  .'fill-I)trath"  terraces    are

created    when    lateral  erogion  removed  alluvial    I)ediment-    from    the

Surface   (Leopold  et  al.1964j  Ritter  1986).

Another    way  to  clagBify  terraceg  i.  to  compare  the    topographic

relationship    between  terrace  levele  throughout  the  valley    (Horif)awe

1985;  Bitter  1986).     Leopold  and  otherg   (1964)   Buggeeted  that  I)urface

continuity  along  the  valley  and  conei8tent  height  above  the  preeent

Stream    Should    be    the  primary  criterion    for    terrace    correlation;
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hence,    the    terms    "paired"    and    "unpaired"    terrace.    have    become

accepted    by  many   (e.g.,   Schu(rm  1977j   Richardf)  1982j     Horieawa     1985;

Ritter    1986).      Paired  terracef]  maintain  the  game  height    along    the

valley,  and  are  typically  underlain  by  I ill  of  uniform  age    (HoriBawa

1985;     Bitter    1986).     They  are  usually  formed    when    rapid    incif)ion

takes  place  in  the  bat)in.    In  con€ragt,  unpaired  terraces  are    formed

by    lateral  erosion  in  conjunction  with  Blow  entrenchment,    re.ulting

in    gurfaceg    of  dif ferent  age  that  are  Staggered  acroa.    the    valley

(Schumm     1977j   Womack  and  Sch`rmm  1977;   Richard8   1982j   MoriBawa     1985;

Bitter  1986) .

Cauf)eg  of  Stream  Adjuf)tmentB

A    Source    of    continuing    debate  ig    the    cause    of    the    late-

Quaternary    I luviaLl  adjuBtmentf)  that  produced  dif ferent  terracef!    and

alluvial     fills     in     Stream  BYE)temf)   (e.g.,   Schumm     1973;     Womack    and

Schumm     1977;     Wendland     1982j   Knox  1983).        Studi®B     Chow    that     the

fluvial  gyB€em  ig  inherently  complex,  and  the  problem  of    identifying

Specific    causal    factors    of    erogion,    depogition,     and      landBcape

stability  ig  difficult   (Schumm  1973j  Knox  1983).     In  general,   changeg

in    extrin8ic  (e.g.,  climate  or  vegetation)  and/or    intrinBic    (e.g.,

valley    gradient,    hillBlope    Stability)  variableB    during    the    late

Quaternary  forced  Btreamf)  to  adjuet  their  gradientB,   Sediment    yield,

croB8-Sectional    morphology,   and  diEicharge.     In    many    circumBtance8,

extended  periods  of  net  erof)ion  or  deposition  were  initiated.

Several    gtudie8  favor  climate  a8  the  primary  cause  of    erogion,

Stability,     and  deposition  in  river  By8tem8   (e.g.,   Knox    1972,     1976,

1983j     Baker  and  Penteado-Orellana  1977j   Brackenridge  1980;     Wendland
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1982).       According  to  Knox   (1983),   the  evolution    of    lace-Quaternary

river  gygtemg  can  be  evaluated  in  relation  to  both  the  direct  ef fectB

of    extringic  climatic  eventB  (e.g.,   -eaBonality,   8torm8  and    floods)

and    the    indirect  ef fect8  of  vegetation  ae  it    controlf)    runof f    and

erosion.      Specifically,  variationf)  in  climate  initiated    changes    in

the  magnitude,   frequency,   I)eaeonal  occurrence  and  duration  of  f]tormB,

and  runoff ,  which,   in  turn,  often  cauf)ed  major  change.  in    vegetative

cover,     Sediment  yields,  and  potential  de.tabilization  of  the    Bygtem

(Knox   1983).

The    direct  effects  of  climate  (e.g.,  I)eaBonality,     .tormg      and

floods)    are    considered  by  many  to  be  the  cause    of    late-Quaternary

fluvial     adjugtment8   (e.g.,   Burkham  1972j  Leopold  1976;     Brackenridge

1984;   Here ford  1984;   Knox  1985j   Johnson  and  Martin  1987).       According

to    Knox     (1976),  the  ability  of  etreamg  to  maintain    an    equilibrium

State    depends    upon  the  recurrence  interval    of    floodf),    eBpecially

large    oneg.     He  argued  that  morphologic  propertie8  of    moat    channel

gyBtema    Show  Strong  correlationf)  with  the  dif)charge    characterif!ticf)

of    relatively  frequent  moderate  magnitude  floodB,  rather    than    le.e

frequent  large  floods.     Knox  (1985)  reported  that  Holocene  floodB    in

the  upper  Miggig8ippi  valley  ranged  from  10-15  percent  larger  to    20-

30    percent  Smaller  than  contemporary  f loodg  of  the    game    recurrence

frequency.     Thug,     epigodeE)  of  large  and  anall    floodg    were    closely

agBociated  with  long-term  episodic  mobility  and  Storage  of  flediment.

Research    in  the  Bouthwegtern  United  Statef)  BupportB  the    theory

that    flood    frequency  and  magnitude    profoundly    influenced    fluvial

behavior  during  the  late  Quaternary.  Along  the  Gill  River  in    Arizona
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major    widening    of  the  I)tream  took  place  between    1905-1917    due    to

large    floods,    which  carried  I)mall  I)ediment  load-.       The    period    of

floodplain    construction,  in  contrast,  wag  characaterized    by    floods

having      re I at ive ly      low      peak      di.charge      and      1 arge      eediment

concentrations   (Bur]cham  1972 ).

The    recent    history    of  the  Little  Colorado    River    in   Arizona

guggegtg      that      f loodplain    development    waf)    all)a      initiated      by

climatically    induced    hydrologic  fluctuations  (Here ford    1984).      He

reported  that  frequent  large  I lood.  and  high  annual  dif)charge    during

the    early    twentieth  century  created  a  wide,  I)andy  channel    free    of

vegetation.     In  the  1940B  and  19508,  mean  annual  discharge  reduced  to

57    percent    of    the  preceding  forty  years,  cauBing    the    channel    to

reduce  its  width.

While    the  direct  ef fectg  of  climate  appear  to  dominate    f luvial

variability    in   many  places,  the  indirect  effect  of  climate,    aE)    it

controls    vegetation  and  runoff ,  cannot  be  undere.timated.      Langbein

and    Schumm  (1958)   defined  effective  precipitation  a8  "the  amount    of

precipitation    required  to  produce  a  known  amount  of  runoff."      Uging

Fournier'B     (1949)  parabolic  curve,  they  found  that  the    mean    annual

Sediment  yield  in  the  United  States  if]  highest  in  Semi-arid  elimateB,

where    annual  precipitation  ig  about  30  cm.    Ref)ultg  indicate    either

an    increase    or    decreaf)e  in  precipitation    will    decrease    I)ediment

yields.      An    increase    in  vegetation,    which    reduces    runoff,    will
accompany    a  I)hift  toward  more  meeic  conditions.     Similarly,   a    I)hift

toward    more    xeric  conditions  will  re8ult  in    leBg    runoff ,    thereby

reducing  Sediment  yield8.

Research    by  Knox   (1972)   and  Baker  and  Penteado-Orellana     (1977)
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Buppor€    the    congluf]iong  derived  from  Langbein  and    Schurm'.     (1958)

Study.       Knox     (1972)   demonf!trated  that  Holocene    valley    alluviation

cycles  in  Bouthwegtern  Wif!con.in  occurred  when  climate  and  vegetation

were  not  gynchronoug.     During  the  mid-Holocene  drought,   for    example,

reduced    forest  cover  likely  increaBed  the  f ifty-year  f load  by    about

2,200    cubic    meters  per  I)econd  above  the  present  norm  for  .    16    )m2

drainage    basin.     Between  6,000  and  5,700  yrg  B.P.,  while  the    forest

cover    remained    gparBe,   an    increase  in  frequency    and    f]everity    of

f loodg    increased    runof f    and  the  bedload  component    of    the    I)tream

gygtemB.       Once    the    forest    returned    after    5,700    yrg    a.P.,    the

magnitude  and  frequency  of  peak  flowf)  waf)  greatly  reduced,   decreaBing

Sediment    yields.       According    to  wendland  and    Brygon     (1974),     this

pattern    Should    be  expected  I)ince  vegetation  change    typically    lagf)
behind  climate  change  by  about  loo  yearE).

Baker    and    Penteado-Orellana    (1977)     euggeBted    that      terrace

morphology,     paleochannel    patternfi,     and  channel    I)edimentf]    in    the

Colorado  River  of  central  TexaB  are  conf)if)tent  with  alternating  arid-

humid    climatic  conditions  there  during  the  late    Quaternary.      Thef)e

variations    caused  complex  climatic-vegetation  changef]  in  the    bagin.

CoarfJe-grained,     low    Binuof!ity  river  phage8  are    clo.ely    correlated

with  periods  of  xeric  vegetation  and/or  rare  high  magnitude  I loodf]  in

an    arid    climate.       More  met)ic    conditionB    and    uniform    I)treamflov

characteriBticB  of  humid  climatef!  cauged  fine-grained,  high-I)inuogity

phageg  to  be  initiated.
While    the  impact  of  climate  variability  ie  favored  by  a    number

of    BtudieB,   Patton  and  Sch`rmm  (1981)   cautioned  there  need  not    be    a

one-to-one    correBpondance    between    widespread    climate    change    and
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alluvial-fill    chronologief);    rather,  ref)earch    in    the    eouthweBtern

United  State8   (e.g.,   Schumm  and  Parker  1973j   Schufm  1977j   Womack    and

Schumm    1977)   hag  demonf)trated  that  terracef)  have  formed    independent

of  climatic  controls.    Moreover,  Patton  and  Schurm  (1981)   have  argued

that  channel  cutting  and  filling  need  not  be  in  pha.e  everywhere,  and

may  be  occurring  in  dif ferent  reachee  of  the  game  I)tream  at  the    .abe

time.       Laboratory  experiment.  conducted  by  I,evi8   (1944) ,   Schurm    and

Parker     (1973),   and  Summarized  by  Schum  and  otherf)       (1987)     Bupport

the    theory    that  alluvial  chronologies  need  not    be    dependent    upon

external    forces    Such    ag  climate.       In    each    Btudy,    preclpitatlon

applied    to  the  experimental  drainagef)  wag  held  constant,  in    effecc,

eliminating    f]ediment    yield    variability    a8    a    cauge    for    I luvial

adjugtmentB.     Instead,  the  ref)ult.  are  be.t  explained  by  the    concept

of  thregholdg.

According    to  Schurm  (1973),  the  importance  of    threshold.    have

long    been    recognized  in  many  field..    In  river  .yfitem.,    a    typlc.1

threE]hold  ig  the  reBpon8e  of  eediment  eize  to  an  increaf)e  in  velocity

and   the  depth  of  water  over  it,  i.e.,  if  velocity  increa.ee   pa.t    a

threshold  value  at  gone  point  the  particle  will  move.     Schumm    (1973;

1977)     argues    that  two  typef)  of  thregholde  exit)t    regarding    fluvial

behavior:    extrinBic  and  intrinf)ic  thro.hold..    Extringic  threeholdB,

Such    aa  climatic  variability,   are  thof)e  impoE)ed  by    factor.    outf]ide

the    drainage    network.      That  ie,  the  thref)hold    exif]t.    within    the

8ygtem,    but    i.  not  cro.Bed  without  changef)  in        precipicatlon,    or

magnitude     of     flooding   (e.g.,   Langbein  and  Schurnm  1958j     Knox     1972j

Baker  and  Penteado-Orellana  1977j  Here ford  1984).

Intrinsic    Chref)holds,    in    contraBt,  are    thref)hold8    that    are
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inherent    to    the  Bygtem,   i.e.,  they  can  be  exceeded    when    input    if)

relatively  constant   (SchurlftL  1973).    I,ong-term    progre.I)ive  weathering

of    Slope    materials,     for    example,     can    ref)ult    in    maef)    movement

following    an    intenf]ive  gtorm  event.    A  Special    type    of    intrinf)ic

threshold  ig  a  "geomorphic  threBhold,"  i.e.,  one  that  ig  inherent    in

the    manner    of    land form  change.     If  f]ediment  Storage    in    a    valley

progregBively    increaf]e8  elope,   for  example,  the    gradient    thref)hold

may  be  gurpagged,   inducing  channel  entrenchment   (Schum  1977).

I,ewiB  (1944)  reported  that  rejuvenation  of  a  very  .mall  drainage

Bygtem  initiated  rapid  erosion  in  the  headwaterf)  in  conjunction    with

deposition  at  the  mouth  of  the  ba.in.    AE)  ero.ion  decreaBed    upf]tream

gradients,   Sediment  Supply  downstream  decreased  dramatically  and    the

eyBtem  Stabilized.     Lewi8   (1944)   argued  the  Eiignificance  of  the  I)tudy

wag  the  creation  of  terraces  without  any  adjuf)tment.  1n  bagelevel    or

discharge.

Schumm     and  Parker   (1973),   Schumm   (1977),   and  Schulrm  and     others

(1987)     have  experimentally  demonf)trated  that  one  epif)ode  of    cucting

in  a  basin  can  result  in multiple  terrace  levelej  they  reported   that
a  drop  in  baBelevel,   for  example,   can  ref)ult  in  progreBf)ive    incif)ion

upstream,     creating  a  terrace.    A.  I)ediment  le  removed    from    .maller

order  tributaries,  however,  depot)ition  ie  likely  doungtream.    Ae    the

tributaries  adjust  to  the  new  baeelevele  and  upf!tream  .ediment    loadf)

decrease,    renewed  incision  dowhgtream  begine  with  the    formation    of

yet  another  terrace.
The    regultB  of  these  gtudie.  indicate  that  a  variety  of    evente

(e.g.,      tectonic    activity,    climatic    change,    vegetation      change,

baselevel  lowering,   elope  failure)  can  cause  an  erof)ional  regponBe  in
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a  drainage  basin,   creating  high  I)ediment  yieldf),  which  in  turn    cauE)e

deposition    and    an    increaf)e  in  gradient    elf)ewhere    in    the    bat)in.

Typically,     a  period  of  aggradation  i.  followed  by  inciEiion    and    the

development    of    €erracef).       Schurm     (1977)     I)uggef)ted    that    .uch    a

Sequence    of    events,    regardlee.  of  the  cau.e,  .hould    be    called    a
"complex  regponBe"  of  the  fluvial  8yf)ten.

Previous  Studies  of  I.ate-Quaternary  Alluvial  Terracef)  and  Fillf)  in
the  Ran.af)  River  Basin

The    following    dif)cuegion    review8  previou8    I)tudief)    of    late-

Quaternaary  alluvial  terracef)  and  f illf)  in  the  Kant)af)  River  baBin    in

KanEaB  and  Southern  Nebraska.     Although  Eiimilar  ref)earch  i.  extent)ive

in    other  areas  of  the  central  Uniced  Statef)   (e.g.,  Brice    1964j    Hay

1986a;     Handel     1990j  Hall  1990),   thef]e  I)tudie.  are    not     immediately

germaine    to    this  Study,  which  iB  to  compare  the    Holocene    alluvial
chronology    of  Wolf  Creek  with  result.  from  the  Kaneaf)    River    baein.

The    review  iB  organized  by  drainage  bat)imf)  within  the    KangaB    River

8ygtem,   including  (1)  the  Kant)all  River  valley  and  ltf)  trlbutariee    in

northeastern    KangaB,   (2)  the  Smoky  Hill  River  bat)in  in    central    and

wet)tern    Kansas,     and     (3)  the  Republican    River    bat)in    in    .outhern

Nebraska  and  northcentral  Kan8aB.

KanBaB  River  and  itB  Tributariee  in  Northea8tern  KanEiae

Signif icantly    more    ig  known  about  terracef)  and    I illf)    of    the

KanBa8  River  valley  proper  than  thoee  of  it-  tributarieB   (Johnf)on  and

Logan     1990).       Although    Newell   (1935),   Hoover     (1936),     and    Jevett

(1949)     recognized    the    preBence  of  terracef!    in    the    Kaneae    River

valley,     it    wag  not  until  Davie  and  Carleon  (1952)     that    the    namef)
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"Menoken,     Buck    Creek,     and    Netmman"    were    applied    to    particular

8urfaceB.     Shortly  thereafter,  Hccr.e  (1954)  recognized  .till  another

Surface,    which    he  named  the  Holliday  Terrace.       Sub.equently,    Elks

(1979)     proposed    that    thif)  8urface  I)hould  be    called    the    Holliday

Terrace  Complex.

Traditionally,     the    Xenoken,  Buck  creek,    Netman    and    Holllday

terraces  have  been  aB8igned  age.  o£  Ran.ae,   Illinoian,  Wi.conf]in,  and

Holocene,       respectively     (John.on    1985).       Many    quef)tlon.      remain

unanBwered,     however,     about  the  origin  and  ages  of  the    Menoken    and

Buck  Creek      terraceg  and  underlying  depoeit.   (Dor€  1987j  Soreneon  et

al.1987).     In  contraBt,   recent  Eitudieg  have  provided  a  great  deal  of

information    about  the  ages  of  I ill.  beneath  the  Netman  and    Holliday

terraces.    AB    a  result,  it  if]  evident  that  the  Holliday  and    Netman,

and  probably  the  Buck  Creek  terraces  are  much  younger  than  previously

thought   (Johnson  1985).

The    Menoken  Terrace  i.  up  to  33  in  above  the  preEient    f loodplain

and  iB  underlain  by  coarE)e  outwaE)h  I)edimente  f ining  upward  to  reddish

Bandy  gilt   (Davie  and  Carl.on  1952)   depoelted  af)  the  Kant)ae  ice  .beet

retreated      (I)ort  1987).    Other  interpretations  have    I)uggeBted    that

the  fill  ig  composed  of  glaciolacultrine,  t+1l   (Beck  1959j  Jewett  and

others    1965),   or  ice-contact  depoeite   (Soreneon  et  al.1987).       Dolt

(1987)     guggegted    that    the    eurface  may    be    eroelonal    ln    nacure,

truncating  Several  Bedimentary  unitf[,   including  the  Xeade    Formation.

RegardlegB,  the  areal  boundarief)  of  thi.  terrace  are  not  well    known,

but  are  not  thought  to  be  extenBive  (.ohnE)on  and  I,ogan  1990).

Poet-KangaB    entrenchmenc,     including    ero.ion    of    the    bedrock

valley    f loor  and  8ubBequent  filling,  re.ulted  in  the  12-in-high    Buck
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Creek  Terrace   (.ohnf)on  and  Logan  1990).     Scattered  remnantf)  of  this

terrace    have  been  recognized  in  the  middle  and  upper  reachee  of    the

Kangag    River    valley,    eE]pecially  at    the    conf luence    of    tributary

valleys     (Holien    1982).     According  to  Beck  (1959),     the    terrace    ie

underlain    by  f]and  and  gravel  at  the  base,   fining  up`Irard  to  f!ilt    and

clay.       In  placeB,  the  terrace  may  be  capped  by  Loveland  and      Peoria

I,oegB     (Davif]     and     Carl8on  1952j   Beck  1959).     A     layer     of     POBE)ible

f luvially    redepof)ited  Lava  Creek  8  volcanic  af)h,   found  in  a    remnant

of    Buck    Creek    terrace,  waf)  I leBion-track  dated  at    600    ka.     (Geil

1987),     Buggegting    either  an  Illinoian  or  Yarmouthian    age    for    the

terrace  fill   (Richmond  et  al.1986j  .ohngon  and  Logan  1990).

The    dominant  terrace  in  the  Ran.a.  River  valley  i8    the    Newman

Terrace,  which  occupies  10  percent  to  nearly  half  of  the  valley  floor

(O'Conner  1960).     The  underlying  fill  of  the  Newhan  Terrace    congigtB

of    baBal  cobble/boulder  gravel  (Beck  1959)   fining  uprard  into    dark,

gilty       clay     (O'Conner    1971).       Although    3    in    above    the      modern

f loodplain,  the  Newman  Terrace  was  probably  inundated  by    floodwaterg

in    1844  and  1903,   and  certainly  in  1951,   indicating  the    Burface    iB

Still  periodically  aggrading  (Davi.  and  CarlBon  1952).

Radiocarbon    ages  from  Boilg  buried  within  the    Newman  I alluvium

indicate  that  the  f ill  accumulated  largely  during  the  early  to  mid-

Holocene,     af)     ages  of  10,430±130,   and  8,940±90  yrf)     B.P       have     been

obtained    near    Bonner  Springs   (Hollen  1982).       Near    Wanego,     Bowman

(1985)     reported  a  radiocarbon  age  of  7,250±110  yrB  B.P.     on    humateB

from    a  buried  paleoeol  in  Newman  f ill  in  a  I)tudy    relating    channel-

bank  erodibility  and  rate  of  channel  migrationj  an  overlying  paleogol

at  the  Bane  Site  yielded  a  younger  age  of  4,950±120  yrB  B.P.   (Johnson
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and  Martin  1987).     From  an  adjacent  exposure  of  Ne`man  fill,     Johnson

and    Martin   (1987)   reported  a  radiocarbon  age  of  8,310±120    yre    B.P.

from  another  buried  paleogol.

At    gone  time  during  the  late  Holocene,  another  major  period    of

cutting    and    f illing    occurred,  resulting  in    the    Holliday    Terrace

Complex,     which    rigeB    only  1  to  2  in  above    the    £1oodplain     (Mccrae

1954).     The  Holliday  Terrace  iB  compoE)ed  of  f!and,   8ilt,   and  clay,   and

can    be  found,   aB  well  ag  the  Neunan  Terrace,  throughout    the    Kangag

River    valley  and  the  valleys  of  moat  major  tributarlef)  (John.on    and

Logan    1990).       Radiocarbon  ageB  obtained  from  within    Holllday    fill

near  Banner  Springs  range  in  age  from  4,290±310  to  1,210±50  yrg.   B.P.

(Holien    1982).       At    a    Sand    and    gravel    quarry    near    Topeka,       a

radiocarbon    age    of    2,620±70  yrB  B.P.   wag       obtained    from    a    wood

fragment  exposed  in  Holliday  fill   (.ohngon  1985).

Recent    research  hag  focuE)ed  on  alluvial  terrace8  and    I ills    in

tributaries    of    the  KanBag  River  in  northeastern  Ken.ae.      The    most

extensive  work  hag  been  related  to    archeological  reeearch  in  the  Big

Blue  River  basin,  a  large  tributary  of  the  Kangaf)  River  that    extends

into    Southern  Nebraska.  Most  information  comeB  from  the  Coffey    Site

(Schmitg  1987,   1980)   and  from  the    vicinity  o£  Tuttle  Creek  Regervoir

(Schmitg  et  al.   1987)   north  of  Manhattan.

At  the  Coffey  Site,   Schmitg   (1987,   1980)  recognized  two  alluvial

landformg  composed  of  five  Separate  fillE):   a  high  terrace,  deE)ignated

T-I,    and    the  floodplain,  designated  I-0,  wich  fills    defilgnated    ag

Units     I    through    V.     Accordingto  schmitg     (1978,1980),     the    I-1

terrace    ig    underlain  by  only  one  fill,  Unit  I.      AIchough    abgolute

time  control  wag  not  obtained  from  the  fill,  the  pref)ence  of    Folgom,
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I.ate  Paleo-Indian,  and  Early  Archaic  artlfacte  at  or  near  the  I)urface

Buggegted    to  Schmitf]   (1980)  that  the  terrace  wee    fitable    throughout

the  Holocene.

Units    11    through  IV  compriBe  the  f ill  that  underlay.    the    I-O

Surface  at  the  Coffey  Site   (Scmitg  1987,1980).     Except  for  the    Unit

V  fill,  which  overlapB  the  other  unit.,  the  fill8  are  in8et  fill.    of

abandoned  paleochannelf]  that  truncaLted  older  alluvium.    A  total  of  18

radiocarbon  ages  were  obtained  from  cultural  remaine  and  buried  I)oilf)

in    these    fills;    thege    agef)  indicated  thac    Unite    11    through    IV

accumulated    between    about  6,300  and  2,000  yre    B.P.       Jlccording    to

Schmitg   (1978,1980),  Unit  V  buried  the  other  fill-between  2,000  and

1,000  yrg  B.P.

Additional    information  regarding  the  terracef)  and  I ill.  of    the

Big      Blue      River      valley      wa.      obtained      during      archeological

invegtigationg  at  Tuttle  Creek  Ref)ervoir  (Schmite  et  al.1987).       The

I-3  terrace,  which  if]  the  oldeet  f]urface  in  the  valley,  Stand.    about

19  in  above  the  modern  I loodplain  and  may  be  capped  by  a  thin    depo.it

of    Loveland  LoeBB.    An  intermediate  terrace,   I-2,   gtandB  about  10    in

above    the    f loodplain  and  ie  exten.ive  along  much  of  the    lower    Big

Blue.         According    to    Schmite    and    otherf)     (1987),     this       eurface

correlates    with    the    I-1  at  the  Coffey    Site,    I)uggef)ting    a    late-

Wigcongin  age  for  it8  underlying  fill.

The  most  extensive  terrace  in  the  lower  Big  Blue  River  valley  ie

the  I-1,   Situated  3  to  4  in  above  the  floodplain.     Schmit.  and    otherf)

(1987)     obtained  a  radiocarbon  age  of  about  6,300  yr.  B.P.   from    near

the    base    of    I-1    fill.    Thif)    age,    and    af]Boclated    etratlgrahpic

evidence,    enabled  them  to  correlate  the  Unit  11  -  IV  fillB  from    the
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Cot fey  Site  with  the  I-1  f ill  at  Tuttle  Creek,  I)ugge.ting  that  the

fill  also  accumulated  between  approximately  6,300  and  2,000  yrf)    B.P.

at    Tuttle    Creek.    I.ike  the  Cot fey  Site,  I-0  fill    at    Tuttle    Creek

likely  accumulated  after  1,000  yrf)  B.P.   (Schmlt.  et  al.1987).

During    inveE]tigationf)    at  Tuttle  Creek  Reeervoir,   .    number    of

tributaries  in  the  vicinity  were  alfio  examined.    According  to  Schmlte

and    others   (1987),   two  terracef)   (I-1  and  I-0)   can  be    recognized    in

the    Small    tributaries  in  the  area.    Although  little    abf)olute    time

control    wag    obtained  from  thef)e  feature.,  charcoal    from    a    hearch

about  20-30  cm  below  the  fiurface  of  I-1  I ill  did  yield  a    radiocarbon

age  of  1,090±80  yrg  B.P.

Additional    research    in    the    Big  Blue    River    bafiin    ha.    been

conducted  along  the  Black  Vermillion  River,  a  major  tributary  of    the

Big    Blue  River.    Archeological  invef)tigatlone  at  the    Deehazer    Site

have    yielded    information    regarding    I-1    depot)ltf)    in    the      area.

According    €o  SchmitE)   (1981),   evidence  I)uggef)tf)  the  I-1  fill  at    thi.

Bite    filled  the  valley  bottom  between  approximately  5,000  and    2,000

yrB    B.P.     A  radiocarbon  age  of  2,350±250  yr.  B.P.  va.  obtained    from

charcoal    between    a    depth  of  50  to  80  cm    by    .ohnf)on     (1973).       In

addition,     radiocarbon  ageg  of  5,320±790  and  4,215±180  yr8  B.P.     were

obtained  from  charcoal  ageociated  with  a  cultural  horizon  1.5  to    1.7

in  below  the  Surface   (Schmit.1981).

Other  research  in  tributariee  of  the  KanBae  River  hae  focuf)ed  on

alluvial    terraces  and  f ills  in  the  Wakaruf)a  River  ba.in    in    eaf]tern

Kan8ag.       Early  work  in  this  baBin  wa.  conducted  by    O'Conner     (1960)

and  .ohngon  and  Adkingon   (1967),  who  recognized  ttro  terracef):     a  high

one    which    they    called  the  Buck  Creek,  and  lower    one,    which    they
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designated  the  Nev`man.    Although  topographic  pot)itlon  euggef)ted  these

ElurfaceB    are    temporally  equivalent  With  the  type    terracee    in    the

KangaB    River    valley,  radiocarbon  ageB  were  not  obtained    to    verify

these  hypothegeg.

A      Study    by    Handel   (1987)  expanded    the    re8ultf)    of    earlier

research    in  the  Wakaruga  River  ba.in.    According  to    Handel     (1987),

two    terrace    levels  and  two  f loodplain  level.  can  be    found    in    the

valley.       The  highest  terrace,  clef)ign&ted  I-2,   ie  4  to  6  in  above    the

lowest    floodplain,    deBignated    I-Ob.    Within  the  fill    of    the    I-2

land form,   a  radiocarbon  age  of  15,350±390  yrf)  B.P.  waf)  obtained    from

an    organic-rich  depot)it  between  1.37  and  1.42  in  below    the    8urface,

Buggegting  to  Handel   (1987)  that  the  terrace  corref)pondf)  to  the    Buck

Creek  Terrace  recognized  by  O'Conner   (1960)   and  .ohn.on  and    AdkinE)on

(1967).       A  lower  terrace,   clef)ignated  I-1,   .tandg  2  to  3  in  above    the

T-Ob    floodplain      and    occupief)  90  percent  or  more    of    the    valley.

Although  radiocarbon  control  from  the  terrace  fill  wag  not    obtained,

Handel   (1987)   argued  that  it  correspond.  to  the  Netman  Terrace.

Stranger    Creek,    a    tributary  of  the  Kant)ae    River    in    ea.tern

Kangag,     wag  the  focuf)  of  a  .tudy  by  I.ogan   (1985)  that    examined    the

dif ferential    ef fecte  of  f luvial  proce8f)e.  in  pref)erving    or    eroding

late-Quaternary    terrace  fillEi.    In  thi.  baBin,  it  appearB    that    the

Holliday  Terrace  Complex  i.  the  valley  f loor  along  the  lover  reach  of

Stranger    Creek,   Since  mogt  Netman  f ill  hat)  been  removed    by    later.I

erof]ion   (Logan  and  .ohnf)on  1986).     Remnants  of  the  Norman  Terrace  can

be    found,     however,     Scattered    in    the    lower    reachef)      of      .mall

tributaries    to  Stranger  Creek.    One  radiocarbon  age  of  4,260±55    yrf)

B.P.    wag    obtained  from  near  the  bale  of    Holliday    Terrace    Complex
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fill.
An    archeological    f]tpdy  conducted  by  I,ogan    and    other-     (1989)

around  Perry  Lake,   an  impoundment  of  the  Delaware  River  and  itf)  major

tributaries    in  northeaBtern  KanBa.,  revealed    lnfomation    regarding

the  geomorphic  history  of  the  Delaware  River  valley.    Three    alluvial

gurfaceB,    designated    I-2  terrace,  I-1  terrace,  and    the    floodplain

were       recognized.         Radiocarbon    age.    of       8,220±350,       5,710±100,

2,620±110,   and  1,200±60  yrf)  B.P.  were  obtained  from  charcoal     I)amplee

buried    in  T-1  fill.    Two  p.leoeolf)  Were  identified  in  I-1    fill    and

yielded  ages  of  2,450±70  and  1,000±70  yrf)  B.P.,   reepectlvely.

Isolated  BtudieB  involving  opal  phytollth  ref)earch  have    yielded

Bone    information    about  alluvial  I ills  in  anall  tributarie.    to   the

KanBaB  River  South  of  Manhattan.     Kurmann   (1985),   in  a  I)tudy  of    opal

phy€olith  and  palynomorph  aef)emblagef)  contained  Within    paleo.olEi    on

Elbe    Creek,   obtained  a  radiocarbon  age  of  1,580±70  yre  B.P.   on    I)oil

humateB.     On  MCDowell  Creek,   a  radiocarbon  age  of  3,960±135  yrf)     B.P.

wag  obtained  from  a  buried  paleoEiol  in  terrace  fill  (twi.I),    reported

in  Johnson  and  Martin  1987) .

Smoky  Hill  River  Basin  of  central  and  western  Kan8af)

The    Smoky   Hill    River  ba.in  i.  the  large.t    tributary    of    the
Kangag  River  in  weBt-central  Kant)a..    The  earlief)t  trork  in  the    ba.in

wag  conducted  by  Rogerf)   (1984),  Who  .tudied  terracef)  along  the    Smoky

Hill  River  near  HayB,  Kant)a..    He  recognized  five  terrace.,  which  are

designated  from    loweBt  to  highef)t,  Terrace  One  through  Terrace  Fivej

they    can  be  found  5.5,   7.512,   16.5,   and  19  in,     re.pectively,     above

the  8tream  level.    Zllthough  no  radLocarbon  agee  were  obtained,   faunal
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evidence  E)uggeBted  to  Roger.   (1984)  that  the  four  lowef)t  terracef)  are

Holocene  in  age  while  Terrace  Five  ie  Wi.con.in.

A  relatively  detailed  .tudy  of  terracef)  and  valley  I ills  in   the

Smoky  Hill  River  valley  wag  conducted  by  Handel   (1988).     Thi.    .tudy,

agE]ociated    with  archeological  invef)tigatione    near    Kanopolif)    I,ake,

recognized    three  landformf)  in  that  reach  of  Smoky  Hill  River    valley

and    the  valley8  of  major  tributarie.:    two  filltop terracef)  and   the

modern    floodplain.      The    highef)t  terrace,    degignated    I-2,     I)tand8

between    4    and    9  in  above  the    modern    floodplain;     £aunal    evidence

guggegtg    that    it    aggraded  during  the  late    Plei.tocene.      The    I-1

terrace,    which    iB  the  lowest  terrace  in  the    valley,    occupieE)    the

majoritiy    of  the  valley  bottom,   Standing  3  to  4  in  above    the    modern

floodplain.      Most    of    the  ref)earch  in  thie    .tudy    focu.ed    on    the

composition    and    age  of  I-I  fill,  which  i8  compo.ed    of    four    major

f ills  that  were  designated  Unite  I  through  IV.    Radiocarbon  age.  from

these  unite  indicate  that  in  the major  valleyg  this  fill    accumulated

between  4,500  and  2,600  yrB  B.P.,  when  Stream  incif)ion  created  the  T-

0    terrace.     In  the  Small  valleyf)  of  the  bat)in,  however,     aggradation

of  T-I  fill  occurred  between  4,300  and  1,500  yrf)  B.P.,  punctuated    by

epigodeg    of    .oil     formation    at    4,170±60    and    2,620±70    yrg    B.P.

According  to  Handel   (1988),   radiocarbon  age.  of  2,090±60  and  1,510±50

yrg  B.P.  were  obtained  from  a  buried  .oil  near  the  top  of  I-1  fill.
Another  component  of  the  .tudy  by  Handel   (1988),   focuf)ed  on    the

origin    and    age    of    high-angle    alluvial    fane    recognized    at    the

confluence    of    let-  and  2nd-order  tributari®.    and    larger    valleyf).

Radiocarbon    ageB  from  buried  paleoeole  contained  vlthin    theee    fanf)

indicated    to  Handel   (1988)  that  the.e  landformf)  were    built    between
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3,200   and   600  yr8  B.P.

Research  by  May  (1986b)  examined  terrace.  and  alluvlal  fillf)    in

the    Saline  River  valley,  a  tributary  of  the  Smolry  Hill    River,    near

Wilson    I,ake.    In  this  etudy,  three  terraces  were  recognized    in    the

main  valley  of  the  Saline.    The  highef)t  terrace,  I-3,   I)tandfi  about  16

in    above    the  river  bed  and  if)  underlain  by  a  thick  I ill    of    un)morn

age.    The  intermediate  Surface,  I-2,   i.  a  fillcop  terrace  that  f]CandB

13    in  above  the  river  bed;   it  if)  compo.ed  of  3  .epar&te    fille.       The

oldest    fill  congi8tB  of  croEi.bedded  .and  and  gravel  of  unknorlrn    age.

Inset    against   this  f ill  iB  a  I iner-textured  I ill  that    contained   a

paleogol    yielding  a  radiocarbon  age  of  1,940±70  yrf)  B.P.       Zlccording

to    May,    the  youngest  fill  overlaps  both  the  two  older    fillB.      The

lowest    terrace    in   the  Study  area,  I-1,  lf)    a    fill.trath   terrace.

Interestingly,     a  radiocarbon  age  of  5,090±60  yr.  B.P.    wa.    obtained

from    a    paleoBol  legs  than  2  in  below  the    eurface,     .uggef)ting    that

much    younger    f ill  buried  early-Holocene  f ill  and    wac    I)ub.equently

removed .

Additional    information  about  alluvial  fill.  in  the    Smoky    Hill

River    basin  hag  been  obtained  from  other  I)tudief)  ln  the    area.       The

wegternmogt    Bite  of  radiocarbon-controlled  alluvial    information    in

the  basin  iB  the  Koehn-Schneider  Site  on  White  Women  Creek  in  Creeley

County,       where    Mammoth    bonef)    found    in    ba.al    fill    produced      a

radiocarbon    age    of  11,050±180  yr.  B.P.     Three    overlying    paleogol.

yielded    radiocarbon    ages  of  11,170±170,   9,800±120,     and    7,460±130,

respectively     (.ohnBon    et  al.1990).    At  the  12  Xil®  Creek    Site    ln

Logan  County,   radiocarbon  agef)  of  10,435±260  and  10,245±335  yr.    a.P.

(apatite    and    gelatin  fractionf),  ref)p.)  were  obtained  from    a    Bleon
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Antiquug  limb  bone  found  in  gully  fill   (Rogere  and  Martin  1984).     On

Deer    Creek,   a  tributary  of  the  North  Fork  Solomon  River,  two    buried

paleoBolg  located  within  a  ehort  reach  Were  dated  at  around  4,loo  and

1,900  yrg  B.P.    (.ohn8on  1981).

Republican  River  Basin  in  I)outhern  Nebraeka  and  northcentral  Kaneaf)

Ierraceg    and    alluvial  I ille  have  been  the  focu.    of    excenflive

Study  in  the  Republican  River  ba.in.    A brief  de.cription  of  terrace.

in    the    basin  waf)  conducted  by  Condra   (1907)    who    recognized    three

terraces:    a  "low  bench,  intermediate  terrace  and  high  terrace"    with

BurfaceB     2-4,     7.5-12,     and    18-24    in    above    the     "firf)€       bottom,"

respectively.

The    earliest,  extengive  re.earch  ln  the  Republican  River    ba8in

wag       conducted    by    Schultz    and    otherf)     (1948)     and    Schultz       and

Frankfourter  (1948)   in  Lime  Creek,   a  tributary  of  Medicine  Creek.     In

these    early    8tudyieB,    which  lacked    ab.olute    time    control,    five

terraces    were  recognized  in  the  valleyj  they  were    clef)ignated,     from

lowef]t  to  highegt,   RT-0  to  RT-4.

More  detailed  ref)earch  in  the  I.ime  Creek  bat)in  wa.  conducted    by

Schultz   (1951).     In  this  I)tudy,  which  eliminated  the  letter  "Rn    from

the    terrace  nomenclature,   an  alluvial  chronology  waEi    propoBed    that

wag  baaed,  to  a  large  degree,  on  radiocarbon  age.  from  the  upper  part

of    I-2  f ill  in  the  I.ime  Creek  and  Medicine  Creek  valleye  (Davi.    and

Schultz     1952).     Radiocarbon    agef)  of     10,493±1,500,     9,880±670,     and

9,167±600    yrg  B.P.  were  obtained  from  charcoal  in  the  upper  part    of

I-2    fill.       In  nearby  I.ouifia  Creek,  a  tributary    of    the    Republican

River,       radiocarbon  ages  were  obtained  on  two  paleo.olf)i  a    pal®o.ol
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buried  in  I-2  fill  yielded  age.  of  7,809±400  .nd  7,426±600  yr.  B.P.

and  a  paleogol  in  I-1  alluvium  4,150±350  yr.  B.P.   (Llbby  1955)

On  the  bagiB  of  absolute  agef)  obtained  from  the  upper  part  of  T-

2    fill,    relative  age8  were  a.Signed €o  the  other    terrace.    in   the

basin.       Schultz    and  otherf)  (1951)  argued  that  I-4    fill,    which    i.

composed  of  a  "complex"  of  depof]it.,   rangef)  from  late  Kanea.  to  early

Illinoian    in  age.    Similarly,  they  I)ugge8ted  that  I-3  £111  began    to

accumulate      during    Iowan     (Wi.conf)in-I)     time,     but      vae        mof]tly

Tazweillian     (Wigcongin-II)     in    age.     I-2  fill  1.    compof]ed    of    two

units:    one  a  Bandy  and  gravelly  depoelt  at  the  baee  designated  I-2B,

and    another,    which    ig  I iner  grained  &t  the    top    deEiignated    I-2A.

According  to  Schultz  and  otherf)   (1951),  I-2B  fill  accumulated    during

very  late  Tazwellian  time  through    the  period  of  the  Cary    glaciatioh

(Wigcon8in-III).       The    radiocarbon    agef)    obtained    from    I-2A    fill

mentioned    above    were  correlated  with  llankato    (Wiecongin-IV)    time.

The    f ill    beneath  the  I-1  terrace  vac  a8eigned  an    age    of    Cochrane

(WiBcongin-V)   time.

A  reinvegtigation  of  alluvlal  terraces  and  f ill.  in  the  Medicine

Creek    basin    wag  conducted  by  Brice  (1966).     In    this    .tudy,     three

terraces    were    recognized    and  af)I)igned    fomal    namef):      Wellfleet,

Stockville,   and  MouBel;  Brice  (1966)   argued  they  can  be  correlated  to

the  8urfaceg  proposed  by  Schultz  and  other.   (1951)   in  the  I,ime    Creek

valley.      The    highest    terrace    ln  the    Medicine    Creek    bat)in,    the

Wellfleet  Terrace,   gtandB  38  in  above  the  floodplain  or  "valley    flat"

and    correlates  with  the  I-3  terrace  in  the  I.ime  Creek valleyj  it    if)

underlain    by    Peoria    I.oe..  and  older    Plei-tocene    depo.it.    (Brice

1966).    The  Stockville  Terrace,  which  ie  the  intermediate  terrace    in
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the  bat)in,  correlateB  to  the  I-2  terrace  of  Schultz  and  others  (1951)

and    iB    found  4.5-6  in  above  the  valley  flat.    A  radiocarbon    .ge    of

2,202±200  yrB  B.P  waf)  obtained  from  charcoal  near  the  bale  of    Houf)el

fill.    According  to  Brice  (1966),  the  floodplain/valley  flat  con.iBtg

of    4  Separate  fills  that  are  inlet  against  each  other.    He    reported

that    charcoal    recovered    from  a  depth  of  2.3  in    below    the    I)urface

yielded  a  radiocarbon  age  of  420±160  yre  B.P.

Baaed    on    the  combined  reBultB  from  earlier  work    in    the    Lime

Creek    basin  and  hiB  research,   Brice   (1966)   reconBtructed  a    Holocene

hiBtory    of    landscape  evolution  for  the  Medicine    Creek    ba.1n.      He

proposed  that  the  Wellf leet  Terrace  formed  following  inci.ion  due    to
climatic  warming  about  11,000  yre  B.P.     Between  11,000  and  5,000    yrB

B.P.,  aggradation  of  the  Stockville  fill  occurred,  which  was    incised

around    5,000  yrg  B.P.  during  the    Altithemal.    Accumulation  of    the

Mougel  Terrace  fill  began  about  4,000  yre  B.P.   and  continued  to  1,000

yr8    B.P.,     when    incif)ion  began  anew,   £oming    the    Hou.el    Terrace.

Depogitg  that  have  formed  the  floodplain  have  acc`rmulated  Since  1,000

yrg  B.P.

Further  work  in  the  I.ime  Creek  begin  hag  been  conducted  recently

by    May     (personal  cofrmunlcation)   in  agBociation    with    archeological

invegtigationE)      at  Harry  Strunk  Ref)ervoir.    At  the  I,ime    Creek    Site

(25FT41),       radiocarbon    ages    on    total    humateB       of       7,980±1,000,

9,120±510,     10,040±270,   and  10,090±450  yrB  B.P.   were  obtained  from    a

core    at  depths  of  about  14.5,   15.0,   15.5,   and  16.5  in,     respectively,

beneath    the    Stockville  Terrace.    A  I)econd    Bite,     informally    named
"Cutbank    *1",     yielded    agef)    on  hunin    fractions    of    7,600±270     (A

horizon),10,500±260   (A  horizon),   and  10,850±670  yrg  B.P.
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Recent    research  along  the  Republican  River  near    Harlan    County

Reservoir    hag    yielded    additional  infomation    about    the    Holocene

alluvial  chronology  in  Southern  Nebra.ka.  According  to  Martin  (1990) ,

alluviation    in    the  main  valley  occurred under    progre..ively   drier

conditionB    between  10,200  and  4,500  yr.  B.P.,  when    aggradation    wag

punctuated    by    an  epif]ode  of  f]oil  formation,   af)  the    climate    became

more    megic.       Between  approximately  4,500  and  3,700    yr.    a.P.,     the

Republican    River  entrenched  about  10  in,  due  largely  to  a    change    in

f lood  magnitude  and  frequency.

I)uring    the    late  Holocene,  a  general    pattern    of    alluviation,

punctuated  by  epif]odeB  of  Coil  formation  (i.e.,   floodplain  I)tability)

i8  evident  between  3,700  and  1,200  yrg  B.P.     Martin   (1990)   recognized

three  periodB  of  Boil  formation  in  late-Holocene  f ill  that  terminated

at    about     3,050,   2,800,   and  2,000  yrf)  B.P.     He    I)uggeeted    that    the

pattern  of  Soil  formation  following  rapid  alluviatLon  vaEi  likely    due
to  changing  flood  magnitude  and  frequency.    After  1,200  yr.  B.P.,  the

Republican  River  entrenched  about  7  in,   followed  by  gradual  I loodplain

accretion  to  the  present.

Summary

Evidence    in    the  form  of  terracee,    floodplainf),    and    alluvial

f ills    indicate.   that  Stream.  in the  central  United  State.    and   the

KanBag    River    gyBtem  experienced  Several  cyclefi  of    alluviatlon    and

erosion,    punctuated  by  epi8odeg  of  £1oodplaln  I)tability,  during    the

late    Quaternary.      Ongoing    debate    focuE)ee  on    the    cau.e    of      the

adjugtmentB    in    fluvial    behavior    that    created    the.e      landformB.

Several  I)tudieg  favor  climate  varlabillty,  epeclflcally the  frequency
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of    large    floodB,  ag  the  primary  cause  of    erof)ion,     etability,    and

deposition     in    river     Bygtemg   (e.g.,   Knox  1972,     1976,     1983,     1985;

Burkham     1972;     I.eopold     1976;     Brackenridge     1980;     Wendland       1982j

Here ford    1984;   .ohn8on  and  Martin  1987).     In  addicion,   I)one    etudieg

guggegt    that    the    indirect    effects    of    climate,    aB    it    controls

vegetation    and  runoff,  can  be  the  dominant  variable  (e.g.,    I.angbein

and  Schumm  1958;   Knox  1972;   Baker  and  Penteado-Orellana  1977).

Other    research  guggegtB  that  alluvial  chronologief)  need  not    be

dependent      upon    external    forceB    guch    a8      climate.         I,aboratory

experiments    indicate  that  given  conf)tant  precipitation,    changef)    in

the  basin  can  Still  occur   (e.g.,  I,ewi81944j   Schurm  and  Porker  1973;

Schumm    et  al.1987).     Specifically,   long-term  activity  can    cause    a

critical  threshold  to  be  BurpagBed.    A  gradual  increaf)e  in    gradient,

for  exaLmple,  can  ultimately  result  in  overgteepening  of  the  valley

floor  and  entrenchment.     Schurm  and  Parker   (1973),   Schum  (1977),   and

Schumm    and    others   (1987)  have  demonstrated    that    multiple    terrace

levels,     in    fact,    can  result  from  a    Bingle    change    in    baeelevel.

Schumm    (1977)     argued    that    the    complexity    of    fluvial    behavior,

regardlegf)    of    the    cause,   indicateg  a  "complex    regpon8e"    to    ever

changing  variableg.

A    number  of  8tudief]  have  examined  late-Quaternary  terraceB    and

alluvial    fills    in  the  KanBag  River  bat)in.      Regult.    indicate    that

cycles    of    erosion,  depoBition,  and  I)tability  are    apparent    ln    the

ba.in    during    the  late  Quaternary.     In  the  Kant)af)    River    valley    in

eastern    Kangag,     for  example,  a  total    of  four    terraceB    have    been

recognized     (e.g.,   Mccrae  1954;   ElkB  1979j   Johnson  1985j   Johnson    and

Martin    1987;     Johnson    and  LogaLn  1990).   Some    8ynchrony     in    fluvial
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behavior    throughout  the  ba8in  i.  evident,  but  ie  eq`ially  clear    that

all  partB  of  the  I)ygtem  did  not  behave  the  I)abe  during  contenporanou8

periods  of  time.    Specifically,  it  appears  that  efball  trlbutariee  and
large    Btrealt`g    behaved    differently    during    the    late      Quaternary.

EpigodeB    of  floodplain  Btability,   for  example,  have  been    recognized

in  large  baBin8  that  do  not  exist  in  the  I)mallet  €rlbucariee  (.ohnE)on

and    Martin  1987).     Such  variability  nay  have  re.ult®d  from    external

forces     (e.g.,  climatic  fluctuations)  or  internal  adjuf)tmente    (e.g.,

changes  in  valley  gradient).
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CENTER  Ill
STUDY  Rna

Because    the  Wolf  Creek  ba.in  if)  a  relatively  emall    ba.in    that

contains    a    full    range  of    late-Quacern.ry    alluvial    depo.itf)    and

occupies  a  position  in  the  central  Xanf)ae  River  .y.ten,   (Fig.  1:1)   it

ig    an  ideal  place  to  compare  late-Quaternary  f luvial  behavior    in    a

trunk    gtreaim    and  its  f]mall  trlbutariee.    The  baf!in  if)    eituated    in

central    KangaB  within  the  Smoky  Hill.  phy.iographic  province    (Jantz

and    otherf]    1982),     and  drainf)  porcione    of    Rut).OIL,     O.borne,     and

Lincoln  Counties.     The  trunk  Stream  of  Wolf  Creek  flows  by  I.uray    and

through    I.ucag    to  itg  conf luence  with  the  Saline  River    about    3    )in

above  Sylvan  Grove  and  2  )in  below  Wilt)on  Dam.     The  major    tributaries

in  the  gygtem  are  the  West  Fork  Wolf  Creek,   Coon  Creek,   and -the    EaBt

Fork  Wolf  Creek   (Fig.   3:1).

Bedrock  Geology

Upper    Cretaceoug  rockf)  dominate  the  geology  of  the    .tudy    area

(Ba8B    and    Rubey  1925j  Hattin  1978),     although    I)one    uncon.olldated

PleiBtocene  loege   (Fleming  1972;  .antz  et  al.   1982)   and  upland  gravel

depoBitg     (BaBB     and    Rubey    1925j     Jantz    et     al.     1982)     have    been

recognized      in    the    bat)in     (Fig.     3:2).       The    rockf)      dip      north-

northeagtward    at    approximately  3.5m/)in.    The  Wolf  Creek    valley    i.

aggymetrical    in    croaf]  Section,  with  the  I)outhern  valley    wall    much

Steeper    than    the    northern    one     (Ba.I)    and    Rubey    1925).       Hence,

tributaries    in  the  I)outhern  portion  of  the  bagin  are  more    numerouE),

have    Eiteeper    gradient.,  and  are  much  .horter  than  in    the    northern

part  of  the  basin.
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A  STUDY SITE

10kmIll-I.   I-,   I-

Figure  3:1    Map  o£  the  Wolf  Creek  bat)ln  .howlng  town.,
tributarieB,  and  -tudy  I)ite..    Of  the  eight  .itee
Studied,  the  Pat)chal,  Schoen,  and  Naylor  Sites  were
I)elected  for  detailed  an.lyee..
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Figure  3:2    C®ologic  column  of  the  Wolf  Creek  bat)Ln.     Bedrock
geology  coneif)t.  largely  of  Cretaceou.-age  marine
ledimente,  although  uncoeolidated  depo.its  of
Plei.tocene  loe8e  and  gravel  can  be  found  in  the
upland  dividef)  of  the  drainage  (from  Ba..  and  Rubey
1925 ) .
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The    oldest  bedrock  unit  in  the  bat)in  le  the    Dakota    Fomation,

which  crops  out  below  I,uray.     The  I)akot&  Formation,   of  which  about  48

in    iB    exposed    in  the  Eitudy  area,   con.if)tEi    largely    of    non-marine,

variegated  mudBtoneB  and  light  yellowi.h-brorm  to  dark  brorm    channel

BandgtoneB    that  accumulated  in  an  environmentally    diver.a,    deltaic

getting.       Six    major    facieg    have  been    recognized    in    the    Dakota

Formation,     with  the  upper  9.2-12.2  in  repreEienting  a  tranf[ition    from

non-marine    to    I)hallow   marine    depo.ite  .t    the    b.glnnlng    of    the

GraneroB  tranggre8gion  during  the  Greenhorn  cyclothem  (H&ttin  1978) .

Stratigraphically    above    the  D.kota  Formation  1.    the    CraneroB

Shale,  which  ig  about  12  in  thick  and  crop.  out  ae  a  continuoue  narrow

band    in  the  Study  area   (Baef)  and  Rubey  1925).     According    to    Hattin

(1978) ,      the    Dakota-Cranerog    contact    reflects    intertonguing      of

adjacent  parts  of  the  two  unit.,  .uggeetlng  replacement  of  non-marine

and    marginal    marine  environmentf)  by    broadly    uniform,     open-marine

condit ions .

An  unconformity  geparateB  the  Cranerog  Shale  from  the    overlying

Greenhorn    Limestone    Formation     (Hattin  1978),     which    ie    the    mof)t

congpicuoug    formation    in  the  Wolf  Creek    begin,     forming    prominent

benches  along  the  valley  walls   (Bat)I)  and  Rubey  1925).     The    Greenhorn

Limestone  con8i8tB  of  about  30  in  of  interbedded  hard  chalk  and  chalky

marl    depoBitB   (Ba8g  and  Rubey  1925)  that  appear  identical  on    casual

obE)ervation     (Muilenburg    and    Swine ford    1975).       In    general,     moat

expoBureB      Show    thin,    rather    grayi.h-orange    to      yellowish-gray,

laminated    beds    of  alternating,  eoft  ehaly  chalk  and    .lightly   more

regiBtant  chalk  and  chalky  limef)tone   (Huilenburg  and  Swine ford  1975).

The    Greenhorn  Limestone  hag  been  Subdivided  into  four  members,     from

36



bottom    to      top,    the    I,incoln    I.ime.tone,  Harcland    Shale,    .etmore

Chalk,     and    Pfeifer    Shale   (Huil®nburg  and    Swine ford    1975;     I]attin

1978) .

The    uppermof]t    bed    of    the    Pfeifer    Shale    in    the    Greenhorn

I,imeBtone    iB  the  well-knorm  "Fencepof)t  I.imeEitone,"  a     .2-.25-in-thick

bed  of  re8i8tant  chalk  that  wag  quarried  extent)ively  during    European

Settlement.    The  lack  of  jointf)  in  thle  bed,  along  with  lte    relat+ve

goftnegf)  upon  expoBure,  made  it  a  favorite  I)ource  for  fencepoete    and

construction    atone.       The    Fencepolt  I.imegtone    markE)    the    boundary

between    the  Greenhorn  I,imef)tone  Formation  and  the  overlying    Carlile

Shale  Formation.

The  Carlile  Shale  Formation  iE)  an  approximately  loo-in-thick    bed

of    argilliceoug    and  chalky  .hale,   expref)I)ed  ag  benched    Blopef)    and

isolated    hills  in  the  Study  area.    two  memberE),  the  Fairport    Chalky

Shale,   and  Blue  Hill  Shale,  have  been  recognized  in  the  Carlile  Shale

Formation.       The    Fairport  Chalky  Shale  iB  about  26  in    thick    in    the

Study    area,  congigting  of  olive-gray  to  dark  olive-gray  chalky    marl

and    thin  beds  of  chalk   (BaBg  and  Rubey  1925).     The  Blue    Hill    Shale

overlies    the  Pairport  Chalky  Shale  along  the  northern  divide  of    the

basin    and    conBiBtg    of  noncalcareou8  dark    gray    I)ilty    I)h.ale    that

contains  geptarianf)  concretion..

The  youngeBt  Cretaceouf)  rock  in  the  .tudy  area  i.  the  Fort    Hay8

Limestone    member    of  the  Niobrara  Chalk  Formation,  which    crop.    out

along    the    northern    divide    of  the    .tudy    area.      An    unconformity

geparatef)  the  Fort  Hay.  from  the  underlying  Carllle  Shale    romation,

Bugge8ting    to    Hattin  (1978)  that    near-f]hore    erof)ional    conditions

prevailed  prior  to  deepening  I)eae  and  Fort  Hay.  depo.ition.    The  Fort
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Hayg    congigtg    of    thick    to  very  thick    bedfi    of    re.1etant    chalky

limestone    that    iB    light    gray    to    medi`im    gray    where    fro.h    and

yellowish-gray,    pale  grayiBh-orange,  or  nearly  white  when    veathered

(Ba8B   and  Rubey   1925).

Rock    units    younger    than  Cretaceou.  in  the    Wolf    Creek    bat)in

include    uncongolidated  depot)itf)  of  Plel.tocene  loo..  (Fleming    1972j

Jantz  et  al.   1982)   and  upland  gravel  bode   (Ba.f]  .nd  Rubey  1925;  Jantz

et     al.1982).     BagB  and  Rubey   (1925)   recognized  an  upper    and    lover

gravel  deposit  in  northern  Rut)I)ell  County.    The  lower  gravel  bed  lies
about  15  in  above  Stream  level,  con.i.ting  of  a  1  in thck  depot)it    that

contains    Steeply  crogB-bedded  pink  orthoclaete  and    chalk    fragments

well-cemented    with    lime.    The  upper  gravel    bed    ie    lithologically

Similar  to  the  lower  one,  but  contains  a  few  lenticular  bedf)  of  I)andy

clay  about  .3  in  thick;   it  lief)  about  20  in  above  etrean  level.

Pleistocene    loeBg  depoBitg  are  generally  confined  to  the    broad

uplands  in  the  northern  portion  of  the  baEIln  (Fleming  1972j  .antz    et

al.1982).     Although  the  thiclmeBe  and  absolute  age  of  the.e  depot)itf)

ig    unknown,     they    may  include  the    I,oveland    Loo.8,     Oilman    Canyon

Formatin,   Peoria  I,oeBB,   and  Bignell  I,oof)8  recognized  elf)ewhere  in  the

region   (e.g.,   .ohn8on  1990,  martin  1990).

'      Soil.

Soils    within  the  Wolf  Creek  baein  are  cia.I)ified  a.    molligol.,

entigolg,    or    inceptigolf),    and    have    been    divided    into      upland,

foot81ope,     and  floodplain  .oilg.    The  following  dlvifiion.  have    been

made    according    to  Coil  pogitlon  ln  the  land.cape    and    af)8oclatlon.

Upland  and  footglope  8oilB  have  formed  ln  loo..,  chal)ry  .hale,   ehale,
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chalky  limestone,   I)oft  limestone,  eandetone,  .nd  old  .lluvium.     Soils

formed    in  loegg  include  the  Crete-Barney-Nuckoll.  f]oil    aE)eociation,

which    are    loamy  in  texture,  well-drained,  and  are  found    in    nearly

level  to  moderately  eloping  and  .trongly  I)loping  topography.

Moderately  Sloping  to  Strongly  I)loping  Coil.  that  have  formed  in

Shale    re8iduum    are  eoile  of  the    Bogue-Corinth-Edalgo    af)I)ociation.

TheBe  goilB,  which  have  Bilty-clay  I)ubeoil.,   are  generally  moderately

well-drained.       Loamy,  excel)I)ively  drained  I)oile  that  have  formed    in

chalky  limestone,   Soft  limeBtone,   .hale,  or  chalky  ehal®  are  included

in         the      Armo-Nibf)on-Wakeen    I)oil    a.Bociation,       which      occupieE)

moderately  Sloping  to  Steeply  f]loping  poeitione  on  the  land.cape.

ExceBgively  to  moderately  well-dr.in®d  .oil-  formed  in  I)andf!tone

and    Bandy  Shale  reBiduum  on  moderately  f]loping  to  fi€eep    I)lopes    are

included    in    the  Hedvllle-Lancaf)ter  I)oil    af)eociaton.       I,oamy    I)oils

underlain    by    Bandy    and  gravelly  .edimentg  are    contained    in      the

exceggively  drained  Dorrance-Wellf)  I)oil  ae.ociation.

Floodplain  goilf)  formed  in  alluvial  depot)itf!  of  f loodplaine    and

Stream    terracef].      The  I)etroit-Humbarger-Roxbury    .oil    af).ociation,

which    ig    found  on  terraces  anbd  I loodplaine  along    Wolf    Creek,     i8

moderately  permeable,  calcareouf),  deep,   and  well-drained.       Humbarger

8oilf]    have  more  Sand  in  their  eubf]oilf]  than  do  Detroit    and    Roxbury

goilB.    Soils  found  on  floodplaine  and  terraceB  in  the  tributarief)  of

Wolf      Creek    are    componentg    of    the    Eltree-Inavele-Roxbury      .oil

aggociation.      Eltree  eoilf)  are  moderately  permeable  eoile  that    have

formed    in    Bilty    colluvial  or  alluvial    .edlmentf).       Inavale    eoilf)

formed  in  Bandy  alluvium  (Fleming  1972j  .antz  et  al.1982).
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Climate

The      climate    of    the    .tudy    area    i.    Strongly      concinental,

characterized    by  large  daily  and  annual  variatione    in    temperature.

Two  BtationB  close  to  the  Wolf  Creek  ba.in  (Rueeell  and  I.incoln,   Kf).)

have  maintained  temperature  and  precipitation  record.  .ince  the    late

1800g.       Winter    uBually    laBt.  from  December    to    February    with    an

average  temperature  of  0°   C.    The  .urmer  growing  eeaeon  if)  from  April

to  September,   during  which  time  the  average  high  temperature  ie    25.4'

C.      Annual  precipitation  reflects  that  the  I)tudy  area    ie    generally

west    of  the  f low  of  moiBture-laden  air  from  the  Cult  of    Mexico    and

east  of  the  Strong  rainBhadow  effectf)  of  the  Roe)ry  Mountain..       Total

annual    precipitation  iB  67.31  cm.     Of  thie  51.44  cm,  or    76    percent

falls    during    the    growing  I)eaBon.    Xo.t    precipitation    cone.    from

infrequent,  but  Severe  convective  etome  in  the  late-Bpring  and  early

Bummer     (.antz    et  al.1982;   Barker  and  Hanilton    1985).       Table    3:1

Bummarize8    monthly    temperature    and  precipitation    valuef)    for    the

Lincoln    Station,   just  east  of  the  Study  area.

Table  3:1  Ten erature  and  Preci itation  at  I.incoln
Temperature  (C° )                     Precipitation

Mean  Daily  Max.        Mean  Daily  Him.                (din)

Source:     Barker  and  Hamilton  1985:68.
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Vegretation

Vegetation    in  the  Wolf  Creek  baeln  can  b®  I)eparated    into    that

which    ig    natural  to  the  area  and  that  which  hag    been    imported    by

European    Bettlerg   (Kuchler  1974).  I,and-u.e  data  for    Ruef)OIL    County

Serve  ae  an  estimate  of  thiB  divif)ion  bett^reen  natural  and    cultivated

vegetation.       In  1982,   120,810  hectare.,  or  52  percent  of    the    total

land  area  in  RugBell  County,  wag  under  cultivation.     50,740  hectares,

or    42    percent    of  the  total  land  area  in    Rut)Sell    County,    wac    in

pasture;    the    remaining    6    percent  of    the    land    waf)    regarded    af]
unu8eable  for  agricultural  purpo.ef)  (.antz  et  al.1982).    Pat)ture    in

the    Wolf    Creek    basin  if)  generally  located    on    the    moderately    to

Strongly    eloping  uplands,  while  cultivated  land  if)  found    along    the

valley  of  Wolf  Creek,  and  the  level  uplands.

Craggland,     in  the  form  of  tall  and  mixed-graE)e  prairie,   1f]    the

dominant  natural  vegetation  of  the  .tudy  area,  although  wooded    areaf)

are    found    along    Wolf  Creek  and  the    upland    drainageway..       Cormon

prairie    grag.eg    include  big  blueBtem  (Andropogon    gerardi),     little
bluegtem     (A.   BcopariuB),   eideoate  grama     (

indiangragg     ( haBtrum  nutanf)

western    wheatgra8g     (

prairie    gandreed    (
ug  canadenBiB

Bouteloua    curci ndula

),   I)tritchgraf)I)     (

ron  f!mithLi

Calamovilfa    Ion

Pancacum    vir

),   blue    graLma     (

ifolia
A.    hallii

),     and    Canada      wild-rye

The  treeB  along  Wolf  Creek  and  I)maller  drainageway8  comonly  are

eastern      cottonwood       ( uluB    deltoldee

penngylvanica) ,   common  hackberry   (

),     green       aE)h        (

Celti.  occidentalif)

FraxinuB

),     black  willow

(Salix  nigra) ,  boxelder  (Picea  negundo),   I)lippery  elm  (

Zhoerican     elm   ( U.   americana ),  black  locu8t     (
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Robinia

UlmuE)  rubra),

Beudo-acacia),



and  American  plum   ( PrunuB  americana )   (.antz  et  al.1982).

Cultural  Hit)tory

Prior  to  European  Battlement,  the  I)tudy  area  vac    intermittantly

inhabited    by    nomadic    bands    of    Native    Jinerican    Sioux,       Pailrnee,

Cheyenne,       Arapahoe,     Comanche    and    Kiowa.       By    the    late       1860.,

homegteaderg       from      the      eat)tern    United      Sta€ee      and      CerDany ,

Czechoslovakia,    and  the  Scandinavian  countriee  began  to    .ettle    the

area  during  the  large  westward  migration.    Generally,  they  were  lured

by    the    Homestead    Act    of  1862  and    promotione    that    gave    glowing

accounts    of  the  area'g  natural  re.ource.  and    aefleflt..      Competition

with  cattlemen  from  Texaf)  for  land  wa.  keen  during  the  early  days    of

Settlement,  ag  ranchers  coveted  the  gralf)land  af)  free  range.

The  development  of  the  KanBa.  Union  Pacific  Railroad,  which  rung

through  the  Wolf  Creek  valley,  wa.  especially  influential  in  the

early    European  hit)tory  of  the  Btudy  areaj  it  wag  unique  in  that    the

railroad  preceded  much  of  Bettlement.    Once  eetabliehed,  the  railroad

encouraged  agriculturaligtf),   induetriallgtf),  and  torlrn  builder.  to  buy

tracts    along  the  line  through  low  land  co.t.  and  freight  ratef).      In

addition,    both  federal  and  8tate  governmentf)  offered  generou.    land-

grantg      and    low-coat    loans      to    potential    I)ettlerB.        Inten8ive

promotion    in    the  eastern  United  Statef)  and  the    European    countrief)
continued    to    attract  I)ettlerf)  during  thif)  time.    The    realltief)    of

life    on    the  Great  Plain.,  hovever,  vere  not  what    many    people    had

envisioned,   consequently  many  returned  hone  (Xuilenburg  and  Swine ford

1975) .

By    the    end    of  the  1880g  the    area    was    e.eentially    I)etcled.
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Ruggell    County    wag  organized  in  1872   (.antz  et    .I.     1982).       PoBt-

officeB    for  I,uray  and  I.ucaf),  the  principal  toune  in  the  Study    area,

were    ef]tablif]hed    in  1872  and  1888,     respectively     (Baughnan    1961).

According      to    the  1980  ceneue   (World  Book  Encyclopedia    1988),     the

population    of  Lucae  if)  524  and  I.uray  295.    Waldo,  the  mallet)t    torn

in    the  bat)in,  hag  a  population  of  75  and  i.  d®crea.lag.     In    keeping

with  the  tradition  of  the  area,  the  economy  of  the  bat)ln  if)  baaed    on

farming,  ranching,   and  related  enterprif)ef).
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CHAPTER   IV
RETHODOLcOY

Ag    a  result  of  the  large  number  of  alluvial  geomorph|c    .tudie8

in  the  central  United  States  the  pat)t  ten  yearB,  a  generally  accepted

methodology    hag    evolved    that    include8    a    variety    of    field    and

laboratory  procedures.    The  following  dLf)cuef)lan  le  a  Bumary  of    the

procedureB  that  were  used  in  this  Study.

Field  Procedure.

Early    in    the  project,  a  number  of  I)ource.  trere    acquired    that

yielded    baseline  information  about  the  Study  area:    U.S.    Ceological
Survey  7.5-minute  topographic  maps,   eoilf)  map8,   aerial    photography,

and    other  relevant  published  and  unpublighed  material.    During    this

early      Stage,      topographic    maps,    in      conjunction      with      aerial

photography,    were  analyzed  in  an  ef foft  to  identify  potential    gtudy
Bites    and    the    Spatial  limits  of    Bignif icant    geomorphic    featuref!

(e.g.,   terraceB.   floodplainB).

Once  the  topographic  map.  and  aerial  photography  were    analyzed,

an    extensive  I ield  Survey  wag  conducted  to  ag.efbble  an  inventory    of

Study    I)iteB,     including    terrace.,  cut-bank    expo.uree,    and    gravel

quarries.      General  gtratigraphic  deBcriptionf)  were  complied  for    all
cut-bank      Bites,    which    perfuitted    .tratigraphic      markerf)      (e.g.,

Sedimentary    units,    paleogolg)    to  be    e.tablif)hod    in    the    valley.

Stratigraphic      unite    recognized    in   thi-    Btudy    are    .imllar     to

allot)tratigraphic    unitf]    of  the  North  American    Stra€igraphlc    Code,

which  delineates  Btratif led  bodies  of  I)edimentary  rock  or  .edlment  by

boundarieB    that    are    laterally   traceable    dieconformitie.      (North
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American  CommigBion  on  Stratigraphic  Nomenclature  1983).     A  bipartite

gtratigraphic    nomenclature    wag  uf)ed  in  this    f]tudy.     BoundarleB    of

Btratigraphic    unite    were  marked  by  the  upper    boundary    of    I)urface

Boils    or    buried    eoilEi    that    had    morphologically      well-expregged

horizonf].         Roman    numeral8    deBignate    the      .tratLgraphlc      units,

beginning with  I  at  the  top  of  the  .ectlon.

Soilf!  exposed  ln  the  gtratigraphlc  prof ilo  were  clef)cribed    uf)ing

Standard    U.S.D.A.     terminology    and  procedureg     (Soil    Survey    Staff

1987).       Each    Boil  horizon  waf)  deBcribed  in  €ermf)    of    ite    texture,

Mun8ell    matrix  color  and  bottling,   Structure,  and  boundarief].      When

present,    root  channels,  krotovina,  clay  filing,  and  matrix    carbonate
were  also  described.

Study    I)iteB    that  clearly  illustrated  the  valley  f ille    in   the

basin  were  Selected  for  detailed  clef)cription  and  I)ampling.       Cut-bank

expogureg    were    cleaned  and  .ampled  by  hand,  but,   in    placeg,     coref]

were  retrieved  with  the  Ciddingg  Hydraulic  Probe.

The    f ill    at    each  detailed  Study  Bite    waf)    I)ampled    at    close

intervalB  for  chemical  and  Bedimentological  analyf)ef).     Strata    within

the    alluvial    unit.  were  8yBtematically  .ampled  at  10    cm    intervals

(Krumbein  and  Craybill  1965).     Significant  eedlmentary  featureB   (e.g,

gilt    drapeg,   laminae)  were  f]ampled  independently  or    were    otherwise

documented    to  help  reconstruct  depo8itional  higtorieg.  In    order    to

determine  the  onset  and  termination  of  pedogeneele  ln  paleo8olB,  bulk

Bampleg     (approximately  2,000  gin)  were  collected  from  the    lower    and

upper  5  cm  of  buried  A  horizonB  for  radiocarbon  age  determinatlonB.
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I.aboratory  Procedure.

A   variety  of  laboratory procedure.  exigt.  for   detemination  of

the    chemical    and  phyE)ical  nature  of  alluvial    I)edimente.       Chemical

testing    of    cloEie-interval  .ample.  collected    included    pH,    organic

carbon,     and  calcium  carbonate  analyBie.  Soil  pH  wac  detemLned    with

the    glae8    electrode  using  a  1:1  Eioil-water  BUBpengion    and    percent

organic  carbon  by  the  "loBf)-on-ignition"  method  (Dean  1974).     Percent

calcium  carbonate  waf)  calculated  by  the  "Chittick-  method  and    8tageB

of    carbonate    morphology  (Table  4:1)  were  de£1ned  according    to    the

claBgification  f]cheme  of  Birkeland   (1984).

The    pipette    method  (Day  1965)  va.    uf)ed    for    .edimentological

analygig    of    cloge-interval  ganple8;  the    dif)tributlon    of    particle

gizeg  wag  determined  to  corroborate  and  ref ine  f ield  obf)ervatlon8    of

texture.     A  25-gin  gubgample  wag  weighed  to  the  nearefit  0.01  gin.       All

gampleB    were  treated  with  1  N  HCL  to  remove  calcium    carbonate,     and

were    then  thoroughly  ringed  by  centrifuging.    The  eample.  were    then

treated    with  5-15  ml  of  hydrogen  peroxide  to  dige.t  organic    matter.

All     gampleg  were  diBperBed  with  125  nl  of    I)odium    hexametaphoBphate

and    placed    on  a  Shaker  overnight.     The  Band  fraction  (>    than    62.5

microns)    wag    then  removed  from  the  Jilt  and  clay  fraction.    by    wet

Sieving,     and  oven  dried.     Silt  and  clay  (<62.5  micronB)  that    pagged

through    all    gieve8  wag  returned  to  the  I)u.penf)ion  ln    the    1000    ml

cylinder.      Pipette    readinge  were  then  taken    at    pro.cribed   times,

depending  upon  room  temperature,  to  determine  the  proportion  of  fine,

medium,     and  coarf)e  clay  and  Bilt.     The  I)and  fraction  wac  dry    I)loved

in    a    Sonic    Bifter  at  0.25  phi  intervale,  and  the    weight    of    each

interval  wag  recorded.

46



Table  4:1.  Stages  of  carbonate  morphology  for  nongravelly  Sediment.

ePro rtie8

11+

Ill

Ill+

IV

VI

Few  filamentB  or  coatings  on  I)and  graingj  <10*  calcium
carbonate

Filaments  are  common

Few  €o  common  noduleg;  matrix  between  noduleB  ig
Slightly  whitened  by  carbona€e  (15-50t  by  area),  and
the  latter  occurf)  aB  veinleta  and    aB  filamentBj  gone
matrix  can  be  noncalcareouB;   about  10-15&  calcium
carbonate  in  whole  f]ample,   15-75*  in  nodules.

Cofnmon  nodulegj   50-90*  of  matrix  iB  whitenedj   about  15*
calcium  carbonate  in  whole  Sample.

Many    nodules,   and  carbonate  coats  I)o  many  grainB  that
over  90t  of  horizon  ig  white;  carbonate-rich  layers  are
more  common  in  upper  part;   about  20*  calcium  carbonate.

HOE)t  grains  coated  with  carbonate;  mof)t  poref)  plugged;
>40*  calcium  carbonate.

Upper  part  of  K  horizon  ig  nearly  pure  cemented  calcium
carbonate   (75-90t  calcium  carbona€e)   and  hag  a  weak
platy  .tructure  due  to  the  weakly  expref]ged  laminar
depogitional  layers  of  carbonate;  the  rest  of  the
horizon  iE)  plugged  with  carbonate   (50-75*  calcium
carbonate ) .

I,aminar    layer    and  platy  Structure  are  Strongly
expreBf)ed;  incipient  brecciation  and  pigolith  (thin,
multiple  layerB  of  carbonate  Surrounding  particleB)
fomation.

Brecciation    and  recementation,  ag  well  a8  pit)olithB,
are  common.

Source:   From  Birkeland   (1984:   Table  A-4).
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All  particle  Size  reBultg  were  converted  to  the  logarithmic    phi

Scale    using    Boftware    developed  by    Prante     (1990).       Thlg    program

conBtructg      a      cumulative      frequency    curve      for      the      Particle

diEltribution,    and  then  reads  the  desired  phi  value  from    it.      U8ing

this  technique,    a  range  of  percentile  phi  values  wac  calculated    for

each    gamplej    the  fifth,  fiftieth,  and  ninety-fifth   percintile   phi
values  were  used  in  thif)  Study.    The  fifth  percentile  repreBentf)    the

coarse    fraction    of  the  Sample,  the  fiftieth  percentile    the    median

value    of    the    Sample,    and  the    ninety-fifth   percentile    the    fine

fraction    of  the  Sample.     The  degree  of  diE)per8ion  of  eediment    I)izeg

(i.e.,   Sorting)   around  the  mean  phi  values  wa.  all)a  calculated    uBing

parameters  deviBed  by  Folk  and  Ward   (1957).

Ten  bulk  Boil  BarnpleB  were  Bubmitted  to  the  Univer8ity  of    Texa8

Radiocarbon  Laboratory  for  radiocarbon  age  determinationB.    Prior    to

Bubmi8gion,  all  8ampleg  were  dried,  pulverized,   .ieved,   and    cleaned.

At    the    radiocarbon    laboratory,  the  I)ampleB    were    Subjected    to    a

variety    of    procedures    that    ultimately    produced    ages    that    were

corrected  for  carbon  13  content.
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crmTER v
RESUI.TS   ANI)   DISCUSSION

Introduction

ThiB        chapter      Burmarizeg      the      late-Quaternary        al luvial

gtratigraphy    and  chronology  in  the  Wolf  Creek  bat)in,     and      provide8

interpretations  of  that  record.    FirBt,  geomorphic  and    I)tratigraphic

data  from  the  Wolf  Creek  basin  are  degcribed.    Second,    etratigraphic

evidence  and  radiocarbon  ageB  are  uf)ed  to  congtruct  a  late-Quaternary

alluvial    chronology    for   the  wolf  creek ba8in.      Third,    the    late-

Quaternary    alluvial  chronology  of  the  Wolf  Creek  bat)in    lE[    compared

with    alluvial    chronologief)  from  other  I)treamf)  in  the    Kangae    River

gyBtem.    Finally,  the  poggible  cauBeB  of  late-Quaternary  alluviation,

erosion,    and    landscape    I)tability    in    the    Wolf    Creek    bat)in    are

considered.

Terraceg  and  Valley  Fill.

At  leaf)t  four  terrace.  and  four  valley  f ill.  are  pre8ent  ln   the
Wolf    Creek  basin.      The  I-4    terrace  iE)  underlain  by  Fill  I  and    hag

been    nodlf led    considerably    by  eroE)ion  and    the  I-3    terrace    i.    a

gtrath  terrace.  The  I-2  and  I-I  complex  terraceE)  appear  to  be  largely

f illtop terraceg  (the  uppermost  terrace  in  the  I-1  complex  ig  a  I ill-

gtrath    terrace    and    the  other  I-1  complex  terraces    may    have    been

eroded    periodically).  The  I-2  terrace  ig  underlain  by  Fillg    11    and

Ill  and  the  I-1  complex  ig  underlain  by  Fill  IV.  The  floodplain  (I-0)

ig    poorly    developed,  conf)if)ting  of  narrow,  thin  depot)itf)    of    pogt-

gettlement    alluvium that  cap  coarse  gravel  adjacent  to    the    8tream.

Figure    5:1    illugtrateg  the  generalized    I)tratigraphic    relationBhlp
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Figure  5:1    CroBe-I)ection  of  the  Wolf  Creek  valley  that  ehowf)
the  relationf)hip  of  the  I-4,  I-3,  I-2,  and  I-1
complex  and  I loodplain with  th.  alluvial  I ille  in
the  baBin.    The  I-4  terrace  i.  underlain by  Fill  I;
the  I-3  ie  a  fitrath  terrace  on  Dakot.  Sand.tonej  the
I-2  terrace  i.  underlain by both Fill.  11  .nd  Ill
and  the  I-1  terrace  complex  and  I loodpl.Ln  1.
underlain  by  Fill  IV.
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between  these  terraces  and  alluvial  fills  in  a  valley  crogB-Section.

T-4  Terrace

The    I-4  terrace  ig  unpaired  and  varies  in  height  between    about

27    and  18  in  above  the  floodplain  and  ig  underlain  by    gravelly    fill

(Fill     I)     that    wag  described  by  Ba88  and    Rubey     (1925)     and    Berry

(1952).     The  beet  exposure  of  I-4  fill  occurs  in  a  gravel  pit  located

in       SW1/4,   NE1/4,   Section  7,   T12S,   R10W   (Figure  5:2).        Within     this

exposure,     gravelB  and  cobble8  can  be  found  in  a  variety  of    bedformg

in    conjunction  with  up  to  1  in  thick  lengeB  of  coarse  gilt.    Although

materials    Suitable    for    radiocarbon    age    determination    were      not

recovered,     the    position  of  the  terrace  in  the    landE)cape      guggeBtB

that    the    gravel     iB  probably  pre-Wigcongin  in    age.       Berry     (1952)

concluded  that  Similar  gravel  depogitg  in  Lincoln  County  belonged    to

the      Meade    Formation    and    therefore,     according    to    the      claggic

chronology,   were  late  KanBan  or  Yarmouthian  in  age.

T-3  Terrace

Along    the    valley  margins  of  Wolf  Creek  iB  the  T-3    terrace,     a

gtrath    terrace    on    Dakota    Sandstone     (Rocktown    Channel    Sandstone

Member?)     that     ig  about  5  to  6  in  above  the  modern    floodplain     (Fig.

5:3).       Where  the  T-3  terrace  iB  most  extensive   (SE1/4,   SE1/4,     Sect.

25,     Ills,     R12W),     the     Surface  iB  cappedbyupto     7     in    of     loegB.

Although  the  absolute  age  of  this  Surface  i8  unknown,   it  wag  probably

created    when  Wolf  Creek  entrenched  following  the  deposition    of    T-4

fill.
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Figure  5:2    View  of  the  T-4  terrace,  underlain  by  Fill  I,  at  the
Schoen  Gravel  Pit.   Fill  I  congiBtB  of  gravel8,   found
in  a  variety  of  bedformB,  that  are  probably  pre-
wiBcongin  in  age.
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Figure  5:3    View  of  the  I-3  terrace.    The  terrace  i.  a  I)trath
terraLce  on  Dakota  SandBtone  along  the  valley  margins
that  wag  created  af)  Wolf  Creek  entrenched  following
deposition  of  Fill  I.  At  this  locality,  the  I-3
terrace  iB  capped  by  approximately  6  in  of  loeB..
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T-2  Terrace

The  dominant  alluvial  f]urface  in  the  Wolf  Creek  baBin  ie  the  I-2

terrace,  a  paired  filltop  terrace  that  I)tandf)  between  3  and  5  in  above

the    modern    floodplain.       In  mo.t  portionf)  of    the    bafiin,    the    I-2

terrace    occupies    about  95  percent  of  the  valley  floor.     In  a    3    )in

reach  just  below  the  torn  of  Luray,  however,  up  to  25  percent  of    the

terrace    and    its    underlying  I ill  has  been  removed    due    to    lateral

erosion,     leaving    isolated  fragmentf)  of  the  gurface    in    the    valley

bottom   (Figure  5:4).

The    T-2    terrace  ig  underlain  by  Fillg  11  and    Ill.      Extensive

foot    Survey    indicates  that  the  only  I ill  exposed    beneath    the    I-2

terrace  in  the  main  valley  of  Wolf  Creek  and  the  lower  reache.  of  itB

major    tributaries    iB    Fill  Ill,    a    generally    Bilty    late-Holocene

alluvium    with  gravel  at  the  baLge.    Radiocarbon  af]f)ay.  indicate    that

the    bulk    of    I ill    Ill    alluvi`rm    in   this    portion    of    the   ba8in

accumulated  between  about  5,300  and  1,000  yrE)  B.P.  The    etratigraphic

record    preserved    in  I-2  fill  indicates  that    during    the    Holocene,

periods    of  alluviation  in  the  basin  were  punctuated  by    epif)odes    of
floodplain    Btability    (i.e.,   Boil  formation).  Seven    gectiong    where

Fill  Ill  ig  clearly  expof!ed  were  deBcribed  in  the  main  valley  of  Wolf

Creek    and    the    lower    reaches    of    its    tributaries.      Figure      5:5

illugtratef]    that    Significant    featuref)    (e.g.,    .edimentary    unite,

paleo8olg),    can    be  morpho-I)tratigraphically  traced    throughout    the
lower  reaches  of  the  baf!in.

In    the    upper  reachef)  of  the  baBin,  both  Fill!  11  and    Ill    are

exposed    in    cutbankg  beneath  the  T-2  terrace.       In    thef)e    expoguref!

Fill    11,     which    congiBtg  of  1.5  in  of  8ilty    early    to    mid-Holocene
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Figure  5:4    Extent  of  the  I-2  terrace  and  I-1  terrace  complex
1  Co  2  )in east  of  Luray.  In  thie  reach  of  the
•tream,  approximately  25  percenc  of  I-2  fill  ha.
been  removed  by  lateral  erosion  in  conjunction With
etrean entrenchment,  leaving  i.olaced  fragment.  of
the I-2  terrace.
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Figure  5:5    I,ocatlon  and  age.  of  .lgnlflcant  etratlgraphlc
markerf]   (1.e. ,  paleof!ol.  and  organic-rich  depoelte)
beneath  the  I-2  terrace  at  .1te.  1llu.trated  ln
Figure  3§1.    Re8ult.1ndlcate  that  these  markerl  can
be  morpho-etratlgr.phically  traced  ln  cutbank.
throughout  the  ba.1n.  The  numbered  I)1te.  are
location.  that  were  .yf)tematlcally  de.crlbed,  while
the  Naylor,   Pat)chal,   and  Schoen  site.  were  deecrlbed
and  analyzed  .t  clot)e-interval..

Scho®n Sit.



alluvium,     iB    buried    by    about  4    in    of    late-Holocene    (rill    Ill)

alluvium.      Fig`ire  5:5  illustrate.  that  in  the  upper  reachee    of    the

basin,  one  I)ec€ion,  the  Naylor  Site,  va.  de.crlbed.

Of  the  eight  cutbank  eectionf)  that  were  deecribed  ln  thlf)  Study,

three    were    f]elected    for  detailed    chemical,    and    .edlnentological

analy8eB    at    close  intervalB.  Becauee  the  Pa.chal  and    Schoen    Sitef)

belt    represent  Pill  Ill  in  the  upper  and  lower  reachee  of  the    trunk

valley,      respectively,    they   were      I)elected      for      cloee-interval

analygeB.     Similarly,  the  Naylor  Site  vac  clef)cribed    and    I)anpled    at

close-intervalE]    f]ince  thif]  locality  beet  expref).ef)  the    relationE)hip

between    Fills    11  and  Ill  in  the  upper  reach®.  of  the    basin    (Figs.

3:1;     5:5).       The  following  if)  a  di.cut).ion  of  the    reBult.    obtained

from  thef]e  analyge8.

Paschal    Site.       The    Paf]chal  Site,     named    after    landowner    William

Paschal,   if)  an  east-facing  cutbank  expof)ure  of  late-Holocene  alluvium

(Fill    Ill)     located  about  2  )in  eagt  of  Luray  (Figs.     3:i    and    5:6).

Approximately    9.5  in  high,  the  I)ection  con.if)tf)  of  depot)ite  that    are

largely    gilt  and  I)ilt  loam  in  texture,  and  are  generally   poorly   to

very  poorly  Borted.     Three  Sedimentary  unitf)  and  three  pal®of)olf)    are

contained  within  Fill  Ill  at  thig  locality  (Pig.  5:7).

Unit  Ill  ig  the  lowermof)t  and  thicket)t  I)edilnentary  unit  in    Fill

Ill    at  the  Paschal  Site,   extending  from  9.51  to  2.66  in    (Fig.     5:8).

The  fill  in  Unit  Ill  fines  upward,  ae  .  5.27-n-depot)it  of    relatively

f ine-textured    alluvium   overlie.  thick gravel  beds    that    are    found

between  9.51  and  7.93  in  at  the  bale  of  the  exposure.     Each  gravel  bed

i8  Separated  by  a  layer  of  I)ilt,  indicating  that  floodplain  formation
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Figure  5:6    Topographic  Map  of  the  P.I)ch.I  Site.     The  Pa.chal
Site  i-  an  ealt-I acing  cutban)c  expo.ure  ln  the  SE
1/4,   SW  1/4,   Sect.   9,   Ills,   R12W,   6P.H.,   I,uray
Quadrangle   (1978).
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Figure  5:7    View  of  the  PaBchal  Site  that  Bhowf)  the  I-2  terrace,
and  about  9.5  in  of  late-Holocene  (Fill  Ill)   fill.
The  f ill  of  the    Paschal  Site  coneiBtf)  o£  three
I)edimenEary  unite,   largely  .ilt  and  .il€  loam  in
texture,  that  are  poorly  .or€ed  and  well  laminated.
At  the  baf!e  of  the  exposure  are  alternating  layers
of  coarse  gravel  and  Bilt.  Radiocarbon-age
deterlrLination  on  an  organic-rich  Elilt  layer  8.6  in
below  the  Burface  yielded  an  age  of  5,360±110   (Tx-
7078).     Radiocarbon-age  determination  on  the
upper   .05  in  of  the  4Ab,   3Ab,   and  2Ab,   yielded  ages
of   1,830±70   (Tx-7077),1,510±80   (Tx-7076),   and
1,290±70   (Tx-7075).,   respectively.
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Figure  5:8    Stratigraphy  and  .ediment  texture  of  the  Pat)chal
Site.  three  eilty  I)edimentary unit.  (Unit.  Ill,  11,
and  I)  are  recognized.1n  rill  Ill.    JLt  the  bale  of
the  expo.ure  are  alternating  layer.  of  coar.e  gravel
and  .ilt,  indic.ting  that  £1oodplain.  5,300  yre  B.P.
were  con.tructed  by  lateral  accretion  of  point  bar
depoeite  and  Sub.equent  depoeiclon  of  I ine  overbank
eediment. .
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during  the  late  Holocene  in  Wolf  Creek  coneif)ted  of  a  conblnatlon    of

lateral    accretion    of  coarf)e  textured  gr.vel    folloved    by    ov®rbank

deposition  of  fine  gediment8.

A    representative    I)equence    of  depoeitf)  that    combine    the    two

proceBBeg    mentioned  above  lie.  between  9.1  and  8.58  dL.     Between    9.1

and    8.76    in    iB    a  deposit  of    coar.e    fragt[Ient.    o£    lime.tone    and

BandBtone  that  are  up  to  .08  in  in  diameter.  An  O.18-n-thick  layer    of

gilt    loam  overlief]  the  coarBe  .tratum.    Figure  5$8  1lluetrate.    that

the    8ilty    layer  itBelf  fines  upward,  ae  the  lower   portion   of    the

Stratum  containf]  much  more  .and  than  the  upper  portion.     Thle  I)tratum

ig  heavily  gleyed  (10YR4/I)   and  if)  relatively  high  in  organic  matter

(2.3*)i     consequently,   the  upper   .05  in  (8.58-8.63  n)  wac  .ampled    for

radiocarbon    age  determination,  and  yielded  an  age  of    5,350±110    yr8

B.P.    (Tx-7078).

Between    8.58    and    2.66,  mthe  fill  ln    Unit    Ill    con.igtf)    of

alternating    depogitg    of  poorly-8orted  .ilt  and  .ilt    loam   textural

clagseg      that      are    generally    well    laminated,      eugge.ting     that

accumulation    of    these  depo8itf)  wall  rapid.     Figrure    5:8    1lluf)tratef)

that    from    8.58  to  4.60  in the  pactern8  in  the    fill    are    remarkably

congigtent.    Other  than  a  Sharp  increase  at  the  top  of  the    uppermoBt

gravel    lens    and  a  Sharp  decreaf)e  at  4.70  in,  the  amount  of    clay    in

this  portion  of  the  fill  if)  generally  about  7  to  8  percent.

The  variability  in thif)  portion  of  Unit  Ill  lie.  in  the  I)and  and

gilt    content,  8uggeBting  that  accumulation  of  thl.  portion  of    late-

Holocene  f ill  conBiE)ted  of  a  eerie.  of  f lnlng  uprard  I)equencee  during

intense    overbank  floodB.    Figure  5:8  illuetratef)  that    increaf)ef)    or

decreageg    in    Band    content  are  in    conjunction    with    decreaf)efi    or
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increaBeg,     respectively,     in    Silt.     Between  6.40  and    6.20    in,     for

example,   Band  content  ig  relatively  high  at  25  percent.

In  contrast,  the  amount  of  gilt  in  the  fill  i.  about  70  percent.

Overlying    this  f]andier  depof]it  if[  a  .45-in-thick  layer  that    contains

between    75    and    80  percent  gilt  and  only  10    to    15    percent    I)and.

Similar    patterrig    are  I)een  elsewhere  in  thll  portion    of    Unit    Ill.

Figure    5:9    illugtraceg  that  Sand  and  I)ilt  frac€ione    are    fine    and

coarse,  respectively.    The  content  of  calcium  carbonate  if)    generally

Stage    11+  ag  well-defined  I)tringerf)  and  nodules  of    carbonate    exit)t

throughout  the  fill.    The  Boil  pH  curve  generally  mirrorf!  the  calcium

carbonate  curve  and  if)  congiBtently  between  7.5  and  8.5   (Fig.   5:10).

At  a  depth  of  4.6  in  a  Bharp  contact  can  be  I)een  in  Unit  Ill,  one

that    initiates    a  1.2-in-thick  depoeit  of  poorly-Sorted    coarBe    I)ilt

(Figs.   5:8  and  5:9).    In  contrast  to  the  relatively  variable    depoBit
below,    this    layer    of  gilt  ig    remarkably    conf)if!tent    in    texture,

guggegting    that    overbank  I loodg  during  thi8  time  were    of    moderate

intensity.       The    Band    and    clay    tract+one    are    conf)if!tently    fine

textured    while    the  gilt  fraction  iB  generally    coar.e    (Fig.    5:9).

Calcium    carbonate  content  if]  congi.tently  Stage  11  af)    well    clef ined

stringerg    are  present  throughout,  and,  corref)pondingly,   Boil    pH    ig

generally  approximately  7.5   (Fig.   5:10).

Another  Sharp  contact  wac  obeerved  at  3.4  in,  one  that    initiates

a    gerieg  of  well-laminated  depogitf!  thac  cap  Unit  Ill.       Figure    5:8

illuE)trateB    that    in  thiB  portion  of  Unit  Ill,  a    .erieg    of    fining

upwaLrd    gequenceg  can  be  Been,   gugge.ting  that  overbank  I loode    again

became    more  intense  and  variable  during  thif)  time.     In    contrast    to

the  lower  depoBitB  in  Unit  Ill  that  I ined  uprard,  the  clay  content  in
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Figure  5:9    Graphical  etatietic.  of  the  I)edlnente  at  the  Paschal
Site.    Ref)ultf)  indicate  that mo.t  of  the  fill  ie
poorly  f]orted  and  coar.e  .1lt  Ln  teature.
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Figure  5:10    Chemical  analyeeB  of  the  I)edimente  at  the  Pagchal
Site.  Ref)ult.  indicate  that  organic  carbon  content
define.  paleo.ol  boundariefi  veil,  calcium  carbonate
generally  increa.ee  from  Scage  I  a€  the  top  of  the
•ection  to  Stage  11+  at  the  bottom,  and  pH  ranges,
from  top  to  bottom,   from  about  6.5  to  9.0.
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Ch.   upp.r  portion  of  Unit  Ill  1.  nuch nor.  v.rl.bl.    1n    conjunction
with    decreagef)    or  increaf)eg,  respectively,  of  both  I)and    and    I)ilt.

Calci`im    carbonate  content  if)  generally  Stage  11  and  pH  ie  about    7.5

throughout  this  portion  of  Unit  Ill   (Fig.  5:10).

Capping    the  top  of  Unit  Ill  ig  a  moderately-developed    paleogol

that    formed  in  the  well-laminated  depogitf)  at  the  top  of    the   unit.

This    paleogol    conf]igtg  of  about  a  .54  in  thick    gray     (10YR3/1)     4Ab

horizon     that    i-    relatively   high    in    organic      content      (3.2t).

Radiocarbon  age  determination  on  hunatee  from  the  upper  .05  in    (2.66-

2.71    in)  of  the  4Ab  horizon  yielded  a  a-13  corrected  radiocarbon    age

of     1,830±70  yrB  B.P.   (Tx-7077).     Small  fragmentB  of  bone,     charcoal,

and  burned  earth  are  Scattered  in  the  lower  .60  in  of  the  4Ab  horizon,

but  do  not  appear  to  represent  an  in  .itu  cultural  component.

The    4Ab  horizon  gradeE)  into  the  4Cb  horizon  by  way  of  a  0.22    in

thick    4Acb  horizon  (Appendix  A).     Figure  5:10  illuBtrateg  that    I)one

illuviation    of  carbonate  may  have  taken  place  in  the  paleoBol    Since

an  increaf)e  from  Stage  I  to  Stage  11  occurs  from  the  lower  portion  of

the  4Ab  horizon  to  the  4Acb  horizon.

Following    the    epi8ode  of    f loodplain    Btability    approximately

1,800    yrf]    a.P.,  Unit  11  began  to  accumulate  at    the    Paschal    Site.

ThiB    Bedimentary    unit,    which  conBigtB    of    alternating    layer.    of

Sediment    in    the    gilt    loam  and    I)ilt    textural    claE)gee    that    are

generally    poorly    Borted,     extendf)    from      2.66    to       1.14    in.       The

lowermost     .70    in    of    Unit  11  conBiBte  of    a    thick,     fining    upward

Sequence    in    reBponge    to    variable    flood    magnitudef)     (Fig.     5:8).

Between    2.66  and  about  2.35  in  the  Band  content  if)  up  to  25    percent,

while  gilt  and  clay  content  are  about  65  and  5  percent,  reBpectively.
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The  I ifth  percentile  phi  valuef)  indicate  that  the  Eland.  are  nedlum  in

texture  (Fig.   5:9).    A  peak  ln  the  calcium  carbonate  curve  (Stage  11)

between    2.66  and  about  2.31  n  8uggef)t.  the  underlying  4Ab    may    have

impeded  the  downward  movement  of  illuviated  carbonate  (Fig.   5:10).

Flguree  5:8  and  5:9  illu8trate  that  a  Sharp  contact  can  be    Been

at  2.35  in,  one  that  initiatef[  a  .35-in-thick-very-poorly-.orted    layer

that    if)  repref]ented  by  a  fiharp  increaBe  in  I)ilt  and  clay  content    in

conjunccion    with    a    I)ignif icant  drop  in  .and  content    to    nearly    5

percent.      The    highe.t  percentage  of  clay  i.  found  at    2.10    in    (ca.
30t),  where  the  I)ediment  ie  texturally  claf)I)ified  af[  I)ilty  clay  loam.

Figure    5:9  indicatef)  that  each  fraction  of  gediment  in  thi.    portion

of    Unit    11  if)  relatively  fine  textured.    Stage    11    carbonatee    are

present    throughout  thiE)  Eiequence  of  depot)itE),  but  there  ie    let)8    in

the  overlying  clay-rich  layer.    Soil  pH  range8  from  about  7.5  to  7.75

throughout  the  Sequence   (Fig.   5:10).

At    1.96  in  ln  Unit  11  the  percentage  of  clay  ln  the    fill    again

becomeB  let)8  than  the  .and  content.     Be€wean  thif)  contact,  and    about

1.5    n  the  amount  of  clay  in  Unit  11  gradually  decreaf)ef]  to  nearly    2

percent.     In  conjunction  with  thif)  drop  in  clay,   I)and  content    rangeB
between    20    and  25  percent,  while  the  percentage  of    lilt    Peakf)    to

nearly    85  percent  at  1.6  in  (Fig.   5:8).   Calcium  carbonate  content    iE)

higheE)t    (Stage  11)   jut)t  above  the  contact  with  the  underlying    eilty

clay    loam  layer  mentioned  above,  but  decrea.ee  to  Stage  I    at    about

1.5  in.     Soil  pH  fbirrore  the  decrea.e  in  carbonate  content  af)  it  dropB

from  approximately  7.5  at  1.96  in  to  7.0  at  1.57  in  (Fig.   5:10).

Between    1.5  in  and  the  top  of  Unit  11  at  1.14  n,  the    amount    of

clay    in the  I ill  again  increaeeg  in  conjunction with  a    decrea.e    in
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Band    and    I)ilt     (Fig.     5:8).     Figure  5:9    indicateg    that    the    clay

fraction  iB  f ine  textured,  while  the  I)and  and  gilt  fractionf)  are  I lne

and    coarEie  tex€ured  reBpectively.    Stage  I  carbonate  i.    preBent    in

this  portion  of  Unit  11,   and  pH  ig  about  7.0  (Fig.   5:10).

Contained  within  Unit  11  if)  a  moderately-developed  paleo.ol  that

formed    in  the  depogitB,  texturally  cla.I)ified  I)1l€  loan,  within    the

upper  portion  of  the  unit.    ThiB  paleogol  coneif)t.  of  about  a    .48-m-

thick,    dark    gray    (10¥R3/1)  3Ab  horizon  that    i.    rich    in    organic

content     (6.O*)i    the    organic  matter  curve  in    Figure    5:10    clearly

illugtrateB    the    boundarief)    of  the  3Ab    horizon.      Radiocarbon    age

determination    on    humatef)  in  the  upper  .05  in  (1.14-1.19    in)     of    the

paleoBol  yielded  a  C-13  corrected  age  of  1,510±80  yr.  B.P.   (Tx-7076).

The    3Ab  horizon  gradef)  into  the  3Cb  horizon  by  way  of  a     .13-m-

thick  3Acb  horizon  (Appendix  A).    Precipitation  of  calcium    carbonate

from  the  overlying  3Ab  into  the  upper  3Cb  iB  apparent  in  the    calci`rm

carbonate  and  pH  curves  in  Figure  5:10,  which  indicate  that  carbonate

content    ranges  from  Stage  I  to  Stage  11  and  pH  from  7.6  to  7.8    from

the  lower  3Ab  to  the  upper  3Cb.    Extensive  illuviation  of  clay  may  be

indicated  by  the  I)ilty  clay  loam  layer  mentioned  above  at  a  depth    of

2.10  in.    More  likely,  becauBe  of  thif)  layer8  proximity  to  other  clay-

rich  depoBitf]  in  Unit  Ill,  itB  presence  iEi  likely  due  to  the  overbank

depoE]ition  of  fine  Bedimente  rather  than  illuviation  of  clay.

The    uppermof)t  Bedimentary  unit  at  the  Pat)chal  Site  if)    Unit    I,

which    iB  a  well-laminated  and  poorly-I)orted  depot)it    of    eBBentially

coarBe    and  medium  I)ilt  between  1.14  in  and  the  I)urface.     rlguref)    5:8

and    5:9    indicate  that  within  the  gilty  fill  are  a    number    of    thin

layers  of  fine-textured  clay,  approximately  every  .10  n   that    likely
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accumulated    ae  floodwaterg  waned.     In  the  upper  .15  in  of  Unit  I    the

amount    of    fine  I)and  in  the  fill    increa8eB    appreciably,     compoBing

about  20  percent  of  the  deposit   (FigB.     5:8  and  5:9).

Featured   within  Unit  I  i.  a  poorly-developed  paleoBol    and    the

Surface  Boil.     The  paleof)ol,  which  conf)iBt.  of  an  incipient  2Ab,   2ZIcb

horizon,    and    thin  2Cb  horizon,  formed  in  the    well-laminated    eilty

fill    in    the    center  of  theunit  (Fig.   5:8).      The    2Ab    horizon    iB

located    between  about.79  and  .51  in,   1f]  light  gray  in  color     (5YR3/1)

and    if)  relatively  high  in  organic  content     (5.1&).      Radiocarbon-age

determination    on  hu(hate.  in  the  upper  .05  in  (.51-.56  in)  of    the    2Ab

yielded  a  corrected  age  of  1,290±70  yrl  B.P.    The  2Ab  grade.  into  the

2Cb    by    way  of  the  .15-in-thick  2Acb  horizon  (Appendix    A).     Stage    I

carbonate8  are  pregent  throughout  the  paleof)ol,  but  I)one    illuviation

ig  Bugge8ted  by  the  Blight  increase  in  carbonate  content  in  the    2Acb

and    2Cb  horizonf].     Soil  pH,  however,   ig    con8ietently    approximately

7.5  in  each  horizon  of  the  paleo8ol   (Fig.   5:10).

The  Burf ace  f]oil  formed  in  the  .lightly-Bandier  f ill  at  the  top

of    Unit    I.    Thil  Soil  congif)tf)  of  a  .42-in-thick  A  horizon    that    i8

light    gray  (5YR3/1)   in  color  and  containB  about  4.5  percent    organic

matter.      The  A  horizon  grades  into  the  C  horizon  via  about  a    .10-m-

thick    AC  horizon  (Appendix  A).     In  contragt  to  the    poorly-developed

2Ab    in  the  center  of  Unit  I,  the  I)urface  .oil  appearf)  to    be    better

developed.      Figure  5:10  euggeBtg  that  illuviation  of    carbonate    haf]

been    much  more  extensive  in  the  Surface  I)oil.    At  the    fiurface    only

Stage    I  carbonate8  are  preEient,  but  increaf)e  to  Stage  11  in    the    AC

horizon.      Further  evidence  of  illuviation  lies  in  the  peak    in    clay

content  in  the  AC  and  C  horizonB,  although  thig  likely  reflectf]      the
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depot)ition    of  I ine  gediment8  I)ince  clay  content  i.    highly    variable

throughout  Unit  I.

In    eumary,    the    Paf]chal  Site  i.  a    9.5-in    expof)ure    of    lat®-

Holocene  alluvial  I ill  that  containf)  three  I)edlmen€ary  unltB  about    2

)in    eaBt    of  I,uray.    Radiocarbon  and  Eltratigraphic    data    taken    from

near  the  baee  of  Unit  Ill  indicate  that  approximately  5,300  yr.    B.P.

the    f loodplain  construction  in  the  Wolf  Creek  baBin  waB  underway    af)

indicated    by  the  combination  of  lateral  accretion  of  coar.e    gravelB

and    overbank    depoBition  of  fine  I)ediment..     Between  thlE)    tine    and

about     1,BOO  yre  B.P.,   the  remaining  5.3  in  of  Unit    Ill    accumulated.

Thif]    unit,  which  conBif)tf)  of  alternating  layerf)  of  I)ediment    in    the

gilt    loam    and  I)ilt  textural  claf)I)ef),  likely    accumulated    during    a

number    of  intent)ive  overbank  f lood.  Since  very  little  clay waf)    left

behind.     Thi.  period  of  rapid  depot)ition  cea.ed  about  I,BOO  yr.    B.P.

when  a  moderately-developed  paleoBol  formed.

The  upper  2.6  in  of  fill  at  the  Pagchal  Site  conf)if!tf)  of  Unite  11

and  I.    Unit  11  containg  the  moBt  clay  of  any  f]edimentary  unit  at  the

Bite    and    likely    accumulated  during    a    few    low-inten.ity    floode.

Deposition    of    thif)    unit    ceaf)ed    around    1,500    yrf)    B.P.     When    a

moderately-developed      paleogol      formed    in      relatively      clay-rich

Sediment.      Depot)ition  of  Unit  I,   in  contraf)t,   appearB  to    have    been

more    I)poradic,  aB  the  eilty  fill  if)  punctuated  by  a  number    of    thin

clay  deposit..    Moreover,  an  incipient  Boil    formed  in  the  center    of

the    unit,    indicating    that    accumulation    of    I)edlment    ceaf)ed      or

dramatically    Slowed  for  a  brief  period  of  time    approximately    1,200

yrg  B.P.    Following  thif]  brief  interval,  the  remainder  of  Unit  I  fill
waf)  deposited.
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Schoen  Site.     The  Schoen  Site,   named  after  landowner  Richard    Schoen,

iE    a    weBt+I acing  exposure  on  the  outside  of  a    tight    meander    bend

about  8  )in  downBtream  from  LucaB   (FigB.   3:1  and  5:11).     At  this  Site,

approximately    6.5-in   of  late-Holocene  alluvial  fill    (Fill    Ill)    ig

expoBed    along  a  I)€eep  cutbank  that  underlieB  the  I-2    terrace    (Fig.

5 : 12 ) .

Analyge8    of  the  alluvial  f ill  at  the  Schoen  Site  indicatef)    the

fill    haB    gtratigraphy    and texture  gimilar    to    the    Pa.chal    Site,

conBiBting    largely  of  I)edimentg  in  the  Elilt,  and  Silt  loam    textural

clagBeg    and    laminated    medium    to  f ine    I)andf]    and    gilt    that    are

generally    very  poorly  to  poorly  I)orted  (Fig.   5.13  and  5.14).       Three

f]edimentary  unite,  Unitf)  Ill  -  I,  are  capped  by  two  paleoBolB  and  the

Surface    Coil,    in    Pill  Ill  reBpectively,  at  the    Schoen    Site.      In

addition,  an  incipient  paleo.ol  Bimilar  to  the  one  recognized  in  Unit

I    at    the    PaBchal    Site  (Fig.  5:8)  iB  pro.ent  in    Unit    I    at    this

locality  (Fig.   5:12).

Along  the  bat)e  of  the  expogure  below  a  depth  of  5.82  in  there    if)

a   depofiit    of   poorly-gorted  .ilt  that  i8    rich    in   organic   matter

(2.5&);    thie  layer  likely  repreaentf)  a  I)lackwater  depo8it.      A    bulk

Sample    collected  from  the  upper  .05  in  (5.82-5.75  in)   of  this    depot)it

yielded    a  C-13  corrected  age  of  2,970±80  yr.  B.P.     (Tx-6795).     Above

the  organic-rich  I)tratum,  a  75-cm-thick  deposit  of  alternating  layerE)

in  the  .ilt  loam  and  gilt  textural  claE)gee  that  are  weakly    laminated

and    generally  poorly  Borted  cape  the  bagal  depoelt,    .uggeBting    the

bat)al    depo.it  waf)  buried  by  alluviation.    The  laminae  are    reflected

by    the  particle  .ize  trendB  (Pig.   5:13)  and  the  peakB  of    the    fifth

and  ninety-fifth  percentlle  phi  valueB  between  5.05  and  5.82  in    (Fig.
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Figure  5:11    Topographic  Map  of  the  Schoen  Site.     The  Schoen
Site  i.  a we.t-facing  expo.ure  on the  out.ide  of  a
tight  meander  bend  ln  the  NW  1/4,   NW1/4,   Secc.   17,
T12S,   Blow,   6P.H.,   Sylvan  Crov.  Quadrangl.   (1963).
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Figure  5:12    View  of  the  Schoen  Site  that  BhowE)  Wolf  Creek,   the
I-2  terrace  and  approximately  6.5  in  of  alluvial
fill.  The  fill  at  the  Schoen  Site  iB  late-Holocene
(Fill  Ill)   in  age  and  iE)  compof)ed  of  3  Sedimentary
unitB  (Units  Ill,  11  and  I)  that  are  generally  gilt
and  Bilt  loam  in  texture  and  are  poorly  I)orted  and
well  laminated.  Radioc'arbon-age  determination8  on
an  organic-rich  .ilt  layer  at  the  base  of  the
exposure  and  the  4Ab  and  2Ab  yielded  agef)  of
2,970±80   (Tx-6795),1,750±70   (Tx-6959),   and
1,250±60   (Tx-6960),   yrf]  B.P.,   ref!pectively.
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Figure  5:13    Stratigraphy  and  I)ediment  tectur®  of  the  Schoen
Site.  Ref)ult.  indicate  that  three  eedllDentary  unltB
exist  in Fill  Ill  a€ thi.  .1t..  I.ch pal.olol  if)
•eparated  by  nell-lamlnat®d  d®po.1€.  of  .ilt  and
I)ilt  loam,  euggeeting  that  lntenEilv.  overb.nk
deposition  buried  each  fomerly  .t.ble  floodplain.
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Figure  5:14    Graphical  Statl.tic.  of  the  aedinen€.  .t  the  Schoen
Site.    Ref)ultfi  indic.te  that  the  .edlnent.  are
generally  poorly  .or€ed  and  largely  coarf)e  fiilt  in
texture,  but  that  laninatlon.  containing  fine  eandf)
and  clay.  are  pro.ant.
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5.14).     The  preBence  of  I)and  gtringerf)  and  thin  clay  depoEiltf)    within

many    laminae    may    repregent    individual    fining    uprard    eequencef).

Calcium    carbonate  content  in  this  portion  of  Unit  Ill  i.  low    (Stage

I),   and  Boil  pH  i8  generally  between  7.5  and  8.0   (Fig.   5:15).

Following    the  period  of  overbank  depogition  after    about    3,000

yrg  B.P.,  a  period  of  relatively  I)low  and  Steady  aggradation  occurred
at    the    Schoen    Site.      ThiB  i.    reflected    by    the    paleoeol    which

developed    in  the  texturally  con8iBtent  depof]itg  between  a    depth    of

about    5.05    and    3.02  in  at  thetopof  unit  Ill     (Fig.     5:13).       Thig

paleogol    features    a    cumulic  4Ab  horizon  that  iB    black    (5YR    3/1)

between  3.02  and  4.42  in  and  dark  gray   (10YR  3/2)   to  itB  ba8e  at     4.74

in    below  the  Surface.     Organic  content  iB  generally  high  (4.5&)     from

3.02  to  4.42  in  in  the  4Ab  horizon.     Radiocarbon-age  determination    of

goil       humateg     in    the    upper   .05  in  (3.02-3.09    in)     yielded    a    C-13

corrected  age  of  1,750±70  yrg  B.P.   (Tx-6959).

Between    about  4.74  and  5.05  in  the  4Ab  horizon  grades    into    the

4Cb    horizon  by  way  of  a  4Acb  that  formed  in  a  depot)it  that    iB    gilt

loam    in    texture  (Appendix  A).    Some  illuviation  ig  evident    in    the

paleoBol,     I)ince  the  curveB  for  organic  matter  and  calcium    carbonate

decrease    in  the  lower  4Ab  horizon  and  increaBe  Eilightly  in  the    4Acb

horizon   (Fig.   5:15).

Following    the    epif]ode  of  relative  Btability  that    ended    about

1,800  yrB  B.P.,  Unit  11  began  to  accumulate  at  the  Schoen  Site  during

a    period    of    renewed  flooding.    Unit    11    con-if)t.    of    alternating

depo6itE)    of  moderately-I)orted  and  I inely-laminated  I)ilte    with    loam

and  gilt  loan  €exturef)  that  occur  betveen  a  depth  o£  3.02  and  1.32  in.

The    particle    8ize    Crendf)  (Fig.   5:13)  and    fifth    and    ninety-fifth
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Figure  5:15    Chemical  Analyf)ee  of  the  .ediment.  at  the  Schoen
Site.  ReBult.  indicate  that  organic  carbon  content
define.  paleo.ol  boundarie.  rea.onably `rell.
Calcium  carbonate  content  rangef)  from  Stage  I  to
Stage  Ill.  Exten.ive  illuviation  of  carbonate  from
the  .urf ace  f]oil  le  indicated  by  the  .t®ep  peak
approximately  .75  D  below  the  I)urface.     Soil  pH
range.  £ron  nearly  7.a  to  8.3.
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percentile    phi    values    (Fig.  5:14)  further    illuBtrate    that    these
depogitB  are  laminated  and  appear  to,   in  general,   fine  up`nrard.      Like

the  Pat)chal  Site   (Fig.   5:8),   a  I)harp  contact  iB  preE)ent  at  about    2.4

in that  initiateEI  a  .50-in-thick  depot)it  of  relatively  clay-rich    (ca.

25t)   alluvium.       In  the  upper  part  of  Unit  11,  clay  content  decreaBeB

to  generally  legB  than  10  percent  in  conjunction with  an  increase    in

gilt  and  Band  content   (Fig.   5:13).

Contained    within    Unit  11  at  the  Schoen  Site  ig    a    moderately-

developed  paleoBol  like  the  one  recognized  at  the  Pat)chal  Site    (Fig.

5:8);    this    Soil  formed  in  the  fiilty  depo8it.  the  top    of    the    unit

(Fig.     5:13).     The  paleoBol  features  a  black  (10YR  2/1)     3Ab    horizon

rich    in  organic  matter   (3.3%)  to  a  depth  of  1.96  in  and  a    dark    gray

(10YR     3/2)   3Bwb  horizon  between  about  1.96  and  2.23  in   (Appendix    A).

Although  undated  at  the  Schoen  Site,   a  C-13  corrected  radiocarbon  age

of     1,510±80  yr8  B.P.   (Tx-7076)   wag  obtained  from  the  upper   .05  in    of

the      paleoBol      at    the    PaBchal    Site.       Since    thef)e      I)oil8      are

morphologically    and    gtratigraphically  Eiimilar  (Appendix  Jl),     it    iB

aggumed    that    the  Schoen  goil  i8  equivalent  in  age    to    the    Paschal

counterpart .

The    data  indicate  that  the  3Bwb  horizon  may  be  preE)ent    because

it    formed    in  relatively  clay-rich  alluvium  (Appendix    A).      At    the

Paschal  Site,  a  Similar  f]tratigraphic  relationBhip  ig  pregent,  but  iB

clearly  depot)itional  in  nature  (Fig.  5:8).    In  addition,  the    calcium

carbonate  curve  at  the  Schoen  Site  indicatef)  that  little    illuviation

of  carbonate  occurred  in  the  paleoBol  here,  Since  Stage  I    carbonatee

are  present  throughout  the  paleo8ol  (Fig.   5:14).

Following    the  epiBode  of  landE)cape  I)tability  that    ended    about
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1,500  yrg  a.P.,  another  period  of  relative  rapid  aggradation  occurred

at    the    Schoen    Site.  The  episode  of    alluviation    left    behind    the

depot)its  of  I)ilt  and  f inely-laminated  .ilt  in  the  loam  and  Bile    loam

clageeB  that  co"prif)e  Unit  I  between  1.32  in  and  the  .urface.      Within

these    depoBitf)    ie  an  incipient  paleof)ol  and  the  Surf ace    f]oil    that

formed  in  the  I)ilty  depo8itg  of  the  unit  (Fig.   5:13).

The  paleo8ol,   I)ituated  between  a  depth  of  about   .82  and  1.02    in,

conf]igtB    of    a  dark  gray  (10YR  2/2)   2Ab  horizon    that    containf]    2.8

percent  organic  matter.    Radiocarbon  age  determination  of  humateg    in
the  upper  .05  in  (.82-.87  in)   of  the  paleoBol  yielded  a  C-13    corrected

age    of    1,250±60  yrg  B.P.(Tx-6960),   indicating    that    this    paleogol

repregentf)  the  .abe  brief  interval  of  landBcape  Stability    recognized

at  a  Similar  depth  at  the  PaBchal  Site.

Once    the  brief  period  of  relative  Btability  at  the  Schoen    Site

terminated    about    1,ZOO  yrf]  B.P.,  another    interval    of    aggradation

occurred  that  formed  the  remainder  of  Unit  I.    Evidence  Buggef)te  that

alluviation    at  the  Schoen  Site  at  this  time  wag  apparently    intenge,

congiBting    of    a  I)erief)  of  Btrong  f loodg  that    depogited    layers    of

moderate-    to    poorly-Sorted  I)ilte  that  have  a  variety    of    textures.

Textural     (Fig.   5:13)   and  8taLtigtical  analygeB   (Fig.     5:14)   .  indicate

that  between  .82  and  .45  in the  content  of  fine  Sand  i8  generally  over

20    percent,   and  peakE)  at  nearly  50  percent  at  about  .70  in.       Calcium

carbonate    content  ig  the  highest  (Stage  11+)  in  thiB  portion  of    the

fill,      reflecting   the   relative  permeability   of   the    deposit.    In

generaLl,    the  fill  in  Unit  I  fines  upward  8lightly  at  the  top  of    the
unit    a8    the  percentage  of  gilt  in  the  f ill  increage8  to    nearly    65

percent.    Calcium  carbonate  content  decreaBeg  to  3  percent  (Stage    I)
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in  thiB  part  of  Unit  I   (Fig.   5:15).

It  ig  within this  well-8tratif led  depo8it  that  the  Surface    Boil

hag    developed.       This  Boil  features  a  very  dark  gray     (10YR    3/1)    A

horizon    to    an    approximate  depth  of   .37  in.     Between    the    A    and    C

horizonf!    ig    an  AC  horizon  that  fomed  between  about  .37  and     .52    in

(Appendix  A).     The  calcium  carbonate  curve   (Fig.  .5:15)   indicaceg  that

extensive    illuviation  of  carbonate  hat)  occurred  at  the  baBe    of    the

Surface  I)oil  at  the  Schoen  Site.

In  gurrimary,  detailed  analygee  of  6.5  in  of  late-Holocene  alluvial

fill    (Fill    Ill)    at    the  Schoen  Site  indicates    that    the    fill    i8
gtratigraphically    and  texturally  Similar  to  the  I ill  at  the    Pat)chal

Site,     congiE)ting  largely  of  poorly-  to  very  poorly-Borted    Bedlmentg

in  the    I)ilt  and  I)ilt  loam  textural  clagBee.    Recognized  within    Fill

Ill  at  the  Schoen  Site  are  three  Sedimentary  unit.  that  are  capped  by

two  paleoE)olf)  and  the  Surface  Boil,  ref)pectively.    A  third,       poorly-

developed    paleoBol    ig    pre.ent    within    the    depoBitf)    of    Unit    I.

Separating      these    featureE)    are    weakly-    to      moderately-laminated

depoBitg    that    guggegt    a    gerieB  of    f loodB    between    intervals    of

Stability.

Unit    Ill    iB  I)ituated  between  approximately  6.5  and  3.0    in    and

generally  conf)iBtf)  of  gilty  depot)itB  that  are  better  laminated  in  the
lower    third  of  the  unit.    Along  the  bat)e  of  Unit  Ill  1B  an    organic-

rich,   gilty  I)tra€um  that  yielded  a  radiocarbon  age  of  abouc  3,000  yrB

a.P.         Featured    within    the    upper    1.25    in    of    the    unit    ig      an

overthickened    4Ab    that  formed  in  remarkably    texturally    conBiBtent

BedimentB.     Radiocarbon    evidence  I)uggeBtB  that  pedogene.iB    in    thif]

paleogol      terminated    about    1,800    yrB.     B.P.       Unit    11,       between
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approximately    1.3  and  3  in  below  the  I)urface,     con8i8tf)  generally    of

gilty    I ill  that  i.  highly variable  in  clay  content within the   upper

portion  of  the  unit.    A moderately-developed  paleoE)ol  featured  within
Unit  11  correlatef)  With  the  Pagchal  Site.    Radiocarbon  evidence    from

that    Bite    I)uggef)tg  that  pedogenef)iB  terminated  in  the    3Ab    at    the

Schoen  Site  around  1,500  yrB  B.P.

The    upperrrLoet    Sedimentary  unit  at  the  Schoen  Sice  if)    Unit    I,

which    formed  between  about  1.3  n  and  the  Surface.    Contained    within

the    lower  third  of  the  unit  ig  a  poorly-developed  paleogol  that    waf)

buried    by  Bandy  alluvium  about  1,200  yr..  B.P.     Since  that  time    the

Surface  .oil  hag  formed  in  the  uppermof)t  .80  in  of  Unit  I.

Naylor  Site.  The  Naylor  Site,  named  after  landowner  Gerald  Naylor,   lf)

a  we8t-facing  cucbank  expoBure  in  the  upper  reachef)  of  the  East    Pork

Wolf    Creek  (Figs.   3:1  and  5:16).     In  thiB  portion  of  the  Wolf    Creek

basin,       the    valley    i.    only    about    0.5    )in    wide       (Fig.       5:16).

Approximately  5.5  in  high,  the  I)ection  ig  composed  largely  of  depoBitf)

in   the  gilt  loam textural  clag8  I)eparated  intemittently   by    layerg

clagBified    ag    I)ilt,   loam,  and  .andy  loam.    The  Bite    featuref)    both

early  (Fill  11)  and  late-Holocene  (Fill  Ill)  alluvial  fills,  ag    well

ag  four  I)edimentary  unitf)  and  three  paleo8olg   (Pig  5:17).

The  lowrermogt  I)edimentary  unit  at  the    Naylor    Site    if)  Unit    IV

which  conEiif)t8  of  early-Holocene  fill  expo8ed  between  about  5.53    and

4.10    in  in  depth.    Along  the  ba.e  of  Unit  IV  there  lf]  a    0.80-in-thick

layer  of  poorly-8orted  medium  to  coarBe  Band  that  f ineE)  upward  into  a

Stratum    containing more  I)ilt  and  clayj  thif)  pattern  if)  ref lected    by

the    particle  eize  €rendf)  and the  I lfth  and    ninety-I ifth   percen€ile
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Figure  5:16    Topographic  map  of  the  Naylor  Site.    The  Naylor
Site  i.  a  5.5  D  cutbank  expo.ure  on  the  out.ide  of
a  tight  meander  bend  of  the  Ea.t  Fork  Wolf  Creek  in
the  tw  1/4,   NW1/4,   Sect.   20,   TIOS,   RllW,   6P.M.,
Meadef)  Ranch  Quadrangl.   (1978)
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Figure  5:17    View  of  the  Naylor  Site  that  ehowf)  the  Eaf]t  Fork
Wolf  Creek,  the  I-2  terrace,   and  5.5  in  of  alluvial
fill.  The  fill  iB  generally  Eiilt  and  Silt  loam  in
texture,  poorly  Sorted,  and  well  laminated.    At  the
baBe  of  the  exposure  ie  nearly  1.5  in  of  early-
Holocene  (Fill  11)   fill  that  iB  buried  by  4.0  in  of
late-Holocene  (Fill  Ill)  alluvium.  Radiocarbon-age
determination8  from  the  upper  .05  in  of  the  4Ab,
3Ab,   and  2Ab  horizon.  yielded  agef]  of  6,770±110
(Tx-6914),1,880±60   (Tx-6962),   and  1,460±60   (Tx-
7076)   yrf)  B.P.,   ref)pectively.
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Figure  5:18    Stratigraphy  and  .®dlnent  te3tture  from  the  Naylor
Site.  Refiult.  indic.t.  thac  four  .®diaentary  unitf)
are  recognized  in  rill.  11  and  Ill.  The  fill  iB
generally  .ilt  and  .ilt  loan  ln  t®atur®.    Note  the
lamination.  in  Unit.  11  .nd  I,  1ndLca€ing  the  Coil
formation va.  interrupted by  inten.1v.  flooding.
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Figure  5:19    Graphical  I)tatifitic.  £ron the  .edlment.  at  the
Naylor  Site.    Re.ult.  indicate  that  the  £111  i8
poorly  eorted  and  compof)®d  largely  of  coar.e  .ilt,although  depo.lt.  of  I ine  .and  and  clay  are
flcattered  throughout  the  fill.
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phi  valuef)  between  a  depth  of  4.73  and  4.15  in  (Fig..   5:18  and    5:19).

Thif)    Sequence    of    depogite    may    ref lect    the    occurrence    of    le..

intent)ive  overbank  evencf)  or  a  change  in  Sediment  I)ourc®  area.

Unit    IV    containf]  a  moderately-developed  paleo.ol    that    formed

within    the    depof]itf)  claggif led  af)  .andy  loam  and  Silt  loan    ln    the

upper  0.77  in  of  the  unit   (Fig.   5:18).     The  paleofiol  conei.tf)  of  about

a  0.51-in-thick  black  (10  ¥R2/1),  organic-rich  (4.9t)   4Ab  that    gradeB

into    the    4Cb  horizon  by  way  of  a  0.26-in-thick    4Acb     (Appendix    A).

Radiocarbon-age  determination  on  hunatee  from  the  upper  0.05  in    (4.15

-    4.20  in)   of  the  4Ab  yielded  a  C-13  corrected  age  of    6,770±110    yrB

B.P.      (TX-6914).       ThiB     if)  probably  the  Came    paleoBol    reported    in

Johnson  and  Hartin   (1987)  that  yielded  an  age  of  10,580±140  yrg    B.P.

(Beta-2158)   in  1980.    Although  the  .tratigraphy  and  location  of    thle

Bite  are  conBi8tent  with  that  clef)cribed  previou.ly,  the  re.ultfi    were

obviously    not    duplicated.      Thi.  diE)crepancy  may    be    a    re.ult    of

difference.  in    aampling  or  age-determination  procedure..  The    I)ample

in    thi8    Study  waf)  carefully  collected  (i.e.,   from  deep    vlthin    the

verticle    face)    and    cleaned    to    insure    a    reliable    age,    whereat)

documentation    for  the  earlier  Bample  waf)  poor.    Equally,         the    age

acquired    in  1980  if)  likely  older  I)ince  all  of  the    fractionf)    (1.e.,

humin,   humate,  bat)e  .oluble)  t4ere  ag.ayed.       In  thlB  I)tudy,  only    the

base-Soluble    fraction    wa.  analyzed,  which  according    to    White    and

ValaBtro     (1984)     produce.  a  more  repreeentative  age.  Lack    of    fundEI

prevented  another,  potentially  corroborating,  age  from  being  obtained
at  thiB  .ite  at  thif)  time.  It  i.  I)trongly believed,  however,  that  the

age    obtained    from    the    4Ab  at  the  Naylor  Site    ln    thl.    I)tudy    if)

accurate  and  .hould  replace  the  age  obtained  in  1980.
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Becau.e  the  4Ab  formed  in  f]edimentf)  that  `rere  relatively  high  ln

clay    content,  it  hae  a  di-tinct  blocky  I)tructure,  ef)pecially  ln   the

upper    4Ab.      Although  carbonate  nodulee  are  pref)ent    throughout    the

paleoeol,  they  are  more  numerou8   (Stage  11  +)   in  the  upper  0.20  n    of

the    4Ab    and    the  lower  0.40  in  of  the  4Cb    horizon,     euggeeting    the

illuviation    of  carbona€e  occurred  in  the  intervening  .0.65  in of    the

paleoBol   (Fig.   5:20).

An  unconfomity  Beparatef]  the  depoBite  in  Unit  IV  from  thof!e    in

Unit  Ill.    A  thin  layer  of  coarf)e  gravel  capf)  the  paleogol  at  the  top

of    Unit    IV,  euggeeting  that  the  gravel  wac  deposited    following    an

eroBional  epiBode  that  removed  a  portion  of  the  4Ab.  Further    erof)ion

of  early-Holocene  f ill  waf)  likely  retarded  due  to  the  relatively  high

clay  content  in  the  underlying  paleogol.

Unit  Ill  congigt.  of  poorly-Sorted  and  poorly-laminated  depot)lt.

of    mottled    .ilt    and  fine  Sand  between  4.14  and  2.46    in    in    depth.

Capping  the  gravel  layer  on  the  top  of  the  underlying  4Ab  18  a  0.36  in

layer  of  fine  I)and  that  fine.  upward  into  coarse  I)ilt   (Pige.   5:18  and

5:19).      Carbonate  nodule.  are  comon  in  the  upper  and  lower    portion

(Stage  11)  of  thif)  layer,   and  increa8e  to  Stage  11+  in  the  center    of

the  deposit   (Fig.   5:20).

Analygif)    of    the  I ifth  and  ninety-f ifth  percentlle    phi    valuef)

(Fig.   5:19)  reveale  that  a  f]harp  contact  exi.t.  at  a  depth  of  3.79  in,

one    that  I)eparate.  the  underlying  I)andy  f ill  from    a    f iner-textured

depot)it    above.     This  depo.it,  which  lieEi  between  3.79  and  3.59  n    in

depth,    ha.  a  distinct  .ubangular  blocky  Structure  due  to  it8    higher

content    of  fine  clay.     Carbonate  nodules  are  cotrmon  (Stage  11),    but

are  not  a8  numeroul  af)  in  the  underlying  Sandy  fill   (Fig.   5:20).
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Figure  5:20    Chefbical  analyeef)  of  the  .®dlmentf)  .t  the  Naylor
Site.  ReBult.  indicate  that  organic  carbon  content
definef)  paleo.ol  boundarLef)  rea.onably  cell.
Calcium  carbonate  content  range.  frco  St.ge  I  to
Stage  Ill.  Soil  pH  i®  generally  7.5  throughout  the
fill.
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At  a  depth  of  3.58  in  another  I)harp  contact  exi8tf)  1n  Unit  Ill  of

the  Naylor  Site.    Particle  Size  trendB  (Fig.   5:18),   and  the  fifth  and

ninety-fifth    percentile    phi    valueE)  (Fig.    5:19)    indicate    that    a

0.12-in-thick  layer  of  medium  Sand  coverf)  the  underlying  fine-textured

depogit.       Thif)  layer,  which  if)  mottled,   and  containB  iron  oxide    and

carbonate    nodulef)   (Stage  11+),   likely  repre8entf)  an  intent)ive    flood

event  ln  thie  portion  of  the  baBin  I)ometine  during  the  late  Holocene.

AB      I loodwatere  that  depo.ited  the  medium  Band  mentioned    above

waned,    a  layer  of  finer-textured  I)ediment  accumulated  in    Unit    Ill.

The    fiftieth    and    ninety-fifth  percentile  phi    values    (Fig.    5:19)

indicate    that    thie    deposit,  between  a  depth  of  3.45    and    3.32    in,

congiBtB    of  medium  gilt  and  clay.    At  the  top  of  thif)  layer  a    well-

developed  len.  of  carbonate  nodulef)  exi8tB,   I)uggeBting  that  the  fine-

textured    nature    of  thif)  depo.it  impaired  the  downward    movement    of

illuviated  carbonate  (Fig.   5:20).

Between    3.32  and  2.95  in    depth  the  amount  of  fine  Band  in    Unit

Ill  increaf]ef)  and  the  amount  of  .ilt  decrea8ef)   (Fig.   5:18  and    5:19).

Fine    clay    content  remainB  about  the  I)ame,  and  ig  reflected    in    the

weaLk,   gubangular  blocky  f]tructure  of  thif)  layer.     Igolated    fragmentf)

of  I ine  gravel  underf]core  the  poorly-.orted  nature  of  thif)  portion  of

Unit    Ill.       Iron  oxide  and  carbonate  nodulef)  (Stage    11+)     are    also

common   (Fig.   5:20).

The    uppermof)t    part  of  Unit  Ill  ill  between  2.95  and  2.46    in    in

depth.    Figure.  5:18  and  5:19  indicate  that  af)  thi.  layer  of  Unit  Ill

accumulated,     overbank    eventf!  in  thlB  part  of  the    bat)in    muBt    have

varied    in    magnitude;     individual  fining    upward    I)equencee    may    be

repref]ented    ag    well.     Between  2.95  and  2.70  in  depth  iB  a    layer    of
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mostly    medium    I)ilt.       Capping  thif)  depot)it  ie  a    thin    clay    layer,

clearly    illustrated    in    Figure    5:19.    The    amount    of    clay    drops

Slightly    in  conjunction with  a  I)light  increaBe  in  f ine  .and    content

between    2.70    and    2.62  in,  where  another  thin  clay    deposit    can    be

identified.    Between  thif)  layer,  and  the  top  of  Unit  Ill  at    2.46    in,

the    amount    of    fine  Band  increaBeg    I)ignificantly,     accompanying    a

dramatic  drop  in  .ilt  content   (Figs.   5:18  and  5:19).

Featured  within  Unit  Ill  ie  a  moderately-developed  paleogol  that

formed    in    the  variable  depof!itf)  in  the  upper  portion  of    the    unit.

This    paleoBol,  which  may  have  been  partially  truncated,  congif)te    of

about  a  O.14-in-thick  dark  gray  (10YR3/1)   3Ab  horizon  that  ie  granular

to  gubangular  blocky  in  I)tructure  and  rich  in  organic-content  (3.9t).

A    few,  anall  nodule.  of  calcium  carbonate  exifit  in  the  3Ab,  but,     in

general,   carbonate  content  ig  Stage  I  +  (Fig.   5:20).    Radiocarbon-age

determination    on  humateB  from  the  upper  0.05  in  (2.46-2.51  n)   of    the

3Ab  yielded  an  age  of  1,880±60  yr8  B.P.   (TX-6962),   indicating  that  it

ig  the  Bane  paleof)ol  aB  the  4Ab  recognized  dounBtream  at  the    Pat)chal

and  Schoen  Sites.

The    3Ab    gradef)  into  the  3Cb  horizon  by  way  of    a    O.12-in-thick

3Acb     (Appendix  A).     Extent)ive  illuviation  of  carbonate  from  the    3Ab

iB    BuggeBted    by  the  gignif icant  increaBe  in  carbonate  ln    the    3Acb

(Stage     11),     and  the  underlying  3Cb   (Stage  11+)   (Fig.     5:20).       Thi8

degree    of    illuviation  indicate.  that  the  paleof)ol  formed    during    a

Significant  interval  of  time,  which  if)  contradicced  by  the    extremely

thin  3Ab,   I)uggef)ting,   in  turn,  that  a  portion  of  the  3Ab  was    removed

Sometime  after  about  1,800  yr8  B.P.

Becau.e  the  upper  portion  of  the  3Ab  nay  have    been    eroded,    an
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unconfomity    Separate.    Unit  Ill  from  the  overlying  Unit    11,    which

con8iBtg    of    well-laminated  deposit  between  2.46  and  1.34    n    depth.

That    thiB    .edimentary    unit  acc`imulated  during  a    Berief)    of    large

f loodB    ie    I)uggef)ted  by  the  goner.lly  very  poorly  Sorted    nature    of

thif]    depo8itj    par+icle    f]ize    trendf]     (Fig.     5:18)     and      graphical

gtatigticB   (Fig.   5:19)   illuf)trate  that  peakf)  in  f]and  and  clay  content

mirror  one  another  in  mof)t  placeEi.

Between    a  depth  of  about  2.46  and  2.15  in  the  amount    of    medium

Band    and    fine    clay    increaBef)  .ignificantly    within    Unit    11,     in

conjunction    with  a  25  percent  decreage  in  Silt.    thin  clay    depoBltf!

are  common  in  the  lowemoet  0.11  in  of  the  unit.    A  I)harp  contact    can

be  Seen  at  a  depth  of  2.35  in,  one  that  initiateB  a  O.25-in-thick  layer

of    mixed    coaree  gravel,  medium  Band,  gilt,  and  fine  clay    that,     in

general,   fines  uprard  (Figg.   5:18  and  5:19).     Figure  5:18  illu8trateg

that    clay  content   (15-20%)   and  carbonate  content  (Stage    Ill)     (Fig.

5:20)  are  highest  in  thi.  very-poorly-gorted  layer  of  Unit  11.

Another    I)harp  contact  if)  I)een  at  a  depth  of  2.10  in  in  Unit    11.

Figureg    5:18    and  5:19  illuf]trate  that  an    0.08-in-thick    depoB1€    of

coar8e    gilt    and    medium    I)and.  While  Band    and    clay    content    both

decrease    in  thif!  etratum,  the  amount  of  I)and  doef]  remain    relatively

high   (30t)    (Fig.   5:20).

Between  a  depth  of  2.02  and  1.34  in,  which  ie  the  top  of  Unit  11,

the    depot)itf)  coneiEit  of  generally  well-laminated  layer8  of    I)llt    ln

the    loam  and  I)ilt  loam  textural  claef)ee  that  fine    upward.      Figuref)

5:18  and  5:19  illu.trate  that  fine  fiand  content  i.  highe.t  (ca.    40t)

between    2.02    and  1.85  in  in  depth.     Above  thlf)  layer,     however,     the

amount    of  I)and  dropB  to  about  10  percent  at  the  top  of  Unit  11.       In
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conjunction  with  the  decreaf)e  in  .and  content  i.  a  .ignlf leant  change

in    the    amount  of  I)ilt;  figure  5:13  illugtratef)    that    .llt    content

increaBeB  from  about  50  percent  at  1.92  in  to  over  75  percent  at    1.34

in    in    depth.    The  amount  of  clay  remainf)  generally    conBletent,    but

decreageg  are  Been  at  1.91  in  and  1.67  in  ln  depth.     Calcium    carbona€e

content  decreaBe8  in  thif)  portion  of  Unit  11  from  Stage  11+  at  2.02  in

to  Stage  I  at  the  top  of  Unit  11   (Fig.   5:20).

Contained    within    the    uppermoBt    depo.its    of    Unit    11    le    a

moderaLtely-developed    paleof)ol.       Thif)    paleof)ol  conf)1f)tf)    of     a    2Ab

horizon    between  about  1.34  and  1.70  in  in  depth  that  grades  into    the

2Cb    horizon    by  way  of  an  approximately    O.09-n-thick    2Acb    horizon

(Appendix    A).      The  2Ab  hat)  a  granular  .tructure,     i.    dark-gray    in

color   (10YR2/1),   and  i.  high  in  organic  content   (4.3&).     Figrure    5:20

illogtrate.   that    organic    carbonate    content    clearly   define.   the
boundarief)    of  the  2Ab.    Radiocarbon-age  determination  on    the    upper

0.05    in     (1.34-I.35    in)   of  the  2Ab  yielded  a  C-13     corrected    age    of

1,460±60  yrf)  B.P.   (Tx-6960),   indicating  that  it  lf)  the  eame    paleoeol

recognized  a.  the  3Ab  dowhgtream  at  the  Pat)chal  and  Schoen  Site..

Figure    5:20  illugtratef}  that  calcium  carbonate  content  le    very

low  in  the    2Ab  (Stage  I),   and  increaeef)  from  Stage  11  ln  the  2Acb  to

Stage  Ill  in  the  2Cb  horizon,  euggef)ting  exten8ive  llluvlatlon  in  the

paleoeol.    Further  evidence  of  illuviation may  lie  in  the  low  content
of  clay  in  the  lower  2Ab  and  high  content  (25t)  of  clay  in  the    2Acb.

More    likely,     the  2Acb  formed  in  clay-rich  I)ediment,   I)1nce    the    2Cb

horizon  contain.  aB  much  a.  30  percent  clay  at  different  depthe.

The    uppermost    I)edimentary  unit  at  the  Naylor  Site  1.    Unit    I,

which  conBif)tg  of  a  depoeit  with  I)ilt  loam  texture  betveen  1.34  in  and
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the  Surface.    Figure  5:18  illugtrateg  that  the  depogitB  in  Unit  I  are

well    laminated,  and,  in  general,  fine  uprardj  in  the  lower    one-half

of    the  depoBit  fine  .and  compriE)e  up  to  30  percent  of    the    depoBit;

Band    content  drops  €o  ae  little  aB  10  percent  in  the  upper    one-half

of  the  unit.

From    the    bat)e  of  the  Unit  I  Co  a  depth  of  about  1.32    in    lf)    a

layer    of  fine  gilt   (Figs  5:18  and  5:19).     Clay  content  decreageg    in

conjunction   with  an  increase  in  I ine  I)and  in  the  uppemogt    part    of

this  layer   (Fig.   5:18).

Capping    the  layer  of  f ine  gilt  i8  a well-laminated    depof]it    of

fine    I)and  and  clay,   and  medium  .llt  betveen    1.32  and  0.63    in    (Fig.

5:18    and    5:19).     Thin  gilt  and  clay  layerf)  are  common    becween    the

depoBitB    of    fine  Band.     Calcium  carbonate    content    range8    between

Stage  11+  and  Stage  Ill  in  this  part  of  Unit  I   (Fig.   5:20).

At    a    depth    of    0.63  in,   a  Sharp  contact  can    be    I)eon    ln    the

depoBitg    of  Unit  I,  one  that  initiate8  a  I)harp  drop  in  I)and    content

in  conjunction  with  an  increase  of  fine  gilt  and  clay  (Figs.   5:18  and

5:19).       In  fact,   between  aL  depth  of  0.55  and  0.30  in,   the    amount    of

clay    in  the  fill  ig  more  than  the  gand  content,  the  only  8tratum    at

the    Naylor    Site    where  thig  occurg.       Stage    11    calcium    carbonate

content  dominate.  in  thif)  layer  of  Unit  I   (Fig.   5:20).

In  the  uppermof)t  0.30  in  of  Unit  I,  the  amount  of  Band    increaBeg

from  10  to  25  percent  in  conjunction  with  a  .ignif icant  drop  in    clay

content    and  a  Slight  decreaBe  in  gilt  content  (Fig.   5:18).     In    thiB

part  of  Unit  I  calcium  carbonate  content  ig  Stage  I   (Fig.   5:20).

Unit    I  contains  the  Surface  Boil,  which  developed  in    the    I)ilt

loam    deposit.  in  the  upper  portion  of  the  unit.    Thig  Boil    conf)iBtB
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of    an  approximately    O.34-in-thick  dark-gray    (10YR2/1)     organic-rich

(5t)  A  horizon  that  overlies  about  a  0.19-in-thick  gray   (10YR2/2)       Bw

horizon    and    the  O.81-in-thick  C  horizon   (Appendix  A).       Figrure    5:20

illugtrateE)  that  leaching  of  carbonate  and  fine  clay  (Fig.   5:18)    hag

been    relatively    extent)ive.    Calcium  carbonate  content    ranges    from

Stage    I  in  the  A  horizon  to  Stage  11+  in  the  C  horizon  (Fig.     5:20).

Similarly,  clay  content  ranges  from  5  percent  in  the  A  horizon  to    18

percent    in    the  Bw  horizon  (Fig.   5:18).     It  ig    poggible    that    thiB
horizon    formed    in    clay-rich  8ediment,  but  the    thic)meBB    of    this

Stratum  and  congigtent  high  clay  content  I)ugge8t.  pedogenic  proceBf)eB

(i.e.,  illuviation)  were  active.
In  Burmary,  the  Naylor  Site  conBigtg  of  a  5.5-in-high  cutbank    in

the    upper  reach  of  the  Eat)t  Fork  Wolf  Creek  that  expoBef)  both    early

(Fill    11)    and  late-Holocene  (Fill  Ill)  alluvial    fills.      Contained
within  these  I ills  are  four  Sedimentary  unitf)  that  con.let  largely  of

depoBitf]    in    the  gilt  loam  textural  claE]g  that  are    poorly    to    very

poorly  Sorted.

Fill    11  iB  expoBed  in  Unit  IV,  which  rangef)  in  depth  from    5.52

to    4.15  in  and  containB  the  highef)t  percentage  of  .and  at    the    I)ite.

Capping    Unit    IV  i8  a  moderately-developed  paleo.ol  that    formed    in

clay-rich    I)edimentj  pedogeneBig  in  this  paleogol  ceased  about    6,700

yrg  B.P. ,  when  rapid  burial  by  overbank  depof!ition  occurred.

Capping    Unit  IV  are  three  I)edimentary  unite  that  comprif]e    Fill

Ill    at    the  Bite.    Unit  Ill,  which  i.    the    lowermo8t    late-Holocene

Sedimentary    unit,    congi8t.    of    poorly-laminated,    I)ilty      depoeitf)

between    4.15  and  2.46  in,   that  containf)  numerouf)    carbonate    noduleB.

At  the  top  of  Unit  Ill  i.  a   moderately-developed    paleoBol  that  may
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have  been  truncated.    Radiocarbon-age  determination  on  thif)    paleoBol

gugge8tf]    that    pedogenegif]  ceased  about  1,900  yrf)  B.P.   when    it    waf)

rapidly  buried  by  overbank  depogite.

Unit    11,  which  i8  the  coar.egt  Bedimentary  unit  at    the    Naylor

Site,     lies  between  2.46  and  1.34  in  in  depth.     ThiB  unit    appearf)    to

have    accumulated  rapidly  during  intent)ive  I looding,  ag  the    depot)itf)

are    generally    very    poorly  Sorted.     Between  2.35  and    2.10    in,     for

example,    the  depo8itg  conf)igt  of  carbonate-rich  coarse  gravel    mixed

with  a  high  percentage  of  Band,  I)ilt,  and  clay.    Featured  within  Unit

11  ig  a  moderately-developed  paleoEiol.    Radiocarbon-age  determination

indicated    that  pedogenegie  in  thig  paleoBol  cea.ed  about    1,300    yrf!

B.P.    after  the  paleogol  wag  rapidly  buried  by  overbank  depoBit..

The    uppermost    Sedimentary  unit  at  the  Naylor  Site  ie    Unit    I,

which    accumulated    Sometime  after  around  1,300  yr8  B.P.       Thif]    unit

conf]iBte    of  Bilty  depoeit8  that  are  well  laminated,  poorly    to    very

poorly  I)orted  and  generally  f ine  upward.    Contained  within  Unit  I    if)
the  well-developed  Surface  goil,   conBif]ting  of  an  A  and  Bw  horizon.

I-1  Terrace  Complex

Approximately  1,000  yre  B.P.   a  major  episode  of  erosion  began  in

the    Wolf  Creek  baBin  that  formed  the  I-2  terrace.     Since  thif)    phaf]e

of    erosion  began,  the  Stream  channelf)  in  the  basin    have    entrenched

about  5.0  in.    Lateral  erosion  hag  generally  been  minimal,  except    for

a  3-)in  reach  below  Luray  where  up  to  25  percent  of  I-2  fill  hal    been

removed  (Fig.  5:5).     In  thig  portion  of  the  baBin,lateral  cutting  in

conjunction  with  more  intenBive  entrenchment  (nearly  6  in)  hag  created

the    beet  developed  I-1  terrace  complex    in  the  baEiin,   conf)igting    o£
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at  least  4  Burfaceg   (Fig.   5:21).

The    uppemogt    terrace    in  the  I-1    complex    ie    a    fill-I)trath

terrace    cut  on  the  4Ab  (.he  upper  .10  in of  the  paleo.ol    contain.    a

relative  abundance  of  clay,  reBigting  erof)ion)   1n  Fill  Ill    alluvium.

Fill    IV,    which    congiB€g  of  3.5  to  5  in  thick    depoBic8    of    lateral

accretion  gravel  and  finer  overbank  gedimente,  directly underlie.  the

remaining  f!urfacef)  in  the  complex   (Fig.   5:22).     Figuref)  5:21  and  5:22

illustrate  that  Fill  IV       overlies  the  organic-rich,  Bilty    Sediment

in    Fill  Ill  that  wag  recognized  in  cores  1,2,  and  4.    Moreover,    the

Stream    i.    currently  f lowing  on  the  game  baf]al  deposit  in    Fill    Ill

alluvium,   guggegting  that  entrenchment  ig  ongoing  (Fig.   5:21).

T-0   (Floodplain)

Because    the  Btreamf)  in  the  Wolf  Creek  ba.in  have    been    largely

entrenching    the    past  1,000  yearB,  the  modern    floodplain    (I-O)     ig

poorly  developed,  congif)ting  of  i.olated,  narrow  depot)ite  adjacent  to
the    present    Stream    channel   (Fig.   5:21).      Fill    IV    underlies    the

f loodplain,    congif)ting    of  a  thin  veneer    of    f ine-grained    alltivlum

(pof]t-Settlement? )  that  overlies  a  coar8e  gravel  depot)it.

Late-Quaternary  Valley  HiBtory

Radiocarbon      ageEi      in      conjunction      with      I)edimentary      and

Btratigraphic    data    have    been  employed    to    recongtruct    the    late-

Quaternary  valley  hiBtory  of  the  Wolf  Creek  basin.    Agef]  on  which  the

chronology  ig  baaed  are  lit)ted  in  Table  5:1.

Evidence    indicateB  that  .ometime  during  the    Pleif)tocene    (pre-

Wigcongin)    Wolf    Creek  wag  a  much  different  .tream  than    during    any

time  throughout  the  Holocene.    The  pregence  of  upland  gravel  depoeite
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Figure  5:21    CroE)I)-.ectlon  of  the  I-2  terrace,  I-1  terrace
complex,   and  floodplaln  at  the  Paech.I  Site.    The
I-2  terrace  le  underlain  by  Fill  Ill.    The  I-1
terrace  complex  con-1.te  of  at  lea.t  4  LIL-clef lned•.urfacee  created  by  I)tread  entrenchment  and  lateral
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cut-terrace  on  Fill  Ill  alluvium,  while  the
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Figure  5:22    Stratigraphy  of  the  I-2  and  I-1  terrace  complex  at
the  PaBchal  Site  from coree  lllu.traced  in  Fig.  20.
Fill  Ill  iB  expof)ed  in  Core-1  and  2.     Core    3
congi.tEi  of  Fill  IV  depoeite,  which  are  alternating
layerf)  of  gravel  and  fine  I)ediment.   In  Core  4,  Pill
IV  depo.it8  are  expoged  from  the  .urface  to  nearly
3  in,  where  the  contact  with  the  organic-rich  gilty
fill  of  Fill  Ill  i.  evident.
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Table  5:1.   Radiocarbon  ageB  from  the  Wolf  Creek  baf]in   (1).

C13  Correcced  Age      Calibrated
Stream  site           I,ab  No.       A RCYBP Source
*I.uray  Bridge

*EaBt  Fork

Sturgeon  Site

Paschal  Site

Pa8chal  Site

Paschal  Site

Paschal  Site

Schoen  Site

Schoen  Site

Schoen  Site

Naylor  Site

Naylor  Site

Naylor  Site

Beta-2162       2,060±160

Beta-2158     10,580±140

Tx-6259             1, 820±70

Tx-7078            5 , 350±110

Tx-7077            1, 830±70

Tx-7076            1, 510±80

Tx-7075             1, 290±70

Tx-6795            2 , 970±80

Tx-6959             1, 750±70

Tx-6960            1, 250±60

Tx-6914             6, 770±110

Tx-6962             1, 880±60

Tx-7076             1, 460±60

*Reported  in  .ohnBon  and  Martin   (1987).

Charcoal

Hunate8   (4ae)

1,736          HumateB   (4Zlb)

6,132         0rganice

1,786          Humate8   (4Ab)

1,396          HumateB   (3Ab)

1,265           HumaceB   (2Ab)

3 ,189         0rganicg

1,646          Humatef3   (4Ab)

1,178          HumateB   (2Ab)

7,588          Humatee   (4Ab)

1,832          Hunatee   (3Ab)

1,345          Humaceg   (2Ab)

(1):    All  ages  from  Boils  were  obtained  on  the  bage  Soluble  fraction
Soil  humatef)  of  2  kg  Bamplef),   except  for  one  I)oil  I)ample
analyzed  at  Beta  Analytic  in which  total  organicg  were
aBBayed.

(2):     For  a    diBcueBion  of  the  C13  isotope  correction  procedure,   Bee
Stuiver  and  Polach   (1977)   and  Taylor   (1987)

(3):    Calibration  from    a  conventional    C13    corrected    radiocarbon
age  .to  calibrated  calendar  yearf)  using  a  tree  ring
calibration  curve.  All  calibrationg  reported  here  were  based
upon  the  20-yeaLr  atmospheric  curve   (Bee  I,inick  et  al.   1985,
1986;  Kroner  et  al.   1986j  Hook  1986j   and  Stuiver  et  al.
1986).     Prograim  used  for  calibration  i8  diBcueE)ed  in  Stuiver
and  Reimer   (1986).
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and  Sedimentary  gtructure8  that  are  exposed  in  gravel  quarries  in  the

basin  indicates  that  Wolf  Creek  functioned  af)  a  high-energy,    braided

Stream    during    gone    of  that  time.  Sometime  toward  the    end    of    the

Pleistocene,      Wolf    Creek    entrenched    up    to    25    in    a.    it    eroded

laterally.      During  this  episode  of  erosion,  mo.t  of  the  gravel    fill

wag  removed  from  the  basin,     leaving  if)olated  fragments  of  the    newly

formed    T-4    terrace  on  the  valley wall  and  the    I-3    Eltrath    terrace

along  the  valley  margins.

Still    later,  near  the  end  of  the  Wit)conBin  or  the  beginning    of

the    early    Holocene,    Wolf    Creek  began    to    fill    its    valley    with

generally    coarse  gilt.  Sedimentation  of    early-Holocene    floodplaing
apparently    wag    epiE)odic  with  at  least  one  period  of    Stability    and

Soil  formation  at  about  6,700  yr8  B.P.

During  the  middle  Holocene   (ca.   6,500  -5,300  yrB.   B.P.)   lateral

erosion    in  conjunction  with  Stream  entrenchment  f lughed  mof)t    early-

Holocene    f ill    from    the  main  valley  of  Wolf    Creek    and    the    lower

reaches  of  the  major  tributarieB.    Although  no  early-Holocene  fill  iB

exposed    in    the    larger  valleys,  it  iB    likely   pref)erved    at    depth

beneath  younger  alluvium.   In  the  extreme  upper  reacheg  of  the  bagin's

tributaries     (e.g.,    Naylor  Site),  however,  early-Holocene    fill    ig

exposed,     guggeBting  that  lateral  migration  wag  not  ag    extensive    in

these  parts  of  the  basin  aB  vertical  entrenchment.

Following    the  interval  of  erosion  during  the    middle    Holocene,

Sediment    began    to    accumulate  again  on    f loodplain8    in    the    basin

between  about  5,300  and  3,000  yrg  B.P.     Fill  from  this  period  of  time

ig    best  expof]ed  at  the  Paschal  Site  and  indicatef)    that    f loodplain8

during  the  early  late  Holocene  formed  by  a  combination  of    proceg8eg:

99



laceral    accretion  of  gravel  point  barf)  and  .ubf)equent  depot)ition    of

fine,  often  organic-rich,  overbank  I)ediment..

Betveen  about  3,000  and  1,000  yr.  a.P.,   alluviation  in  the    main

valley    of  Wolf  Creek  and  the  lower  reachef)  of  the  major    trlbutarlee

waB    epiEiodic    with  intervening  periodf]  of  f loodplain    Stability    and

Boil    fomation    at  about  I,800,   1,500,   and  1,200  yrf]    B.P.       Between

these  intervalf)  of  I)oil  fomacion,  alluvi.tlon  ln  thiEi  portion  of  the

basin  (the  Elediment  Source  waf)  probably  late-Plei8tocene  and  Holocene

loeBg)  wa.  extenf]ive.     Betveen  approximately  3,000  to  2,000  yre  B.P.,

for  example,  nearly  3  in  of  alluvium  accumulated  at  the  Schoen  Site.

In    general,  each  of  the  three  f]edimentary  unit.    recognized    ln

late-Holocene    I ill  in  the  main  valley  of  Wolf  Creek  Lf)    compof)ed    of

well-laminated    depogit.    of  coar.e  Silt  and  fine  Band    (Appendix    A)

that    are  poorly  to  very  poorly  .orted.,  euggeBting  that  acc`mulation

of      the.e    eedimentB    occurred    during    intense      overbank      floodB.

Moderately-developed    paleoBole    at  about  1,BOO  and    1,500    yrg    B.P.

indicate    that  I looding wa.  minimal  for  a  relatively  long   period    of

time    during    those    intervalf).      In    contraf)t,    a      poorly-developed

paleoE]ol    in    the  upper  1.0  in  of  late-Holocene  fill  Buggegtf)    that    a

relatively    brief  period  of  gtability  occurred  about  1,200  yre.    B.P.

At    the    Schoen    Site,  thig  epi8ode  of  Boil    formation    wa.    abruptly

terminated  when  eevere  f looding  buried  the  incipient  paleoBol  with    a

thick  layer  of  well-laminated  I)andy  alluvium.

In    the    upper  reachef)  of  the  I)mall  tributarief)    of    the    baein,

periodB    of  alluviation  during  the  late  Holocene  were  interrupted   by
both    .oil  formation  and  eroeion.    Following  the  depot)ition  o£  1.5    in

of    late-Holocene    alluviufb  at  the  Naylor  Site,  an    epi.ode    of    I)oil
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formation  occurred  around  1,900  yrg  B.P. ,  when  a  moderately-developed

Boil    formed.      A  f]hort  time  after  the  Boil    developed,     however,     an

interval    of    erosion   occurred  in thi.  portion   of    the   bat)in   that

removed    the  upper  portion  of  the  I)oil.    Alluviation  .ince  that    time

and  about  1,000  yrg  B.P.  wag  generally  I)toady,   interrupted  only  by  an

episode    of  I)oil  formation  approximately  1,300  yre  B.P.    Like  in    the

main    valley    of  the  basin,  the  8edimentf)  that  compoBe    the    bulk    of

late-Holocene    alluvium  are  well  laminated  and  poorly  to  very    poorly

Sorted,    guggegting    that  alluviation  in  the  upper    reachef)    wag    due

largely  to  intense  overbank  depot)ltion  during  I)evere  floodB.

In    the  past  1,000  year.  the  I)tream  channelf]  in  the    Wolf    Creek

basin  have  been  entrenching.    During  thif)  time,  a  complex  of  terraces

haf!    been    created.      The  pervaBive  terrace  in    the    basin,    I-2,    ie

underlain  by  Fill  Ill.     In  places  where  channel  entrenchment  ccmbined

with    extenBive    lateral  channel  migration  (e.g.,  Pagchal    Site),    at

least    four    poorly-defined  terraces  (I-1    terrace    complex)    evolved

beneath  the  I-2.    The  u|>permoBt  gurface  in  the  I-1  terrace  complex  i8

a    f ill-gtrath   terrace   while  the  remainder   are    f ill-top   terraces
underlain  by  depogitg  of  gravel  and  fine-grained  alluvium  (Fill    IV).

A   poorly  developed  f loodplain,  underlain  by    a  thin  layer    of    f ine-

grained    alluvium    on  a  gravel  bar,  ig    currently    being    conetructed
adjacent  to  the  Stream  channel.

Correlation  with  other  regultg  in  the  Ken-ag  River  baBin

When  comparing  the  late-Quaternary  alluvial  hit)tory  of  the    Wolf

Creek    basin    with  the  remainder  of  the  KanBag  River    I)y.ten,     lt    iB

clear    that  broadly  fiynchroneouf)  events  took  place  acrof)a  the    Kant)ae
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River  I)yBtem  af)  a  whole,   including  the  Wolf  Creek  baBin.  Thl.  pattern

iB  I)imilar  to  the  one  clef)cribed  by  Knox   (1983)   and  .ohnf)on  and  Martin

(1987)     for    the    Hidveet    and    for    Kant)a.    and    adjoining      gtatef),

reBpectively.

I,ike    thof)e    8tudie.,    thif)    correlation    dependf]    largely    upon

radiocarbon    ageE)    obtained    from  paleogol.,    which    have    long    been

recognized    af)    dif)continuitief)     (e.g.,     Wendland    1982j     Knox     1983;

Johnson    and    Martin    1987),     in  valley  fill.    of    the    KanBaf)    River

ByBtem.    Figure    5:23  identifies  the  location    of    previouf)    reBearch

localities    in    the    KangaB  River  I)y.ten,  and    Table    5:2    lletf)    the

radlocarbon  age.  that  were  obtained  in  thoee  8tudief).

The    oldef)t    alluvial  depogitB  in  the  Wolf  Creek  baBin    are    the

upland  gravele  expof)ed  in  quarrie..    Although  the  precif)e  age  of  thlf)

f ill  i.  un)morn,  other  ref)earch  in  the  Kant)af)  River  I)y.ten    indlcatee

they  are  likely  pre-Wit)conf)ln  in  age.     Schultz  and  otherB   (1951),   for

example,  reported  that  upland  gravelf)  in  the  I,ime  Creek  and    Hedlcine

Creek  valleyg  were  KanBan  to  early  Illinoian  in  age.    Similarly,    the

Menoken    terrace,    which    i8  underlain  by  gravel  fill    in    the    lower

KangaB    River    valley,  wag  thought  to  be  Ran.an  in  age  by    Davit)    and

Carlf]on     (1952).       Dort     (1987)     proposed    that    Menoken    fill    might

conf)igt,    at  lea.t  in  part,  of  the  Xeade  Formation.    It  appearg    that

thif)  gravelly  fill  waf)  removed  in  the  Wolf  Creek  ba.in  in  particular,

and    the    Kaneag  River  gyBtem  in  general,   I)ometime    during    the    late

PleiE)tocene.

Becau.e    a  number  of  radLocarbon  age.  have  been  obtained  ln    the

KanBag    River    .ygtem    (Table    5:2),    the    pattern.    of    alluviation,

ero8ion,       and    Coil    formation    during    the    Holocene    have      become
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Figure  5:23    Map  llluf)trating  the  locatlone  of  prevlou.
1nve.tlgationB  with  radLocarbon  control  of  alluvial
I lil.  and  terrace f]  ln  the  K.n.a.  River  fly.ten.



Table    5:2.     Radiocarbon    ages    from    alluvial  depoBit8,  KanE]a.  River
basin,

code*     Stream  I)ite                  A RCYBP Source        Reference
Medicine  Creek

Lime  Creek

I,ouif]a  Creek

Harlan  County
Lake

12  Mile  Creek

Koehn-Schneider

6

7

8

9
10

Deer  Creek

Saline  River
(Wilson  Lake)
Kangag  River
(.unction  City)
MCDowell  Creek
Smoky  Hill  River

Elbo  Creek
Big  Blue  River
( 14PO1 )

10 , 493±1, 500
9,880±670
9 ,167±600
2,200±200

420+160
10,850±670
10 , 500±260
10 , 090±450
10,040±270
9 ,120±510
7 , 980±1000
7 , 600±2 70
7 , 809±400
7 , 42 6±600
4 ' 150±350
3 ' 050±60
2 ' 780±60
2 ' 020±60

10,435±260
10,245±335
11,170±170
11,050±180
9,800±120
7,460±130
4,120±270
i,890±90
5 , 090±60
1, 740±70
1,210±100

3,960±135
5 ,110±70
4 , 490±80
4 ' 170±60
3 ' 680±60
3 ' 170±60
2 , 620±80
2 , 620±70
2 , 090+60
1, 510±60

930+60
72o16o

1 ' 580±70
6,285±145
5 , 850±135
5 , 505±105
5 , 355±70
5,285±70
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charcoal    Schultz  et
charcoal    al.   1948
charcoal
charcoal
charcoal
humatee
hunateB
hunatee
hunatee
humatee
hunateg
hunatee
hunatef!
hunateB
hunateB
hunate8
hunateg
hunateg
bone

humatee
bone
humate.
humateB
humate.
charcoal
humate8
humatee
humateB

hunate`
hunatee
hunatee
hunateg
humate8
hunateg
hunateB
humateE)
hunatee
hunateB
humate8
hunatee
hunatee

May   (perB.
corm. )

I.ibby  1955

Martin  1990

Rogerf)  and
Martin  1984
Johnson  et
al.   1990

JohnBon  and
Martin  1987
May   1986b

JohnE)on  and
Martin  1987

Handel  1988

Kumann  1985
charcoal     SchmitB  1978
charcoal
charcoal
charcoal
charcoal



Table  5:2   (cont)   Radiocarbon  ageE)  from  alluvial  depoBite,   KanBag  River
basin.

code*     Stream  Bite                    A RcrBP Source        Reference
12

13

14

Big  Blue  River
( 14PO1 )

Black  Vermillion
River

Kangag  River
(Wamego  bend)

KanBag  River
(Meier  gand  pit)
Kangag  River
(Eudora  bend)
Delaware  River

WakaruBa  River
Stranger  Creek
( 14LV1046 )
Kanga8  River
(Bonner  Springs)

5,255±70
5 , 240±70
5 ' 170±70
5 ,160±70
5 ,155±70
5 ,140±65
5 ,12 5±70
5 ' 080±65
5 , 070±70
5 , 030±65
4,840±95
2 , 480±55
2 , 320±60
1, 090±80
5 , 320±790
4,215±180
2,350±250
8,310±120

7,250±110
4,950±120
2 , 620±70
1,670±55

785+130

8,220±400
5 , 710±100
2 , 620110
2 ' 450±70
1,200±60
1, 000±70
15,350±390
4,260±50

10,430±130
8 , 940±90

5 , 030±90
4'290±310
2 , 395±65
1,210±50

110+40

ch.rcoal    Schmitf)  1978
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal
charcoal    SchmitB  1981
charcoal
charcoal
hunateg

humateg
charcoal
wood
wood
wood

charcoal
charcoal
charcoal
humate8
charcoal
humatef)
organic8
wood

hunateB
humatee

rood
hunateg
rood
humateB
wood

•ohngon  and
martin  1987
Bowman   1985
•ohneon  and
Martin  1987

Dart  1987

I.Ogan  et  al.
1989

Handel  1988
Logan  1985

Holien  1982
•ohnf)on  and
Martin  1987
Holien  1987

*See  Figure  5:23  for  the  location  of  previouf)  I)tudy  8iteB  in  the
Kanga8  River  Bygtem.
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relatively    well  ®f]€ablif)hod.     .ohnBon  and  Martin     (1987)     recognized

eight    period.    of  floodplain  Btabillty  in  the  large  etreame    of    the

XanBa8  River  .yBtem:     10,600-10,200,   8,900-8,300,   5,loo-5,000,   4,300-

4,000,   2,600-2,400,   2,loo-1,600,   and  1,200  yr.  B.P.     Only  the  periodB

of  gtability  occurring  at  10,600-10,ZOO,   4,300-4,000  and    2,100-1,600

were    recognized    in  both  the  large  Stream  and  I)mall    baginB    of    the

gygtem.      No  period.  of  I)tability were  recognized  exclu.ively  in    the

Bmall  ba.ine  of  the  I)yB€en  in  their  .tudy.    Table  5:3  illuetrate-how

the    radiocarbon  agef)  obtained  from paleofiol-  in  thi.    .tudy    coapare

with    thof)e    reported  by.ohneon  and  Marcin     (1987).       Zllthough    8ome

gynchrony      ig    realized    between    epif)ode.    of    late-Holocene      goll

formation  in  the  Wolf  Creek  basin  and  other  localitieB  in  the    KaneaB

River  f]yf)ten,   gone  differencef]  are  apparent   (Table  5:3).

A    number    of    variablef)    muf)t    be    congidered    when      comparing

radiocarbon  ages  from  Beparate  I)tudief):    wag  the  .oil  truncated  prior

to    burialj  how  waf)  the  paleoeol  .ampledj  how  fro.h  wag    the    I)anpled

expof]urej    what  fraction  wee  dated;  what  radiocarbon    laboratory    tJaf]

used;    and  vat)  the  age  corrected  for  carbon  13  content?  Each    of    the

variablef)    mentioned    above    may  imf luence  the  age    obtained    from    a

paleof)ol.      Of    particular  .ignificance  ig  the  recent    trend    towardB
carbon    13  correction.    Specifically,   Banplef)  from  Boil  humate8    that

are    uncorrected    generally  yield  younger  age.  than the.e    that    have

been  corrected.    For  example,  a  I)ample  wa.  collected  in  thl.  I)tudy  at

the    Pat)chal    Site  from  the  upper  .05  n  of  the  3Ab    that    yielded    an

uncorrected    age  o£  1,390±80  yr8  B.P.  Upon  correction,     however,     the

age    of  the  I)oil  increaf)ed  120  yearf]  to  1,510±80  yr.    B.P.     (Tx-7076)

(Table    6:1).       Since    many  of  agef)  obcained  from    the    Kan8af)    River

106



;                          ---F.om John.on.nd l\A.rtln loe7                                   :              T". StLJdy

Large Streams

1,200

2,600-2,400

5 ,100-5 ,000

7,250

8,goo-8,300

Tributaries     Both positions     Wolf creek

1,250±60

1 ,460±60
1,510±80

1,750±70
2,loo-1,600           1,820±70

1,830±60
1,880±60

4,300-4,000

10,600-10,200

6,770±110

Table  5:3    Time-apace  Dif)tributlon  of  Paleo.ol.,  RCYBP,  Ran.a.
River  I)yetem.    Range  of  .ge.  1n  I.argo  Stream.,
Tributaries,  and  Both  Po.Ltion.  are  from  Johnf)on  and
Martin  1987
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Bygtem    are  uncorrected  (Johnson,  personal  communication),   an  age    by

age  comparison  may  be  biaged  at  pre8ent.

Even    though  an  absolute  correlation  thug  far  if)  uncertain,    the

reBultg    indicate    that  a  valid  comparif)on,    bat)ed    upon    radiocarbon

ageE),       of  Holocene  Stream  behavior  in  the  Wolf  Creek  baBin    and    the

Kangag    River  By8tem  can  be  made.     Evidence  acroB8  the    Ran.aB    River

gygtem    indicates  that  ag  Stream  ByBtem8  I illed  their  valleyf)    during

the  early  Holocene,  epigodeg  of  Soil  formation  occurred  at  10,500  yrB

B.P.     in    both  the  major  BtreamB  and  anall    tributaries    and    between

8,900  and  8,300  yrB  B.P.,   and  at  7,250  yrB  B.P.   in  the  major     8tream8

(Johnson  and  Martin  1987;   eohnf)on  and  I.ogan  1990).     A  radiocarbon  age

of     10,580±110  yrB  B.P.   (Beta-2158)   obtained  in  1980  wag  reported     in

the    Wolf  Creek  basin  by  .ohngon  and  Martin   (1987)  but  appearB  to    be

inaccurate    Since  the  game  paleogol  yielded  an  age  o£    6,770±110    yrg

B.P.     (Tx-6914)   in  this  Study.     RegardleBB,  the  recognition    of    Boil

formation    at    about    6,700    yrg    B.P.,     following    an    interval      of

alluviation,  does  indicate  that  events  in  the  Wolf  Creek  bat)in  during

the    early  Holocene  were  roughly  Bynchroneoug  with  the    remainder    of

the  Kangag  River  ByBtem   (Table  5:3).

Following  the  episode  of  valley  filling  in  the  Wolf  Creak    basin

during    the  early  Holocene,  an  inten.e  interval  of    erof)ion    occurred

Sometime    during  the  middle  Holocene  that  removed  most  of  the    early-

Holocene  fill  in  the  basin,  except  for  in  the  upper  reaches  of    Small

tributaries.     Several  gtudieB  guggegt  that  the  middle  Holocene  wag    a

time  of  Stream-gyBtem  instability  in  the  Kant)aB  River  8yetem  (.ohn8on

and  Martin  1987) .

According    to  Johnson  and  I.ogan  (1986),   for  example,   nearly    all
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of  early-Holocene  I ill  in  Stranger  Creek  bat)in  wag  removed  during  the

middle  Holocene.     In  that  basin,   iE)olated  remnantB  of    early-Holocene

fill    can    be    found    in  the    lower    reachef)    of    anall    tributaries.

Similarly,     in    the  Republican  River  bat)in,  Martin    (1990)     .uggeBted

that    up  to  10  in  of  entrenchment  occurred  in  the  vicinity    of    Harlan

County  Reservoir  between  4,500  and  3,700  yre  B.P.

Although  the  period  of  mid-Holocene  ero.ion  ha.  been    recognized

in    the  major  8treamB  of  the  KangaE)  River  Byetem  (.ohn8on  and    Martin

1987),   it  wag  not  nearly  ag  Severe  in  thege  .tream..     In  the  Medicine

Creek    drainage,     for    example,    the    Stockville    Terrace,    which    iE)

underlain    by  early-Holocene  fill,  ig  the  most  extent)ive    terrace    in

that  basin  (Brice  1966).     Similarly,  the  Nerman  Terrace,  which  ig  the

I-2  terrace  in  the  Kangag  River  valley,  iB  well  preBerved    throughout

the    lower    portion    of  that  valley.    The    youngef)t    paleoeol    within

Newman    fill  hag  yielded  a  radiocarbon  age  of  about  4,900    yrB    B.P.,

Buggegting    that  all  of  the  early-Holocene  I ill  lf)  pregerved    beneath

the    Surface  and  that  mid-Holocene  erosion  occured  Somewhat  later    in

the  KanBag  River  valley  than  the  Wolf  Creek  basin.

Stratigraphic  and  radiocarbon  evidence  from  the  Wolf  Creek  basin

indicates    that,   following  the  episode  of  mid-Holocene    erof)ion,    the

basing  valleys  filled  with  Sediment  between  about  5,300  and  1,000  yrg

B.P.,   followed  by  Stream  entrenchment  I)ince  that  time.     Thif)    eplBode

of    valley  filling  and  entrenchment,  which  created  the    I-2    terrace,

correlates  well  with  events  elsewhere  in  the  KanBag  River  ByBtem.

According  to  Johnson   (1985)   and  .ohnBon  and  I,ogan   (1990),     the

KanBa8    River    valley  filled  with  Sediment  between    about    4,300    and

1,000    yrB    B.P.,    when  entrenchment    created    the    Holliday    Terrace
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Complex.    In  the  Black Vermillion  River  basin,  a  tributary  to  the  Big

Blue    River,     Schmitg     (1981)     I)uggegted    that    .ediment    accumulated

between    5,000  and  2,000  yrg  B.P.,  when  entrenchment  created  the    I-1

terrace.      Handel  (1988)  reported  that  I-1  fill  accumulated  in    major

valleys  of  the  Smoky  Hill  ey8ten,   jut)t  .outh  of  the  Wolf  Creek  baBin,

between  4,500  and  2,600  yr8  B.P.,   and  in  small  valleys  betweeen  4,300

and  1,500  yrB  B.P.,  when  entrenchment  elevated  the  fomer  floodplain.

To    the    north,    the  Republican  River    valley    filled   with    eediment

between    3,700    and  1,200  yrf)  B.P.     Since  that  time,     the    Republican

River  ha.  entrenched  nearly  7  in  (Martin  1990).

In    other    part.  of  the  KanBaB  River  I)y.ten  an  epif)ode    of    I)oil

formation    hag  been  recognized  in  both  major  I)treame  and    tributarieB

at  approximately  4,200  yrf)  B.P.   (.ohneon  and  Martin  1987),   an  episode

not    encountered    in  thiB  .tudy.    This  may  not  be    I)urpriEiing,     eince

this    period    of  Btability  was  characterized  by    Johnson    and    Martin

(1987)     af)    moderate  in  intensity.    An  epif]ode  of  I)oil    formation    at

2,500  yrg  B.P.,   recognized  excluBively  in  the  major  valley€  €huf)  far,

wag  not  encountered  in  thiB  8tudy.

According  to  .ohngon  and  Martin  (1987),   a  Btrong  period  of    I)oil

formation    interrupted  late-Holocene  alluviation  at  about    1,800    yrf)

B.P.     in    both    large  gtreamf)  and  small  baeinB  in    the    KanEia.    River

gyBtem.      Table    5:3    illu8trateB  that    thiB    episode    of    floodplain

Stability    ie  recognized  throughout  the  Wolf  Creek  ba.in,  ae    BampleB

collected      at      four      localitief)    yielded      radiocarbon      agef)      of

approximately  1,800  yrB  B.P.   (Table  5:3).

Another    episode    of    Boil    formation    waB    recognized    at      two

localitieB    in    the  Wolf  Creek  bat)in  at  about  1,500  yr.    B.P.     (gable
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5:3).    Although  thiEi  episode  of  .oil  formation  waf)  not  recognized    by

Johnson  and  Martin   (1987)   in  other  par€f)  of  the  Kant)ae  River    I)yf)ten,

it    wag  reported  by  Handel   (1988)   in  anall  tributaries  of    the    Smo)ey

Hill    River    basin,    guggef)ting    that    thif]    interval    of    floodplain

Stability   may    be  a8f)ociated with  I)mall  tributaries  in    the    central

KanBa8  River  I)ygten.

The    youngest  epif=ode  of  Boil  fomation  recognized  in    the    Wolf

Creek    basin  in  this  Study  wag  at  1,ZOO  yrE)  B.P.,   at    ttro    localitief)

(Table    5:3).       Prior    to    thif)  Btudy,    thig    interval    of    land8cape

Stability    wag    unrecognized  in  the  small  tributarieB  of    the    Kan8aE)

River    gyBtem.       The    intent)ity  of  thif!  event    doef)    appear    to    vary

between    major    gtreamg  in  the  KangaB  River  gyBtem  and  the.e    in    the

Wolf    Creek  basin,   however.     According  to  Johnson  and  Martin     (1987),

thiB    episode    of  f]oil  forz[Lation  wag  characterized  aB  .trong    in    itEI

intenf]ity    in    the  major  gtreamg  of  the  Eiy8tem.     In    the    Wolf    Creek

basin,     in  concraBt,   it  wag  clearly  weak  in  itf)  intent)icy;    moreover,

it    wag    completely    unrecognized    in    the    upper    reacheg    of    I)mall

tributarief)  in  the  baBin.

In      BurmrLary,     although    there    if]    not    an      epiBode-to-episode

correlation    between  eventg  in  the  Wolf  Creek  basin  and  the    reE[t    of

the    KangaB  River  BYE)ten  during  the  late  Quaternary,   it    if!    apparent

that    a  general  pattern  in  the  timing  of  I luvial  eventB  ie    realized.

In    all    partB  of  the  KangaEi  River  I)y.ten,   including  the    Wolf    Creek

bat)in,    depot)it.    of    upland  gravel.    accumulated    and    were    largely

removed    during  the  Plei.tocene.    I)uring  the  early    Holocene,    etream

valleyf]    acro.B    the  basin  apparently  f illed    With    .ediment    between

epiBodef)  of  I)oil  formation.     Sometime  during  the    middle    Holocene,   a
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period  of  lateral  cutting  and  channel  entrenchment  removed  a    portion
of    early-Holocene    fill  in  major  valleyB,  and  mof)t  of    it    ln    I)mall

tributarie.    I)uch    ae  Wolf  Creek.    Valley    f illing    became    pervaf)ive

again    during  the  late  Holocene  between  epi.odef]  of    I)oil    formation,

Bone    of  which  have  been  recognized  in  the  Wolf  Creek    basin.       Since

abouc  1,000  yre  B.P.,   all  of  the  channel.  in  the  Kan8aE)  River  eyf)ten,

including    those      vichin  the  Wolf  Creek baBin,    have    been    actively

entrenching.

In    Short,    the    Bimilarity  in   alluvial    .tratigraphlc    records
acroE).  the  KanEiaf)  River  basin  euggeBt8  that  broadly  gimilar    activity

occurred    during    the    late    Quaternary.      The    forces    that    may    be

re8ponBible      for      thege      patterns    may      include      the      following

po8Bibilitie.:      ba8elevel  changee,  tectonic  activity,    and    climatic
adjuf)tnent..

Stream  Regponf)ef)  to  Bat)elevel  Change.

Aggradation    and  entrenchment  in  a  drainage  basin  can  be    cau.ed

by    rai8ing    and  lowering  of  ba8elevel,  respectively    (Schurm    1977).

Con.iderable    re.earch  hal  focuBed  on  the  relationship    of    bat)elevel

fluctuations  to  .tream  behavior  (e.g.,  Schum  and  Parker  1973;  Schurm

1977j     Chorley  et  al.1984).     Schum  (1977)  demon.trated  that  a    drop

in baeelevel  create.  a  )mickpoint  that  rejuvenatee  the  trlbutarle.  in
the    eyetem    a.  it  migrateB  upBtream.     Schum  and  Parker     (1973)     and

Schunm    (1977)     have    experimentally    demon.traced    that    a    drop    in

baBelevel    can    ref)ult  in  progregeive  incision  up.tream,    creating    a

terrace.      Similarly,  afi  eroded  .ediment  fillf)  higher  order    valley.,

baeelevel  Ln  tho.e  valleyf]  rif]e8,  cau.ing  progre..1ve  alluviatLon    ln
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lower  order  drainagef).

Although    Bea-level  I luctuatione  probably  did  not  affect    I)Cream

8yBtemB  this  deep  within  the  continental  interior  (Dort  1983),   it    iB

likely    that  the  Wolf  Creek  baBin  was  inf luenced  by    local    ba8elevel

changes    due    to    complex  reBponf)ef)   (e.g.,   Schum    and    Parker    1973;

Schumm    1977)   in  the  Saline  River  bat)in  in  particular,   and  the    lower

Kanga8    River    gygtem  in  general,  during  the  late  Quaternary.     It    ig

quite      poggible,      in    fact,    that    the      e]E€reme      late-Plei.tocene
entrenchment(g)  that  produced  the  I-4  and  I-3  terracee  was    baBelevel

related.

Stream  RegponBeB  to  Tectoni.in

Tectonigm,     including  uplift,  8ubeidence,  lateral    digplacement,

and    warping    of    the  earth8  cruet,    may    produce    channel    lncieion,

aggradation,   and  lateral  channel  migration  (Schumb  1977).    Generally,

tectonic  activity  i8  not  commonly  con.idered,  however,  ae  a  behavior-

forcing    variable    in  Great  Plains  I)tream  I)yltem.  elnce  the    rate    of

vertical    movement  of  the  cruf)t  averagef)  let).  than    lm/year     (SchuzurL

1977) .

Recent    evidence  indicateB,  however,  that  the  Wolf    Creek    basin

may    have    been  af fected  fo  I)one  extent  by  tectonic  activity    in    the

area  during  the  late  Quaternary.    Specifically,  the  baBln  lief)  on  the

northeastern  flank  of  the  Central  Kanea.  Uplift  (Fig.  5s24),  a  buried

Precambrian    anticline  in  central  KanBa8  (Herriafb  1963j     Steeples    et

al.1990).       According    to  Herriam  (1963),   a    number    of     I)ubgidiary

gtructureg    are    preBent  along  the  cref)t  and  flank.    of    the    uplift,

including    the  EllBworth  Anticline,  Fairporc  Anticline,    Pawnee    Rib,
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Figure  5:24    Location  of  the  Central  Kan8afi  Uplift  in  the  State
of  Kangaf).     The  Cencral  Kangag  Uplift  ie  a  buried
pro-Cambrian  anticline  that  i.  .eiemlcally  active.
The  Wolf  Creek  bat)in  i.  located  on  the  northeaBtern
flank  of  Structure,  8uggef)ting  that  tectonifim may
be  a  factor  in  the  develoFbent  of  the  ba.in  (from
Merrian  1963).

114



Rush  Rib,   and  the  Ruggell  Rib.

Although    the  Nemaha  Ridge,  a  buried  anticllne  of    .inllar    age,

Structure,     and    lithology  in  eaBtern  Kant)af),  hal  been  the    focuf]    of

most    I)eigmic    research    in    the  f]tate  (a    felt    earthquake    ln    1867

registered    5.5    on  the  Richter  I)cale  at    Manhattan),       St®eplee    and

others     (1990)   f]uggeBted  that  the  Central  KaneaB  Uplift  ha.  not    been

properly    recognized    af)  a  Source  of  earthquake  activity.      In    fact,
they  argue  that  the  Central  KanBaB  Uplift,   like  the  Nemaha  Ridge,     i8

capable  of  generating  a  po8gible  6.5  magnitude  earthquake  every  1,000

years.

In    Support  of  this  aeBertion,  Hart+n    (pereonal    comunication)

hag    recognized    at  Harlan  County  ReBervoir  in  NebraBka    a    fault    in

loegB  on  the  valley  flank  of  the  Republican  River.    Jlt  thi.  locality,

nearly    2  in  of  vertical  displacement  if!  obf)ervable  in    I,ate-Wigcongin

loegB ,

From    1977    to    1989,   the  KanBag  Geological    Survey    operated    a

microearthquake    geigmograph    network    in    portiong    of    Kant)aB      and

Nebraska,     including  the  area  of  the  Central  Ran.a.  Uplift.      Re8ultg

indicate  that  earthquakes  along  the  .tructure  range  in  magnitude  from

0.8    to    4.0     (Steeplef)  et  al.1990).    Althoughmoet    of    the    events

occurred  in  adjacent  ElliB,   RookB,   and  Graham  CountieB,   I)everal    were

recorded  in  the  vicinity  of  the  Wolf  Creek  bat)ln  (Fig.   5:25).

Despite  the  I)uggegted  incidence  of  tectoni.in  in  the  vicinity    of

the    Wolf  Creek  basin  throughout  the  late  Quaternary,  the    degree    of

imf luence  upon  the  baf!in  cannot  be  determined.  According  to    Steeplee

(personal    co[nmunication) ,  tectonic  activity  may  have  contributed    to
the    abandonment    of  the  "Wilson  Channel"    when  an  anceetor    of    Wolf
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Figure  5:25    Xicroearthquake.  in  Kanea.  and  Nebra.ka,   1977-1989.
Re.ulte  indicate  that  eeveral  earthquake.,  ranging
in  magnitude  from  0.8  to  4.0,  occured  along  the
Central  Kanga-Uplift  (£ron  Steeple.  et  al.1990).
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Creek      captured      the    Saline    River    I)ometlme    during      the      early

Pleistocene .

Stream  RegponE)eB  €o  Climate  Change

Since    excegf)  water  i.  removed  fron  a  drainage  b&f)1n  via    Stream

8y8temg,    it  logically  follow.  that  they  are  .eneit+ve  to  the    amount

and  frequency  of  precipication  impof)ed  upon  the  .y.ten.    According  to

Knox     (1983),  the  evolution  of  late-Quaternary  river  I)yf)tome    can    be

evaluated    in  relation €o  both  the  direct  ®f feet.  of  cllmatlc    eventB

and   the    indirect  ef fect8  of  vegetation  ae  lt    control.    runof I    and

erosion.    Specifically,  it  i.  apparent  that  the  combined    ®ff®ctf)    of

climate  and  vegetation  inf luence  the  porcion  of  runof I  in  a    drainage

basin    derived    from    overland  flow  (I)urface  runoff),    which    le    the

principal      contributor    to    I lood    flow    and    lf)    the    main      factor
reBpongible  for  eroBion  and  I)edimentatlon  in  river  I)y.teme.

The    ability    of  BtreamB  to  maintain  an  equilibrium    Btate,     for

example,     depends  upon  the  recurrence  interval  o£  £loodf),     ef)pecially

large    floods     (Knox  1976).     Specifically,  cro-a-eectional    areaf)    of

alluvial    channel.    tend    to  be moat  Strongly  related   to    the   water

volume    during    frequently  recurring  I lood  I lowf)  (Wolnan    and    Miller

1960;   Knox  1983).     BecauBe  the  Wolf  Creek  bat)1n  lf)  a  relatively  small

gygtem    (i.e.,  one  Bevere  Storm  can  blanket  the  entire  drainage),     it

wag    likely  very  eu8ceptible  to  variationg  in  f lood magnitude    during

the  late  Quaternary.

Another    climate-driven    variable    ie  the    annu.1    and    I)eat)onal

distribution  of  rainfall  that  fallf)  in  a  ba.in.    I,angbein  and    Schunm

(1958)    recognized    that  variability  around  a  30  cm  nean    in    average
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annual  precipitation  greatly  imf luencef)  the  amount  of  Surface    runof f

and    I)ediment  yield.    Since  the  Wolf  Creek  bat)in  lie.  at  the    we.tern

edge  of  the  tall  grag8  prairie  cormunlty,  .evere  decreaf)ee  in    annual

rainfall    during  the  late  Quaternary probably    influenced   vegatative

cover    and    therefore  I)ediment  yielde  a  great  deal.    Specifically,    a

decrease    in  annual  precipitacion  decrea.ed  vegetatlve  cover,    which,

in  turn,   increased  Surface  runoff  and  Eiediment  yields  in  the  drainage

bagin,

Crowing    evidence    indicate.  that  long-term  change.    1n    climate

during    the    late  Quaternary,   I)pecifically  the    Holocene,    have    been

common     (e.g.,     Cry.on  and  Wendland  1967j  W®ndland  and     Bry.on     1974;

Knox     1983;     Kutzbach     1985j   COHMZIP  Member.1988).        Early     research

(e.g. ,  Antevf]  1955)  propo.ed  that  change.  in  late-Q`iacernary  cllmatef)

Since    the    late  Wi.8conE)in  followed  a  tripartite  divif)ion:     cool    and

moist    during    the    early  Holocene,  warm  and  dry    during    the    middle

Holocene,     and  cool  and  noif)t  during  the  late  Holocene.  According    to

Wendland    and    Brygon   (1974),   thif)  I)ubdivieion  of  climate    change    iB

much    too    Bimpligtic    I)ince    atmof)pheric    circulation    patternf)    are

constantly  in  flux.  Inetead,  they  .uggef)ted  that  changee  in    Holocene

climates    in    North    America  were  cormon,    were    .eparated    by    rapid

tranBitiong,  and  correlated  well  with  the  Blytt-Sernander    chronology

(Fig.   5:26)   described  by  Zuener   (1952).

Although  the  focuB  of  thif)  Study  ie  not  a  detailed  chronology  of

late-Quaternary  clinate.,  a  general  treatment  of  climate  change   With

8pecif ic  references  to  the  Blytt-Sernander  chronology  i.    appropriate

ale    it    relateB  to  the  Wolf  Creek  baein.  A  number  of    reporte     (e.g.,

Wendland     and  Bryf)on  1974j   Knox  1983j   Kutzbach  1985j     cOHmp    Xemberf)
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chronology  and  the  geomorphlc  record  of  the  KangaB
River  valley  and  the  Wolf  Creek  ba.1n.
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1988)   indicate  that  late-Q`iaternary  climate.  can  be  generally    viewed

in    two    parts:     (I)     a  phaf)e  during    the    late-Wi.conf)in    and    early

Holocene  when  atmospheric  circulation  wag  inf luenced  by  the    preBence

and  gubgequent  digintegration  of  the  Laurentide  ice  Sheet  and  (2)  the

time    (middle  and  late  Holocene)   .ince  the  Laurentide  ice    I)beet    wag

the    dominant    imf luence  upon  atmo.pheric    ciruculation    patterns    in

North  America.

Atmospheric    general  circulation  nodelf)  (ACCX'g)   indicate      that

between    the    late-WigconBin    glacial  naxim`im  at  18  ka    and    and    itB

retreat  about  9  ka  the  I.aurentide  ice  eheet  was  the  dominant    fiurface

feature    influencing  the  Norch  American  climate.     From  18    to    15    ka

there    wag  egBentially  no  change  in  atmoBpheric  circulation    patternB

(Kutzbach     1985,1987j   COHmp  member.1988).     During  that    time,     the

westerly  jet  Stream wag  I)plit  to  the  north  and  Bouth  of  the  lee  .beet

in    both    Bummer    and  winter  by  a  Strong    glacial    anticyclone    (Fig.

5:27).       Ag    a  ref)ult,  upper  atmospheric  air flow,     which    would    have

af fected    the  Wolf  Creek  basin,  congiBted  of  relatively  cool  and    dry

air  from  Canada   (Knox  1983).     According  to  Kutzbach   (1981,1987),   the

preBence  of  pluvial  lakes  in  the  Southwest  during  thif)  time  indicateB
that  Storm  trackB  reBpongible  for  freq`ient  high-intent)ity  rainB    were

pushed  far  to  the  South  at  that  time.
Between    15       and  9  ka,   a  number  of  variable8     (a.g.,     increaf)ed

tilt    of  the  earth,  let)f!  I)urface  albedo,  .uly    perihelion)    increaBed

Summertime  Solar  radiation  Buf f iciently  that  the  Laurentide  ice  f!heet

decreased    in    Size.    In  turn,  the  westerly  jet    -tream    weakened    in

gummer,     and    wag    no  longer  Bplit,   even  in    winter     (Kutzbach    1985;

COHMAP    members     1988).     The  circulation  over  the    Wolf    Creek    bagin
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Figure  5:27    Atmof)pheric  circulation  pattern.  1n  North  America
at  18,000  yr.  a.P.    During  thi.  tine,  a  .trong
glacial  anticyclone  vat)  pr®Bent  over  th.  I,aurentide
Ice  Sh®et,  forcing  .  .pllt  ln th. w..t®rly  ]e.
I)tream that  re.ulted  cool  and  dry  C.n.dL.n  .ir  over
the  Wolf  Creek  ba.in  (fbodlf led  fron  cO"hp  medber.
1988 ) .
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became    dominantly    zonal    during    this  time,     af)    Canadian    air    waf]

replaced    by    dry  Pacific  air  (Fig.   5:28).    Under    theBe    conditions,

infrequent  but  intenf]e  convec€ive  I)torme  produced  .evere  flaeh  f loodEI

in    the    basin  (Knox  1983).     Because  vege€atlve    cover    t7ae    reduced,

I)ediment    yieldf]  were  high,  re8ul€ing  in  the  general    alluviation    in

the  basin  during  the  early  Holocene.

By  9,000  yre  B.P.,   a  major  f]hift  in  climate  vat)  underway  in    the

Wolf    Creek  baBin.     Perihelion  vat)  in  July,  and  thif),   ln    conjunction

with    a    decrease  in  the  earth'e  tilt  (obllqulty  24.23®   ),     1ncreaf)ed

gummer    Solar    radiation    at  the  top  of  the    atmosphere    to    about    8

percent  greater  than  at  present   (Kutzbach  1981,1985,1987).

AB  the  Laurentide  ice  I)heet  continued  to  wa.€e,  the  I)teep  north-

gouth    temperature    gradient  continued  to  weaken,    prompting    further

zonal    flow    dynamics     (Knox    1983).       Thef)e    factor.    triggered    the

generally   warm  and  dry  condition.  of  the  Altithermal  that    prevailed
in    the    central    United  State.  from  about  8,000  to    5,000    yr.    B.P.

(Antevg     1955j   Knox   1983j   Ku€zbach  1985,1987j   COHMAP  member.     1988).

A    period    of  Soil  formation  in  the  Wolf  Creek  basin    vat)    recognized

during  this  time,   around  6,700  yr8  B.P,  which,   according  to    Wendland

and    Bryf)on     (1974)     correlatef)  with  a    minor    dif)continuity    in    the

Atlantic  bioclimatic  episode  of  the  Blytt-Sernander  chronology    (Fig.

5=26) .

By    about    6,000  yre  ago,  mean  .unmer  temperaturef)  in    the    Wolf

Creek    baBin    were  2®  to  4®C  higher  than  at  pref!ent     (cOHmp    memberB

1988).     In  addition,   annual  precipitation  wag  much  ae  25  percent  leEl.

than    today     (Bartlein  et  al.1984j  Kutzbach    1987).       Thege    factorf)

taken    together    caused  pralriee  to  expand  to  their    maximum    in    the
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Figure 5 : 28   ¥r::::a:::o8:r:::a:;:Bop;::®:?:. LnR::=®:t¥:r:::
I.aurentid®  Ice  Sheet  c.ufied th. ve.terly  jet  .tr.am
to merge,  re.ultlng  ln  dominan€®ly  zonal  flow  over
the  Wolf  Creek  baeln  (from  Knox  1983).
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Xidwegt   (Webb  et  al.1987;   COHMAP  member.1988).     Moreover,   the     data

guggef)t    that  Stream  I)yBtemf)  throughout  the  Xidwe8t    were    inherently

unstable  during  this  period  (Knox  1983;  .ohn.on  and  Martin  1987).

Ag    a  reBult,  the  middle  Holocene  probably  repre.ent.    the    molt

unstable    episode  in  the  Wolf  Creek  ba.in  during  the  Holocene.      Thi8

hypothegiB  if!  Supported  by  the  lack  of  a  recognizable  period  of    Soil

formation    during    that    time,  a  void  that  may  be    explained    by    the

following    cause:   a  lmall  basin  I)uch  a.  Wolf  Creek  could  be    entirely

covered    by    a  I)ingle,  but  infrequent  conv®ctive  Storm    that      cau.ed

mat)give  erosion  along  channelwayf),  high  I)edinent  concentrationf)    from

poorly    protected    hillBlopee,  and  eubf)equent  alluviation    in    .tream
valleys .

After      about    6,000  yre  B.P.,  the  influence  of    the    Laurentide

ice      Sheet    on    North    American    atmof!pherLc    circulation      patternB

disappeared    completely     (Kutzbach     1987;  Webb  et     al.     1987;     COHMAP

members    1988).       Ae    a  ref)ult,     the    Eiteep    north-South    temperature

gradient    that  had  prevailed  during  the  early  Holocene,  and    .omewhat
legs  in  the  middle  Holocene,  wag  replaced  by  a  more  moderate  one  that

prompted  deeper  penetration  (i.e.,  meridional  flow)  of  both  polar  and
tropical    air  maBBe8  into  the  continental  interior  (Fig.    S:29;    Knox

1983 ) .

According  to  Knox  (1983),  the  increased  dominance  of    meridional

f low    in  the  Midwe.t  during  the  late  Holocene  frequently  ref)ulted    in

the    development    of    intent)e  cyclonef)  and    long-duration    I)torfrL.    ae

contrasting    air    fnagee.    collided    over    the    region.      Mean    annual

precipitation    and    frequency    of    large    f lood.    probably    increaf)ed
dramatically    in    the    Wolf  Creek  ba.in  when    the    frontal    zone    waB
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Figure  5:29    AtmoBpheric  circulation  patternl  in  North  America
from  6,000  yrf)  B.P.  to  pref)ent.     Ae  the  I,aurentlde
Ice  Sheet  dif)appeared,  circulation  b.came  more
meridional,  ref)ulting  in  the  collLf)ion  of  cool  and
dry  Canadian  air  with  air  from the  Cult  of  Mexico
over  the  Wolf  Creek  bafiin  (frcm  Xnox  1983).
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overhead,  causing  gignif icant  adju.tmentf)  Within  the  .yf)ten.

Moreover,  the  change  from  the  dominantly  xeric  conditlone  of  the

middle    Holocene  to  the  more  meeic  environment.  of  the  late    Holocene

likely  cauBed  a  Shift  from  Eihort-  or  mid-graf)I)  to  tall-gra.e  prairiej

consequently,  hill.lopee  were  better  protected.    Af!  a  reBult,    upland

Sediment      yieldB      were    lignif icantly    reduced    and      erogion      wag

accompli8hed  by  lateral  channel  migr?tion  and  vertical  inci.ion  (Knox

1983).       TheE)e  changeB  probably  accounted  for  the    exten.ive    ero.ion

and  f luE)hing  that  occurred  in  the  Wolf  Creek  basin  at  the  end  of    the

middle  Holocene.

Although    late-Holocene  climatef)  can  be  generally    characterized

a8    relatively  cool  and  moif)t,  Wendland  and  Brygon     (1974)     euggeBted

that    Bone    Short-term    fluctuationf)  did  occur.      According    to    Knox

(1983),    periodic    ghiftf)  to  relatively  drier  conditiong    could    have
induced    the    waveg    of    extent)ive    valley    £111ing,    punctuated      by

floodplain  .tability,     Been  in  the  Wolf  Creek  basin  between  5,300  and

1,000  yr8  B.P.    Not  coincidently,  epi.odes  of  I)oil  formation  at  about

1,800,     1,500,   and  1,200  yr8  B.P.   correlate  reasonably  well  with    the

end    of    the  Sub-Atlantic  and  Scandic  bioclimatic    epiBodef),    of    the

Blytt-Sernander  chronology,  reBpectively  (Fig.   5:26).

A    I)tudy    conducted    by  Hall   (1990)     in    Oklahoma    .upportf)    the

agE)ertion  that  I)hort-term  fluctuation.  in  climate  occurred  during  the

late  Holocene,   although  I)omewhat  different  ref)ulte  were  obtained.    He

reported    that  the  Copan  Paleo.ol  developed  during    I)low    alluviation

within    a    relatively  moist  period  between  2,000  and  1,000    yrg    B.P.

Following    Boil    develoEment,   a  200-y.ear  period    of    regional    valley

entrenchment  occurred,   which  Hall   (1990)   pot)tulatef)  wag  a  r®Eiponf)e  Co
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drier  conditionE).

In  I)urinary,  the  evidence  I)trongly  .ugge.t-  that    late-Qu.ternary

eventEi    within    the  Wolf  Creek  basin  Were  largely  controll.a    by    the

direct    and  indirect  ef fecte  of  climatic  varlabllity.      According   €o

Knox   (1983) ,   the  general  pattern  of  regional  I)ynchrony  ln    midwef)tern

alluvial    chronologies  during  the  Holocene  ref lectf)  the  lnf luence    of

climate  aB  an  external  variable  on  those  ey.temf].    Although  event.  in

the    Wolf    Creek    ba8in    were  not    completely    ln    phaf)a    vlth    other

localities    in    the    KanBa.    River  I)y.ten,    thl.    8tudy    hoe    clearly

demonf)trated    that  a  pattern  of  I)ynchrony  i.  pr.I)ent    throughout    the

Kangag  River  f]yf]tem  aB  a  whole,   including  the  Wolf  Creek  ba.in.       Any

dif ferenceB   that    exi.t    can    likely   be   attributed   to    .hort-term
I luctuationg    in  local  climate  and  the  complex  re8pon.e    of    drainage

baginB    within    the    Kangag    River    eyf)ten    and    incon.i.tencieg      in

chronology  development.
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cturTER  vlSU-I
Ceomorphic  ref)earch  in  the  Wolf  Creek  ba.1n  lndlcate.  that  late-

Quaternary    events  in this  .mall  drainage  correlate    rea8onably   well
with    other  localitie8  in  the  Kant)a.  River  eyeten.      Although    .hort-

term  digcontinuitieg  (i.e.,   Boil  fomation)  were  not  alwayf)  in  phaf)e,

long-terzn    period.  of  fluvial  behavior  (i.e.,    alluviatlon,    erof)ion)

are    Similar.      This    unni.takeable  pattern    of    region.I    I)ynchrony,

Similar  to  that  clef)cribed  by  Knox   (1983),   fitrongly  euggef)tf)  that  Wolf

Creek    ref]ponded  to  the  Bane  long-ten  f luctuationg  in    climate    that

af fected    the    KanBaf)    River    I)yetem    af!    a    whole    during    the    late

Quaternary.    Short-term   variability,    in    contraf)t,    vat)    likely      a
function  of  local  climate  changef)  and/or  the  complex  regponf)e  of  Wolf

Creek  to  other  events  within  the  Kant)a.  River  fiyf)ten.

This  Study  recognizes  four  valley  I illf)  and  terracee  in  the  Wolf

Creek  basin.    Fill  I  conf)if)tf!  of  upland  gravel  depot)it.  that  underlie

the    I-4  terrace  which  likely  accumulated  before  the    Wigcongin    when

Wolf    Creek    functioned  aB  a  high-energy    braided    etream.       Sometime

toward  the  end  of  the  Plei.tocene,  Wolf  Creek  entrenched  up  to  25    in,

when  the  I-4  terrace  becarrLe  a  terrace  and  the  I-3  I)urface,  which  i.  a

gtrath    terrace    on  I)akota  Sandstone  along  the    valley    margins,    wag

created.

During    the  very  beginning  of  the  Holocene,  the  valleyf)    in    the

Wolf    Creek. basin  began  to  fill  with  -llty  alluvium  (Fill  11).      This

episode    of    alluviation,    which  hae  been nell    documented    ln    other

gtream8     in    the    Kan8a.    River    eyet®n     (Johnf)on    and    I,ogan    1990),

continued  until  betveen  6,700  and  5,300  yre  B.P.,  but  vafi  interrupted
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by    at      least  one  epiEiode  of  fioll  fomatlon  that    terminated    around

6'700  yr8  B.P.

Sometime  during  the  middle  Holocen®   (6,700  -5,300  yr.  B.P),     an

extensive    interval  of  erosion  occurred  in  the  Wolf  Creek  ba.in,    one

that  removed  mof]t  of  Fill  11  from  the  large  fitr®am.  1n  the  bat)in,   and

left    only  Scattered  remnanc.  expof)ed  in  the  upper  r®.ch®.    of    frmall

tributarieB.    This  intenBive  ero-ional  interval    correlatee  Well  with

the  Altithermal  that  hag  been  recognized    at  other  localitief)  in   the

KanBag    River     gyBterrL   (e.g.,   Johnson  .nd  Martin    1987j       eohn.on    and

Logan  1990j  Hartin  1990).

Following    the      erof)ional  1nterv.I  of  the    middle    Holocene,    a

period    of    extensive,  but  epif)odic,  alluvlatlon  began  ln    the    basin
that    lasted    from    about  5,300  to  1,000  yr.    B.P.j    thl.    ba.1n-wide

alluviation    hag    been  recognized  at  other  localitie.  in    the    Kangag

River    baf]in     (e.g.     Schmitf)  1980j  John.on  and    Hartln    1987j     Handel

1988).       Approximately  5,300  yrf)  B.P.,   floodplalnf)  in  the  baBin    Were

constructed    by    a    combination  of  procef)I)e.:    lateral    accretion    of

coarse    point    bar    gravel.  that  were    .ubeequently   buried   by    f ine

overbank    gedimentB.       AB  alluviation  proceeded,  up  to  9  in    of    I)1lty

alluvium    (Fill    Ill)  filled  the  valley®  of  the    Wolf    Creek      basin.

Alluviation    wag    interrupted  by  three  epleodef)  of    brief    floodplain

Stability,    reflected    by moderate  to  poorly    formed      goilf),      about

1,800,   1,500,   and  1,200  yrf!  B.P.       Following  each  period  of    relative

Stability,      intent)ive    flooding  and  alluviatlon  rapidly   buried   the

formerly  gtable  land  8urface..

Since  about  I,000  yrg    B.P.,  the  .tread-1n  the  Wolf  Creek  bat)1n

have    been    rapidly    entrenching  in  much  the  lame    I a.hion    ae    other
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gtreamg     in  the  Kanf!af)  River  eyf)ten  (e.g.   Schmitf)  1980j     .ohn.on    and

Martin    1987;     Handel     1988;     Martin    1990).       Ae    entrenchment       haB

progreBBed      in  conjunction with  .one  lateral  channel  migration,    the
T-1    terrace    complex,  which  conei8te  of  at    leaEit    four    ill-defined

aurfaceB,     hal)    been  forming  on  the  ineidee  of    meander    bendg.       The

uppermost    of    thege  Surf aceB  if)  a  I ill-gtrath  terrace    underlain    by

Fill    Ill.      The  remaining  I)urfaceB  are  fill-top   terrace.    that    are

underlain    by  the  reworked  gravelE)  and  lilt.  (Fill  IV)   from  Fill    Ill

depoBitB,     indicating  that  floodplain  conf)tr`iction  ln  the  laf)t    1,000

yrg    hag    been    through  the  combination    of    lateral      accretion    and
overbank    deposition.     Becauf)e  the  I)treamEi  in  the  baeln  have    largely

entrenched    the  past  1,000  yearf),  a  poorly  developed    floodplain    hag

developed  adjacent  to  the  Stream  in  if)olated  locatione.

Future  Ref)earch

The    regultf)  of  thiE)  .tudy  in  the  Wolf  Creek  baeln    have    rai.ed

Bone      intereBting    quegtion.    regarding    the    direction    of      future

research.    The  following  di.cu..ion  examinef)  how  thig  .tudy  could    be

applied    to    further  work,    .pecif ically  from  both  a    geomorphic    and

archeological  perspective.

Geomorphic  ReBearch

Because  previou.  geomorphic  re.earch  in  Bmall  tributarief)  of  the

Kangae      River      eyf)ten      vac      generally      fiit®      .peclflc         (e.g. ,

archeologically    oriented,  one  or  more  I)hart  reacheg  of  a  Stream),     a

detailed    correlation  of  onall  and  large  .treamf)  in  the  dr.inage   wa.

impoBBible.     Thug,     a  primary  goal  of  thif)  Study  wag  to    compare    the

f indingEi    from  the  Wolf  Creek  ba.in  With  thof)a  from  other    localitiee
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in    the    KanBag  River  .ygtem.    Zl.  a  re.ult,  thif)  Study  may    I)erve    a.

benchmark    for  the  late-Quaternary. behavior  of  anall  .treanB    in    the

KanBaB  River  gygtem.

Beyond  this  Study,   further  comparieon  le  neceB.ary  between  Small

tributaries    and    large  Eitreamf)  in  the  Kant)a.  River    eyf)ten    for    the

relationBhipE]    between  theBe  eyf]teme  to  b®  better    under.tood    acrof).

the  drainage.    According  to  .ohneon  and  Log.n  (1990),1t  .ppeare  that

alluvial  f ills  in  Stream  valleyB  of  the  Kant)af!  River  fiyf)ten    decreaEle

in  age  upstream.    A better  undergtanding  of  thl.  pattern night  emerge

if    a    Beriea  of  small  baBine,  .imilar  in  .ize  to    Wolf    Creek,    mere

Studied    acroBg  the  Kaneae  River  .yetem.     For  example,     a    pr®viou.ly

unreported  paleogol    in  Small  trlbutarief)  of  the  Ran.a.  Rlver    I)yf)ten

at    I,200    yrf)    B.P.  waf)  recognized    in  the  Wolf    Creek    ba.1n;     thie

paleoBol    hag    been  recognized  in  other  I)mall  ba.ln.  1n    the    central
United    States   (e.g.,  Hall  1990j  Handel  1990).     If  .  .erie.  of    gmall

basing    were    Studied    acroef)  the  Kanea.  River  .yetem,     1t    might    be

determined    if    and    where  thiB  paleo.ol  dif]appear.    in    the    wet)tern

portion  of  the  drainage.
In  an  ef fort  to  better  correlate the  alluvial  chronology  in   the

KanBag  River  gyBtem,   future  ref)earch  Should  be  based  upon  radiocarbon

ages  that  have  been  corrected  for  C-13  content.     In  Chapter  5  of  thif)

Study    it    wag    Stated  that  a  variety  of  I actor.    can    lnf lu®nce    the

accuracy    of    a    radiocarbon    age    derived    from    a    paleo.ol    (e.g.,

truncation,      Sampling      Strategy,      fraction      dated,        radlocarbon

laboratory).    In  particular,  the  recent  trend  toward.  routine    carbon

13    correction  raiBe8  8ome  concernf]  regarding  the  rellablllty  of    age

by  age  comparison.  if  f!ome  are  uncorrect®d.
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A    total  of  12  BampleB  in  this  .tudy  were    age-deternin®dj    each

wag    corrected  for  carbon-13  content  (Table  6:1).      Regulte    indicate

that    the    variability  in  the  corrected  verBUB  the    uncorrected    ages

ranges    from  1.2  to  10  percent,  with  a  mean  difference  of  8    percent.

Ag    the    Sample    becomeg    older   (>2,000    yr.    B.P.),     the    amount    of

variability    ig    relatively  insignificant.    For  a  young    (<2,000    yrg

B.P.)       gample,     however,    the    degree    of    difference    between      the

uncorrected    and  corrected  ages  ie  Significant.    Any  future    re8earch

of    this  kind  in  the  KanBag  River  basin,  therefore,   I)hould  take    thiEi

into  consideration.

Archeological  Ref]earch

From    an    archeological    per8pective,    the    ref)earch    that      wag

conducted  in  the  Wolf  Creek  bat)in  Should  contribute  to  the  ref inement

of  the  geoarcheological  model  for  the  Kangag  River  baf!1n  propoged    by

Johnson    and    I,ogan    (1990).    RegultB  of    that    .tudy    indicated    the

cultural    record  in  the  Kant)af)  River  ba8in  ranges    from    Paleo-indian

through   Historic,  and  there  ig  a  high probability  of  locating    these

cultural  component.  buried  in  .itu  beneath  certain  alluvlal  I)urfaceg.

Because  the  complete  record  from  a  Eimall  ba-in  Such  af)  Wolf  Creek  wag

unknown  at  that  time,  however,  the  .patial  and  temporal  di.trlbutionB

of    cultural    and  geomorphic  featureB  Were  biaf)ed    toward    the    large

Btrealng    of  the  KaneaB  River  By.ten  and  the    uncorrected    radiocarbon

ages  obtained  from  depogitf)  in  the  Eiygtem.

The  regultg  obtained  from  the  Wolf  Creek  baBin,  therefore,    have

gignif icant  implicationB  regarding  pref]ervation  of  the    archeological

record,      Specifically    Paleo-indian. and    early    to      middle-Archaic
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Table  6:1.     Uncorrected  and  C13  Corrected  Radlocarbon  ag®e  from  the
Wolf  Creek  ba.in.

Stream  Site             I.ab  No.       Uncorrected  a e    C13  corrected  a

Sturgeon  Bite

Paschal  f]ite

Paschal  Bite

Paschal  Bite

Paschal  Bite

Schoen  Bite

Schoen  Bite

Schoen  Site

Naylor  Bite

Naylor  Bite

Naylor  Bite

Tx-6259

Tx-7078

T:x-1011

Tx-7076

Tx-7075

Tx-6795

Tx-6959

Tx-6960

Tx-6914

Tx-6962

Tx-7076

1, 670±70

5,220±110

1, 730±70

1,390±80

1,170±70

2 , 870±80

1, 630±70

1 ' 140±60

6 , 690±110

1,760±60

1,330±60
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1,820±70

5,350±110

1, 830±70

1, 510±80

1, 290±70

2 , 970±80

1,750±70

1,250±60

6,770±110

1,880±60

1, 460±60



cultural    componentfi,     in  gimilar  .ized  bat)in.  in    the    KanBa.    River

Bygtem    and    8hould  be  conBidered  aB  future    eurveye    are    conducted.

Certainly,    the    focus  of  any  future    &rcheologlcal    ref)earch    .hould

concencrate    on    paleoBolf),  which  repreBent  the    beEit    potentl&l    for

cultural    artifact    concentrationB  (Ferring  1986)  in  bat)1n.    of    thig

Bizec

In    Bhort,  any  future  archeological  re.earch  ln  the    Wolf    Creek

basin    or    a  .imilar  Sized  baEiin  in  the  KanBa.    River    Eiyf)ten    Should

consider    the  following:    1)  while  Paleo-indian  and  early  to    middle-

Holocene    Archaic    8itee  were  likely  eroded  in  I)mall    bat)ine    of    the

Kan8ag    River    gygtem    I)ometime  between  about     6,700    and    5,300    yrB

B.P.,the    regultg  of  thi.  Study  indicate  that  they  may  exit)t,    deeply

buried    in  upper  reaches  of  small  tributarie.,  2)  .ince  moElt    of    the

alluvial    fill  in  the  Wolf  Creek  bat)in  i.  late-Holocene  in    age,    the

likelihood    of  pref)ervation  of  I.ate  Archaic  and    other    late-Holocene

Plaing    Woodland  and  Plainf]  Village  .iteg  if)  finch  greater  than  it    iB

for    earlier    gite8  throughout  mo.t  of  the  Wolf  Creek  baf]in,     and    3)

gub9equent    removal  of  I)one  late-Holocene  gltef),  and  further    erogion

of  older  cultural  components,  hag  most  certainly  occurred  in  portions

of      these    small    bat)in.    due    to    lateral    migration    and      channel

entrenchment  in  the  laBt  1,000  yearB.
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AppENDlx     A:         TEXTURAL  AND   cHEHlczil,  DATA  OBTAINED   rROH  ALLuvlAI.   FILI.s
AT   THE   PASCHAI.,    SCHOEN,   ZIND   NAYLOR  SI"S

This  appendix  contains    the  textural  and  chemical  data  and  I)oil
horizonation  (1f)t  .ample  from  horizon  indicated)  from  the  eitee  that
were  in€enf]ively  Eitudied  in  thiB  project,  and  the  location  from  which
the  BampleB  were  taken.     All  meaBuremen€.  are  given  ae  depthf)   (in
meterg)  below  the    banktop  at  the  eampled  .ectlon.

Paschal  Site

Depth   (in)      %Sand
0.00-0.02      17.77
0.10-0.12     21.13
0.20-0.22        9.16
0.30-0.32        7.27
0.40-0.42        5.33
0.45-0.47        7.41
0.51-0.53        5.61
0.56-0.58        5.65
0.66-0.68        6.71
0.76-0.78        5.89
0.80-0.82        5.14
0.91-0.93        8.51
0.94-0.96        8.98
1.02-1.04     11.56
1.12-i.14     12.51
1.17-1.19      14.26
1.30-1.32      12.72
1.40-1.42      12.27
i.50-1.52     23.20
1.60-1.62      11.45
1.62-1.64     15.92
i.72-1.74     16.27
1.76-1.78      17.11
i.86-1.88     19.60
I.96-1.98     13.43
2.06-2.08        9.88
2.16-2.18        6.01
2.20-2.22        7.28
2.32-2.34      10.33
2.34-2.36     20.43
2.43-2.45     24.50
2.53-2.55      27.32
2.63-2.65      24.88
2.68-2.70     17.96
2.78-2.80     14.49
2.88-2.90     17.92
2.98-3.00     20.11
3.08-3.10     11.90
3.18-3.20     13.81
3.20-3.22      16.85
3.27-3.29      14.72

tsilt     tcla
74.67        7.55
76.12        2.75
89.98           .86
83.71        9.01
87.42        7.25
90.30        2.29
85.71        8.68
84.30     10.05
88.36        4.93
87.13        6.98
93.41        1.44
85.45        6.04
86.43        4.59
76.68      11.76
81.98        5.50
78.50        7.24
73.17      14.11
76.95      10.78
74.73        2.17
84.14        4.41
81.35        2.82
77.21         6.52
76.97        5.92
69.79      10.61
72.86      13.71
59.10     31.12
78.12      15.87
69.61     23.11
78.24     11.43
63.32      16.35
63.67      11.93
67.17        6.61
66.50        8.72
63.32      18.82
65.09     20.41
79.25        2.83
73.82         6.17
73.34     14.86
75.74      10.55
76.84        6.31
72.66      12.63

*Organic
Carbon    tcaco3
8.3               5.0
5.5                9.0
3.8             14.0
3.1             15.0
3.1             13.0
3.2              12.3
4.1             13.5
4.3             10.0
4.I            12.0
5.1             13.a
3.2             13.0
2.4             12.0
2.3             15.a
2.8             16.5
2.2             16.a
3.6             17.0
6.0             11.0
4.1             11.0
3.4             12.5
3.4             15.0
3.5             10.0
2.6             11.6
2.2             13.8
2.3              15.4
2.3             12.8
2.5              11.5
2.8             11.4
2.7              12.4
2.9              12.5
2.2              16.5
2.1              15.5
2.5              15.5
2.5              13.0
2.8                9.9
3.2              11.3
3.2                9.9
3.2              10.3
2.9              11.1
2.7                9.2
3.9                9.2
4.2             10.8

4Jto
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Paschal  Site

%Sand       tsilt       &Cla
torganic
Carbon    tcaco3

Soil
H         Horizon

3.37-3.39      17.31
3.40-3.42     13.33
3.50-3.52      15.14
3.60-3.62     14.39
3.70-3.72      10.07
3.80-3.82      12.74
3.90-3.92      12.47
3.93-3.95        9.10
3.99-4.01     12.98
4.09-4.11     11.47
4.19-4.21        8.22
4.29-4.31     11.47
4.39-4.41     10.85
4.49-4.51        9.77
4.54-4.56     10.78
4.58-4.60        3.75
4.65-4.71     20.27
4.79-4.81     20.15
4.82-4.84     28.25
4.91-4.93        7.69
5.01-5.03        9.13
5.11-5.13      20.64
5.21-5.23      24.62
5.25-5.27      18.32
5.30-5.32      19.59
5.40-5.42     21.08
5.50-5.52      23.37
5.60-5.62      27.07
5.70-5.72      24.42
5.80-5.82      16.69
5.90-5.92      13.81
6.00-6.02     10.22
6.10-6.12      14.21
6.20-6.22     27.02
6.30-6.32     22.64
6.40-6.42     25.56
6.50-6.52      15.76
6.54-6.56     11.49
6.61-6.63     23.58
6.71-6.73      14.34
6.81-6.83     20.28
6.85-6.87      23.61
6.95-6.97      15.82
7.05-7.07     26.65
7.15-7.17      19.66
7.25-7.27      16.72
7.31-7.33      17.76
7.40-7.42     20.07
7.50-7.52      12.90
7.60-7.62      11.85

76.88        5.81           3.7
80.29        6.38          3.0
79.06        5.80           2.7
79.62        5.99           3.1
84.99        4.94          3.1
80.37        6.89          8.0
82.09        5.44          4.0
86.53        4.37           2.7
81.02        6.00          2.9
83.20        5.33           3.3
85.60        6.18          3.0
83.37        5.16           3.4
83.58        5.58          3.a
85.85        4.38          2.5
83.39        5.80           3.2
90.01        6.24           3.7
78.84           .88           2.7
75.08        4.77           2.7
68.92        5.83           2.0
84.67        7.65           2.5
82.70        8.11           2.3
73.77        5.59           2.2
69.32        6.06           2.0
65.93        5.75           2.2
74.97        5.44           2.1
73.22        5.70           2.0
70.63        6.00           2.3
67.73        5.20           2.4
70.38        5.20           2.4
70.83        5.48           2.3
80.24        5.92           2.7
83.79        5.99           2.4
79.62         6.17           2.2
67.41        5.57           2.2
72.24        5.12           2.3
68.81        5.63           2.2
78.39        5.85           2.3
81.59        6.92           2.5
69.76        6.66           1.7
77.96        7.70          2.I
71.04        8.68           2.1
68.06        8.33          2.0
76.07        7.48           2.7
67.67        5.68           1.9
73.47        6.81           1.6
75.47        7.81           1.8
74.09        8.12           2.1
71.28        8.65           2.2
79.53        7.57           2.1
79.34        8.78           2.5
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11.8             7.5          4Ab
12.3              7.7
12.2              7.7
12.0             7.6
10.0            7.6          4Acb
12.2              7.6
12.0             7.6
14.3             7.7          4Clb
13.6             7.6
11.0             7.8
11.0             7.6
11.5              7.6
10.6             7.6
11.3              7.6
12.7              7.7
12.3             7.8
12.0             7.7
12.7              7.6
15.0             8.0
17.4             8.0
13.I            8.2
15.0             8.2
16.7             8.3
13.4             8.2
13.1             8.2
13.8             8.2
15.3             8.2
14.3             8.3
13.1             8.3
12.6             8.2
13.4             8.4
11.2             8.3
12.9             8.5
16.0             8.5
15.3             8.5
17.0             8.6
15.0             8.5
14.0             8.5
14.6             8.2
13.5             8.1
21.2             8.2
19.6             8.3
15.8             8.2
16.0             8.6
12.7              8.3
10.0             8.3
11.5             8.4
14.3             8.4
10.5             8.2
11.2             8.2

4C2b

4C3b

4C4b

4C5b



Paschal  Site

&Sand tsilt   tcla
torganic
Carbon    tcac03

Soil
H         Horizon

7 .70-7 .72
1.76-7 .78
7 . 81-7 . 83
7.92-7.94
8 . 60-8 . 62
8.73-8.75
9 .14-9 .16
9.22-9.24
9 . 49-9 . 51

Schoen  Site

10.96
18.06
13 . 60
6.47

17 .10
30.27
13 . 50
15.98
25.79

Depth   (in)      *Sand
0.03-0.05     20.18
0.13-0.15      13.41
0.23-0.25     11.82
0.33-0.35     23.82
0.37-0.39      16.87
0.47-0.49     26.36
0.57-0.59     41.45
0.60-0.62      38.36
0.69-0.71     25.91
0.72-0.74     33.97
0.78-0.80     33.83
0.81-0.83      18.72
0.88-0.90       8.47
0.98-1.00     11.73
1.02-1.04      15.79
1.07-1.09      16.56
1.17-1.19      17.52
1.27-1.29      14.31
1.32-1.34      13.33
1.42-1.44      13.37
1.52-1.54      16.67
1.62-1.64     11.01
1.72-1.74        8.49
1.82-1.84     10.81
1.92-1.94        4.74
1.96-1.98        5.69
2.08-2.10     11.68
2.18-2.20        6.63
2.28-2.30     10.48
2.38-2.40     12.36
2.48-2.50     11.06
2.58-2.60        8.80
2.68-2.70        5.15
2.78-2.80        5.79
2.88-2.90     15.38
2.98-3.00        8.05

19.21        9.11
74.64        7.30
80.03        6.10
69.79      23.74
74.09        8.81
61.99        7.74
80.52        5.98
78.15        5.87
66.69        7.54

%Silt    telly
66.28     13.54
75.06      11.53
84.22        3.96
66.83        9.36
67.91      15.22
68.81        8.83
48.17      10.38
55.65         5.99
57.94      16.15
52.81      13.22
50.76      15.41
67.90     13.38
76.33      15.20
73.34      14.93
69.25      14.76
70.38      13.05
68.90     13.58
74.69      11.00
61.82     24.85
77.58        9.05
75.38        7.95
80.89        8.14
76.98        7.32
77.83      11.36
71.14      24.11
67.37      26.94
70.55      17.85
68.95     24.42
69.84     19.67
80.05        7.59
69.02      19.92
84.32        6.88
87.15        7.70
85.32        8.88
77.22         7.32
84.52        7.42

2.5              10.5
2.3             17.5
2.8             10.5
3.9             15.0
2.3                8.4
2.2             10.a
2.3                6.5
2.2                6.0
2.6             14.8

*Organic
Carbon     &Cac03
6.7                3.a
5.8               3.a
3.9                5.7
2.5             11.0
2.3              12.8
2.0             13.9
1.8             21.0
2.1              17.5
2.4              13.S
2.5             14.0
2.9             15.0
3.1             10.0
2.8               8.2
2.5               9.a
2.2             10.0
2.1             11.0
2.2             11.0
2.5             10.5
2.9              11.6
3.0               9.0
3.5                7.0
3.9                5.5
5.0                6.0
3.2                8.5
3.6               6.0
3.2                9.0
3.0               9.0
2.8               9.0
2.7                9.0
3.5                8.3
2.6                9.0
2.5                7.0
2.5                6.0
2.5                 7.5
3.3               6.a
2.3                6.0

8.2          4C5b
8.4
8.3
8.1
7.9          4C7b
8.0
8.1          4C9b
8. 2          4C10b
8.2          4C11b

3Clb
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Schoen  Site

tsand     tsilt   tcla
torganic
Carbon    *Cac03

Soil
H         Horizon

3.02-3.04        7.77
3.10-3.12     10.44
3.20-3.22     16.43
3.30-3.32     14.47
3.40-3.42     10.96
3.50-3.52      13.73
3.60-3.62      14.45
3.70-3.72      16.69
3.80-3.82     12.70
3.90-3.92     12.49
4.00-4.02     13.02
4.10-4.12     17.81
4.20-4.22     18.76
4.30-4.32     16.04
4.40-4.42      16.67
4.50-4.52      18.78
4.60-4.62      15.58
4.70-4.72      16.71
4.74-4.76      14.34
4.89-4.91     11.58
4.99-5.01     15.12
5.03-5.05      19.43
5.13-5.15     23.04
5.23-5.25      10.27
5.33-5.35        9.23
5.38-5.40     11.99
5.48-5.50     20.73
5.58-5.60        9.25
5.68-5.70        9.77
5.78-5.80        9.71
5.84-5.86        6.26
5.94-5.96      13.33
6.04-6.06        7.58
6.14-6.16     10.73

Naylor  Site

tsand

80.34     11.88
80.96        8.60
74.94        8.62
76.19        9.34
78.48     10.56
81.02        5.24
77.73        7.81
76.08        7.73
78.73        8.57
78.32        9.19
81.60        5.38
75.93        6.26
73.78        7.46
77.85        6.11
78.62        4.70
74.32        6.89
81.97        2.45
79.30        3.99
78.55        7.11
74.00     14.42
79.27         5.63
73.36        7.21
59.88     16.48
82.64        7.08
77.25      13.52
74.05      13.76
68.97      10.29
75.92      14.83
85.96        4.27
81.23        9.06
77.20        8.39
80.75        5.92
89.80        2.61
82.07        7.19

tsilt    *Cla

4.8
2.8
3.3
4.3
3.0
3.3
3.,a
3.8
3.2
2.9
3;1
3.4
2.4
2.5
2.4
2.1
2.5
2.2
1.8
2.3
2.4
2.3
2.0
4.6
2.1
2.0
2.8
1.7
1.8
2.6
2.6
3.1
2.6
2.5

5.0            8.2          4Alb
7.0             8.3
6.0             8.3
6.0            8.2
6.0             8.3
6.0             8.2
6.0             8.3
6.5              8.3
6.0             8.3
7.0             8.3
7.0             7.3
7.0             7.5
8.a             7.6
8.a             7.7
9.0             7.8

10.0             7.8
9.4             7.8
9.0             7.9
9.0             7.9
8.0             7.7
7.5              7.7
8.5              7.7

10.0             7.7
8.0             7.8
9.0             7.7
9.0             7.9
8.5             7.9
8.0             7.9
8.5             8.0
8.0             8.0
8.2             8.1
8.0            8.1
7.0            8.0
8.0             8.1

*Organic
Carbon     &Cac03

4A2b

4Acb

4Clb

4C2b

Soil
H         Horizon

0.02-0.04
0 .12-0 .14
0.22-0.24
0.30-0.32
0 . 45-0 . 47
0.47-0.49
0.53-0.55
0 . 63-0 . 65
0.73-0.75
0.83-0.85
0.93-0.95

26.04
26.81
15.59
11.09
10.00
10.52
12 . 83
25.22
30.56
23 . 64
30.37

68.24        5.71           7.1
67.47        5.01           5.2
68.93     15.47           5.2
74.22      14.61           4.4
75.25      14.75           3.6
70.63     13.61           4.4
69.89      17.28          3.0
71.15        3.63           2.2
60.82        8.62           2.2
61.02      15.34           2.6
57.73      11.90           2.4
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2.8             7.5          Ap
6.1              7.7
6.8             7.7           A
9.5             7.8

10.7              7.8          AC
9.2              7.7

13.5              7.8           C
16.0             7.7
25.0             7.8
16.0             7.8
15.6             7.6



|or  Site
tsand      %Silt    tcla

*Organic
Carbon    8Caco3

Soil
H         Horizon

1.03-1.05      27.51
1.13-1.15     32.55
1.25-1.27      24.96
1.31-1.33      16.39
1.40-1.42      11.32
1.45-1.47      10.63
1.55-1.57     20.20
1.65-1.67      20.77
1.72-1.74      16.11
1.80-1.82     25.34
I.90-1.92     41.08
2.01-2.03     36.49
2.08-2.10     32.06
2.12-2.14     40.07
2.21-2.23     38.08
2.32-2.34     33.57
2.37-2.39      19.96
2.47-2.49     29.87
2.56-2.58     17.14
2.61-2.63      18.71
2.69-2.71      17.19
2.73-2.75      16.83
2.83-2.85      18.02
2.93-2.95     24.15
3.03-3.05     22.13
3.13-3.15     23.47
3.23-3.25     22.62
3.33-3.35      17.49
3.43-3.45     23.74
3.47-3.49     26.85
3.56-3.58     29.88
3.60-3.62      22.12
3.74-3.76     18.51
3.81-3.83      17.58
3.91-3.93      22.65
4.01-4.03     25.72
4.10-4.12     21.37
4.16-4.18     19.24
4.25-4.27     25.21
4.35-4.37     31.23
4.45-4.47     39.42
4.57-4.59     47.05
4.63-4.65     49.59
4.69-4.71     38.77
4.79-4.81     29.38
4.89-4.91     29.04
4.95-4.97     24.22
5.05-5.07     30.11
5.15-5.17     28.20
5.25-5.27      31.68

67.42        5.03           2.7
57.34      10.11           2.1
70.01        5.03           2.6
78.06        5.76           2.7
76.92      11.76           2.8
77.81     11.48           3.6
63.17      16.63           4.3
72.87        6.36           3.7
69.90     13.90          2.6
58.65     16.00          2.2
47.80     11.12           1.7
46.30     17.20           1.6
59.38        8.55           1.6
42.69      17.24           2.2
39.97      21.95           2.5
53.18      13.25           3.1
59.46     20.61           2.2
65.87        4.26           3.9
75.00        7.86           3.3
77.47        3.82           2.9
77.67        5.14           2.6
81.47        1.70           2.3
78.65        3.33           1.9
69.50        6.35           1.9
67.12      10.75           1.9
67.02        9.51           2.4
68.13        9.25           2.1
73.21        9.30           1.8
71.73        4.53           2.6
66.02        7.13           2.3
66.46        3.66           2.2
73.98        3.90          2.2
73.84        7.65           2.4
75.42         3.72           2.1
72.40        4.95           2.4
70.13        4.15           2.6
71.76        6.87           4.2
74.11        6.45           3.2
64.29      10..49           3.4
55.97      12.80           4.9
50.96        9.62           3.4
48.66        4.28           3.7
47.33        3.08           3.4
57.33        3.90          3.a
66.66        3.96           2.3
66.86        4.10           3.5
71.30        4.02           3.3
64.99        4.90           3.3
65.97        5.88           3.8
62.45        5.87           4.2
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17.3              7.8           C
18.2             7.8
13.0             7.8
16.8             7.7

9.5             7.7           2Ab
6.3             7.7
5.2              7.6
6.0             7.5

11.0             7.4          2Acb
13.5             7.5          2Clb
21.0             7.4
26.0             7.4
21.0             7.4
38.0             7.3
37.0             7.5
33.5             7.5
30.0             7.5

5.0             7.5
7.0             7.5

11.0             7.6
13.0             7.7
14.0             7.6
17.0             7.7
17.0              7.7
17.0              7.7
20.0             7.7
19.0             7.8
13.5             7.8
15.0             7.8
22.0             7.0
19.0             7.9
12.a             7.7

7.0             7.8
8.0             7.8

12.5              7.0
15.0             7.0
12.0             7.0
10.0             7.0
8.0             7.0
3.0             7.5
3.5              7.6
3.0             7.5
3.0             7.6
4.0             7.6
6.0             7.7
7.3             7.6
8.5              7.7
9.0             7.7

13.5              7.7
14.0             7.7

2C2b

2C3b
3Jto

3Acb

3Clb

3C2b

3C3b

3C4b

3C5b

4Ab

4Acb

4Clb



|or  Site
tsand     tsilt   tcla

torganic
Carbon    *Caco3

Soil
H         Hori zon

5.35-5.37     31.07        62.91        6.01          4.1             13.9             7.7
5.45-5.47     30.37        62.52        7.10          4.3             12.a             7.5          3Clb
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AppENDlx  a:      PHI   cALcuLATIONs  AND  s"TlsTlcz\I,  pAmxETERs  t]sEI>   IN  THls
STUDY

Phi  Calculationg

Thif)    appendix    containf)  the  formulae  and  .tatietical  teBtg  uged

in    the  analyBiB    of  Bedimentf]  in  the  Wolf  Creek  bat)in.     A8  noted    in

Chapter  IV,  particle  Size  data  were  converted  to  the  logarithmic    phi

Scale    using    a  computer  program  developed  by    Prante     (1990).       Thif)

program    constructed    a    cumulative  frequency    di.tribution    for    the

particle    Bize    digtribution    of  a  given  Sample,  and    then    read    the
desired  phi  value  from  it.    In  this  manner,  the  fifth,  fiftieth,    and

ninety-fifth  phi  values  were  derived.    Two  additional  parameterB,  the

mean    phi    value   (Meano)   and  the  degree  of  I)orting  ¢®),    were    also

calculated  using  the  following  equationB   (Folk  and  Ward  1957) :

Mean     =16®+   50®+   84®

=84-a+94-
46.6

The    degree    of  Sorting  repref)ente  the    diBperf]ion    of    8ediment

8izeB    around  the  mean  phi  value.     Folk  and  Ward  (1957:13)     designate

the  following  qualitative  degcriptionB  of  the  degree  of  Sorting  based

on  the  calculated  value  of  d.®:

<  0.35  I  Very  Well  Sorted
0.35  -0.50  =  Well  Sorted
0.50  -1.00  =  Moderately  Sorted
1.00  -2.00  =  Poorly  Sorted

>  4.00  =  Extremely  Poorly  Sorted
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