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I NTRODUCTION 

S o i l s  on the h i gh terraces o f  the Cheyenne R i ve r  in 

Haakon County ,  S outh Dakota have l ong been rec ogn i z ed as 

important to the agr i cul ture o f  the area . Data f rom this 

s tudy as we l l  as Haakon Count y Extens i on S e rv i ce and So i l  

Conse rvaton S e rv i c e  knowl edge o f  the area wi l l  c ompl ement 

the s o i l  survey in progre s s  and provide a broade r ba s e  o f  

informat i on for t h e  future management o f  th i s  impo rtant 

agr i cul tural r e source . Th i s  study w i l l  a l s o  h e l p  to 

quan t i fy some of the prope r t i e s  that set the h i gh terrace 

s e r i es apart f rom the surrounding sha l e  uplands . 

S imi lar s e t s  o f  h i gh terrace s ystems al o ng o th e r  

majo� eas t  flowing t r i butar i e s  to t h e  M i s s our i R i ve r  have 

been s tudi ed by Warren ( 1 9 5 2 ) , Crande l l  ( 1 9 53 ) , F l i n t  

( 1 9 5 5 ) , and Wh ite ( 1 9 6 4 ) . Agreement as t o  t h e  glac i a l  

pe r i od that cau s ed the i r  i s o lat i on h a s  not b e e n  reached . 

So i l  morph o l og y  o f  the Cheyenne r i ve r te r rac e s  wi l l  

supp l ement the accumulated data lead i ng t oward the 

re s o lut i on of th i s  que s t i on . 
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The obj ect i ve s  o f  th i s  s tudy wer e: ( 1 ) to 

charac te r i z e  the mo rpho l og i cal , m i ne ral og i cal, edaph i c , 

phys i cal , and s e l e c ted chemi cal prope r t i e s  o f  the te rrace 

s o i l s; ( 2 ) exam i ne the impac t o f  t ime upon the gene s i s· o f  

thes e  s o i l s; ( 3 )  c l as s i fy and ident i fy s o i l  s e r i e s  on the· 

var i ous te r race l eve l s; ( 4 )  app l y  the charac t e r i zat i on to 

land u s e  interpretat i on . 
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STUDY AREA DESCR I PT I ON 

Locat i on and C l imate 

The s tudy area was l ocated wi th in Haakon County in 

we s t  central S outh Dakota , between 1 0 1° 1 5' we s t  to 1 02° 

O' we s t  long e t ude and 4 4° 2 5' to 4 4° 4 1 ' nor t h  lat i tude, 

on a s e r i e s  o f  f i ve terraces now i s o lated from the pre sent 

day Cheyenne R i ve r  f l ood plain ( F i gure 1 and 2 ) . The 

present day f l o od p l a i n  on the we s t  end o f  the s tudy area 

is at an e l evat i on ot 5 7 0  m above mean sea l eve l wh i l e 

al ong the down s t ream eas tern boundary i t  i s  at 4 9 7  m .  On 

the we s t ern boundary o f  the s tudy area , the h i gh terrace 

ser i e s  i s  betwee n  6 5 5 . 3  m above mean sea l ev�l for the 

l owe r te rrac e , and 725 . 4  m for the upper t e r race . The 

l owe r terrace on the eas tern boundary of the s t udy area i s  

at 5 7 9  m and the upper terrace al ong t h i s  boundary i s  at 

6 8 0  m above mean s ea l eve l ( USGS 1 955 ) . 

The c l i mate i s  semi arid cont inental . Mean annua l 

c l imato l og i cal data have been recorded for the area at the 

Mi l e s v i l l e , S outh Dakota weather s tat i on of the Nat i onal 

Ocean i c  and Atmo s phe r i c  Adm i n i s trat i on and are bas ed on a 

54 year record h i s tory . The Mi l e s v i l l e s tat i on i s  l ocated 

at 4 4° 32' north lat i tude and 10 1° 3 4' we s t  l ong i tude at 

an e l evat i on of 67 6 . 6  m above sea· l evel . 
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Annua l prec i p i ta t i on i s  approximately 42 . 5  em . Mean 

annua l prec i p i ta t i on for. the s ix month p e r i od from Apr i l  

t o  Septembe r i s  approximate ly 3 3 . 3 5 em and acc ounts for 7 6  

% o f  the annual t o tal . May and June are the months o f  

h i gh e s t  p rec i p i tat i on and account for 1 6 . 1  em o r  3 7 .% of 

the annual total . Mean month l y  temperature s fluc tuate 

from a l ow of - 8 . 9  deg re e s  Ce l s i us (°C )  in February to a 

h i gh o f  2 3 . 7  ° C i n  July . Jul y  and Augus t  have the h i ghest 

month l y  t empe ratureS and ave rage 26 . 7  °C and 3 0 . 6  ° C 

re spec t i ve l y  (NOAA 1 9 8 5 ) . 

The s o i l t empe rature s are bas ed on data reco rded i n  

19 8 5  at t h e  Mile s v i l l e s tat i on in a sandy loam t e xtured 

so i l . Temperatur e s  at a 5 em depth f luc tuated be twe en a 

low o f  7 . 9  ° C i n  February t o  a h i gh o f  18 . 9  °C i n  July 

of 19 8 5 . S o i l  tempe ratures at a 100 em depth fluc tuated 

between a low o f - 1 . 5  °C in February t o  a h i gh o f  1 7 . 7  ° C 

i n  Augu s t . S o i l  t emperatures at the 5 em depth we re above 

5 ° C from Apr i l through Oct obe r . At the 1 0 0 em depth they 

we re above 5 ° C from Apr i l  through Novembe r o f  19 8 5  ( NOAA 

1 9 8 5 ) . 

Geomo rph i c  Area 

The s o i l s  in the s tudy area have dev e l oped· on s t ream 

te rrac e s  o f  the Cheyenne R i ve r  wh i c h  i s  an eas t f lowing 
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t r i butary t o  the Mi s s our i River . The lowe s t  t e r race o f  

the h i gh t e r rac e s ys tem i s  now i s olated f rom the pres ent 

day Cheyenne R i ve r  flood plain by approx i mately 9 3  m .  

S o ils on the upland landscape above the t e r race s ys tem 

have developed on one o f  the upper membe r s  o f  the 

Cre taceou·s age , 1 4 5  to 6 5  mill i on yea r s  before present 

(ybp ) ,  Pi erre s hale . By extrapolat i ng data f rom a re lated 

ter race level 5 1 . 4  km eas t of the eas tern boundary of the 

·s tudy area i t  i s  a s s umed that the upper member o f  the 

Pi erre Shale in the s tudy area i s  the V i r g i n  C reek Member . 

The V i rg i n  C reek member include s all beds be tween the 

Sully .Member below and the h i ghly calcareous beds of the 

Mob r i dge Member of the Pi erre Shale above . The V i rg i n  

C reek Membe r h a s  been s eparated into two z one s based on 

l i thology . The lower z one i s  l i gh t  to medi um g ray shale 

wh i ch conta i n s  a number of benton i t e beds . The upper 

zone , e s pec i ally the base of th i s  z one , i s  wha t  S ear i ght 

(19 3 7 ) de s c ribed as a " lead g ray- gumbo , in many place s  

t i nged rusty-brown " . The upper membe r als o  c onta ins smal l 

fo s s ili ferous concre t i ons in the l owe r po r t i on and a bed 

conta i n ing large l ime s tone concret i ons (Agnew and Tychsen 

1 9 6  5) • 
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Depo s i t s As s o c i ated w i th the H i gh T e r race Sys tem 

Allu.v i al sediments near the outle t o f  the· Che yenne 

R i ve r  and a l ong other eas t flowing t r i butar i e s  to the 

Mi s s our i R i ve r  that have been inve s t i gated by C randel l 

(1 9 5 3 ) ,  Wh i te (19 6 4 ) ,  Bl uemel (1 9 7 7 ) ,  and Chr i s t i ans en 

(1 9 7 9 ) help to bracket the per i od in wh i c h  the s o i l s  of 

the s t udy area deve l o ped . 

Depo s i t s that cap Standi ng But te s , 1 9 . 3  km s outh and 

9 . 7  km we s t  o f  the pre s ent . Cheyenne R i ve r  out l e t , c over 

land areas i n  sect i ons 1 ,  2 ,  3 ,  1 1  and 12 of T 7 N , R27 E  

(Warren 1 9 5 2 ) .  A l l uv i a l  depo s i t s cappi ng S t�nding But t e s  

anteda t e  the depo s i ts on t h e  terraces i n  th i s  s t udy . 

Anteda t i ng was bas ed on the h i gher e l evat i on of the 

S tand i ng But te s a l l uvial ·depo s i ts ve rsus the l owe r 

e l evat i on o f  the Cheyenne R i ve r  terrace s  o f  th i s  s tudy . 

The S tand i ng But t e s  depo s i ts are the o l de s t  s t r eam 

depo s i t s  as s6c i ated wi th a po s s i b l e  anc e s tral Che yenne 

River near the pres ent out l e t . The s e  depo s i t s have a l s o 

been c o r r e l at ed wi th s imi lar s ediment s that cap S u l l y  

But t e s  l ocated eas t  of the Mi s s our i R i ve r . The m i ne ra l ogy 

of the s e  s ed imen t s  has ident i f i ed them a s  o r i g i nat i ng from 

non - g l ac i a l  format i ons we s t  o f  the M i s sour i R i ver . The 

fac t that the s e  a l luvia l depo s i t s  now occupy the-h i ghe s t  

landscape po s i t i on i n  the i r  area i ndicate s  topog raph i c  
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inve rs i on s i nc e  the i r  depo s i t i on . Fo s s i l  rema i ns ind i cate 

that depo s i t i on could have taken place 1 . 7  t o  3 mi l l i on 

ybp . A fo s s i l  tooth found in the s e  depo s i t s  f rom a 

subgerie�a o f  zebra has been found . in depo s i t s from three 

mi l l i on ybp to approx imate l y  9 0 0 , 0 0 0  ybp . Th i s  f o ssi l , _  

howeve r , was to abraded to date the s e  sedime n t s  wi th 

reas onab l e  a s surance . The abras i on was taken as an 

indi cat i on that the tooth could have been t ranspor ted from 

olde r sediment s than the S tanding But t e s  sed i men t s  in 

wh ich it was found . Pebb l es s tud i ed from the s e  depo s i ts 

ind icate a l ack o f  a di stinctive green quar t z i t e found in 

other depo s i ts of l ower e l evat i on ,  name l y  tho s e  capp i ng 

Wi l low Creek But t e  and the S t roup Depo s i t . S i nc e  the s e  

lower depo s i t s have been dated wi th g reate r  a s s urance a s  

havi ng occurred s ome t ime be tween 550 , 0 0 t o  150 , 0 0 0  ybp , 

late Yarmouth to W i scons in age , the inferred age o f  the 

S tandi ng But t e s  depos i t  is greater than 550 , 0 0 0  ybp . 

W i l low Creek
. 

But te in the SW 1 / 4 o f  S ec t i on 15 , T5N , R29 E  

and t h e  S t roup depos i t  in s ec t i on 26 a r e  par t  o f  a 

col lect ive body o f  no rtheas t trendi ng a l l uv i a l  remnants . 

The y  have been organi z ed into three ve ry gene ral g r oups 

based on e levat i on and are part of a h i gh , now i so lated , 

terrace s ys tem of the Bad R i ver wh ich i s  d i r e c tly s outh o f  

t h e  Cheyenne R i ve r . The l ower te rrace in th i s  •ts tem wa s 

i s o lated from the pre s ent day Bad Rive r  f l oodp l a i n  as a 
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resu l t  o f  the down cu t t i ng o f  the Mi s souri R i ve r  t rench . 

The h i gh ter race s ys t em i ts e l f i s  be l i eved to have 

deve l oped as a resul t of lateral corras i on of the Bad 

R i ver dur i ng a per i od o f  general down cut t i ng . Th i s  

sys tem now ranges be tween 9 0  and 1 8 0  m above the present 

floodpl a i n . W i l l ow C reek But te and the S t r oup depo s i t  al l 

have the same g eneral range in gra i n  s i�e and l i th o l ogy . 

We l l  pre s e rved unabraded fo s s i l s  i n  the s e  depo s i ts have 

been i dent i f i ed as horse teeth from Equus n i obrarens i s  and 

Eguus exce l s us and have been found e l s ewhere i n  depo s i t s  

dat i ng from ear l y  Yarmouth t o  W i sc ons i n  age ( Crande l l  

1953 ) .  

A s i mi lar s e t  o f  h i gh te rraces on the Wh i te R i ver , 

also an eas t  fl owi ng t r i butary to the Mi s s our i · , ranges 

be tween 60 m to 1 05 m above the pre sent day Wh i te R i ver 

fl ood p l a i n . White ( 1 96 4) suggested tha t thes e  ter races 

we re i s o la ted from the pres ent day f lood p l a i n  as a result 

o f  down cutt i ng o f  the M i s s our i R i ver trench and propo s ed 

that th i s  event occurred dur i ng the max imum we s t ern 

ex tens i on o f  Wi s cons in age.i ce . Radi ocarbon da t e s  

ind i cat e that th i s  max imum extens i on o f  W i scons i n  a g e  ice 

occurred s ome t i me be tween 3 8 , 0 0 0  to 27 , 9 0 0  ybp ( Wr i ght and 

Frey 1 965) . Wh i t e  ( 196 4) also indi cated that s oil 

deve lopment on the l owe r te rrac e of the h i gh terrace 

sys tem of the Wh i te R i ver was not di f fe rent than known 



ll 
. W i scons i n  age s o i l s i n  the area . He traced the l ower 

terrace to a hang ing channe l in the eas t  wal l  of the 

M i s s ou r i  R i ve r  t rench ident i f i ed by War ren ( 1 952 ) .  Wh i t e  

( 1 9 6 4 ) c oncl uded that s o i l  deve l opment on t h e  l owe r 

terrace al luv i um could not antedate the down cutt i ng o f· 

the M i s s ou r i  R i ve r  trench by an apprec i ab l e  i nt e rval . I f  

the d i ve rs i on o f  the Wh i te R i ver that caus ed the h i gh 

terrac es to bec ome i s o lated had occur red dur i ng an ear l i e r 

glac i a t i on , I l l ino ian 3 9 0 , 0 0 0  to 550 , 0 0 0  ybp for example, 

he a s s umed that the so i l s  on the lower t e rrace would have 

be en bet ter deve l oped than Wi scons in age s o i l s . Wh i t e 

al s o  exami ned work by Warren ( 1 952 ) i n  wh i ch Warren s tated 

that the M i s s our i R i ver trench could no t have fo rmed 

dur i ng W i scons i n  age g l ac i a t i on because the e r o s i on and 

agg radat i on o f  the channe l requi red a longe r pe r i od o f  

t i me . Wh i t e c onc luded that h i s propo s ed W i sc ons i n  age of 

the M i s s ouri R i ve r  trench was reas onable bas ed on the 

relat i ve l y  s o ft P i erre Shale bedrock of the area and the 

fac t that the ero s i ona l per i od requi red for the 60 m 

lowe r i ng o f  the Wh i te R i ver bas e leve l was no t a fac tor in 

the t ime ana l ys i s  by Warren ( 1 952 ) . 

Ch r i s t i an s en ( 1 9 7 9) de termined that large quant i t i e s  

o f  me l t  water _ we�e be i ng channe l ed down t h e  M i s sour i R i ver 

1 7 , 0 0 0  ybp dur i ng a Wi scons in g l ac i al phase that 

repres ented a readvanc e g lac i a l  pos i t i on t o  what is now 
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the bo rder be twe en No rth Dakota to the s outh and 

Saskatchewan and Mani toba to the north . H i s  as s e s sment o f  

me l twater vo l ume was bas ed o n  the eno rmous s i z e o f  

F renchman Val l ey and the nume rou� l arge va l l eys that enter 

i t  in ext reme southwe s t  Saskatchewan . The s e  val l eys , 

17 , 0 0 0  ybp , we re part o f  the headwaters o f  the M i s s ouri 

R i ve r  becau s e  wat e r  f l ow to the north and eas t was bl ocked 

by the g l ac i er . Me l twater channe l i ng to the M i s s our i 

R i ve r  cont inued unt i l  approx imat e l y  15 , 0 0 0  ybp but several 

chang es in the drai nage s ys tem of the h eadwa t e r s  re g i on , 

near the g l ac i er , re sul ted as the ice she e t  began to 

ret reat north . By 1 4 , 0 0 0  ybp the s outhern marg i n  o f  the 

Wi scons in ice s he e t  had ret reated far enough north into 

Canada that dra inage s  were opened to the ea$t . Th i s  

resu l t ed i n  abandonment and/or redi rec t i on to the e as t , o f  

the channe l s  that once carr i ed glac ial me l twa t e r  to the 

M i s s our i R i ve r . 

B l ueml e . ( 19 8 0) det e rmi ned that the Cannonba l l , Hear t , 

Kn i fe , and L i t t l e  Mi s s our i Rivers o f  North Dako ta had been 

diver ted as a r e s u l t  of the M i s sour i R i ve r  t re nch 

deve lopment by 25 , 0 0 0  ybp , but during W i scons i n  age 

glac iat i on . 
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Sect i ons o f  the Mi s s our i R i ver t rench have been shown 

to be o lder than W i scons i n  age . The s e  s ec t i ons have been 

ident i f i ed as remnan t s  of older s tream val l e ys that onc e 

cont i nued eas t o f  the M i s sour i River ( Bl ueml e 19 77 ) , 

( Crande l l  1953 ) .  

SOUTH OAK T 
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L I TERATURE REV I EW 

T ime as part o f  the S o i l  Forming Proces s .  

Many ear l y  s o i l  s c i ent i s ts repo rted that s o i l was not 

a s tat i c  body , they prec e i ved i t  as evo l v i ng . Evo l ut i on 

requ i re s  that the s o i l  not onl y ex i s t  i n  s pace but a l s o  in 

t i me . The pr imary s tate fac tors i n f l ue nc ing s o i l  format i o n 

we re de t e rm i ned t o  be: cl imate , parent mat e r i a l , 

b i o l og i cal i n f l uence s , topog raphy , and the pas s i ng o f  t ime 

( Dokuchaev 18 8 3 , H i lgard 19 2 1 ,  Jenney 196 1 ) . 

S o i l  Format i on Factors as Chrono s equence Component s .  

T i me in a monogene t i c  s ys tem o f  s o i l  deve lopment 

invo lve s  the pas s i ng o f  t ime wh i l e  the inten s i ty of the 

other fac t o r s  in the func t i onal relat i onsh i p  rema i n s  

es s�nt i a l l y  bons tant. T i me modi f i e s  t h e  expres s i on o f  s o i l  

charac t e ris t i c s  b y  adding i t s dimens i on t o  the comb i ned 

constant influence of the other s o i l  forming fac t o r s  

( Vreeken 1975 , S tevens and Walker 19 7 0 ) .  
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C l imate and Vegetat i on 

Short per i ods o f  var i at i on i n  b i o l og i cal and c limat i c  

factors genera l l y  d o  n o t  requ i re ·po l ygene t i c  exp l ana t i ons 

·for ao i l  deve l opment ( Vreeken 1 9 75 ) . Th i s  i s  e s pecia l l y  

true i f  t h e  pro f i l e  charac te r i s t i cs be i ng de s c r i bed 

requ i re l ong per i ods of deve lopment such as s ubs o i l  cl ay 

accumulat i on through t rans l ocat i on ve rsus carbonate 

redi s t r i but i on i n  the pro f i l e  ( B i rkl and 1 9 7 4 , Tor rent and 

Net t l e ton 1 9 7 8 , Al exander and Ho lowaychuk 1 9 8 3 ) . 

The a s s umpt i on o f  monogene s is can a l s o  be l o o s e l y  

extended to e s s en t i a l l y  cons tant macro-envi ronmental 

cond i t i ons o r  to s o i l  deve lopment that has taken p lace 

dur i ng a s i ng l e  geo l og i cal per i od . Res earche r s  evaluat ing 

the c l i mat i c  fac t o r  ove r t i me warn howeve r , that accept ing 

the premi se that s o i l h i s tory has repeated i t s e l f  i s  

d i f f i cul t t o  prove ( Vreeken 1 9 75 ,  Yaalon 19 75 ) . 

B i rkland ( 1 9 7 4 ) in a rev i ew o f  Jenney's ( 1 9 4 1 ) 

de f i n i t i on o f  the c l imate fac tor s tates that c l imate 

should be c ons i de red the reg i onal c l imate and because 

temperature and prec i p i ta t i on are no t nec e s s a r i l y 

inte rdepend�nt they should be t reated as . s eparate 

subfac tors o f.c l imate . B i rkland ( 1 9 8 4 ) furthe r ·i ndicates 

that di f fe rent comb i na t i ons of prec i p i tat i on and 

temperature resul t in var i ed leaching reg ime s . 



16 
- Th i s  expl a i ns why s im i lar s o i l s  are produc ed over a rang e 

of i nd i v i dual prec i p i tation and temperature var i at i ons 

( Arkle y 1 9 6 7 ) .  B i rkland ( 1 9 7 4 ) sugges t s  that a thre sho ld 

concept should be used to explain the i n f l uenc e o f  c l imate 

where gradual change s in cl imate may not show a r e sponse 
. . 

in te rms o f  s o i l  deve l opment unt i l  a l eve l i s  reached 

whe re the s ys tem changes qu i ckly and drama t i cal l y . 

The l each i ng reg ime o r  e f fec t ive prec i p i tat i on o f  the 

me s i c  tempe rature area in the no rth cent ral reg i on of the 

Uni t ed S tates is d i rect l y controll ed by the ho t s umme r . 

In the s outh c entral therm i c  temperature area o f  the 

Un i ted S tates the leach ing reg ime is controll ed by the 

cool seas on ( Rube 1 9 8 4 ) . 

Re s earch i n  New Zealand on e i gh t  s o i l s  o f  s imi lar 

aeo l i an parent mate r i al and separated by 6 0  t o  4 8 0  m in 

al t i tude demons trates the e f fect of mo re e f fec t i ve 

prec i p i tat i on resul t i ng in increas ed leach i ng at h i gher 

al t i tude w i t h i n  e s s ent i a l l y  the same lat i tude . The s o i l s  

formed a deve l opmental sequence related primar i l y t o  

a l t i t ude . The s o i l s  at h i gher al t i tude s were c l as s i f i ed 

as Typ i c  Dys t rochrepts wi th an i ron pan , wh ile the drye r 

l owe r alt i tude so ils had frag i pan deve l o pment and we re 

clas s i f i ed as _ Ae r i e Frag i aquept s . The l each i ng reg ime 

inc reased wi th inc reas ing altitude becau s e  o f  i nc reased 

precip i tat i ori and decreased evapo t ranspi rat i on . 
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- H i gher al t i tude s o i l s  wi th more e f fect i ve l each i ng 

-di f fe red from l ower a l t itude so i l s  by havi ng a l owe r pH 

and i nc reased l each i ng of sesqu i ox i de s . Pho s phorous 

leve l s  we re also l ower i n  sur fac� hor i z ons that had 

expe r i enced a l o s s  o f  s e s qu i ox i de s . The mechani sm 

i nc reas i ng i ron and a l um inum mob i l i ty and s ub s e quent 

t rans l ocat i on was hypothe s i z ed to be s o l ub i l i zat i on via 

meta l l o - o rgan i c  che lat i ng complexe s . Prec i p i tat i on of 

the se comp l ex e s  occurred in subso i l  z ones as a resul t of 

an i ncreas e i n  cal c i um and magnes i um o r  through the 

decompo s i t i on of the che l a t i ng organic mat te r  wh i ch left 

the me tal i ons free to prec i p i tate as ox i de s  o r  hydroxide s  

( Mcintosh 1 9 8 4) .  Subs o i l  prec i p i tat i on o f  che l a t ed 

compl exes was repo rted by Wr i ght and Schn i t z er ( 196 3 ) 

i ndicat i ng that metal l o -organ ic che lat i ng c ompl ex e s  o f  

i ron prec i p i ta ted when s o i l  so lut i on ca lc i um reached 0 . 13 

part s  pe r mi l l i on ( ppm) and magne s i um reached 4 . 5 ppm . 

Alumn i num metal l o - o rgan i c  complexes prec i p i tated at 10 ppm 

ca l c i um and 45 ppm magne s i um .  

W i lding and We s t i n ( 1 96 1 )  i n  a charac t e r i zat i on s tudy 

o f  the S i na i  S e r i e s , an Udert ic Hapl obo r o l l on the Pra i r i e  

Coteau·o f  eas t e rn S outh Dako ta , di scovered di f ferences in 

pro f i l e  morpho l og y  wi th i n  4 3 . 5  to 45 . 7 ° N l a t i tude . The 

deve l opment of s o i l  s t ruc ture to greater depth s , browner 

col ored A and B hor i z ons , a trend toward mo re extens ive 
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l each i ng o f  extrac table bas e s , and l ower o rgan i c  matter 

l eve l s  i n  the southern Sina i s o i l s  was a t t r i bu t ed to 

warmer mo re mo i s t  c ondi t i ons . Th i s  s t udy shows that smal l 

di fferende� i n  c l i mate a�e i n f lu�n t i a l  i n  s o i l  pro f i l e  

development . The t emperature and prec ipi ta t i on f ro� north 

to s ou th a l ong the Coteau vary from 6 ° C and 52 em to 7 . 7  

°C and 6 2 . 5· em re spec t i ve l y. 

Bruce ( 1 9 8 3 ) de termined that the var i at i on i n  

mo i s ture f rom 55 em to 1 15 e m  under s i mi l ar mean annual 

tempe rature of 9 . 7  to 1 1 . 1 ·oc, produced s tr i k i ng l y  

di ffe rent morph o l og i cal charac teris t i c s  ove r  s im i l ar t ime 

pe r i ods o f  gene s i s . S o i l s  o f  s imi lar parent mat e r i al 

exh i b i ted th icker A hor i z ons and no frag i pan t o  thick 

frag i pan acros s a mo i s ture cont inuum from pe rudi c  to a 

us t i c  mo i s ture reg ime . 

Wi scons in to Ho l ocene Paleoc l imate . 

Throughout the W i scons i n  g lac i a l  age , 1 0 , 0 0 0  to 

150 , 0 0 0  ( ybp ) , summe r s  over the. non- g l ac i ated midc ont i nent 

reg i on of the Uni ted S tates we re genera l l y  mo re c o o l  and 

mo i s t  than today but warm dry per i ods are known to have 

occurred . The bes t documented shi fts i n  c l i mate· cover 

what is re ferred t o  as late Wi•cons in t ime , 1 0 , 0 0 0  to 

25, 0 0 0  ybp . The c o l de s t  tempe ratures dur i ng late 
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- W i scons i n  time occurred 17 , 0 0 0  ybp . At th i s  t i me the mean 

July tempe ratur e s  in central I owa were about 10 °C .  Th i s  

i s  comparable t o  temperatures at the tree lin� i n  Canada 

t oday . Central I owa now has meari July t emperatures o f  23 

°C .  By 1 3 , 0 0 0  ybp mean annual tempe ratures in No rth · Dakota 

we re between 1 to 2 °C wh i ch i s  comparable to tho s e  in 

Canada i n  the m i d- Boreal Fore s t s  o f  today . From 

approx imate l y  1 3 , 0 0 0  to 9 , 0 0 0  ybp mean annual t empe ratures 

in No rth Dakota i nc reased from 1 to 5 °C .  By the end o f  

thi s pe r i od mean s umme r  temperatures i n  North Dak o ta were 

comparable to thos e  today in s outh.ern Manatoba at the 

southern edge of the Bo real Fores t .  Dur i ng 10 , 0 0 0  to about 

9,50 0 ybp temperatures began to inc reas e and as c ondi t ions 

- �1�6.bec�me dr i e r , prair i e  replaced much of the woodl and 

in Nor th Dako ta . Th i s  occurred f i rst in the we s te rn part 

of the s tate and proge s sed-eas tward ( B luemule and C layton 

1 9 8 2 ) . 

Rube ( 19 8 4 ) i ndi cate s that pra i r i e  was e s tabli shed 

and extended i nto Illino i s  at leas t  8 , 0 0 0  ybp and that the 

bo rder of the pra i r i e  ext ended 120 km far ther no rtheast 

between 7 , 0 0 0  to 2 , 0 0 0  ybp than it doe s  today . Dur i ng 

th i s  t ime o f  max imum extens i on of the pra i r i e  the climate 

was m�ch dr i e r  thart the pres ent climate . The Upper 

M i s s i s s i pp i  Valley mo i sture reg ime was mo re l i ke the us tic 

mo i s ture reg i me i n  we s t  central S outh Dak o ta o f  today than 
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·the present day we tter udi c  mo i s ture reg i me . Pal eoc l imate 

recons t ruc t i on i ndicates-that condi t i ons acr o s s the upper 

Great P l ains we re l i ke present day drought per i ods dur ing 

th i s  max imum extens i on of the prai r i e . C l i mates general l y  

coo l ed 2 , 0 0 0  ybp to o u r  present c l imate but have i ncl uded 

s ome short s h i f t s  in mean annual temperature and 

prec i p i tat i on . As a result o f  th i s  cool i ng the p ra i r i e  

rec eded s outh we s tward from the Upper M i s s i s s i pp i  River 

Val l ey in M i nne s o ta to i t s  pre s ent po s i t i on .  B l ueml e and 

Clayton ( 1 9 8 2) sugg e s t  that warming and drying condi t i ons 

in North Dakota reached a max imum be tween 7 , 0 0 0  to 5 , 0 0 0  

ybp and that c l imat i c  patterns s h i fted toward c ondi t i ons 

more repre s entat i ve of condi t i ons today at approx i ma t e l y  

3 , 50 0  ybp . They agree wi th Rube ( 1 9 8 4) i n  that short 

var iat i ons i n  c l imate have occurred and may have las ted 

several hundred years dur i ng th i s  mos t  recent pe r i od 

wi th i n  the l a s t  3 , 50 0  year s . 

Sangamon to W i scons in Age Pal eoc l i mate 

Bas ed on mega fauna and po l l en in S angamon age 

depo s i t s the . c l i mate s h i fted from a coo l mo i s t  c l i mate at 

the end of I llino i an g l ac i a t i on , fol l owed by warm 

general l y  dry pe r i ods , and back to cool c l i mat e s  as the 

Wi scons in age approached . Sangamon depos i t s from seve ral 



- l ocat i ons , i nc l ud i ng southeas tern Montana and central 

.I l l ino i s , prov i de evi dence of the vege tat i onal change s . 

The vege t a t i ona l h i s t o ry i s  i n i t i al l y  domi na t ed by pol len 

from c on i ferous trees fo l l owed bt dec iduous t ree s as the 

Sangamon c l imate began to turn warme r . The dec iduous tree 

po l l en and mega fauna then changed to po l l en dom i na ted by 

g ras s e s  as the Sangamon went through a dr i er , warmer 

per i od . As the W i scons i n  age i ce approached the po l l en 

h i s tory aga i n  shows dec i duous t ree , fo l l owed by coni ferous 

t ree po l l en domi nance ( Gruger 19 7 2 ,  Be rnabo and Webb 19 7 7 , 

VanZant 19 7 9 , K i ng and Sande rs 1 9 86) . 

Parent Mate r i al 

Un i form i t y  o f  parent mat e r i al can be e s tab l i s hed by 

exam i n i ng the mo re res i s tant e l ements of the s o i l pro f i l e 

i . e .  res i s tant weatherable mineral rat i os. as we l l  as clay 

free s i l t and c l ay free sand d i s t r ibut i on t�roughout the 

pro f i l e and the i r  correspondenc e wi th other pro f i l e s  

( Jacks on 1953 , B i rkland 19 7 4 , Ch i t tl eborough and Oade s 

19 8 0 , Wh i te 1 9 8 1) .  



Topog raphy 

The topograph i c  c omponent can usua l l y  be held c ons tant 

on t e r race s ys tems by sampl ing f�om a s ing l e  l andscape 

pos i t i on .  Howeve r , Vreeken ( 1 9 75 )  po ints out that the 

devel opment of i n te rnal drainage by lowe r i ng o f  the 

groundwater tab l e  dur i ng landscape evo l u t i on can be 

respon s ible fo r di f ferences in s o i l  mo rpho l o g y  on s im i lar 

l andscapes po s i t i ons of di f ferent age . 

Non- S t r ict Pos t - I nc i s i ve Chrono s e quenc e s  

The term "non - s t r i c t" i s  appl i ed to a chronos eguence 

in wh i ch the age o f  the members and the magni t ude o f  s o i l  

formi ng fac tors are no t quant i ta t i ve l y  known ( Jenney 

1 9 4 1) . - Many of the i n ferences de r i ved from non- s t r i c t  

chronos e quenc e s  are supported b y  s tudi e s  o f  quan t i tat ive 

chrono func t i on . 

S tream t e r races , as a rul e , are s epara ted i n  t i me in 

an i nherent po s t - i nc i s ive sequence . Older te r race s  occupy 

h i gher landscape pos i t i ons . Bach succes s i ve l y  young e r  

te r race i s  �eparated from o ther o lde r sequence membe r s  by 

an inc ept i on pe r i od po s t  dat ing the o lde r membe r s  ( Ruhe 

1 956) .  A s econd re lat i onsh i p  to t i me can be i n t roduced i f  

expo s ed sur faces become bur i ed a t  di ffe rent i n t e rva l s  thus 



-hav i ng di f fe rent l engths o f  gene s i s  t i me , no t t o ta l l y  

·re lated to i n i t i a l  expo s ure o f  the ter race s u r face 

( S t evens and Walker 1 9 7 0 , Vreeken 1 9 75 ,  Muha 1 9 8 2) .  

S o i l  Mo rpho logy and T i me 
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Jenney ( 1 96 1 )  de f i ne s  the s o i l  form i ng fac t o r s  as 

"s tate fac t o r s" . They descr ibe the s tate o f  the s o i l  

s ys t em . The i r  relat i onsh i p  to pedogene s i s  i s  through the 

types o f  proc e s s e s  that ex i s t  as a resul t of t he i r  

interact i on . The s e  proc e s s e s  inc l ude but are no t l i m i ted 

to; me lan i zat i on , l e s s i vage , decalc i f icat i on , and 

pedo turbat i on . The s tate factors of t ime , b i o l og i cal 

i n fluence s , c l i mate , parent mater ial , and topography 

should no t be �on fused wi th s teady s tate c ondi t i ons . The 

s tab i l i ty o f  the s tate fac tors does howeve r , have a great 

deal t o  do w i th the par t icular s teady s tate o f  a s o i l  

sys tem ( Crooker 1 952) . A s teady s tate i s  used t o  r e f e r  to 

a s o i l  s ys tem in wh i ch proc e s s e s  are ongo i ng but i ncreases 

o r  decrea s e s  i n  the i r  expres s i on as s o i l  pro f i l e 

charac ter i s t i cs r ema i ns cons�ant ( Laukul i ch 196 9) . 

Leach i ng o f  .carbonates and the organ i c  mat t e r  c ontent o f  

sur face hor i z ons are examp l e s  o f  charac te r i s t i c s  'that 

reach s teady s tate condi t i ons i n  relat ive l y  sho r t  pe r i ods 

of t ime wh i l e  deve lopment o f  max imum redne s s  or i nc reas es 
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in hue take much l onge r  ( B i rkland 1 9 7 4 , Abtahi 1 9 8 0 ) . 

The l ength o f  t ime requ i red f o r  a s o i l pro f i l e  

charac t er i s t i c  t o  reach a s teady s tate i s  i mpor tant wh en 

app l yi ng that charac t er i s t i c  to a chrono s e quence . 

Charac t e r i s t i c s  that reach a s teady s tate rap i dl y  s uch as 

surface hori zon pH and organic mat ter c ontent are u s ua l l y  

no t as u s e fu l! i n  s eparat ing chronos equence membe r s  a s  

degrees o f  c l ay trans l ocat i on and changes i n  c l ay 

mineral ogy are when l ong per i ods of pedo gene s i s  are 

invo lved . 

Organ i c  Mat te r . 

Birkland ( 1 9 7 4 ) s tates that " organ i c  mat t e r  probabl y 

reaches a s t eady s tate mo re rapidl y  than any othe r 

property o f  the s o i l " .  He also sug g e s t s  that data ove r 

many l ocat i ons and di f ferent parent mat e rial s l eads to a 

range o f  2 0 0  to 3 0 0 0  years for organ ic mat t e r  to reach a 

s teady s tate . 

Calculated turn over rates o f  o rgan i c  ma t t e r  have 

shown that leve l s  of o rgan i c  matter are i nt e r - r e l ated to 

vegetat i on ,  parent mater i a l , and c l imate . E qu i l ib r i um 

cond i t i ons on the northern Great Plains ove r at lea s t  the 

pas t  4 0 0  year s a re known to have been relat i ve l y  c ons tant 

( VanVeen and Pau l  1 9 8 1) .  
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Res earch i n  the s outhern Great Plains by N i ch o l s  

· ( 1 9 8 4 ) e s tabl i sh e s  a l i near relat i onsh i p  between s o i l  clay 

c ontent , mean annual prec i p i ta t i on , and o rgan i c  c arbon 

wi th a c o e f f i c i en t  o f  determinat ion ( R2 ) for mul t i pal 

l inear regre s s i on o f  0 . 9 0 at the 1 % l eve l of s i gni f i cance 

for the r e l at i onsh i p . Al l s o i l s  i n  the s tudy wer e  on 

uplands , no t exce s s i ve l y  we t , and did no t have a h i gh 

shr i nk - s we l l  po tent i al . Thi s s tudy i ndicates that wi th in a 

prec i p i tat i on range o f  3 3  to 1 1 4 em , a mean annua l 

temperature from 1 4  to 2 3 . 3  ° C ,  and a c lay c ontent be tween 

0 . 3  to 6 0 . 7  % ,  percent c lay is pos i t i ve l y  c o r re l at ed w i th 

o rgan i c  carbon content . The percent c l ay was the pr i mary 

i ndependent var i able for the predict i on of organ i c  carbon 

in the sur face hor i z on of und i s turbed pedons . 

S ondh e i m  and S tandi sh ( 19 8 3 ) de term i ned that o rgan i c  

carbon and ni t rogen leve l s  �f sur face h o r i z ons reached a 

s teady s tate i n  l e s s  than 20 0 years after· deg l ac i a t i on in 

Canada at 53° N lati tude and 1 1 9 ° W l ongi tude . Th i s  s tudy 

inc l ude s the pe r i od in t ime requi red fo r veg e tat i onal 

s ucce s s i on to the pre sent spruce fore s t . 

I n  the Wi l lame tte Val l ey o f  Oregon , a s e r i e s o f  seven 

succe s s i ve l y .o lde r surfac es from middl e Pl i e s t i c ene to the 

pre s ent had s im i lar l eve l s  of sur face o rgan i c  matter . 
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Subsur face hor i z on s  however dec reas ed i n  o rgan i c  mat t e r  

. content wi th i nc r eas i ng •ge ( Parsons , Bals ter , and Ne s s  

1 9 7 0 ) . 

Par s ons , Sch olte s ,  and R i ecken ( 19 6 2 ) evaluated s o ils 

formed on i nd i an mounds in northeas tern I owa . They 

concluded that o rgan i c  mat te r  accumulated i n. the A hor i zon 

under dec i duous fo re s t  reached a max imum expre s s i on in a 

pe r i od o f  10 0 0  years bas ed on s im i lar levels i n  1 4 , 0 0 0  

year old adj acent s o ils . 

S o il Color 

A h i ghly s i gn i f icant coef f i c i ent o f  de t e rm i na t i on (r2 

) o f Q . 8 9 has been repo rted by Kemp ( 19 85 )  f o r  the degree 

o f  redne s s  of arg ill i c  hor i z ons in several so ils o f  

eas tern England and the i r  pedogen i c  hemat i te i ron c ontent . 

Pedogen i c  goeth i t e  and i ron ox ide contents we re n o t  h i ghly 

cor related wi th pro file redne s s . After elimina t ing 

inher i ted paren t ma ter i al affec t s , red arg ill i c  h o r i z ons 

were de te rmi ned to be a produc t o f  extens i ve pe r i ods o f  

weather i ng under a c o ol mo i s t  paleo-climate tha t promo ted 

the accumulat i on of hemi t i te . Paleo-arg ill i c  h o r i z ons 

could be s e parated from younger arg ill i c  ho r i zons i n  that 

the olde r arg ill i c  hor i z ons tended to have redde r mat r ix 

hues o f  7 . 5YR o r  redde r , chromas o f  mo re than four , and 



values o f  four o r  mo re , when comparing f i ne - t extured 

mate r i a l s .  Non- i nher i ted· red colors par t i cu l ar l y  wi th in 

5YR and po s s i b l y  7 . 5YR hues were not cons i de red conc l us i ve 

eviden6e f6r
.

paieo- �rgil lic h6ri z6ns and s trat i g raph i c  

and/or m i c romo rpholog i cal data were requi red t o  

substan t i ate t h e  inte rpretat i ons . 

In the W i l lame tte Va l l ey o f  Oregon s ubsur fac e s o i l  

c o l o r  i s  one o f  the fac tors that separates s u r fac e s  o f  

di f fe rent age . S o i l s  o f  middl e Plei s tocene age genera l l y  

have hues o f  7 . 5YR wh i l e s o i l s  younger than l a t e  

Pl e i s t ocene have hues o f  1 0YR ( Pars.ons , Bal s te r , and Nes s 

1 9 7 0 ) . Many de t e rm i nat i ons of s o i l c o l o r  have been made 
. . 

to.evaluate age r e l at i onsh i ps in Wi scons i n  age loe s s  in 

the midwe s t . I n  general , l o e s s  younger than 2 8 , 0 0 0  years 

at near l y  all l ocat i ons is no redder than 7 . 5 YR w i th the 

except i on of s o i l  deve l oped-in red parent mat e r i al and 

usua l l y  fal l w i th i n  the 1 0YR hue ( N i cker s on 1 9 4 1) .  

Le s s i g  ( 1 9 6 1) examined several g l ac i al outwash 

te rraces of s i mi lar parent material in nor theas te rn Oh i o . 

The g rave l l y  l oam mat e r i a l  o f. Wi scons i n  age had s o i l 

c o l o r s  o f  7 . 5YR hue wh i ch were s imi lar to the c o l o r s  found 

i n  the B hor izons o f  pro f i l e s  deve loped on I l l i no i an age 

outwash terrac�s . The pr imary d i f ference be tween the 

Wi scons in and I l l ino ian age pro f i l e s  was in the depth to 

wh i ch a 7 . 5YR hue occurred . The mean depth for 7 . 5YR hue 
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i n  W i sc ons i n  age s o i l  was 14 7 . 5  em and 2 25 em i n  the 

I l l ino i an age s o i l . Othe� s o i l s  i n  the reg i on wh i c h  are 

be l i eved to have devel oped i n  pre- I l l i no i an outwash .had 

5YR hue s o i l  c o l o rs . 

Res earch i n  we s t  central I daho by Colman and P i erce· 

( 1 9 8 4 ) us i ng the Harden index o f  rub i f i cat i on ( Harden 

1 9 8 2 ) , on s o i l s  1 4 , 0 0 0  to 150 , 0 0 0  years o ld , agr e e s  wi th 

progres s i ve redden i ng o f  the subso i l  wi th age . 

C l ay Enr i c hment o f  the B H o r i z on 

Les s i vage i nvo lves the mechan i cal m igrat i on o f  sma l l  

mine r i al part i c l e s  from the A hori zon to t h e  B h o r i z on . 

The se · m i neral par t i cle s can be clay cons t i tuents �n 

suspens i on and/o r i n  c o l lodia l form . They are normal l y  

i l l uvi ated to the uppe r Bt b u t  can extend to t h e  l owe r Bt 

fo l l ow i ng h eavy ra i n fa l l s  ( Me rmut and Ac ton 1 9 8 4 , Pro t z  et 

al . 1 9 8 4 , Howi t t  and Pawluk 1 9 85 ) . 

S t . Arnaud and Mor t l and ( 196 3 )  de t e rm i ned that 

expanding t ypes of c l ay mineral s are more readi l y  

di spe rsed and t ran s l ocated i n  pre fe rence to non -expandi ng 

clays . · The s e · f i nd i ng s  support later res earch i n  the 

Glac ial Lake Edmonton Bas in o f  Alberta , Canada by· Ars had 

and Pawluk ( 1966 ) . Chemical analys i s  and sur fac e area 

de termina t i ons for c lays in Bn hori zons i nd i cated that 
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montmo r i l l on i t e was be i ng pre ferent i a l l y  t rans l ocated over 

i l l i te t ype c l ays . 

A g raph o f  c lay c ontent aga i n s t  depth u s ual l y  shows 

an i nc reas e in the amount of c lay and thi ckne s s  of the B 

hori zon as progre s s i ve l y  o lder s o i l s  are c ompared 

( B i rkland 1 9 7 4 ) . I n  a compar i s on o f  32 chrono s e quences 

from 2 7  areas be tween 66 ° N and 7 8 ° S lat i tude and ove r a 

wide range o f  parent mater i a l s , Bockhe i m  ( 1 9 8 0 ) de t e rmi ned 

that the rate s  of increase in c lay content and B h o r i z on 

th i ckne s s  we re pos i t i ve l y  corre lated wi th c lay c on t ent o f  

the. parent mat e r i al . S o i l s  in th i s-s tudy ranged i n  c l ay 

content from 2 t o  3 8  % .  Th i s  relat i onsh i p  was r e f e red to 

as a mul t i var i a t e  func t i on of t i me and parent mat e r i al in 

wh ich c l i mate was no t found to be as s i gn i f i cant as parent 

mater i al .  Low c l ay content s o i l s  deve l oped arg i l l i c 

hor i z ons s l owl y because o f  the lack o f  i nhe r i ted c l ay 

ava i l able for tran s l ocat i on . C lay s i z e par t i c l e s  

gene ral l y took l onge r  to accumulate in subsur face ho r izons 

becaus e  they had to f i r s t  weather from coar s e  parent 

mate r i al . S o i l s  wi th h i gher initia l c l ay contents had an 

immed i ate source o f  trans l ocateable mater i a l . 

Bar shad.( 1957) inve s t i gated the rate o f  c l ay 

formation from mineral cons tituents as affected bt the 

majo r  s tate fac t o r s  o f  c l imate , topog raphy , parent 

material , vege tat i on , and t ime . He conc luded that an 
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inc reas e i n  the age o f  so i l  i s  expre s s ed i n  an i nc rease in 

c lay fo rmat i on . Rate s  o f  clay format i on we re based on the 

amount of c l ay fo rmed from 1 0 0 g of the non-c l a y  frac t i on , 

us ing unweathered parent material as the i n i t i a l  s tate . 

Format ion rat e s  ranged from 2 7 2 g to 55 kg o f  c l ay per 3 0  

em o f  s o i l  per year . Each o f  the s o i l  form i ng fac t o r s  

were cons i de red s i gn i f i cant . C lay format i on from m i neral 

cons t i tuents t rans l ocated to the B hor i zon was greatest 

for parent mate r i al from bas i c  rock s and thos e  hav i ng high 

contents o f  a l um i no - s i l icates . Gras s land veg e tat i on 

resu l ted i n  h i gh leve l s  o f  c lay con�t i tuen t s  becau s e  

nut r i ent c yc les we re short . Carbon d i ox i de evo l v i ng from 

fiberous root systems al so aided in the chem i cal 

weather i ng o f  p r i mary mine ral s by creat i ng a more ac i d  

envi ronment through t h e  i ncrease in carbonic ac i d . 

Topography was a fac tor in that c l ay format i on was 

i nhanced i n  pro f i l e s  as dra i nage decreas ed . Both the 

i l luvi at i o n  of d i s c rete c lay part i c l e s and downward 

movement of mo lecular cons t i tuent s were hypo the s i zed as 

be ing respons i b l e  for Bt hor i zon deve lopment . 

Mo rpho l og i cal d i f ferences in four s o i l s o f  recent 

al luvial parent ma t e r i a l  i nd i cate that it tak e s  more than 

2 , 0 0 0  years to form an arg i l l i c hor i z on in central 

Pennsylvan i a . The s o i l s  s tud i ed were der i ved from red 

shale al luv i um , brown ac id shale a l l uv i um , l ime s t one 



influenced a l l uv i um , and gray ac id sands tone all uv i um .  

Rad i o carbon dat ing placed the s o i l s  from l e s s  t han 2 05 

years old , to approximately 3 2 0 , 4 7 0 , and 1 , 955 years o l d  

respec t i ve ly . The olde s t  s o i l  prof ile , wh i ch had 

deve loped in ac i d  s ands tone and shale alluv i um ,  had a we l l  

deve loped camb i c  h o r i z on g radi ng into a n  arg ill i c  h o r i z on . 

The three younge r  s o i l s  had onl y weakl y  deve loped camb i c  

hor i zons and could n o t  be separated from each o th e r  based 

on th i s  mo rpho l o g i c  charater i s t i c . The three younger 

so ils also had ve ry l i t t l e  cl ay fo rmed from weathe r i ng o f  

p��t i c l e s  i n  pl�c e . · · The olde s t  s o i li a f i ne - l o amy , mi xed , 

me s i c , F l uvaquent i c  Dys t rochrept , had s i gn i f i can t amoun t s  

of clay forming by weather ing o f  part i c l e s i n  place 

compared to the three younger so ils . The three younger 

so ils had less than 0 . 1% i l luvial c l ay by vo lume in c r o s s  

sec t i on c ompared to 0 . 6 % f o r  the 1 , 955 year old s o i l . 

The t h i ckne s s  o f  i l luvial c l ay f i lms was no t s i gni f i cant l y  

d i f ferent a t  t h e  0 . 05 l evel among the three younge r  s o i l s 

but was s i gni f i cant for the compar i s on o f  the young e r  

so i l s to t h e  o ldes t so i l  ( B i l z i  and C i o lkosy 19 7 7) .  

Northea s t e rn I owa indian mounds bu i l t 2 , 50 0  ybp had 

clay d i s t r ibutions ve ry s imi lar to adjacent 1 4 , 0 0 0  yea r 

old so i l s . Further c ompa r i s ons be tween younge r  mo unds 

indicated that 1 , 0 0 0  year old mounds contained o n l y  

two - th i rds t h e  amount o f  trans loca ted c l ay as the 2,5 0 0  
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year o l d  mounds ( Pars ons , Scho l t e s , and R i ecken 1962) . 

W i s cons i n  and I l l i no i a� age te rraces fo rmed i n  

glac i al outwa s h  i ndi cate a s imi lar trend . W i s c ons i n  age 

so i l s  had c l ay coats on sand and grave l to a depth o f  

14 7 . 5  e m  .wh i l e I l l ino i an age so i l s  had c l ay coats to a 

depth o f  225 em . I l l i no i an age s o i l s  a l s o  had deeper B 

hor i z ons and wi th c lay bulges to 152 em where as c l ay 

bul ges in W i s cons i n  age s o i l s  averaged 10 7 em i n  depth 

( Le s s i g  196 1) .  

Gene s i s  o f  an arg i l l i c hori zon i n  a Xe ro l l i c 

Haplarg i d , F i ne - s i l ty ,  mi xed , me s i c  east fac i ng lake 

terrac e s o i l  i n  no rthern Utah was e s t imated at 9 , 0 0 0  

years� The i n f l uenc e o f  a t  leas t two pluv i a l  pe r i ods 

be tween 6 , 0 0 0  and 9 , 0 0 0  ybp was sugge sted as a maj o r 

contributi ng factor i n  the arg i l l i c hori zon deve l opment . 

There was no arg i l l i c hori zon deve lopment i n  a s o i l  

located i n  the same area on a 6 , 0 0 0  year o ld we s t  fac i ng 

lake terrace . The we s t  terrace Xe ro l l i c Cambo r th i d , 

Coars e - s i l ty ,  mi xed , mes i c s o i l did have s ome remo val o f  

carbonates from the upper pro fi le . The B hor i z on d i d  me e t  

the clay pe rcentag e  f o r  an . arg i l l i c ho r i zon but no 

evidence of trans l ocat i on was ev ident in the pro f i l e  

morpho l ogy . The cl imate i n  th i s  area 6 , 0 0 0  ybp to pre s ent 

was charac t e r i z ed as being at leas t as dry as the p r e s ent 

cl imate (S outhl and and South land 1985) . 
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Inve s t i gat i ons o f  a Typ i c  Hap larg i d  by G i l e  and 

Gros sman ( 19 6 8 ) i n  s o uthern New Mex i c o  s how weak arg i l l i c 

hor i zon deve l opment in 2 , 0 0 0  to 5 , 0 0 0  years . 
_
S ubs equent 

inve s t i gat i ons of s o i l s  deve l oped in ·h i gh l y  calcareous 

material did not show arg i l l i c hori zon deve l o pmen t  over · 

the pas t  5 , 0 0 0  year s . The pr imary fac t o r  was cons i de r ed 

to be the lack o f  c lay di spers i on as a r e su l t of almo s t  

neg l i g ib l e  carbonate l e aching . The deve l opment o f  

arg i l l i c hori z ons i n  pa l e o s o l s  found i n  th i s  area ha s been 

att r i buted to s o i l  format i on dur ing more mo i s t pe r i ods of 

the Pl e i s tocene ( Gi l e  and Hawley 196 8 ) - .  

H i gh corre lat i ons be tween the age o f  g l ac i a l  depo s i t s 

re lat ive to th i ckne s s  o f  the B hori zon , de pth o f  

ox idat i on , and pe rcent c lay in the B hor i zon we re obta ined 

by Co lman and P i e rce ( 19 8 4 ) in we s t  central I daho . 

Ini t i al parent mater i a l s wi th 5 to 4 0  % c lay var i ed i n  

inferred age f rom 14 , 0 0 0  to 150 , 0 0 0  year s- o l d . 

Deve l opment o f  a Bt h o r i z on was not noted i n  14 , 0 0 0  year 

o ld s o i l s  but wa s c l early evident after 2 0 , 0 0 0  yea r s  i n  

s o i l s w i th l e s s  than 1 0  % c l ay . None of the prope r t i e s  

measured we re de t e rmi ned t o  have reached s teady s tate 

condi t i ons . 



Carbonates and So i l  pH 

I f  we move acr o s s  a grad i ent from hum i d  to ar i d  

_ condi t i ons , ho r i zons o f  sal t accumulat i on beg i n  t o  deve l op 

. at h i gher po s i t i on s  i n  the s o i l  pro f i l e . The s o l ub i l i ty 

o f  the sa l t s  pre s ent as we l l  as the mo i s ture reg ime , 

determine s  the pos i t i on o f  the sa l t  prec i p i ta t e  i n  the 

pro f i l e  ( Gardne r and Brooks 1 957 ) . The depth of the uppe r 

sur face o f  s o i l  h o r i z ons wi th carbona te sal t accumu l a t i ons 

has been shown to be rel ated to mean annual prec i pi tat i on 

and s o i l  texture in the we s tern Great Plains and i n  

Ca l i forn i a . The equa t i on D = 8 . 28 + ( 1 . 6 2 maP ) - ( 0 . 45 ME) 

whe re D = the depth to the upper sur face o f  carbonate sal t 

accumu lat i on , maP = mean annual prec i p i tat i on , and ME = 

mo i s ture equ i va l en t  o f  the A hori zon on a percent vo l ume 

bas i s  as a t e rm used to quan i t i fy s o i l texture , produced a 

r 2  o f  0 . 75 .  Th i s  r 2  was improved to 0 . 9 2 when the range 

in s o i l texture s u s ed to compute the value fo r D was 

narrowed to a ME o f  8 to 17  % .  The negat i ve val ue for ME 

ind i cate s that as the c lay content i nc reas e s  more water i s  

he ld i n  the pro f i l e wh i ch a l l ows for l e s s  l each i ng o f  

carbonat es . When · th i s  expres s i on i s  appl i ed t o  s o i l s  o f  

the Great P l a i n s  as compa red t o  s o i l s  o f  Ne vada and 

Cal i fornia the s l ope of the l i ne for the expre s s i on over a 
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range i ri s o i l textur e s  i s  s teeper for the far we s t  s o i l s . 

·Th i s  i s  due t o  the fac t that cold Ca l i fornia winter r a i n s  

are more e£ fect i ve i n  l each i ng s o l ub l e  s a l t s  f r o m  the s o i l 

profi l e  than warm s umme r rains on the we s te rn Great P l a i ns 

( Arkl ey 1 96 3 , Jenny 1 9 8 0 ) . 

A sequence o f  progre s s ive l y  h i gher and o lde r l and 

sur face s ,  al ong the R i o  Grand Val l ey in New Mex i co , dat ing 

from pre s ent t ime to middl e Pl e i s tocene t ime was s t udi ed 

to de termi ne the deve l opment o f  carbonate hor i zons . The 

cl imate in the s tudy area was . ar id wi th a pre s ent day 

annual prec i p i tat i on o f  20 . 0  to 3 0. 0 em . The deve l o pment 

of th icker and mo re c ont i nous coat ing s  of calc i um 

carbonate on pebb l e s  and i ncrea s ed f i l l ing o f  interpebb l e  

spaces we re maj o r  charac t e rt i s t i c s  as s oc iated wi th 

carbonate mo rpho logy over t ime . Geomo rph i c  sur fac e s  l e s s  

than 2 , 6 0 0  years o l d  to 5 , 0 0 0  years o l d  exh ibi ted t h i n  

di scontinous calc i um carbonate coat i ng s  o n  pebb l e s  at 15 

em to 45 em be l ow the s o i l  sur face i f  the parent ma t e r i al 

was grave l l y . Non-grave l l y  s ediments o f  the same age 

contained f ine f i l l amentous carbonate s .  Non-grave l l y s o i l s  

greater than 5 , 0 0 0  years o ld but l e s s  than late 

· Pl e i s tocene in age c·ontai ned few to common nodu l e s . 

Non-grave l l y  s o i l s  o f  m i dd l e  Pl e i s tocene to late 

Ple i s tocene deve l oped many carbonate nodules and 

inte rnodular f i l l ings ( Gi l e , Pe terson , and Gro s sman 1966) . 
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Arkl ey ( 1 9 6 7 ) appl i ed h i s  formula for calc i um 

carbonate movement in s o i l s  to the calculat ion o f  the 

min imum age of certain so i l s  located i n  the Grea t P l a i n s . 

The c o rr e l at i on to ag e was made through the s o lub i l i ty o f  

calc i um carbonate and the t ime requi red t o  form h o r i z ons 

o f  cal c i um carbonate accumulat i on . No correc t i ons to the 

formula were made for ; heterogen i ty in the pro f i l e , 

surface runo f f , carbonates added to the so i l  sur fac e , 

mineral weathe r i ng , and red i s t r ibut i on o f  carbonat e s  to 

the sur fac e by plant roo t s . I t  was de term i ned that the 

e ffect of the s e  fac t o r s  would tend to s l ow down the 

proc e s s  of carbona te accumulat i on the reby addi n� to the 

mi nimum deve l opmental t ime requ i red . Weathe red t i l l  and 

loe s s  s o i l s  s tud i ed from South Dakota to Kansas , gave 

calculated mi n imum age s  of l e s s  than 1 5 , � 0 0  years o ld 

us ing j us t  the s o lubi l i ty o f  pure cal c i um · carbonate .  

Minimum ages o f  l e s s  than 1 3 , 0 0 0  years o ld we re obt a i ned 

when u s i ng the s o lubi l i t i es of calc i um and magne s i um 

carbonate comb i ned . I n  S ou.th Dakota the minimum ave rag e 

age for the s i te on a Agar s e r i e s , a ( F ine - s i l t y , m i xed , 

me s ic Typ i c  Arg i us to l l ) deve l oped in deep l o e s s , was 

e s t imated at 1 2 , 3 0 0  yea rs . The minimum ave rage age o f  the 

Houdek s e r i e s , ( F i ne - l oamy , mi xed , me s i c , Typ i c  

Arg iu s t o l l )  wa s e s t imated a t  10 , 450 years . 
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Both- age s  repre s ent the minimum ave rage age bas ed on the 

s olub i l i ty of cal c i um carbonate . When the formu l a  was 

cons i de red over a range o f  s o i l s  from late W i s c on s in t o  

Yarmouth i an and I l l i no i an age , a pe r i od from 1 4 , 0 0 0  t o  

9 0 0 , 0 0 0  ybp , i t  was de termi ned that the calcu l ated age s  

were a t  leas t wi th i n  the same o rder o f  magni tude as the 

geo l og i c  evidenc e . 

S eve ral mode ra t e l y  we l l -dra ined s o i l s  in eas t e rn 

North Dakota wi th ca l c i um carbonate accumulat i ons i nd i cate 

that f i ne l y  d i v i ded l ime of secondary o r i g i n  i s  

prec i p i tat ing out o f  cap i l lary water that i s  r i s i ng o r  

mov i ng latera l l y  f r o m  a z one o f  water saturat i on . The 

micromorphology o f  pro f i l e s  examined showed an i ncrease i n  
. · 6alc i um c�rbonate , - i n  the form o f  f i ne l y  d i v i de� l ime , f6r 

the ho r i z on o f  l i me accumulat i on when compared to 

unal tered parent mat e r i a l . Parent mate r i al exami ned 

conta ined 1 0  to 1S % cal c i um carbonate wi th an ave rage of 

35 % of the total wi thin l e s s  than 2 mi crons in s i z e . 

To tal ca l c i um carbonate in the zone o f  max imum 

accumulat i on i nc reased to approx imately 35 % w i th 50 to 6 9  

X o f  the total c al c i un carbonate l e s s  than 2 m i c rons i n  

s i z e ( Redmond and: McC l e l land 1 959) . 

We l l -dra i ned l oam to c l ay loam s o i ls in central and 

we s t  central North Dakota exami ned by Morgen e t  a l . ( 1 959) 

had max imum z ones of calc ium carbonate accumulat i on 
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be tween 6 5  and 1 0 0 em . In pro f i l e s  that had gypsum , the 

zone of calc i um s u l fate accumu l at i on was b e l ow that o f  

cal c i um carbonate because o f  the h i gher s o l ub i l i ty . o f  the 

cal c i um sul fa t e . The s o i l  pH was re lated to the cal c i um 

carbonate di s tr ibut i on onl y i n  that i t  tended t o  i nc rease 

wi th i nc reas i ng cal c i um carbonate percent . The z one o f  

max imum accumulat i on did not however , have the h i ghe s t  pH . 

In mo s t  cas e s  the C hor i z ons wi th 7 to 17 % cal c i um 

carbonate equ i va l en t  values had h i gher pH val u e s  by 0 . 7 to 

0 . 3  un i ts . Th i s  was t rue even for the pro f i l e  wi th the 

max imum percent calc i um carbonate euivalent of 29 % i n  the 

hori zon of accumu l at i on . The pH i n  sur fac e so i l s rang ed 

from 6 � 5  to 7. 2 w i th l e s s  than 1 % by we ight of cal c i um 

carbonate pres ent . 

Data from a s tudy conduc ted in Oh i o  on s even 

Wi scons in g l ac i a l  age s o i l s , 15 0 , 0 0 0  to 10 , 0 0 0  ybp , and 

seven I l l ino i an ag e s o i l s , 5 5 0 , 0 0 0  to 3 9 0 , 0 0 0  ybp , 

ind i cates that the pH and depth to carbonates dec reas es 

w i th s o i l age . Average mo rpho l o g i cal prope rt i e s  o f  the 

two so i l  age g roups on grave l l y  glac ial outwash t e r rac e s  

indicated that carbonates had l eached to approx i ma t e l y  2 10 

em i n  the Wi scons in age material and 5 2 5 em in the 

I l l ino ian age mat e r i a l . Measurements o f  sur face h o r i zon 

pH i ndicated a drop f rom 5 . 2  to 4 . 6 from the younger to 

the o lde r mate r i al . The average pH throughout the p ro f i l e  



for the I l l i no i an age outwash terraces was be l ow 6 to a 

depth o f  3 5 0  em whereas the W� scons in age ma t e r i a l  wa s 

s t i l l  above a pH o f  6 at 1 1 2 em ( Le s s i g  1 9 6 1 ) • 

. I nt e rpedal S o i l  S t ructure Devel opmen t  
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I nterpeda l s o i l  s t ruc ture de f ines how s o i l  peds are 

organi z ed in the s o i l  pro f i l e . The mo rphol ogy of th i s  

leve l o f  o rgan i zat i on i s  expre s sed by the s i z e , s hape , and 

arrangement o f  peds and i�te rpedal vo ids . Pr i mary 

s truc ture is the f i r s t  l eve l o f  o rgani zat i on f o r  peds 

occurr i ng in a s o i l mat e r i a l . Pr imary peds can no t be 

divided into smal l e r  pedal un i t s . S econdary s t ruc ture 

refers to · the manne r  i n  wh i ch primary uni ts are o rgan i z ed 

and te r t i ary s t ruc ture i dent i f i es the organi z a t i on o f  

s t ruc tural un i t s  u s i ng s econdary un i t s  a s  bu i ld i ng b l ocks . 

In many s o i l s the p r i mary s t ruc tural un i t s are angular or 

subangu l ar bl ocks . S ec ondary s t ructure expre s s ed as 

pri sms is c ommon if a geograph i cal reg i on is charac t e r i z ed 

by we t and dry cyc l e s  that promo te ver t ical s o i l  c rack i ng . 

Thes e secondary pr i sma t i c  s t ruc tural uni ts norma l l y  are 

grouped into larg�r p r i sms wh i ch form tert i ary un i t s . The 

boundar i e s of the s econdary uni t s  wi th in a tert i ary un i t  

can be ho r i zontal c racks that divide long 



pri sms and/or vert i ca l  c racks that separate as s oc i ated 

g roups o f  pr i sms ( Brewe r 1 9 6 4 ) . 
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Chan� es i n  mo i s ture content wi th i n  a s o i l  body cau s e  

t h e  s o i l to expand and c ontract . Th i s  has been propo s ed 

as the causal agent i n  the deve l opment o f  subs o i l  

s t ructure . Shear and tens i on fracture planes wh i ch 

deve lop dur i ng s o i l  vo lume changes form the bounda r i e s  o f  

s t ructural un i t s  ( Wh i te 1 9 6 7 ) . 

Tens i on j o i n t s  caused by a dec rease i n  mat e r i a l  

volume commonl y appear as . po l ygonal pat terns whe n  v i ewed 

'i n  hor i z ontal . c ro� � s ec t i on . Rupture that takes place 

wi th i n  the h o r i z onta l plane radiates out f rom each ped 

center - crea t i ng ver t ical c racks that form po l ygona� 

pr i sms . Tens i on i s  a l s o  s e t  up in the ver t i cal d i r ec t i on 

but because o f  grav i ty the so i l  mate r i al can shr i nk mo re 

eas i l y wi thout ruptur ing i n  the ve rt ical plane . As a 

resu l t  hor i z ontal_ c rack i ng occurrs to a l e s s e r  degr e e  i n  

secondary s t ructure ( B i l l i ngs 1 9 6 5 ) . 

Th e deve l opment o f  bl ocky peds , wh ich are c ommon l y  

the primary s t ruc tural un i t s , i s  probab l y  due to the 

intersec t i on o f  shear planes formed as the s o i l  mat e r i al 

swe l l s . Uneven �e t t i ng o f  the s o i l  as water move s i n t o  

the pro f i l e  cau s e s  a r e a s  o f  t h e  so i l  to swe l l  fas t e r  than 

others . To re l ease tens i on the s o i l  i s  broken i n t o  peds 

that s l i de pas t one ano ther produc i ng shear pl ane s wh i ch 



become the ped sur face s . Primary peds can be broken from 

dr i ed blocks of s o i l but they are usua l l y  more d i s c r e t e  in 

the pro f i l e  when the s o i l  mo i s ture content is a t  or 

s l i ghtly less than f i e ld capac i ty .  Th i s  is  an i nd i cat i on 

that shear ing has occurred dur i ng swe l l ing and has 

separated the peds f o rming the pr imary s t ruc tural un i ts . 

Once shear plane s have deve l oped , the tendenc y f o r  the 

pro f i l e to we t al ong c racks and shear planes pe rpe t uates 

the prev i o u s l y  fo rmed peds ( Wh i t e 1 9 6 6 ) . 

I nc reased c l ay content i s  a maj o r  con t r i but ing fac t o r  

t o  the s i z e o f  s o i l  peds in that clays gene ral l y  i nc rease 

the amount o f  swe l l i ng and contrac t i on wh i ch cau s e s  

tens i on to deve l op . As the c l ay content increa s e s  the ped 

s i z e tends to dec rease . The stabi l i t y o f  the ped fac e s  

and the i r  o r i entat i on in t h e  pro f i le depends on b o t h  the 

clay c ontent and the number o f  we tt ing and drying c yc l es a 

part icular po r t i on o f  the pro f i l e  i s  subj ected t o . 

No rma l l y , c lay z one s c l o s e r  to the surface exh i b i t the 

greate s t  degree o f  pedo turba t i on because the uppe r par t  of 

the pro f i l e  is mo re subj ec t  to changes in mo i s ture c ontent 

( Wh i te 1 9 6 7 ) .  

Cze rat z k i  and F r e s e  ( 1 9 5 8 ) de termined that the 

sur fac e confo rma t i on of na tural planar vo ids is c o n t r o l l ed 

by the c l ay mine ral ogy and the type o f  exchang eab l e  

cat i ons .  Calc i um- saturated clays tended to deve l op w i de 



cont inuous c racks wi th smooth ver t i cal sur fac es . 

Pri smat i c  s truc tural un i ts o f  calc i um sa turated c l ays we re 

al s o  larger than the s truc tural un i t s of sodium and 

hydrogen saturated c l ays . S od i um and hydrogen saturated 

c lays tended to dev e l op narrower more i rregular ve r t i cal 

cracks w i th i rregular surfac es . 

A s tudy o f  2 5  Mo l l i s o l  s o i l s  l ocated i n  Texas , 

Kansas , and Ok l ahoma re lated the s i ze o f  p r i sma t i c  

s t ructural un i ts to s o i l  texture . The larg e s t  d i ame ter 

pr i smat i c  s t ructural un i t s  fo rmed i n  s o i l s  wi th the l owe s t  

clay content . Pr i sms wi th diame ters larger than 2 2 . 5  em 

we re found in f i ne sandy loam or s i l t  loam textured s o i l s . 

Sma l l e r  1 0  em d i ame ter p r i sms we re more common in c lay 

l oam textured s o i l s . Pr i sm s i z e was al s o  affected by c lay 

mine ral ogy wh i ch was correlated wi th pri sm s i z e  through 

cat i on exchange capac i ty ( CEC ) per 1 0 0 g of c l ay . H i gh e r  

C B C  we re a s s oc i at ed wi th a n  inc rease in expand ing 2 : 1 c l ay 

mineral s . So i l s  wi th s imi lar percent c l ay c ontent but 

h i gher CEC produced smal l er pri sms ( S t i rk 1 9 5 4 ) . 

Di f fe rence s  i n  spac i ng be tween ve r t i cal c racks o f  

soi l s  wi th s imi lar c lay contents we re a l s o  reported by 

Sleeman ( 1 9 6 2 ) . · The large s t  diame ter pri sms we re f ound in 

so i l s  wi th 3 7  meq/ 1 0 0 g of c lay . The s o i l  wi th the h i ghe s t  

CEC ,  6 3  meq/ 1 0 0 g o f  c l ay , had the sma l l e s t  d i ame t e r  

pr i smat i c  s t ruc tural un i t s . Mo re he tergeneous s o i l  
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mate r i a l  a l s o  produced mo re i rregular drying pat te rns and 

l e s s  cont i nous ver t i cal c racks as we l l  as a l e s s  regular 

ho r i z ontal sur face pat t e rn o f  po l ygona l c rack i ng . A 

gene ral t rend throughout a l l  the s o i l s  in the s t udy was 

toward the domi nance o f  ver t i ca l  c racks near the uppe r 

por t i on o f  c l ay z one s . Ho r i zontal c rack s i ncreas e d  i n  

abundance wi th i nc reas i ng pro f i l e  depth . The t endency for 

hori zontal c rack i ng t o  i nc rease wi th depth was as s o c i at ed 

wi th more un i fo rm drying at i nc reas ing depth . Hor i zontal 

cracking was also as s oc i ated wi th changes in s o i l  texture 

wi th i n  the pro f i l e . The s e  change s  we re · from s ou rc e s  s uch 

as bedd i ng plane s of aeo l i an and fluv i al depo s i ts a s  we l l  

a s  changes i n  parent mat e r i a l  relat i ve t o  texture . 

M i neral Weather ing 

Weather ing o f  m i ne ra l s  refers to both the chem i cal 

and phys i cal decompo s i t i on and di s integrat i on of m i ne ra l s . 

Minera l s  weather when they are not in e qu i l ibr i um w i th 

temperature , pre s s ure , and mo i s ture condi t i ons . The 

env i ronmental fac t o r s  and the compo s i t i on of a par t i cular 

mineral g i ves r i s e to weathe r i ng reac t i ons that dominate 

the s tate o f  weathe� i ng at any one time but no t 

neces sar i l y throughout the total weathe r i ng proce s s .  

The s e  reac t i ons can be g rouped into catego r i e s bas ed on 



the i r  mode o f  ac t i on . They are ox idat i on-reduc t i on , 

hydrat i on , hydro l ys i s , and solut i on ( Jack son 1 9 6 8 ) . 

Go ldich ( 1 9 3 8 ) propo s ed a " s tabi l i ty s e r i e s " f o r  the 

weath e r i ng of primary m i ne ral s .  Genera l l y  the l e a s t  

s table m i ne ra l s  a t  t h e  atmosphere- l i tho sphere i n t e r face 

were tho s e  that o r i g i na l l y  crys tal l i z ed from a mo l ten mas s  

a t  the h i ghe s t  t emperatur e s . The s tab i l i t y  s e r i es a l s o  

revealed an o rder that pertained to t h e  number o f  s i l i ca 

tetrahedral l i nkag e s . The l east s tab l e  minera l s  we re a l s o  

the minera l s  wi th s i l i ca tet rahedral un i t s  he ld toge ther 

by eas i l y  hydro l yzab l e  and or eas i l y  ox idi zable bonds . 

Ol iv i ne wh i ch was one o f  the mos t  eas i l y weathe red 

mi nerals had t e trahedral uni ts that were l inked by 

hydro l yzable magnes i um and readi l y  ox idi zab l e  ferrous 

i ron . The felds pars we re separated and organ i zed as a 

sec ond branch i n  the s tab i l i ty s e r i e s  because i t  was no ted 

that the degree to wh i ch divalent ca l c i um . sub s t i tuted into 

the crys tal s t ructure caused increas i ng di s to r t i on o f  the 

crys tal and par t i al l y  accounted for the i ncreased e a s e  o f  

weather i ng wi th i n  the fe ldspar group . Subs t i tut i on o f  

monovalent s od i um i nc reas ed the s tab i l i ty o f  the 

plag i oc lase feldspars but as a group they we re mo re eas i l y 

weather ed than the o r thoc lase fe ldspars . Th i s  was due to 

the fact that pota s s i um f i t s  into the crystal s t ructure 

wi th less di s t o r t i on and s t i l l  sat i s f i ed the charge 
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imba l anc e c re a t ed by a l um i num subs t i t ut i o n  f o r  s i l i c on i n  

t h e  t e t rahedral un i t s . 

A s e c ond weathe r i ng s e r i e s  propo s ed by J a ck s on ( 1 9 6 8 ) 

f o 1 l ows � s i� i l �r � rd� r o f  wea the r i ng for the s ame r e a s ons 

but i t  i n t roduce s  the fac t o r  of par t i c l e  s i z e . Th e 

pr i mary di f fe r enc e be tween the two s e r i e s  i s  t h a t  qua r t z  

and mu sc ov i t e swi tch pos i t i ons . C l ay s i z e  par t i c l e s  o f  

quar t z  we re mo re e a s i l y weathered than mu s c ov i t e o f  the 

same par t i c l e  s i z e . Th i s  was due to an i nc r e a s e  i n  t h e  

s o l ub i l i t y o f  qua r t z onc e a threshold m i n i mum pa r t i c l e  

s i z e was reached . Jac k s on added ha l i t e ; g yp s um , and 

ca l c i t e as eas i l y  wea t h e rab l e  m i neral s becau s e  of t h e i r  

re l a t i ve h i gh s o l u b i l i t i e s  ve rm i c ul i t e , mo ntmo r i l l o n i t e , 

and kao l i n i t e we r e  added t o  the s ome what harde r t o  

weather m i n e ral s . Ve rm i c ul i t e wa s however , mo r e  eas i l y 

wea t he red than k a o l i n i t e  becaus e o f  the de c r e a s ed amount 

o f  subs t i t ut i on w i t h i n  the Kao l i n i t e c rys t a l  s t ruc t u r e . 

The mo re d i f fu s e  na ture o f  the l a t t i c e  charge i mba l anc e 

was al s o  a fac t o r  i n  weatherab l i ty .  Verm i cu l i t e w i t h  mo re 

subs t i tut i on in the t e t rahedral laye rs had a mo re 

concent rat ed charge i mba l anc e wh i ch caused i t  t o  be more 

eas i l y weathe red · than montmo r i l l on i t e wh i ch had l e s s  

t e t rahedral subs t i t u t i on and more oc tahedral s ubs t i t u t i on . 
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- Th e i mpo r tanc e o f  the s i l i con to oxygen bond r a t i o  

and m i neral wea t h e rab i l i t y wa s po in ted out by ( Ke l l e r  

1 9 6 8 ) . The · ene rgy o f  f o rmat i on o f  s everal bonds was 

calculated and the compo s i t i on o f  var i ous m i ne ra l s  was 

exam i ned . S i l i c on to oxygen bond energy wa s 3 , 1 1 0 kg c a l . 

pe r mo l e , a l um i num t o  oxygen 1 , 8 0 0 , ferrous i ron t o  oxygen 

9 1 9 , and cal c i um t o  oxygen 8 3 9 . I t  wa s de t e rm i ned t h a t  

t h e  weath e r i ng o f  s i l i cate m i ne ra l s  was i nve r s l y  

propo rt i onal t o  t h e  t o t a l  f o r  the i r  energ i e s  o f  f o rma t i on . 

As the energy o f  f o rma t i on de c r eased the ease o f  

weathe r i ng i nc re a s e d  i n  the fo l l ow i ng o rder o f  mo s t  eas i l y 

wea the red to l ea s t eas i l y weathe red : N e s o s i l i ca t e s , 

S o ro s i l c a t e s , I no s i l c a t e s , Phyl l o s i l i ca t e s , and 

T�c t o � i l i c� t e s . 

Go ldi ch  ( 1 9 3 8 ) exam i ned s everal fresh and we a t h e red 

samp l e s  of m i n e ra l s  from Minne s o ta and S o uth Dako t a . One 

samp l e  was taken f�om an outcrop in the B l ack H i l l s  

northeas t o f  L ead , S outh Dakota . The fresh rock wa s 

de t e rm i ned t o  b e  amph i bo l i t e . I t s c ompo s i t i on was 

approx i ma te l y  7 5  % h o rnb l end wi th the rema i n i ng 2 5  % made 

up o f  garne t , t i t an i te , quar t z , ch l o r i t e , ca l c i te , p yr i t e , 

and a b l ack opaqu� m i ne r a l  ident i f i ed as po s s i b l y  be ing 

i lmen i t e . Conc l u s i ons drawn from the amph i bo l i t e 

exam ina t i on i nd i c a t ed t h a t  ox i dat i on , hydra t i o n , and 

s o l ut i on were the ac t i ve agents o f  wea th e r i ng for th i s  
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ma te r i a l . Th e s e  conc l us i ons we re suppo rted by s e v e r a l  

di f fe renc e s  i n  the fresh unweathered mat e r i a l  and r e s i dua l 

mat e r i a l . The s e  i nc l uded the c omp l e t e  remova l o f  c a l c i t e 

and s e vere a l t e ra t i on o f  ho rnbl end to be i de l l i t e and 

re l a t ed c l ay m i ne r a l s  as we l l  as a 1 3  % i nc reas e in wa t e r  

content i n  t h e  r e s i dua l ma t e r i a l , o f  wh i ch ha l f  c o u l d  b e  
. 0 dr i ven o f f  a t  1 1 0 C .  S econda r y  i r on ox i de c o a t i ng s  we re 

a l s o  n o t ed on the m i ne ral g ra i ns of the weathe red pha s e . 

The we athered pha s e  a l s o  had ga i ned ferr i c  ox i de and 

po tas s i um ox i de . 

The ma j o r i t y  o f  s o i l s  on S t . V i ncent · I s land , we s t  o f  

Barbado s , have deve l oped from parent mat e r i a l  o f  

po rphyr i t i c  pum i ceou s andes i t e . Th e re l a t i ve deg r e e  o f  

wea the r i ng o f  the s e  s o i l s  i nc reases as the ano r th i t e 

content o f  the pa rent ma t e r i a l  i nc r eas e s . Sev e r a l  l a t e  

Pl e i s tocene a s h  depo s i t e s  over a per i od o f  1 1 , 0 0 0  yea r s  

we re a l s o  c ompar ed t o  det erm i ne r e l a t i ve deg r e e s  o f  

wea the r i ng s i nce depos i t i on .  F i ne v i r t i c  ash was t h e  

f i r s t  mat e r i al t o  be a l t e red fo l l owed by p l ag i oc l a s e  

pr imar i l y c ompo s ed o f  ano r th i t e . The o l i v i ne s  and 

pyroxen e s  a l s o  wea t h e red at a rap i d  rate fo l l owed by 

ho rnb l end . Al t e r a t i on of these m i neral s wa s a l s o  

ac c e l erated i f  they we re depos i ted in c l ay laye r s . The 

inc r eased wea the r i ng was due to an i nc reas e in mo i s t u r e  

content o f  the weath e r i ng envi ronment . 
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Even ·c r ys ta l s par t i a l l y  embeded i n  c l ay r i ch z o n e s , wh i ch 

had h i gh e r  mo i s ture h o l d i ng capac i t i e s , we r e  mo re h i gh l y  

weathered o n  t hat p o r t i on embeded i n  t h e  c l ay _ than the 

por t i on pro t rud i ng i n to the sur round i ng coar s e r  mat e r i a l . 

Th i s  was a t t r i b u t ed to the i ncrease i n  mo i s tu r e  c o n t en t  o f  

t he c l ay wh i ch acc e l era ted the weathe r i ng proc e s s e s  ( Ha y  

1 9 5 9 ) . 
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METHODS AND MATERIALS 

S i t e S e l ec t i on and S i t e S ampl i ng Procedu r e  

Ge omo rph i c  f e a t u r e s  a s s oc i ated w i th a h i gh t e r race 

s y s t em we r e  ide n t i f i ed on 7 . 5  m i nute s e r i e s  ( to po g raph i c ) 

U . S .  Ge o l o g i c a l  S urvey quadrang l e  maps o f  the s tudy a r e a . 

Random t ran s e c t s  we r e  then drawn pe rpend i c u l a r  t o  the 

we s t - e a s t para l l e l  o r i e n ta t i on o f  the t e rrace s ys t e m . I n  

the f i e l d  t h e  upp e r  mo s t  t e r race wa s l oc a t ed on any 

par t i cular i ran� � c �  l i ne . S i te s  we re s�mp l ed a l ong · th e 

tran s e c t  l i ne bas ed on one s i te pe r i n t e r s ec t ed t e r rac e 

l e ve l . 

Al l s i te s  s amp l ed we re l ocated on the f l a t  uppe r  

sur fac e o f  t h e  t e r rac e s . S l i gh t  depre s s i on s  o r  a r e a s  o f  

unu sua l vege ta t i on we re avo ided . S i t e s  we re a l s o  l o c a ted 

great e r  than 1 0 0  m f r om the to e s l ope o f  h i gh e r  t e r race s 

and g r e a t e r  than 3 0  m f rom a terrace shoulde r . 

Two pro f i l e s  approx i ma t e l y  three to f i ve me t e r s  apart 

we re s amp l ed p e r  s i t e .  The two s amp l e s  we r e  then c omb i ned 

into one compo s i t e  s amp l e  for labo ratory anal ys i s  becaus e 

o f  un i f o rm s amp l �  mo rph o l og y  w i th i n  a s i t e and t o  r educ e  

the number o f  s amp l e s  requ i r i ng labo ra t o ry ana l ys i s . 

Pr o f i l e des c r i pt i on s  we re pr epared in the f i e l d w i t h the 

he lp o f  R i chard S c h l epp , S o i l  C onserva t i on S e r v i c e , S o i l  
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Sc i ent i s t  and D r . G . D . Lemme o f  the S outh Dak o t a  S ta t e  

Un ive r s i t y , Pl ant S c i ence Depar tment . C o r r e l a t i on t rays 

of each h o r i zon we r e  prepared f o r  each s i t e  a t  the t i me o f  

sampl i ng . 

S amp l e  Prepara t i on 

S amp l e s  w e r e  a i r  dr i ed and pas s ed through a 2 

mi l l ime t er ( mm )  s i eve . A l l  s o i l aggregates no t pas s i ng 

the i n i t i a l  2 mm s i e ve s i z e we re crushed wi th a wooden 

ro l l e r  and re s i eved un t i l  a l l  the s o i l  mat e r i a l , o th e r 

than pebb l e s  g r e a t e r  than two mm pas s ed through t h e  

sc reen . Labo ra t o ry ana l ys i s  was run on the frac t i o n l e s s  

than 2 mm i n  d i ame t e r  ( Me th ods o f  So i l  Ana l ys i s  1 9 6 5 , S o i l  

Survey I nve s t i ga t i o ns 1 9 8 2 ) . 

Pa rt i c l e  S i z e Ana l ys i s  

Par t i c l e  s i z e ana l ys i s  wa s comp l e ted f o r  a l l  s i t e s  by 

the p i pe t  me thod fo r the s i l t  and c l ay frac t i ons and b y  

s i ev ing t h e  sand frac ti ons . Th i s  was comp l e t ed a f t e r  

carbona t e s  had b�en r emoved wi th 1 N s od i um a c e t a te 

ad j us ted to a pH o f  5 ,  and a f t er organ i c  ma t t e r  was 

de s troyed w i th 30 % hydrogen pe rox i de ( S o i l  S urvey S t a f f  

1 9 7 2 ) . Reproduc i b l i t y o f  the pa r t i c l e  s i z e ana l ys i s  
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procedur e  was checked by c ompa r i ng h i s t o g rams f rom 

dupl i ca t e  s amp l e s  ( Longoh r et a l . 1 9 7 6 ) . Dup l i ca t e  

pa rt i c l e  s i z e ana l ys i s  samp l e  data was ave raged o n l y  a f t e r  

a m i n imum h i s t o gr am ove r l ap o f  7 5  % f o r  1 1  sand f rac t i ons 

and t h r e e  s i l t f r ac t i on s  was reached . No samp l e  r e qu i red 

mo re than three repl i ca t i ons . Repl i ca t i ons no t me e t i ng 

the h i s tog ram ove r l ap c r i t e r i a  we re cons i de r ed t o  b e  

labo ra t o r y  e r r o r  and n o t  i nc l uded in t h e  ave rage o f  t h e  

samp l e  f o r  a par t i cu l a r  s i t e . 

The f i n e  c l a y  pe rcent . ( �  0 . 2 1 m i c rons ) was de t e rm i ned 

by cent r i fug ing 2 5 0  ml of su spens i on wh i ch was dec a n t ed 

f rom the o r i g i na l  s u s pens i on a f t e r  the t o t a l  c l ay p i pe t  

samp l e  had been taken . A f t e r  cent r i fug i ng , a 2 5  m l  . s amp l e  

was p i pe ted a t  t h re e  e m  b e l ow t h e  surface o f  t h e  l i gu i d  

f o r  de t e rm i na t i on o f  t h e  f i ne c l a y  frac t i o n  ( Tann e r  and 

Jacks on 1 9 4 7 ) .  

Organ i c  Ma t t e r  

A modi f i ed Wal k l e y- B l ack me thod was u s ed t o  de t e rm i ne 

readi l y  o x i d i z ab l e  o rgan i c  ma t t e r  ( Jacks on 1 9 5 8 , C a r s o n  

and Ge lde rman 1 9 86 ) . 



C a l c i um Carbona t e  and pH 

Percent c al c i um c a rbonate e qu i va l ent was de t e rm i ned 

by t i t ra t i on ( Bundy and Bremne r  1 9 7 2 ) . A 1 : 1  s us pe n s i on 

us i ng de i o n i z ed wa t e r was prepared to de t e rm i ne s o i l  pH . 

The ac tua l mea s u r ement was made po tent i ome t r i ca l l y  us i ng a 

hydrogen- i on- i nd i ca t i ng g l a s s  e l e c t rode a s s emb l y  

r e fer enc ed aga i n s t  a sa turated cal ome l e l e c t rode . Th e 

me t e r  us ed was a Hach , S o i l  T e s t Labo ratory Mode l A 1 7 0 0 0  

( Me Lean 1 9 8 2 ) . 

M i ne ra l o g y  

Miner� l o g i c a l  compo s i t i on was de t e rmi ned by 

exami na t i on o f  c oa r s e  s ands and medium sands f o r  each 

i nd i v idual h o r i z o n . M i n imum g ra i n  coun t s  of 6 0 0  g ra i ns 

we re made a l ong a 1 3 . 7 5 em t rans ec t u s i ng a pe t r o g raph i c  

m i c ro s cope to e s tab l i sh t h e  percent quart z ,  f e l ds par and 

dark mine ra l s  f o r  s e l ec t ed pro f i l e s . Onc e percentag e s  

were e s tab l i s h ed fur t h e r  semi -quan i tat i v e  samp l e  

c ompo s i t i ons we r e  de t e rm i ned b y  compar i s on . The 

compa r i s on procedtire was a s s umed va l i d becaus e of t h e  

un i form dom i nan t s i ng l e  m i ne ra l o g i cal c ompo s i t i on o f  t h e  

samp l e s  ( Brewe r 1 9 6 4 ) . 
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S o i l  Fab r i c  Ana l ys i s  

Th i n  s ec t i ons were prepared b y  Cal Brea Ge o l . 

S e rv i c e s , Anahe i m , C a . from peds s e l ec t ed f rom the uppe r 

and l owe r t e r rac e l e ve l s . The uppe r t e rrace l eve l peds 

were s e l ec ted from the B t l , Bt 2 , and Bk h o r i z o n s  o f  Leve l 

5 ,  t rans e c t  3 .  The l ower te rrace peds we r e  s e l ec t ed f rom 

the Level 1 ,  t rans e c t  3 s i t e and repre s ent ed the B t l and 

Bt2 h o r i z ons of that p r o f i l e . The fabr i c  o f  the s o i l  was 

exami ned for ev idenc e of c l ay i l l uv i a t i on and t h e  

r e l a t i onsh i p  o f  s k e l e ta l  g ra i ns , vo ids , - and p l a s m i c  

s t ruc ture ( B rewe r 1 9 6 4 , McKeague 1 9 8 3 ) . 

Data Ana l ys i s  

Data ana l ys i s  wa s c omp l e t ed by us ing ana l ys i s  o f  

var i anc e wi th the t e r race l eve l s  and tran s e c t s  a s  c l a s s  

var i ab l e s . S i g n i f i c an t di f ferenc e s  among c l a s s  var i ab l e s  

were i nd i c a t ed by a p r e p l anned pr obabi l i t y va l ue o f  a ·  

s i gn i f i cant F o f  1 5  % o r  l e s s . The l e ve l e f f e c t s  we re 

i n t e rpre t ed a s  be i ng c a u � ed in part by s o i l gene s i s  ove r 

t i me . Samp l i ng from a un i f o rm l andsc ape pos i t i o n and 

de t e rm i n i ng parent ma t e r i a l un i f ormi t y  h e l ped t o  

s t reng then i n f erenc e s  t o  so i l  genes i s  f o r  t h e  t i me fac t o r . 

Th i s a s s umpt i on was bas ed on the general l y  acc e p t ed 
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fo rmul a f o r  s o i l  f o rma t i on in wh i ch the i n f l u en t i al 

var i ab l e s  came f rom the ma j o r s tate fac t o r s  o f  t ime ; 

parent ma t e r i a l ; b i o l o g i ca l  ac t i v i t y ; c l ima t e ; and 

topo g raphy ( Do k�cha�v 1 8 8 3 ) . By de t e rm i n i n g  the 

un i f o rmi t y  of pa rent ma t e r i a l and h o ld i ng t o pog raphy 

cons tant throug h  samp l i ng procedur es , the cont r i bu t i on o f  

t ime t o  s o i l genes i s  c o u l d  b e  i s o l ated wi th g r e a t e r  

c on f i dence . S i nce c l imate and vege tat i on we r e  

i nt e r re l a t ed , the i n f l uenc e o f  the s e  fac t o r s o n  s o i l  

genes i s  was exam i ned b y  i nve s t i ga t i ng pa l e oc l i ma t e . 

The da ta s e t  u s ed i n  ana l ys i s  o f  var i ance c o n t a i ned 

1 9  of the 2 1  p o s s i b l e  s i t e s . The two s i t e s  of t rans e c t  2 

we re dropped f r om the ana l ys i s  o f  var i ance . po r t i on o f  da t a  

ana lys i s  becau s e  the i r  i nc l us i on would have requ i r e d  t h e  

ana l ys i s  to func t i on w i th f o u r  mi s s i ng ce l l s . On l y  two 

t e r race leve l s  out o f  f i ve we re ident i f i ed on t rans e c t  2 .  

The rema i n i ng 1 9  s i te s  were ana l ysed wi th · l e ve l  4 o f  

t rans ect 1 a s  the o n l y  mi s s i ng c e l l . The Proc Gen e r a l  

L i near Mode l s  ( GLM ) procedure o f  S ta t i s t ical Ana lys i s  

S ys t ems ( SAS ) was u s e d  . f o r  anal ys i s  o f  var i ance o f  th i s  

unba l anc ed de s i gn ( S tat i s t i ca l  Ana l ys i s  S y s tem 1 9 8 5 ) . 

Un i var i a t e  an� l ys i s  o f  var i anc e wa s pre f o rmed t o  

de termine wh i c h me asured prope r t i e s  had s i gn i f i c an t l y  

di f fe rent means o n  t h e  bas i s  o f  the i r  expre s s i on o n  the 

c l a s s  var i ab l e s  wh i ch we re the te rrace l eve l s  and 
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t rans ec t s . The F - t e s t  s t a t i s t i c  was taken as i nd i ca t i ng 

a s i gni f i cant d i f f e r ence i f  the probab i l i t y l ev e l  was 

equal to o r  l e s s  t h an 0 . 1 5 % for r e j ect i ng a t rue nu l l  

hypothes i s . 

Mu l t i var i at e  ana l ys i s  o f  var i ance was pe r fo rmed us i ng 

s e l ec t ed dependent var i ab l e s  that r e l a ted t o  s o i l  gene s i s  

over t i me . Th i s  t ype o f  ana l ys i s  deal s w i th t h e  

s imul tane ous var i a t i o n o f  two or mo re dependent va r i ab l e s . 

·Ray ' s  max imum r o o t  c r i t e r i on , wh i ch i s  an F t e s t  

s tat i s t i c , was u s e d  t o  te s t  the nu l l  hypo the s e s  c o nc e rn i ng 

the c l a s s  var i ab l e s  wh i c h  we re t e r race l e ve l s  and 

t ran s ec t s . T e r rac e l eve l s  we re s e parated bas ed on the 

va lue of the d i s c r i m i nant func t i on when the means for the 

dependent var i ab l e s , by i nd i v i dual te rrace l ev e l , were 

subs t i tuted into the equat i on . 
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RESULTS AND D I SCUS S ION 

Loca t i on Charac t e r i z a t i on 

The s o i l s  i n  t h i s  s t udy we r e  compr i s ed o f  a g roup o f  

al luv i a l  de po s i t s that have been s eparated i n t o  f i ve 

te rrace l eve l s . W i th i n  th e s t udy area , the s e  l e ve l s  

ext end appro x i ma t e l y  5 1  km we s t  t o  eas t be twe en T 6 N  t o  T8N 

and 16  km south from the Ch e yenne R i ve r  be twe e n  R 1 8E t o  

R 2 3 E o f  Haakon C ount y , S outh Dakota ( F i gure 1 ) . T h e  

l owe s t  t e r rac e l eve l , from we s t  to ea s t , ranged f r o m  8 5  m 

to 1 0 0  m above t h e  pre s ent day Cheyenne R i ve r  f l o odp l a i n . 

The upp e r  mo s t  t e rrac e l evel , we s t  to eas t , ranged from 

1 5 5  m t o  2 1 8 m above the pre s ent day fl oodp l a i n . The 

h i gh e s t  po i n t  samp l ed wi t h i n  the s tudy area ( l eve l 5 of 

t rans e c t  1 )  was 7 2 5  m above mean s e a  l e ve l . The l o we s t  

po i n t  samp l ed ( l eve l 1 o f  t rans ect 6 )  wa s 5 9 7  m above 

mean s ea l e ve l  ( Tab l e  1 ) . M i s s i ng val u e s  for l eve l 4 

tran s e c t  1 and l eve l 5 t rans e c t  2 we re probab l y  a r e s u l t 

o f  s t r eam me ande r i ng fo l l owed by unde rcut t i ng and r emova l 

o f  a h i gh e r  t e rrace s e c t i on by e r o s i on . As a r e s u l t o f  

d i s s ec t i on o f  the . h i gh t e rrace s y s t em by wat e r  e ro s i on 

dur i ng the de ve l o pment o f  upl and dra i nage , s i t e s  f o r  l eve l 

1 and 2 o f  t r an s e c t  2 we re a l s o  mi s s i ng . Th i s  upl and 

dra i nage deve l oped pe rpendicular to the d i rec t i o n  o f  
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s t ream f l ow as s t r eam e n t renchment expo s ed the t e r rac e s . 

The approx i ma t e  we s t  t o  ea s t  g rade for the t e r race 

l e ve l s  wa s be tween a l ow of 0 . 0 5 % for l eve l 2 t o  a h i gh 

o f  0 . 1 4 % f o r  l eve l 1 ( F i gure 3 ) . The we s t  t o  e a s t g rade 

on the pres ent day f l oodp l a i n  was 0 . 1 4 % .  Th i s  l ow 

grad i ent , wh i c h  var i ed l i t t l e  f rom the present day s t abl e  

channe l g rade , i nd i c a t ed that downward cut t i ng o f  t h e  

s t ream b e d  dur i ng the pe r i od of lands cape evo lu t i on t h a t  

produc ed the t e r race s m a y  have reached a s tabl e  pe r i od for 

each t e rrace l e ve l . The upper s e t  o f  three t e r rac e s  

i nc l uded l e ve l s  3 t o  5 .  The s e  t e rrac e s  formed a c l o s e r  

g roup than t h e  t o t a l  s e r i e s o f  t e rrac e s  w i th r e s p e c t  t o  

s o u t h  to no r t h  and we s t  t o  east drop i n  e l eva t i on ( F� gure 

3 ) . Leve l s  1 and 2 we re s l i gh t l y  mo re erad i c  and 

contai ned s ec t i on s  o f  s omewhat g reater s t ream ent r e nchmen t 

wh i ch produced g r e a t e r  s eparat i on o f  i nd i v i du a l  l eve l s  

w i t h i n  s h o r t  5 t o  2 0  km r eaches . Each s i t e s amp l ed d i d  

appear to represent a ma j o r leve l chang e from o t h e r  s i te s  

o n  the s ame t rans ec t . R e l a t i ve l y  comp l e t e  and obv i ou s  

s e parat i o n  o f  l e ve l s  and l ack o f  ma j o r  z o n e s  o f  c l o s e  

t rans i t i on i nd i ca ted that n o  mo re than f i ve maj o r t e rrace 

leve l s  probab l y  e x i s t ed in the s tudy area . One or two 

minor benches we re obse rved wi th i n  the lowe r two t e r r ace s , 

but a t  s l i gh t l y  h i gh e r  o r  l owe r e l eva t i ons than the ma j o r  

leve l  be i ng samp l ed . I t  was a s s umed that the s e  m i n o r  
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benche s  t yp i f i ed the s tage o f  gene s i s  for the ma j o r 

t e r race l ev e l  t o  wh i ch they be l onged . Loca t i ng t h e  ma j o r 

l e ve l s  was done by s i gh t i ng ups t ream and downs t re am and 

a l s o  obs e rv i ng s i gn i f i c an t  drops i n  e l eva t i on a l ong the 

ind i v i dual t rans ec t s . 

Ana l ys i s  o f  C l ay Free S i l t  and Sand 

Ana l ys i s  o f  c la y  f re e  s i l t  and sand i nd i c a t ed that 1 7  

o f  the 2 1  s i te s  sampl ed con�a ined a pro f i l e  di s co n t i nu i t y  

( Append i x  A ) . The mean depth o f  the d i scon t i nu i t y  wa s 

9 4 . 1  em . 

The moda l part i c l e  s i z e  above the di scont i nu i ty was 

coarse s i l t  ( F i gu r e s  4 and 5 ) . The po rt i on of the pedons 

above the maj o r d i scont i nu i t y was as sumed t o  be un i f o rm 

for the purpo s e  o f  c ompa r ing means o f  s e l ec ted gene t i c 

prope r t i e s s uc h  as de pth and th i ckne s s  o f
. 

the a r g i l l i c , 

pH , and carbonat e  di s tr i but i ons among l e ve l s  o r  t r an s ec t s . 

The a s s umpt i on o f  s i gn i f i cant uni formi ty was bas ed upon 

the un i moda l  coar s e  s i l t part i c l e  s i z e di s t r i bu t i on f o r  

a l l  ho r i zons above the di scont i nu i t y . Ana l ys i s  o f  

var i ance a l s o  i nd i c a t ed n o  s i gn i f icant d i f fe r enc e s  among 

leve l s  or tran s e c t s  for the c l ay free s i l t  of the a r g i l l i c 

ho r i zons . C l ay free s i l t  content o f  the arg i l l i c ho r i z ons 

had an overal l mean o f  6 8 . 9  % ,  a s tandard e r r o r  of 1 3 . 2  
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and a c o e f f i c ent o f  var i at i on o f  9 . 7 .  

C l ay f re e  s i l t  and sand part i c l e  s i z e frac t i on s  o f  

hor i z on� be l ow the pro f i l e  di sc ont inu i t y exh i b i ted 1 a r g e r  

s tandard dev i a t i ons than frac t i ons above t h e  

d i s c on t i nu it y . The moda l part i c l e  s i ze bel ow the 

di scont i nu i t y  t rended t oward f i ne s and ( F i gure 6 ) . Data 

compi led by Al l e n  ( 1 9 7 0 ) showed that wat e r  t ranspo r ted and 

depos i t ed s ediments became more va r i ab l e  re l a t i ve t o  

par t i c l e  s i z e d i s tr i but i o n as the moda l part i c l e  s i z e went 

f rom a s i l t  mode t o  a s and ·mode . S edime n t s  w i th a moda l 

part i a l �  s i z e  i n  the s i l t  f rac t i on we re charac t e r i z e d  by a 

no rma l di s t r ibu t i on o f  o th e r  par t i c l e  s i z e s  around the 

s i l t mode , wh i l e s ed i men t s  w i th a moda l par t i c l e  s i ze in 

the s and frac t i on had a h i gher degree o f  var i ab i l i t y -i n  

the di s t r i but i on o f  o th e r  par t i c l e  s i z e s  around t h e  s and 

mode . I f  the wa t e r  ve l o c i t y wa s such that c o a r s e  s i l t  was 

the moda l par t i c l e . s i z e , then coarser and · f i n e r  pa r t i c l e s  

than coarse s i l t  t e nded to dec rease g radua l l y  i n  f r e quenc y 

from the coarse s i l t  mode ( Al l en 1 9 7 0 ) . 

The sma l l e r  s tandard dev i a t i ons and the mo r e  un i form 

t ran s i t i on f rom the modal par t i c l e  s i z e for the h o r i z on s  

above the di s c o n t i nu i t y ( F i gure 4 and 5 ) , con t ra s t ed wi t h  

t h e  l e s s  di s t i nc t  mode and l arger s tanda rd de v i at i ons fo r 

hor i z ons be l ow the di scont inu i t y ( F i gures 6 )  fo l l owed 

Al l ens conc l u s i ons on s o r t ing . 
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Tab l e  2 .  S a n d  a n d  S i l t  S o r t i n g w i t h i n  a P r o f i l e  
= = = = = = = = = ; = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = =  

Ty pe o f  S o r t i n g f r o m  D i s c o n t i nu i t y t o  S o i l  Sur f ace 
- - - - - - - - - - - - - - - - - - 1 - - - - - - � - - - - - - - � - - - - 1 - - - - - - - - - - � - - - - - - -

S i l t  i n c r e a s e  I S i  1 t d e c r e a s e  I V ar i ab l e I I 

S and de c r e a s e  t S a n d  i n c r e a s e  I Sor t i ng t I 

= = = � = = = = = = = = = = = = = = ' = = = = = = = = = = = = = = = = = = = I = = = = = = = = = = = = = = = = = =  

L e v e l 1 T r a n 1 a L e v e l 
L e v e l 1 T r an 3 b L e v e l 
L a v a l 1 T r an 5 b L e v e l 
L e ve l 1 T r a n  6 a L e v e l 
L e v e l 2 T r an 1 b L e v e l 
L e v e l 2 T r an 3 b 
L e ve l 2 T r a n 5 bat  
L e v e l 2 T r an 6 b 

L e v e l 3 T r an 1 b 
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L e v e l 5 T r a n  1 b 
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I 
I 
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4 T r a n  5 bal  L e ve l 
4 T r a n  6 b I L e v e l I 
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W i th i n  Pro f i l e  S o r t i ng 

A compar i s on o f  s o r t i ng wi th i n  pedons on t h e  bas i s  o f  

coarse s i l t  and f i ne s and i ndi cated a uni form dec r e a s e  i n  

coa r s e  s i l t  and i nc reas e i n  f i ne sand w i t h i nc reas i ng 

pedon depth fo r l eve l s  1 and 2 ( F i gures 7 and 8 ,  Tab l e  2 ) . 

Leve l s  3 ,  4 ,  and 5 fo l l owed s im i lar trends but w i th l e s s  

uni fo rm i t y ( F i gu r e s  7 and 8 ,  Tab l e  2 ) . 

The uppe r t h r e e  t e r race leve l s  we re a l s o  chara t e r i z ed 

by broader t e r race s u r fac e s  such as the M i l e s v i l l e  f l a t  o f  

transec t 3 and Robbs F l at o f  t rans e c t  6 .  Th i s  wa s 

probabl y due to l a t e ra l  p l an i ng o f  the Cheyenne R i ve r 

dur i ng pe r i ods o f  l i m i ted down c ut t ing wh i ch s e rved t o  

introduc e more var i ab i l i t y i n  part i c l e  s i z e th rough 

sh i f t i ng zones of de pos i t i on and rewo rk i ng o f  the 

f l o odpl a i n  s u r face . · F l o od i ng o f  subs i d i ary bas i ns and 

the i r  i nt e rconne c t i on a f t e r  subme rgence wa s probab l y  

common o n  a l l  l eve l s . The br oad ·f l a t s  o f  the uppe r 

te rrace l e ve l s  p rov ided the s e  condi t i ons on a l a rg e r  

sca l e . Sedime n t s  could have been reexpo s ed o r  cove r ed 

dependi ng on t h e  pos i t i on o f  newly form i ng and o l d  l ow 

r e l i e f  a l luvi a l  r idg e s , me ande r channe l s , and m i c ro r e l i e f  

l ows and h i ghs . Th i s  c ould have resul ted i n  the 

di f fe renc e s  i n  pr o f i l e  s o r t i ng that are i nd i c a t ed i n  Tab l e  
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2 and g i ven i n  mo r e  de t a i l i n  Append i x  A .  Gradu a l  

no rthward l a t e r a l  p l an i ng o f  the Cheyenne R i v e r  dur i ng 

depo s i t i on o f  s ed i me n t s  was s uppo r t ed by the b road t e r race 

flats and un i fo r m  depth o f  s ediments above the c o a r s e r  

s o i l  mate r i a l d i s c on t i nu i ty . The te r race s ys t em was a l s o 

l e s s  de f i ned n o r t h  o f  the Che yenne R i ve r  on the bank 

oppo s i te the s tudy area . Th i s  may have occurred f o r  two 

po s s i b l e  r ea s o ns . N o r t hward lateral p l an i ng wou l d  h ave 

undercut and r emoved t e r race s ec t i ons on the n o r t h  bank 

and o ppo s i t e t h e  s t udy area . As a s ec ondar y  r e s u l t , 

runo f f  wou l d  have d i s s ec t ed the north bank t e r r ac e s  on a 

s te e pe r  l e s s  s tabl e  front s l ope . Sec ondl y ,  the s ou t h  

fac i ng s l op e s  o f  the n o r t h  bank would be l e s s  s tab l e ­

becau s e  o f  l owe r s o i l  mo i s ture condi t i ons and p l an t  cover 

mak i ng them mo r e  s u s c e p t i b l e  to s o i l  e r o s i on . 

I n  gene ral mo s t  o f  the pro f i l e s  show charac t e r i s t i c s  

o f  mat e r i a l  depo s i t i on i n  a n  a l luv i al env i ronmen t  o f  

dec reas i ng s t ream ve l oc i t y ( Append i x  A ) . 

Parent Mat e r i a l  M i ne ra l og y  

T h e  dom i nan t m i neral i n  t h e  1 0 0 0  to 5 0 0  m i c r o n  

part i c l e  s i z e range ( c o a r s e  sand and med i um sand ) f o r  a l l  

h o r i zons was qua r t z  wh i ch compr i s ed , o n  ave rage , 9 0 . 4  % o f  



the t o t a l . F e l ds par s made up approx ima t e l y  3 % o f  t h e  

t o t a l  ( Append i x  B ) . 

Arg i l l i c  H o r i z on Charac t e r i zat i on 

C l ay f i lms o n  peds in the a rg i l l i c  h o r i z on we r e  

iden t i f i ed a s  pre s s u r e  fac e s  bas ed on th i n  s ec t i on 

ana l ys i s . Th i n  f i lms d i d  howeve r , permeate the s o i l  

ma t r i x  and c o a t ed c o ar s e  g ra i ns v i ewed under a 

pe t ro g raph i c  mi c ro s c o pe . 
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Th i n  con t i nuous pres sure fac e s  we re pre s en t  i n  t h e  

lowe r po rt i o n  o f  B t  h o r i z on . The y  we re broken and l e s s  

c on t i nuous i n  t h e  uppe r po r t i on o f  the arg i l l i c h o r i z on 

becau s e  o f  de s t ruc t i on b y  pedo turbat i on due t o  t h e  

shr i nk i ng and swe l l i ng o f  c l ays wi th chang i ng mo i s ture 

cond i t i ons . The deg r e e  of ped fac e di s ru�t i on was 

dependent upon the pe rcent total c l a y  and the di s t ance o f  

the arg i l l i c h o r i z on f rom the s o i l surfac e . Arg i l l i c  

h o r i z ons c l o s e r  t o  the s o i l  sur fac e unde rwent mo re 

frequent we t t i ng and dry i ng c yc l e s . Cl ay content o f  t h e  

uppe r arg i l l i c h o r i z on became a n  i mpo rt ant fac t o r  i n  

pedo turbat i on as a t h r e s h o l d  va lue o f  2 7  % c l ay on a 

we i gh t  bas i s  was reached . Th i s  was i ndi cated by the 

broken bo unda r i e s  o f  pres s ure fac e s  on peds and d i s rupt i on 



o f  the i r  ve r t i c a l  o r i en ta t i on . 

Th i n  pre s s ure fac e s  i n  the B t 2  ho r i z ons i nd i c a t ed 

l i tt l e  pedo turba t i on and tended to be cont i nous a l ong 

pr i sma t i c  s t ruc t u r a l  un i t  ped fac e s . 
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Th i n  pres sure fac e s  in the Btk tended to be 

con t i nuous a l ong ver t i c a l  ped fac e s  and extended u pward to 

the Bt2 a l ong p r i sma t i c  s t ructural un i t  ped fac e s . Th i s  

wa s e s pec i a l l y  t rue i n  pro f i l e s  tha t had de ep a rg i l l i c 

ho r i zons . Pre s su r e  face s  i n  the Btk and dee p  B t 2  ho r i z ons 

a l s o  showed some o r i en t a t i on a l ong ho r i zontal ped fac e s  

wi th l e s s  c l ay c o a t i n.g o f  ind i v i dual gra ins wi th i n  the 

s o i l  ma t r i x  ( Append i x  F ) . 

Even though c l a y  f i lms we re no t prominent i n  t h e  B t  

hor i z ons , t h e  l oca t i on o f  t h e  z one s o f  c l ay ac c umu l a t i o n  

and carbona t e  accumu l a t i o n wi th i n t h e  pedons samp l ed 

s e rved t o  ident i fy t h e  proc e s s e s  o f  accumulat i on as be i ng 

g ene t i c . The fo l l ow i ng s impl e  c o rr e l at i ons we r e  u s ed t o  

charac t e r i z e  t h e  deve l opmen t o f  t h e  arg i l l i c h o r i z on a s  a 

gene t i c  proc e s s .  

1 .  As the depth o f  the t o ta l  c l a y  bu l ge i nc r e a s ed 

the pH o f  th i s  z one a l s o  i nc reased ( r  = 0 . 6 0 ) , and t h e  pH 

of the A ho r i z on dec r e a s ed ( r  = - 0 . 4 3 ) . 
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2 .  The t o t a l pe rcent c l ay o f  the c l ay bul g e  

i ncreased as t h e  percent ca l c i um carbona te i n  t h e  z o n e  o f  

carbona te accumu l a t i on , be l ow the clay , i nc re a s ed ( r  = 

0 . 4 6 ) . 

Th e s e  s i mp l e  c o r r e l a t i ons i ndica ted that t rans l oc a t ed 

c lay was mov ing i n  r e s ponse to the redi s t r ibut i on o f  

carbona t e s  wi t h i n  the pedons samp l ed . Ma j o r z one s o f  

ca l c i um ca rbonate accumu la t i on we re found be l ow ma j o r 

zones o f  c l ay i l l uv i at i o n ( Appendix D ) . Th i s  i s  s uppo r t ed 

_ by the g ene ral mode l o f  c l ay movement in so i l s i n  t h a t  a 

reduc t i on o f  bas e s  i s  f i r s t  requ i red for d i s pe r s i o n o f  

c l ays and sub s e quent t rans l ocat i on t o  occur ( Buo l and Ho l e  

1 9 6 1 ) .  

Mo l l i e E p i pedon and Organ i c  Carbon Va l ue s . 

The mean depth for a mo i s t  s o i l  c o l or o f  1 0YR 3 / 3  o r  

da rke r was 3 7 . 7  em wi th a m i n i mum va lue o f  1 2  em and a 

max i mum value o f  8 2  em . I n  ge neral so i l  c o l o r s  o f  1 0YR 

3 / 3  or darker c o rres ponded to so i l  organ i c  carbon va l ue s  

grea t e r  than 0 . 6 0 % .  Organ i c  carbon va lue s , i n  the da t a  

summary Appendi x G ,  o f  0 . 5 6 % we re e s s ent i a l y  cons i de r e d  

a s  equa l to 0 . 6 0 % .  On l y  5 % o f  the ho r i z ons had a s o i l 

co l o r o f  grea t e r  than 1 0YR 3 / 3  w i th an organ i c  carbon 

content lowe r than 0 . 6 0 % .  S o i l  c o lors changed i n  c h r oma 
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from 3 t o  4 and 5 but s tayed wi t h i n  the l OYR hue and c o l o r  

va lues o f  3 o r  4 whe n  o rgan i c  carbon values dropped be l ow 

0 . 6 0 % .  A s h i f t  i n  the chroma f r om 3 ,  t o  4 o r  5 , · wa� a l s o 

i n f l uenc ed b y  the depth o f  the h o r i z on from the s o i l  

surfac e . I n  o t h e r  wo rds when o rgan i c  carbon v a l u e s  c l o s e  

to but l e s s  than 0 . 6 0 % we r e  a s s o c i a t ed w i th de e p e r 

h o r i z ons the t e ndency was for chromas o f  5 rath e r  than 4 

t o  domi na t e . Hor i z ons c l o s e r  to the sur face w i t h  o rgan i c  

carbon va l ue s  o f  l e s s  than 0 . 6 0 % tended toward c h romas o f  

4 .  Al l pedons s amp l ed , except for l eve l 4 o f  t rans e c t  5 

me t the r e qu i rement fo r pro f i l e  depth o f  · l OYR 3 / 3  mo i s t  

s o i l  c o l o r s  o r  dar k e r and a l l  pedons had o rgan i c  ca rbon 

content s of 0 . 6 0 % or g re a t e r  to mee t  mo l l i e e p i pedon 

c r i t e r i a . 

Ana l ys i s  o f  var i anc e i ndi cated that the te rrac e l e ve l s  

we re no t s i g ni f i can t l y  di ffe rent bas ed o n  the max i mum 

depth of o rgan i c  c a rbon values o f  1 % or grea t e r  ( F  = 

1 . 0 1 , P � 0 . 4 4 ,  S E  o f  the Mean = 1 6 . 2 ) . Th i s  f o l l owed 

the expec ted trend in o rgan i c  ca rbon va lues for s o i l s  wi th 

genes i s  pe r i ods g r e a t e r  than 2 0 0  to 3 0 0 0  years . Organ i c  

carbon has been shown t o  reach a s t eady s t ate wi t h i n  a 

relat i ve l y  s h o r t  t i me pe r i od ( Pars ons , Scho l t e s  and 

Ri ecken 1 9 6 2 , Par s o n s  Ba l a s t e r  and N e s s  1 9 7 0 ; B i rk l and 

1 9 7 4 , VanVeen and Pau l  1 9 8 1 , Sondhe im and S t and i s h  1 9 8 3 , 

N i cho l s  1 9 8 4 ) . 
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Mo i s t ur e  Ho lding Capac i t y 

Regre s s i on ana l ys i s  i nd i cated that s o i l  mo i s ture h e l d  

a t  0 . 0 3 MPa , w i t h i n  the par t i c l e s i z e range o f  t h e  s tudy 

area , was h i gh l y  dependen t  on va lues for c lay c on t e n t  and 

s i l t p l u s  v e r y  f i ne s and . S o i l mo i s ture h e l d  a t  1 . 5 MPa 

was h i gh l y  depende n t  on va l ue s  for c l ay content and 

organ i c  mat t er . The ac tual val ue s  taken from pre s su r e  

p la t e  measuremen t s  wer e  u s ed in mul t i pl e  l i near r e g re s s i o n 

ana l ys e s  to generate e qu a t i ons 1 and 2 .  The e qua t i ons 

we re then u s ed t o  �eve l o p  pred i c ted va lues for t h e  

ho r i z ons no t mea s u r ed w i th t h e  pre s s ure p l a t e  ( Append i x  

C ) . 

Mo i s ture Content E qua t i ons 

from Mu l t i p l e  L i near Regres s i on 

0 . 0 3 MPa Equat i on 

0 . 0 3 MPa ( ma s s  bas i s ) = 0 . 0 3 2  + ( C l ay % * 0 . 3 3 6  ) + 

( (  S i l t + Ve ry F i ne S and % )  * 0 . 1 8 7 ) 

= 0 . 9 3 ( E qua t i o n  1 )  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 . 5  MPa Equat i on 

1 . 5 MPa ( ma s s  bas i s ) = 1 . 0 2  + ( C l a y % * 0 . 3 3 9  ) + 

( Organ i c  Carbon % * 1 . 3 7 ) 

= 0 . 8 9 ( Equa t i on 2 )  

Organ i c  c arbon was cons ide red mo re i mpo rtant than 

s i l t  plus very f i ne s and i n  pred i c t i ng mo i s ture re t a i ne d  

a t  1 . 5 MPa . The s ma l l e r  par t i c l e  s i z e o f  org an i c  mat t e r  

r e l a t i ve to s i l t s and very fine sand produc ed more t o t a l  

pore spac e a s  we l l  a s  sma l l e r  pore s . The e f fec t o f  

smal l e r  pores enab l ed o rgan i c  mat t e r  t o  r e t a i n  mo re 

mo i s ture than s i l t  p l us ve ry f i ne sand at equa l s o i l  

ma t r i c  po tent i al s . Th i s  i s  e s pec i a l l y  t rue as the s o i l  

become s drye r . 

S i l t plus ve r y  f ine sand was s l i gh t y  mo re i mp o r tant 

than o rgan i c  ma t t e r  in p redi c t ing the mo i s ture c o n t e n t  at 

0 . 0 3 MPa than at 1 . 5  MPa . 
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Modal Pedon 

The t ype o f  pedon h o r i zona t i on and i ndi v i dua l h� r i z o n  

prope r t i e s  s uc h  a s  t h i ckne s s , depth , c o l o r , s t ruc t ur e , 

texture , e f fe rv e s c e nc e , and the k i nd o f  bo undar y  be twe en 

h o r i zons we r e  u s ed to deve l o p  a moda l pedon de s c r i p t i o n . 

I n  t e rms o f  the k i nd o f  p ro f i l e  h o r i z onat i on , a l l  pedons 

samp l ed dev i a t ed l i t t l e  f rom the moda l pedon . Recogn i z e d  

dev i a t i ons i n  ho r i z ona t i on from t h e  moda l pedon i nc l uded 

the c omb i na t i on o f  A h o r i z on s  i n t o  an Ap ho r i z o n  f o r  

cul t i �a t �d pedo ns and a t rend f o r  t h e  ab� enc� o f  a B tk 

ho r i z on i n  tho s e  pedons f rom t errace leve l s  1 and 2 

( Append i x  F ) . 

The ho r i z on prope r t i e s  i ndi cated i n  the moda l pedon 

repre sent ove ra l l  ave rag e s  based on a l l  pedons s amp l ed . 

Some proper t i e s  we re represented equal l y  by two va l ue s , i n  

th i s  c a s e  b o t h  va l ue s  wer e  i ndicated i n  t h e  moda l pedon 

de sc r i pt i o n . F o r  examp l e , the t exture o f  the A l  h o r i z on 

was equa l l y  rep r e s ented by l o am or s i l t l o am sur face 

texture s . 

Th i n  c l ay f i lms repo r t ed du r i ng sampl ing i n  the f i e l d  

we re n o t  suppo r t e d· b y  t h i n  s e c t i on ana l ys i s . I t  was 

assumed that p r e s sure fac e s  on peds were much mo r e  c ommon 

than c l ay f i lms caus ed by t rans l ocated c l a ys . The upp e r  

po rt i on o f  many B t l h o r i z ons showed s i gns o f  
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pedo turbat i on . Pre s sure fac e s  i n  al l Bt ho r i z ons b e l ow 

the B t l we r e  c on t i no u s  on ve r t i ca l  ped fac e s . 

A l  - 0 t o  7 em ; da rk g ray brown l OYR 4 / 2  dry c o l o r ; ve r y  

dark g ra y  brown l OYR 3 / 2  mo i s t ; l oam o r  s i l t  l o am ; 

mode ra te t h i n  and med i um p l a t y  s t ructure par t i ng t o  weak 

f i ne g ranu l a r ; no e f fe rves cenc e ; c l ear smo o th bounda r y . 

A2 - 7 to 1 7  em ; dark g ray b rown l OYR 4 / 2  dry c o l o r ; v e r y  

dark g ray brown l OYR 3 / 2  mo i s t ; l oam or s i l t  l oam ; weak 

medi um pr i sma t i c  s t r uc tu r e  par t i ng to weak f i ne and med i um 

subangular b l ocky ; no e f ferve s c enc e ; c l ear smo o t h  

boundary . 

Bt l - 17 · t o  3 9  em ; dark g ray brown l OYR 4 / 2  dry c o l o r  and 

very dark g ray b rown l OYR 3 / 2  mo i s t ; or br own l OYR 5 / 3  dry 

and da rk brown l OYR 4 / 3  mo i s t ; l o am ; moderate med i um 

p r i sma t i c  s t ruc ture par t i ng t o  mode rate f i ne and med i um 

s ubang u l a r  b l ocky ; no e f fe rve s c enc e ; c l ear wavy bo unda r y . 

B t 2  - 3 9  to 6 0  em ; b r own l OYR 5 / 3  dry c o l o r ; dark b rown 

l OYR 4 / 3  o r  dark brown l OYR 3 / 3  mo i s t ; l oam ; mode rate 

med ium pri sma t i c  s t ruc ture pa rt ing to mode rate f i ne and 

med i um subangular b l ocky ; no e f fe rve sc ence ; c l e a r  wavy 

bounda ry .  
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Btk - 6 0  t o  9 1  em ; b rown 1 0YR 5 / 3  dry c o l o r  and dark brown 

1 0YR 4 / 3  mo i s t ; or l i g h t  brown 1 0YR 6 / 2  dry c o l o r  arid 

brown 1 0YR 5 / 3  mo i s t ; l oam ; weak med i um pr i sma t i c  

s t ructure pa r t i ng t o  mode rate f i ne and medi um subangu l a r  

blocky ; v i o l en t  e f fe rve s c ence ; gradua l wavy t o  c l e a r  wavy 

boundar y ;  few t o  c ommon f i ne and med i um s o f t  l ime 

accumu l a t i ons . 

Bk - 9 1  to 1 1 9 em ; pal e  brown 1 0YR 6 / 3  dry c o l o r ; 1 0YR 

5 / 3  mo i s t ; l o am ; weak med i um pr i sma t i c  s t ruc ture pa r t i ng 

t o  weak medi um s ubangu l a r  b l ocky ; v i o l en t  e f fe rv e s c enc e ; 

gradual wavy bounda r y ; few t o  common med i um s o ft l i me 

accumu l a t i ons . 

2 C  - 1 1 9 to 1 5 6 em ; ve r y  pa l e  brown dr y c o l o r  and l i gh t  

gray mo i s t ; o r  p a l e  brown l OYR 6 / 3  d r y  c o l o r  and brown 

l OYR 5 / 3  mo i s t ; c o a r s e  sand ; v i o l ent e f fe rve s c enc e ; few 

f i ne s o f t  l i me accumu l a t i ons . 
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S o i l  Deve l opment Ove r T ime 

C al c i um c a rbona t e  di s t r i but i on and pH . 

D i f fe renc e s  among l eve l s  i n  the depth to the uppe r 

bounda r y  and t h e  depth t o  the l ower bounda ry o f  t h e  

h o r i zon o f  max i mum c a l c i um carbona t e  accumu l a t i on wer e  no t 

s i gn i f i cant bas ed o n  ana l ys i s  o f  var i ance ( P  � 0 . 4 8 fo r 

uppe r bounda r y , P � 0 . 2 1 for l owe r bounda r y ) .  Ca l c i um 

carbona te di s t r i bu t i ons i nd i cated that the depth t o  a 

c o ar s e r  textured pro f i l e  di s c on t i nu i t y  wa s a pr i ma r y  

fac t o r  i n  the e s tab l i shment o f  t h e  lowe r bounda r y  o f  the 

hor i z on -o f  max i mum c a l c i um carbona te ac cumu l a t i on 

( Append i x  D ) . The upp e r  boundary o f  the h o r i zon o f  

max imum calc ium carbona t e  accumulat i on should b e  a m o r e  

re l i ab l e  i nd i c a t o r  o f  di f fe renc es o v e r  t i me t h a n  t h e  l ower 

boundary . Th i s  was bas e d  on the as sumpt i on tha t the uppe r 

bounda ry wa s no t subj e c t  t o  re s t r i c t ed water mo vemen t  due 

to changes i n  capi l l a r i t y  l i ke the l owe r bounda r y . 

Becau s e  di f fe r enc e s  among t e r race leve l s  i n  the uppe r 

bounda ry o f  the h o r i z o n  o f  max i mum ca l c i um carbona t e  

accumu l a t i on we r e  ·no t s i gn i f i cant , a l l  leve l s  we r e  

cons idered to b e  a t  s i mi l a r  s ta t e s  i n  the t h i ckne s s  and 

depth of the z one of max i mum c a l c ium carbona te 

accumu l a t i on . 
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The pe rcent ca l c i um carb onat e  in the ho r i z on o f  

max imum ca l c i um ca rbona t e  accumu l a t i on was s i gn i f i cant l y  

di f fe re n t  among t e r race l e ve l s  ( P  � 0 . 0 9 ) . The t re nd i n  

t h e  percent c a l c i um carbona t e  i n  th i s  h o r i z o n  i nd i c a t ed an 

inc rease in th i s  prope r t y  over t ime ( F i gure 9 ) . Va r i a t i on 

i n  the va lues f rom a mo r e  s t rai ght l i ne r e l a t i on s h i p  we r e  

probab l y  due t o  s l i gh t  d i f fe renc e s  i n  i n i t i a l  c a l c i um 

carbona t e  c onte n t , s o i l  texture , and the fac t that th i s  

prope r ty du r i ng deve l opment mo ves toward a s t eady s t a t e  

c ondi t i on . Even though c l ay free s i l t and sand c on t e nt 

we re no t s i gn i f i cant l y  d i f fe rent among t e rrac e l eve l s  ( P  � 
0 . 7 7 )  o r  t rans e c t s  ( P  � 0 . 3 4 ) , i t  was be l i eved that s ub t l e  

di ffe renc e s  i n  s i l t  c ontent a f fe c t ed the rat e  o f  c a l c i um 

carbonate accumu l a t i on and the percent c a l c i um c arbona t e  

i n  t h e  ho r i z on o f  max i mum calc i um carbona te accumu la t i on . 

C l ay free s i l t  o f  the cont ro l sect i on had a pos i t i ve 

s i mp l e  c o r r e la t i on wi th the percent ca l c i um carbon a t e  i n  

the h o r i z on o f  max imum c a l c i um ca rbona te accumu l a t i o n ( r  = 

0 . 5 6 ) . 

The r e l a t i on s h i p  o f  t exture to calc i um carbona t e  

accumu l at i on had a t  l e a s t two cont r i but ing fac to r s . 

1 .  I n i t i a l  cal c i um carbonate va lues o f  the pa rent 

ma te r i a l could i nc r eas e , du r i ng depo s i t i on , as par e n t  

mat e r i a l  s i l t  c o n t e n t  and compo s i t i on i nc reas ed . S m i th 

( 1 9 4 2 ) indi cated that the ca lc i um carbona te c ontent o f  
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l oe s s · wa s c o r r e l a t ed w i th the modal par t i c l e  s i z e of the 

l oe s s . He h ypo the s i zed that f i ne r  s i z e loe s s  ( f i n e  s i l t s  

and - coarse c l ays ) conta i ned l owe r percentag e s  o f  c a l c i um 

carbonate than c o a r s e r  l o e s s  ( med i um and coar s e  s i l t ) due 

t o  the p r e f e r en t i a l  depo s i t i on of ca l c i um carbona t e  

par t i c l e s  w i th c o a r s e  and medi um s i l t s . Wh i t e ( pe r s o nal 

commun i c a t i o n  Wh i te 1 9 8 6 ) , bas ed on Smi t h  ( 1 9 4 2 ) , 

sugg e s t ed that the c a l c i um carbonat e  content o f  the 

t e r race parent ma t e r i al could i nc rease as the s i l t  c on te n t  

increased becaus e s ome o f  t h e  t e r rac e parent ma t e r i a l  h a s  

been de r i ved f rom pr i o r  depo s i ted s tarta · w i t h i n  t h e  

Cheyenne R i ve r  wat e r shed t h a t  contai ned calcareous l o e s s . 

2 .  Ca l c i um c a rbona t e  had a tendency to accumu l a t e  

above t h �  maj o r p ro f i l e  d i scont i nui t y . A s  textures above 

and be l ow the d i s co n t i nu i t y became mo re contras t i ng , 

chang e s  i n  capi l l ar i t y re s t r i c ted downwa rd moveme n t  o f  

s o lub l e  minera l s  favo r i ng the i r  prec i p i ta t i on due t o  th e i r  

subs equent i nc r e a s ed conc en t ra t i on . The s e  textural 

di f fe renc e s  ( Tab l e  2 ) , wou ld have a f fec ted the rate of 

carbona te moveme n t  ove r t i me but were probab l y  no t g re a t  

enough to comp l e t e l y  mas k  t h e  overal l trend f o r  a n  

i nc rease i n  t h e  p e rbent calc i um carbon�te in the ho r i z on 

o f  max i mum accumu l a t i on ( F i gure 9 ) . 

Cal c i um carbona t e  mo rpho l ogy s uppor t ed the tr end f o r  

accumulat i on o f  c arbona t e s  i n  t h e  fo rm o f  s o f t  l i me 



83 
accumu l a t i ons o ve r  t i me . Pro f i l e de s c r i p t i ons i nd i c a t ed 

that s o ft l i me accumu l a t i ons s eparate the te rrace l eve l s  

i nt o  two g roups . L eve l s  1 and 2 form the f i r s t  g roup and 

l e ve l s  3 ,  4 ,  and 5 f o rm the s e cond g roup ( Append i x  F ) . 

S o f t  l i me accumu l a t i ons tended to be few and f i ne , 

i n t e rconnec t ed , t h re ad l i k e  f i l ament s  o r i ented a l o n g  

ve r t i ca l  ped fac e s  i n  the pedons o f  l e ve l s  1 and 2 .  The 

soft l i me accumu l a t i ons o f  the second g roup tended t o  

deve l op zones o f  max i mum mo rpho l og i cal expre s s i on w i t h i n  

t h e  uppe r p o r t i on o f  t h e  Bk. and B tk ho r i z ons . The s o ft 

l ime ac cumu l a t i ons t e nded t o  be mo re common and l a r g e r  i n  

the s e  z ones . O r i e n t a t i on a l ong hori zontal ped fac e s  wa s 

a l s o  mo r e  common i n  the o lder group made up o f  l eve l s  3 ,  

4 ,  and 5 .  · Th e s e  d i f fe r enc e s  i n  carbonat e  mo rpho l o g y  

i nd i cated t h a t  t h e  s ec ond t e r race group deve l o ped ove r a 

l ong e r  pe r i od o f  t i me than the f i r s t  gr oup . 
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S i mi l a r  chang e s , over t ime , i n  calc i um carbona t e  

morpho l ogy have b e e n  repo r t ed i n  r e s earch on de s e r t  s o i l s  

( G i l e , Pe t e r s o n , and Gro s sman 1 9 6 6 ) . 

Change s  i n  pH over t ime . 

S i gni f i cant d i f fe r enc e s  among t e r race l e ve l s  f o r  the 

pH o f  the A h o r i z on ( P  � 0 . 0 1 )  and pH o f  the ho r i z o n  o f  

max imum f i ne c l a y  accumu l a t i on ( P  � 0 . 0 0 5 ) we r e  f o und t o  

ex i s t . 

S u r face pH ' s  dec r e a s ed as te rrace age i nc r e a s ed 

( F i gure 1 0 ) .  Th i s  s ame t rend i n  pH va lue s ex i s t e d  w i th i n  

t h e  h o r i zon o f  max i mum f i ne c l ay accumu l a t i on ( F i gu r e  1 1 ) . 

Both the s e  t rends fo l l owed l o g i ca l  d i rec t i ons r e l a t i ve t o  

the i r  deve l opmen t  o v e r  t i me . The s l i g h t  i nc r e a s e  i n  the 

trend for the pH of the z one o f  max imum f i ne c l ay 

accumu l a t i on f o r  l eve l 5 is  unaccoun t ed for . The h i gh e r  pH 

may be r e l ated to chem i c a l  weathe r i ng fac t o r s  that reach 

expre s s i on as t h e  reduc t i on i n  pH o f  the A ho r i z o n  reache s 

a thre sho ld va l ue .- F o r  exampl e ,  i t  i s  known that ca l c i um 

carbona te i s  mob i l � w i th i n  a pro f i l e . The d i rec t i on o f  

movement i s  de pendent o n  the mo i s ture and t empe rature 

reg ime ( Ark l e y  1 9 6 3 , J enny 1 9 8 0 ) . Proc e s s e s  of de p l e t i on 

o r  accumu la t i on occur rap i d l y  r e l a t ive to the rate o f  
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o the r - gene t i c  prope r t i e s . Thus , the i ncrease i n  t h e  pH 

value of the z one o f  max imum f i ne c l ay accumul a t i on for 

l eve l 5 c o u l d  be due t o  a s l i g h t  i nc rease i n  ba s e s  and 

hydroxya l um i num i on s  produced by the weather i ng o f  c l a y  

minera l s  i n . the A ho r i z o n  a f t e r  i n i t i a l  parent mat e r i a l 

bas e s  have been l e ached . Leve l 4 may be j us t  r e ac h i ng the 

thre s h o l d  pH value i n  the A h o r i zon for the chemi c a l  

weath e r i ng o f  c lays and t h e  l each i ng o f  weathe r i ng 

produc t s  to bec ome s i gn i f i cant . 

Leve l 5 ,  be i ng t h e  o lde s t  l e ve l , may be re f l e c t i ng a 

response t o  the chem i ca l  wea the r i ng o f  c l ays i n  the A 

ho r i z on . Th i s  wou l d  r e su l t  i n  the s ubs t i tut i on o f  

t rans loca ted bas e s  and hydroxya lumi num i on wea t h e r i ng 

produc t s  for hydrogen i ons on the exchange c omp l ex o f  

c l ays i n  the B t  h o r i z on . Hydroxya l umi num i ons ma y a l s o  be 

b l ock i ng exchange s i t e s  by form i ng amo rphous c o a t i ng s  on 

c l ay par t i c l e s  and in so do i ng reduc i ng the exchangab l e  

hydrogen re l a ted t o  t h e  c l ay pa r t i c l e and s o i l  s o l u t i on 

hydrogen i on concen t ra t i o n ba l ance ( S eat z and Pe t e r s on 

1 9 6 4 ) . M i c r o s c o p i c  i nve s t i ga t i on o f  B t  hor i z ons from a l l 

the pedons samp l ed i nd i c at ed c oat i ng s  suspe c t ed a s  be i ng 

i ron ox ides on s and g ra i ns for a l l  te rrace l evel s .  I t  

f o l l ows that the s e  c o a t i ng s  could a l s o  be a s s o c i a t ed w i th 

f i ne r  pa rt i c l e s . No quant i ta t i ve measure o f  o x i de s  o f  

a l umi num o r  i r on was made . 
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The s l i gh t  i nc r ease i n . the pH o f  the z one o f  max i mum 

f i n e  c l ay ac cumul a t i o n f o r  l e ve l  5 c ould a l s o  be r e l a t ed 

to weathe r i ng and accumul a t i on o f  c l ay m i ne ra l s  f r om 2 : 1  

montmo r i l l o n i t i c  c l ay m i ne ral s to 1 : 1  kao l i n i t i c  c l ay 

mine ral s i n  the B t  h o r i z on . S im i lar percent bas e  

saturat i ons produce h i gh e r  pH va lues i n  a kao l i n i t i c  c l ay 

m i ne ral sys t em than that of a montmo r i l l o n i t i c c l ay o r  

o rgan i c  sys t em ( S eat z and Pe t e r s on 1 9 6 4 ) . Lower exchange 

capac i t y s ys t ems requ i re fewe r bas e s  in the s o i l  s o l u t i on 

to replac e  a l ar g e r amount o f  exchangab l e  hydrogen , on a 

pe rcent bas e s  o f  the t o t a l  exchange capac i t y .  The balance 

be tween the i nne r l a ye r  and outer laye r i ons , of t h e  c l ay 

par t i c l e  and s o i l  s o l ut i on s ys tem , should then c onta i n  

fewe r hydrogen i on s  t o  b e  measured b y  potent i ome t r i c  

meth ods . 

Arg i l l i c h o r i z on deve l o pmen t over t ime . 

No s i gn i f i c an t  d i f fe renc e s  among te rrace l e ve l s  we re 

ind i ca ted by the depth t o  the h o r i zon wi th the max i mum 

t o ta l  c l ay ( P  � 0 . 9 3 )  and the de pth to the ho r i z o n  o f  

max i mum f i ne c l ay ·( P  � 0 . 4 0 ) ( Tab l e  3 ) . 

S i gni f i cant d i f fe r enc e s  among leve l s  were i ndi c a t ed 

for the th ickne s s  o f  the arg i l l i c h o r i z on ( P  � 0 . 1 3 )  and 

for the depth or max imum ex tens i on of the arg i l l i c h o r i z o n  



T u iJ l e  3 .  S E LECTE D A H G I L L I C  H O U I ZON PROPERT I ES 

AN A L Y S I S  OF VAR I ANCE 

TERRACE LE VEL COMPAR I SONS 
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: - - - - - - - - - - - - - - - - - - - : - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : 
: PROPERTY : PUOPERTY MEAN S BY TERRACE LEVEL : 

and 
PUOBAB I L I T Y 

: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - : 
1 2 3 4 5 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
De p t h o f  t o t a l  
c l n y  b u l g e . ( CM )  

( P  � 0 . 9 3 )  

De p th o f  f i ne 
c l u y  bu l g e . ( CM )  

( P  � 0 . 4 0 )  

6 1  

4 5  

Th i ck n e s s  o f  t h e 4 9  
n r � i l l i c h o r i z o n . ( CM )  

( P  � 0 . 1 3 )  

De p t h  o f  t h e  a rg i l l i c  
h o r i z o n . ( CM ) 

( P  � 0 . 0 7 )  

6 5  

5 5  

5 5  

5 4  

7 2  

5 3  5 9  6 0  

5 0  4 3  5 4  

5 9  8 4  7 0  

8 0  1 0 6  9 0  

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
A p r o ba b i l t y o f � 0 . 1 5  w a s  c o n s i d e r ed as i nd i ca t i ng a s i g n i f i can t 
d i f fe r ence . 
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( P  < 0 . 0 7 )  ( Tab l e  3 ) . A t rend o f  i ncreas ing va l u e s  i n  t h e  

t h i ckne s s  and d e p t h  o f  the arg i l l i c ho r i z o n  from l owe r 

t er race l e ve l s  t o  h i ghe r t e rrace l e ve l s  i ndi cated a 

l�� i c� l  "di rec t i on o f  deve l opment o f  the s e  prope r t i e s  ove r 

t ime ( Tabl e  3 ) . A l ower value for the argi l l i c h o r i z o n  

th i ckne s s  and depth on t e r race l eve l 5 r e l a t i ve t o  t e r rac e 

l e ve l  4 was unacc ount ed f o r  but the l e a s t  s quare means 

tab l e  d i d  i nd i c a t e  that l eve l 4 and 5 we re no t 

s i gn i f i cant l y  d i f fe r en t  ( Bt th i ckne s s  P � 0 . 3 3 ,  B t  depth P 

� 0 . 2 6 ) . D i f fe renc e s  i n  c ap i l l a r i ty i n  the h o r i z ons above 

the di scont i nu i t y c ou ld a l s o , in par t , be re spons i b l e  for 

arg i l l i c h o r i z on var i at i ons i n  th i ckne s s  and depth due to 

re s t r i c t ed downward movement i nh i b i t i ng the t rans l o c a t i on 

o f  c l ay . Th i s  r e s t r i c ted deve l o pment could be s e en on the 

o th e r  t e r race l e ve l s  but because the arg i l l i c h o r i z on had 

no t moved de e p  en ough i nt o  the pro f i l e  on the o th e r  l e ve l s  

i t  was a mo re i mpo r tant fac t o r  i n  i n te rpre t i ng the depth 

and t h i ckne s s  o f  the arg i l l i c hor i z on on ter rac e l eve l s  4 

and 5 .  For prope r t i e s t h a t  deve l op rap idl y such as 

carbona te l eac� i ng , the depth to the ma j o r pr o f i l e  

di scont i nu i t y  a f fec ted a l l the pedons s tud i ed ( Append i x  

D ) . 

The t rend f o r  a dec rea s e  i n  the f i ne c l ay to t o t a l  

c l ay rat i o  i n  t h e  A h o r i z on and a n  i nc rea s e  i n  t h e  

di f fer ence be twee n  the arg i l l i c  h o r i z on f i ne c l ay t o  t o t a l  



c l a y  r a t i o  m i nu s  the A hor i z on f i ne c l ay t o  t o t a l  c l ay 

ra t i o  s uppor ted the a s s umpt i on that the amo unt o f  

t rans l oca t ed f i ne c l ay had i nc reased ove r t i me ( Tabl e  4 ) . 

The r a t i o s  were de t e rm i ned bas ed on a we i gh ted ave rage f o r  

t h e  c l ay c o n t e n t  o f  t h e  arg i l l i c h o r i z o n , wh ich t o o k  i n t o  

account t h e  th i ckne s s  o f  t h e  a rg i l l i c h o r i z on as we l l  as 

the percent total c l ay and f i ne c l ay . The A h o r i z o n  and 

arg i l l i c  ho r i zon r a t i o  d i f fe r enc es were cons i s tant w i t h  

wha t  wou l d  be expec t ed as s o i l s  deve l o p  ove r t ime ( Ba r s had 

1 9 5 7 , B i rk l and 1 9 7 4 ) . The F t e s t s  howeve r , ind i c a t ed that 

the means f o r  the s e  prope r t i e s  we re no t s i gn i f i c an t l y  

di fferent ( Tabl e 4 ) . A T  t e s t for the prep l anned 

c ompa r i s on o f  the means for the arg i l l i c  ho r i z on f i ne c l ay 

to to tal c l a y  rat i o  m i nus the A ho r i z on rat �o was u s ed t o  

tes t d i f fe renc e s  b e tween terrace l eve l 1 and 5 .  S i n c e  

onl y t h i s  preplanned pa i rwi se c ompa r i s on men t i oned above 

was made , i n  an e f fo r t  t o  brack e t  the genes i s  pe r i od , the 

lack of a s i gn i f i cant F ( Tab l e  4 )  i nvo l v i ng all means was 

no t con s i de r ed a c r i t i ca l  pre r equi s i t  for the us e o f  a 

lea s t  s quare means c ompa r i s on ( S te e l  and To r r i  1 9 8 0 ) . 

Ter rac e l e ve l 5 was c ons i dered s i gn i f i can t l y  di f f e r e n t  

f rom l evel 1 bas ed- o n  th i s  pa i rw i s e  compa r i s on ( P  � 0 . 1 2 ) . 

Mu l t i var i a t e  ana l ys i s  o f  va ri ance s uppo r ted t h e  
. .  

separat i on o f  the t e r rac es ove r t i me by the use o f  

s e l ec t ed gene t i c prbpe r t i e s f o r  among � e ve l  c ompa r i s ons . 



TAB LE 4 .  F I N E  C LA Y  TO TOTAL C LAY RAT I OS 
B Y  LEVE L COMPAR I SON 

: - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -· : 
I I PUOP ERTY MEANS BY TERRAC E LEVEL 

and 
PROBAB I L I TY ( F )& 

: - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - : 
1 2 3 4 5 

· - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1 
A ho r i z on f i ne c l ay 0 . 5 8 0 . 5 9 0 . 5 1 · 0 . 5 5 . 0 . 5 1 
to to tal  clay ra t i o . 
( P  i 0 . 3 6 )  

A r g i l l i c  ho r i zon 
f i ne c l ay to total 
c lay ra t i o . 
( P  � 0 . 4 8 )  

0 . 6 4 0 . 6 3 0 . 6 1  0 . 6 2 0 . 6 6 

___________________________  £ ___________________________________ £ _  
Arg i l l ic h o r i zon 0 . 0 6 0 . 0 4 0 . 1 0 0 . 0 7 0 . 1 5 
ra t i o  m i n u s  A 

h o r i z o n  ra t i o . 
( P  i 0 . 3 5 ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

& = Pro bab i l i ty value s  f o r  a s i g n i f i c ant  F shown above that are 
l arge r  than ( P  = 0 . 1 5 ) we re c ons i d e red as ind i c a t i ng a 
non- s i gn i f i can t di ffe rence . 

£ = Pa i r w i s e  means compa r i son o f  t e r ra c e  level 1 and 5 arg i l l i c  
h or i z on f i ne c l ay t o  t o tal  c l a y r a t i o m i nus A h o r i z on rat i o  
h a d  a T t e s t  va l ue wh ich  i nd i cated a s i gni fican t di f ference i n  
l e a s t s qua re m e a n �  ( P i 0 . 1 2 ) . 
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Th i s  ana l ys i s  prov i ded a d i s c r i mi nate func t i on mu l t i p l i e r  

for each g e ne t i c  prope r t y  i n  the mode l ( Tab l e  5 ) . The 

value of t h e  d i s c r i m i n a t e  func t i on , when s o l ved for each 

t e rrac e l e ve l , pro v i ded a l o g i cal t rend from wh i ch 

separat i on o f  the t e rrac e l eve l s  due to the gene s i s  t ime 

fac t o r  was i n fe r red ( Tab l e  6 ) . The four var i ab l e  

mul t i var i at e  mode l was c ons idered mo re use ful than than 

un i var i a t e  ana l ys i s  o f  va r i ance becaus e  Ro y ' s max i mum 

root c r i t e r i on ( F : 1 0 . 7 ) , the tes t s tat i s t i c i n  

mul t i var i a t e  ana l ys i s , was g reater than the h i ghe s t  

i ndi v i dua l F va lue i n  un i va r i ate ana l ys i s  o f  var i anc e ( F  = 

5 . 5 ) . The l owe r F va l u e  appl i ed t o  the by t e r rac e l eve l 

c ompar i s on o f  the pH o f  t h e  A ho ri z on . Ter rac e l eve l 4 

had a l owe r di s c r i m i n a t e  func t i on va lue than t e r ra c e  l e ve l  

5 ,  th i s  wa s probab l y  due t o  the i n f l uenc e o f  the sha l l owe r 

s o i l  ma t e r i a l  di scont i nu i t y on terrace l eve l 5 i n  l i m i t i ng 

the ext ens i on o f  the arg i l l i c ho r i z on . 

E s t i m a t ed S o i l  Age 

Deve l o pmen t o f · the M i s s ou r i  Rive r  trench has b e e n  

reported by C rande l l  ( 1 9 5 3 ) , Wa rren ( 1 9 5 2 ) , F l i n t ( 1 9 5 5 ) , 

and Wh i t e ( 1 9 6 4 ) .  Wh i t e c onc l uded that the Mi s s o u r i  R i ve r  

was crea t ed dur i ng t h e  W i s c ons i n  glac i al pe r i od . 



Ta b l e  5 .  M U LT I VA H I AT E  A N A LY S I S O F  VAR I ANCE 
D I S CR I M I NATE F U N C T I ON VA L U E S  B Y  T E R R A C E  L E V E L  
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
N u l t i v a r i a t e ! F u n c t i o n Gene t i c  P r o p e r t y  �l e ans 
N a d e l  V a r i a b l e s  ' M u l t i p l i e r  B y  T e r rac e L e v e l 

I , - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
I 1 2 3 4 5 I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - I - - - - - - - - - - - - · - - - - - - · - - - - - - - - - - -

U p pe r  D o u nda r y  o f  0 . 0 1 7 2 . 2  7 7 . 2  6 3 . 7  7 4 . 2  6 6 . 2  
C a l c i um C a r bo n a t e  
A c c umu l a t i on ( e m )  

De p t h t o  Max i mum -0 . 0 0 5  6 1 . 0  5 5 . 3  5 3 . 5  5 9 . 5  5 9 . 8  
C l a y  Ac c um u l a t i o n  
( em )  

Max i m u m  d e p t h  o f  - 0 . 1  6 4 . 5  7 2 . 5  8 0 . 0  1 0 6 . 8 '  9 0 . 0  
A r g i l l i c h o r i z o n 
( COl ) 

T h e  A Ho r i z o n  pH 0 . 8 3 6 . 7  6 . 1  5 . 9 5 . 7  5 . 7  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - -



Ta b l e  6 .  MULT I VAR I ATE ANALYS I S  OF VAR I ANCE 
V A L U E  FOR 

DISCR I M I NATE FUNCT I ON SOL VED BY TERRACE LEVEL 

= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
Terrace 

Le vel D i sc r i m i na te Func t i on 
I I I I 

Func t i on 
val ue 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - -

1 ( 0 . 0 1  * 7 2 . 2 )  + ( - 0 . 0 0 5  * 6 1 . 0 )  
+ ( - 0 . 0 1 * 6 4 . 5 )  + ( 0 . 8 3 * 6 . 7 )  = 5 . 4  

2 ( 0 . 0 1 * 7 7 . 2 )  + ( - 0 . 0 0 5  * 5 5 . 3 )  
+ ( - 0 . 0 1 * 7 2 . 5 )  + ( 0 . 8 3 * 6 . 1 }  = 5 . 0  

3 ( 0 . 0 1 * 6 3 . 7 )  + ( - 0 . 0 0 5  * 5 3 . 5 )  
+ ( - 0 . 0 1 * 8 0 . 0 )  + ( 0 . 8 3 * 5 . 9 )  = 4 . 6  

4 ( 0 . 0 1 * 7 4 . 2 )  + ( - 0 . 0 0 5  * 5 9 . 5 )  
+ ( - 0 . 0 1  * 1 0 6 . 8 )  + ( 0 . 8 3 * 5 . 7 )  = 4 . 2  

5 ( 0 . 0 1  * 6 6 . 2 )  + ( - 0 . 0 0 5  * 5 9 . 8 )  
+ ( - 0 . 0 1  * 9 0 . 0 )  + ( 0 . 8 3 * 5 . 7 )  = 4 . 3  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Tes t s ta t i s t i c  f o r  t h e  mul t i va r i a te mode l was Ro y ' s Max i mum Ro o t  
C r i te r i o n ( F = 1 0 . 7 ) . 
The pll o f  t h e  h o r i z o n  w i th max i mum f i ne c l a y  accumul a t i on wa s t h e  
gene t i c  pro pe r t y  u s ed i n  t h e  5 v a r i a b l e  mul t i var i a t e  mode l t h a t  
h a d  the h i g he s t  F v a l ue i n  un i va r i a t e  anal ys i s  o f  var i ance ( F = 
7 . 0 3 )  



The othe r  autho r s  ment i oned above cons idered t h e  

de ve l o pment o f  t h e  t rench t o  have occurred dur i ng t h e  

I l l i no i an g l ac ia l  p e r i od . Al l the s e  auth o r s  i nd i c a t ed 

that the M i s s ou r i R i ve r  t rench fo rmed on the we s t e rn 

marg i n  o f  glac i a l  i c e . 
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The da ta i n  th i s  s tudy seem to s uppo rt the c onc lu s i on 

o f  Wh i te ( 1 9 6 4 ) that t h e  t e r race s  we re i s o l a t ed dur i ng 

W i s cons i n  g l ac i a t i on . The fo l l ow i ng po i n t s , wh i l e b y  

· thems e l ve s  no t c onc l u s i v e , c ont r i buted t o  th i s  conc l us i on . 

1 .  The o rde r o f  t e r rac e l eve l s eparat i on bas ed on 

the u s e  o f  s e l ec t ed g en e t i c  prope r t i e s in mu l t i va r i a t e  

ana l ys i s  o f  var i ance ( Tab l e  6 ) . 

2 . - S o i l  c o l o r , i nd i ca t ed that the t e rrace s o i l s  were 

probab l y  no t I l l i no i an i n  age . I t  s eems l i k e l y  t h a t  the 

s o i l s wo uld have de ve l o ped s l i gh t l y  redde r hue s i f  the y 

had been subj e c t ed to weath e r i ng -dur i ng the S angamo n 

i n t e r - g lac i al pe r i od . Th i s  i n t e r - g lac i a l  pe r i od wa s 

c harac t e r i z ed by warm-dr y cond i t i ons thr oughout the Great 

P l a i ns . Long c o o l - we t  i nterva l s  occur red a f t e r  t h e  

I l l i no i an g l ac i a l  age ended and dur i ng the ons e t  o f  the 

W i s c ons in i c e  a g e  ( B l ueml e and C l ayton 1 9 8 2 ) . 



- 3 .  The S angamon per i od was a l s o  charac te r i z ed b y  

interva l s  o f  tens o f  thousands o f  year s  o f  aeo l i an 

ac t i v i t y  on the Great P l a i ns ( Bl ueml e  and C l ay t on 1 -9 8 2 ) . 

The parent mat e r i a l  o f  the t e r race s o i l s  d i d  no t s uppo r t  a 

theory o f  depo s i t i on i n  an aeo l i an env i ronment . 

4 .  I f  the pedons s amp l ed had dev e l oped s i nce the end 

o f  I l l i no i an g l ac i a t i on , wh i ch wo uld rough l y  mean 3 0 0 , 0 0 0  

t o  3 9 0 , 0 0 0  ybp ( E r i c s on and Wo l l i n 1 9 6 8 ) , the r e  wou l d  have 

been l i t t l e or no di s t i nc t i on be tween te rrace l eve l s  ba s ed 

on the depth and t h i ckne s s  o f  the arg i l l i c h o r i z on . We 

could expec t that the gene s i s  of the se prope r t i e s  o ve r  

such a g r e a t  t i me pe r i od wou l d  have reached a s t eady s t a t e  

we l l  w i t h i n  3 0 0 , 0 0 0  ybp . S e condl y the e f fec t o f  

pa l eo c l i ma t e  ove r s uch a l ong per i od would have prov i ded 

su f f i c i en t  pe r i ods of t i me for t rans loca t i o n of c l ays i n t o  

the di s c ont i nu i t y  o r  a t  t h e  very- l eas t concentrate them 

di rec t l y  above the d i scont i nu i t y . 

5 .  The di f fe r ence i n  the arg i l l i c  ho r i z o n f i ne c l ay 

to t o ta l  c l ay rat i o  mi nus the A h o r i zon f i ne c l a y  t o  t o ta l  

c l ay rat i o  f o r  t h e  c ompa r i s o n  o f  te rrac e l e ve l 1 t o  l e ve l 

5 ind i ca ted d i f ferenc e s  i n  t h e s e  l eve l s  tha t probab l y  

would not ex i s t  over g e ne s i s  pe r i ods extend i ng t o  

I l l ino i an t i me . 
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6 .  The d i f fe renc e s  and the trends for by t e rrace 

l eve l c ompa r i s o n s  of the percent calc i um carbonat e  i n  the 

z one o f  max i mum accumu l a t i on , A ho r i zon pH , and pH of the 

z one o f  max i mum f i ne c la y  accumu l a t i on probab l y  wou l d  n o t  

have pe r s i s ted i f  t h e  gene s i s  pe r i od had ex t eded t o  

I l l i no i an t i me . The s e  prope r t i e s  have gene r a l l y  been 

cons i de red t o  deve l op s teady s ta t e  c ondi t i ons ove r s h o r t  

peri ods o f  t ime ( B i rk l and 1 9 7 4  and Bockhe im 1 9 8 0 ) . 

The reas o n i ng i n  the p receding po i n t s  doe s  n o t  

c omp l e t e l y  prec l ude t h e  deve l opment o f  t h e  M i s s o u r i R i ve r  

t rench dur i ng I l l i no i an t ime , but , i t  l ends ve r y  l i t t l e  

supp o r t  and favo r s  Wh i te ' s  ( 1 9 6 4 ) Wi scons in i c e  age 

conc l us i on . Th i s  r ea s o n i ng almo s t  e l i m i na t e s  the 

po s s i bi l i t y  that t h e  t e r rac e surfac e s  we re s t abl e  ove r a 

3 0 0 , 0 0 0  year pe r i od , s i nce te rrace l e ve l s  c ou l d  s t i l l  be 

s epa rated bas ed on a rg i l l i c h o r i zon prope rt i e s . The 

deve lopment of an a rg i l l i c h o r i zon d i d  i nd i c a t e  that the 

l ands cape had been s tab l e  for a pe r i od greater than a few 

thous and years . 

Large wat e r  c hanne l s  i n  southern S a s katchewan , C anada 

and nor thern Nor th Dak o ta that are t r i butar i e s  to the 

Mi s sour i R i ve r  have been carbon dated as hav i ng ex i s ted 

1 7 , 0 0 0  ybp ( Ch r i s t i an s en 1 9 7 9 ) . S i nc e th e s e  channe l s  we re 

c reated dur i ng a rec e s s i ona l  pha s e  in W i scons i n  g l ac i a t i o n 

and dra inage channe l s  to the south had to be deve l oped , o r  
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were deve l o ped by c a r r y i ng northern me l t  wa t e r  from th e s e  

nor thern t r ibutar i e s , i t  was a s s umed that t h e  M i s s o u r i  

R i ve r  wa s a l ready deep l y  ent renched by 1 7 , 0 0 0  ybp . 

B luemel arid C l ay t o n  ( 1 9 8 2 ) i nd i c a t ed that the L i t t l e  

M i s s o u r i  R i ve r  i n  we s t e rn No rth Dak o ta was i n t e rc e p t ed by 

the M i s s ou r i  R i ve r  about 2 5 , 0 0 0  ybp and Wr ight and F r e y  

( 1 9 6 5 ) i nd i cated that the max i mum extens i on o f  W i s c on s i n  

age i c e  occurred b e tween 2 7 , 9 0 0  t o  3 8 , 0 0 0  ybp . The 

l owe r i ng of the bas e  l eve l of the Cheyenne R i v e r  f rom 

t e r race l eve l 1 t o  i t s pre s ent fl o odpl a i n  pos i t i on 

probab l y  occurred a s  the Mi s s ou r i  R i ver went thr o ug h  t h e  

entr enchment pro c e s s  a l ong the we s te rn marg i n  o f  t h i s  

W i scons i n  G l ac i a l  Ag e i c e . 

Becaus e t h e  t e r race l eve l s  can be s eparat ed on the 

bas i s  of Bt thi ckne s s  and de pth , and these prope r t i e s  
-

reach s t eady s ta t e  c o nd i t ions in a ma t t e r  o f  thous ands o f  

years o r  t en s  o f  thous ands o f  year s , i t  i s  be l i e ved that 

s o i l  gene s i s  on the l owe r te rrace surface probab l y  s ta r t ed 

l e s s  than 2 7 , 9 0 0  ybp u s i ng the uppe r l i mi t e s t imate o f  

Wr i gh t  and Fre y  ( 1 9 6 5 ) . The val ue for the di f f e renc e in 

the Bt h o r i z on f i ne c l ay t o  t o t a l  c l ay rat i o  minu s  the A 

ho r i z on f i ne c l ay t� t o t a l  rat i o  i nd i cated that t e r ra c e  

l evel 1 di f fe red f r o m  t e r rac e l e ve l  5 by a fac t o r  o f  2 . 3 .  

S i nce the s l o pe o f  the l i ne for accumu l at i on o f  f i ne c l a y  

in t h e  Bt ho r i z o n  o v e r  t i me h a s  b e e n  genera l l y  c o n s i de red 
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to be l e s s  s t e e p  as the s o i l  age s , B i rk l and ( 1 9 7 4 ) , a 

di rect ag e d i f fe r ence c ou l d  no t be c a l c u l a t ed f r om t h e  

· ra t i o  di f f e rence s .  Specu l a t i on was - that the ra t i o  

ind i c a t ed a t ime p e r i od be twe en te rrac e ( l evel 1 )  and the 

o l de s t  te rrace ( l e ve l  5 ) , of not less than 2 . 3  t i me s the 

age o f  the youn g e r  g roup i f  the re was a s t r a i g h t  l i ne 

re l a t i onsh i p  be tween t i me and c l ay t rans l ocat i on . We knew 

that dur i ng e ar l y  deve l opment of an arg i l l i c h o r i z o n  th i s  

may be t rue but that the proc e s s  o f  t rans l ocat i on 

dec reas e s  over t i me . I f  we gave the l owe r l eve l s  a 

m i n i mum gene s i s  p e r i od o f  2 7 , 9 0 0  years then the o l de r  

l eve l c ould have s ta r ted s o i l  g ene s i s  6 4 , 1 7 0  yea r s  a g o . 

I t  wa s be l i eved tha t 2 7 , 9 0 0  year s  was amp l e  t ime for- c l ay 

t rans l oc a t i on t o  reac h  a po i n t  a t _ wh i c h th� � a t e  o f  c l ay 

accumu l a t i on wou l d  have begun a pr ogre s s i ve dec r e a s e  

( Bar shad 1 9 5 7 , L e s s i g 1 9 6 1 , and B i rk l and 1 9 7 4 ) . Th i s  

meant that the t e r race l eve l s  o l der than l eve l 1 c o u l d  be 

o lde r than a s t ra i gh t  l i ne re lat i onsh i p  i mpl i ed .  

Pal i oc l i amate c l i ma t e  and ve geta t i on pr oduc ing a b o r e a l  

fore s t  cond i t i on , o n  t h e  o th e r  hand , wou ld have 

acc e l e rated c l ay t rans l o ca t i on on the o l de r  t e r rac e s . The 

e s t ima ted age brack e t  of 2 7 , 9 0 0  ybp t o  6 4 , 0 0 0  ybp f i t s  

we l l  i n t o  one o f  th� maj o r  c o l d  pe r i ods pred i c ted t o  have 

occ urred dur i ng the W i scons in I c e Ag e . Th i s  per i od 

reached i t s c o l de s t  peaks be tween 2 5 ) 0 0 0  to 9 0 , 0 0 0  ybp on 
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a gene ra l i z ed c l imate curve ( E r i c s on and Wo l l on 1 9 6 8 ) . 

Becaus e the t e rrace l eve l s  i nd i cated s i gni f i cant 

di f fe renc e s  among e ac h  o ther , and l o g i ca l  t r ends f o r  t h o s e  

d i f fe re nc e s  ex i s ted i n  the thi ckne s s  and dep t h  o f  t h e  

arg i l l i c ho r i z o n , c a l c i um carbonate accumu l a t i on i n  t h e  

Bk , pH i n  t h e  A ho r i zon , and p H  i n  t h e  zone o f  max i mum 

f i ne c l ay accumu l at i on i t  was be l i eved that t e r race l e ve l s  

1 through 5 c ou l d  n o t  b e  o lde r than 1 0 0 , 0 0 0  yea r s . : Th i s  

as sump t i on i s  based on the fac t that Sangamon a g e  s o i l s  

and o l de r are d i f f i cul t t o  separate on the ba s i s  o f  

arg i l l i c hor i z on t h i ckne s s , depth , and the pe rcent 

t rans l o ca t ed c l a y  ( B i rke l and 1 9 7 4 ) . I n  o th e r  wo rds , a 

gene s i s  p e r i od g r e a t e r  than 1 0 0 , 0 0 0  years wou l d  pr obab l y  

have brought the s e  propert i e s  t o o  c l o s e  togethe r 

mo rph o l o g i ca l l y  t o  s e parate terrac e l e ve l s  by ana l ys i s  o f  

var i anc e . E s t i ma t e s  f o r  the o r i g i n  o f  the M i s s our i R i ve r  

t rench du r i ng t h e  I l l i n o i an i c e  age would. mean that the 

s o i l s  wo uld have t o  be 3 9 0 , 0 0 0  years o ld o r  o l de r ( E r i c s on 

and Wo l l i n 1 9 6 8 ) . 

Lateral c o r ra t i on and deve l opment o f  broad f l a t s  on 

. t e r rac e l eve l s  3 ,  4 ,  and 5 contra s t ed wi th the nar r ow 

sur fac e s  o f  t e r rac e s  1 and 2 could have i nd i ca t ed that 

ba s e  l eve l adj us tme n t s  in the east f l ow i ng s t reams , that 

o r i g ina t ed i n  we s t e rn S o u th Dako ta , occur red in s tag e s  a s  

W i s cons in i c e  app r oached i t s max i mum we s tward e x t e n s i on .  
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Un i form par t i c l e  s o r t i ng artd the l ack o f  broad f l a t s  on 

t e r rac e l e ve l s  1 and 2 i ndi cated that the r e s i dence t ime 

for the fl oodp l a i n  when at the s e  l ower l e ve l s  was s h o r t e r  

than for t h e  upp e r  t e r race l e ve l s . I n  o th e r  wo rds down 

cu t t i ng was o cc ur r i ng a t  a fas t e r  rat e than l a t e r a l  

co rrat i on wh en t h e  l owe r two t e r rac e s  we re formed . The 

pr imary i n f l uenc e s  gove rn i ng the rates of down c u t t i ng and 

c o rrat i on we re a s s umed to be re l a ted to the pe r i od o f  t i me 

i t  took g l ac i a l  i c e  to r each a we s tward pos i t i o n  and the 

t ype o f  bedrock c o n t r o l  a f fec t ing entr enchment a t  that 

po s i t i on . 

Based on the preced i ng eva l ua t i on , a mi n i mum age o f  

2 7 , 9 0 0  years ± 3 , 0 0 0  f o r  te rrac e  level 1 and a max i mum age 

of 6 4 , 0 0 0  t o  9 0 , 0 0 0  ybp for t e r race l eve l 5 s e emed t o  be a 

reas onab l e  e s t ima t e  o f  g enes i s  t i me . The 2 7 , 9 0 0  year 

l i mi t be i ng bas ed on Wr i gh t  and Fre y ' s ( 1 9 6 5 ) e s t i ma t e  f o r  

t h e  max i mum extens i on o f  Wi s c ons in a g e  i c e  . .  The 6 4 , 0 0 0  

year l i mi t was based o n  the fac t that arg i l l i c h o r i z on 

prope r t y  s epara t i ons c ou l d  s t i l l  be made s t at i s t i c a l l y  

among t e rrace l eve l s . Th i s  prec l uded an I l l i n o i an age f o r  

the comp l e t e  te rrac e  s e r i e s . I f  the t e r rac e s e r i e s  had 

be en i s o l a ted e ar l i e r  then di f fe r enc es i n  arg i l l i c ho r i z o n  

prope r t i e s wou l d  pr6bab l y  n o t  have ex i s ted d o  to an 

extreme l y  l ong g e ne s i s  pe r i od . Th e pl e i s tocene c l i ma t i c  

record e s tab l i s hed b y  E r i c s on and Wo l l i n ( 1 9 6 8 ) i nd i ca t ed 
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an ear l y  ma j o r W i s c ons i n  i c e  phas e  at 1 5 0 , 0 0 0  ybp was 

fo l l owed by g l ac i a l  r e t reat and a second l a t e r  ma j o r phase 

wh i ch was used for the upper age l imi t i n  th i s  s tudy . 
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Land Us e Re l a t i o nsh i ps to S o i l  Gene s i s  

Agr i c u l t u r e  c ompr i s e� almo s t  a l l  o f  the p r e s en t  day 

l and us e w i t h i n  the s tudy area . Crop produ c t i on 

cons i s t ed o f  sma l l  g ra i n  dom i nated by w i n t e r  whe a t  but 

i nc l uded bar l e y , o a t s , and s ome rye and spr i ng wh e a t . 

Gra i n  s o rghum , s un f l owe r s , c o rn , and i n t roduc ed and na t i ve 

pas ture we re a l s o  f ound w i t h i n  the s tudy area . The h i gh 

t e r race s e r i e s  i s  the o n l y  area on wh ich non- i r r i ga t ed 

c o rn has been c r opped , w i th i n  a larg e  area i nc l ud i ng the 

surro und i ng s ha l e  upl ands , w i th some as su ranc e o f  a 

harve s tabl e  c r o p . The s tudy area cropp i ng pat t e rns we re i n  

s harp contra s t  w i th t h e  s u rround ing upl ands o n  wh i c h  s o i l s 

had deve l oped from C re taceous s ha l e  and we r e  dom i na t ed by 

na t i ve rang e l and u s e . 

S o i l  i n f i l t r a t i o n rate and ava i l ab l e  mo i s tu r e  h o l d i ng 

capac i t y we r e  the p r i ma r y  fac t o r s  contro l l i ng the 

d i f fe renc e s  i n  c r opp i ng pa t t e rns . 

The sha l e  de r i ved s o i l s  had . h i gher mo i s ture h o l d i ng 

capac i t i e s  beca u s e  o f  the i r  h i gh clay conten t  but the i r  

rang e i n  aya i l ab l e  mo i s ture was l owe r than the a l l u v i a l  

te rrace s o i l s . The sha l e  de r i ved s o i l s , as a re s u l t  o f  

the i r  h i gh c l ay c ontent , a l s o  had much s l owe r recharge 

rates becau s e  of t h e i r  very s l ow i n f i l t rat i on rate . 

Readi l y  s o lubl e sodi um s a l t s  i n  areas on the s h a l e  
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l and� cape a l s o  r educ ed ava i l ab l e  wa ter th rough o smo t i c  

r e l at i o nsh i ps be tween the p l ant and the s o i l  s o l u t i on . 

The s o i l s  deve l oped on the r i ve r  te rrac e s  wi t h i n  the 

s t udy area , on the other hand , had mo re rap i d  i n f i l t ra t i on 

ra t e s  and a w i de r  range i n  ava i l ab l e  mo i s ture ho l d i ng 

capac i ty .  The s e  prope r t i e s  we re r e l ated to t h e  t exture o f  

the parent mat e r i a l . The part i c l e  s i z e and mo i s tu r e  

h o l d i ng capac i t y re l at i onsh i p  was demons t rated by s o r t i ng 

the hor i z on s  by l ower to h i gher c l ay content then s i l t  

content and obs e r v i ng the c oncurrent increase i n  wa t e r  

ho l d i ng capac i ty a t  0 . 0 3 and 1 . 5  MPa ( Append i x  G ) . 

Mu l t i p l e  l i near r e g re s s i on a l s o  indicated a h i gh 

corr e l a t i on o f  mo i s ture h o l d i ng capac i ty a t  0 . 0 3 MPa w i t h 

c l ay cont�nt and s i l t  + ve ry fi ne sand content ( E qua t i on· 

1 ) . The mo i s tu r e  ho l d i ng capac i t y at 1 . 5  MPa wa s h i gh l y  

corre l a t ed wi th c l ay content and organ i c  ma t t e r  c o n t en t  

( Equa t i o n  2 ) . A graph i c  i l lus � rat i on o f  the mo i s t u r e  

h o l d i ng capac i t y a n d  ava i lab l e  wa ter ind i c a ted tha t the 

h i ghe s t  ava i l ab l e  mo i s ture capac i ty occurs at a c l ay 

conten t  o f  approx i ma t e l y  3 4 % ( F i gure 1 2 ) . The tab l e  i n  

Append i x  C a l s o  i nd i ca t ed that 4 1  % o f  the hor i z on s  above 

the C h o r i z on c ont a i ned from 2 5  to 44 % c l ay . O f  t h e  

hor i z ons above the C ho r i z o n  t h a t  qua l i fy for a B t  

ho r i z o n , 7 2  % c on t a i ned be tween 2 5  to 4 4  % c l ay . 
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. The fo l l ow i ng p o i n t s  · are suppo r t ed b y  the i n f o rma t i on 

g i ven in the tab l e  f r om Append i x  C ;  

1 .  Hor i z ons above the B t  h o r i zon tended t o  be s l i gh t y  

coar s e r  textured and s ub s equen t l y  had
.
h i gh e r  h ydrau l i c  

conduc t i v ity rat e s . 

2 .  Mo s t  o f  the B t  ho r i z ons s hown i n  the t ab l e  from 

Append i x  C we r e  w i t h i n  the h i ghe s t  ava i l ab l e  mo i s t u r e  

range i nd i c a t ed b y  F i gure 1 2 . 

3 .  Over t i me , a s  the Bt h o r i z on has i nc r e a s e d  i n  

th i ckne s s  i t  h a s  a l s o  i nc r eas ed the cummu l a t i ve ava i l abl e  

wa t e r  h o l d i ng capac i ty o f  the s o i l  pro fi l e . 

4 .  Ove r  t i me a s  t h e  B t  ho r i z on has increased i n  

depth , the ma j o r z one o f  wat e r  ho lding capac i t y has. moved 

deepe r i nt o  the p r o f i l e . Th i s  ext ends the pe r i od t h a t  

mo i s ture i s  ava i l ab l e  t o  t h e  p l ant becau s e  t h e  p ro f i l e 

doe s  no t dry out a s  readi l y  fr om evapo rat i on compa r e d  t o  

pro f i l e s  that c ont a i n  the i r  ma j o r  wat e r  r e s erve s c l o s e r  t o  

t h e  s o i l sur fac e . 

5 .  Th e ma j o r i t y  o f  the C h o r i z ons , be i ng c o ar s e r  

textured t han ove r l y i ng ho r i z ons , tended to pr omo t e  the 

cond i t i on of a free drai ned pr o f i l e  mo re readi l y  than on 

the surroundi ng c l ay s o i l s  o f  the sha l e  upl ands . Th i s  

a l l ows fa rme r s  t o  comp l e t e  spr i ng t i l l age and p l an t i ng 

ope ra t i ons ea r l y  enough for spr i ng planted c r ops t o  tak e 

advantage o f  the ear l y  s e a s on opt imum mo i s ture and 
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t empe rature pe r i ods o f  the us t i c  mo i s tu re reg i me o f  the 

area . Th i s  i s  a maj o r  fac t o r  i n  s pr i ng p l an t ed sma l l 

gra i n  y i e l ds be cau s e  h i gh l ate s e a s on s o i l  tempe r a t u r e s  

c a n  be avo i ded when the g r a i n  heads are f i l l i n g . 

S o i l  C l as s i f i c a t i on wi th i n  the S tudy Area 

Par t i c l e  S i z e Con t r o l  S ec t i on 

Tex tural Fami l y  

The pedons s ampl e d  in the s tudy area we r e  p l a c �d i nto 

the Mo l l i s o l  s o i l  o rd e r  bas e d  on the percent o rg an i c  

carbon -and the c o l o r  and depth . o f the mo l l i e e p i pedon . 

The par t i c l e  s i z e  c ont r o l  s ec t i on for the tex tura l fam i l y  

was bas ed o n  the t ex ture o f  the arg i l l i c ho r i z o n ( S o i l  

Taxonomy 1 9 7 5 , Appe nd i x  F and G ) . 

Al l the pedons s amp l ed can be p l aced i n t o  t wo 

textural fam i l i e s . Of the to tal 2 1  pedons s ampl ed , 1 4  

fe l l  wi th i n  t h e  f i ne - l oamy textural fam i l y  wh i l e t h e  

rema i n i ng � e v e n  pedons f e l l  wi th i n t h e  f i ne- s i l ty t e x t u r a l  

fami l y  ( F i gure 1 3 ) .  Th e pedons could not be as s oc i a t ed 

w i th t e r race l eve l s  bas ed on the cont r o l  s e c t i on t e x t u r a l  

fami l y . T h e  two c on t r o l  s e c t i o n  t e x t u r a l  fam i l i e s  

occur red o n  a l l  t e r race l e ve l s  a t  random . 
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The t ype o f  par t i c l e  s o r t ing , based on c l a y  f r e e  s and and 

s i l t , was a l s o  no t exc l us i ve l y  as s oc i a t ed w i th e i the r o f  

the two cont r o l s ec t i on tex tura l fam i l i e s  ( Tab l e  2 ) . 

Tax onomic C l a s s  

Bas ed on the t ex tural fami l y  o f  t h e  con t r o l s ec t i on 

and l abo ra t o r y  ana l ys i s , the pedons samp l ed we r e  p l ac ed 

i n t o  two taxonom i c  c la s s e s ; 1 .  F i ne - l oamy , m i xed , mes i c , 

Typ i c  Arg i us t o l l s  and 2 .  F i ne - s i l t y , m i xed , me s i c , Typ i c  

Arg i us to l l s  ( Tabl e  7 ) . M i xed clay mine ra l o g y  was a s s umed 

based on the r ev i ew o f  pr i o r  inve s t i gat i ons and l abo ra t o r y · 

ana l ys i s  f r om t h e  S o i l  Cons erva t i on S e rv i c e and f r om the 

Pedo l ogy s ec t i on of th e Plan t  Sc i ence Depa r tment of S outh 

Dak o ta S t a t e  Un i v e r s i t y . 

S o i l  S e r i e s  and Map Un i t  Cons i de ra t i ons 

Pedons i n  the F i ne - Loamy Textura l Fam i l y  

The Ree S o i l  S e r i e s  i s  a F i ne - l oamy , m i xed , me s i c , 

Typ i c  Arg i us to l l  and be s t  f i t s  the pedons samp l ed i n  th i s  

s tudy ( Append i x  H ) . 

The pr ima r y  d i f fe renc e  be tween the rang e i n  

charac t e r i s t i c s  f o r  the Ree so i l  s e r i e s  and t h e  pedons i n  



Table 7 .  TAXONOMIC CLASS GROUPS 
and 

RANGE IN PERCENT CLAY OF THE Bt 

Taxonomic Class 
---�--------�-----------�--

Fine-Loamy , Mixed , Mesic 
Typic Argiustall 

I I 
I 
I 

Fine-S i lty ,  Mixed , Mes ic 
Typic Argiustal l  

- - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - l ---- - - - - - - - - - - - - - - -- - - - - - - - - - - -

1 I Argil l ic horizon I I I Argil l ic horiz on 
1 I 1 1 clay content ( % )  I 1 1 1 1 cla_y content ( % )  

L I T 1 ----------------------- 1 L I T 1 -----------------------
1 I low 11 I high � 1 control • I I I low If I high# I control • 

I I I I section I I I I I section ------ ------ --------- ------ ------ 1 ---------
1 3 2 1 . 1 2 5 . 3  2 3 . 2  1 1 21 . 0  4 0 . 0  1 3 4 . 2  
1 5 2 4 . 5  2 5 . 6  2 4 . 7  1 6 2 6 . 7  2 8 . 3  1 2 7 . 5  
2 1 2 0 . 2  2 5 . 3  2 2 . 6  3 2 2 4 . 0  2 1 . 2  1 2 5 . 9  
2 3 2 2 . 0  2 8 . 0  2 6 . 0 3 5 2 6 . 7  2 8 . 6  1 2 7 . 5  
2 5 2 7 . 4  3 4 . 1  2 9 . 6  4 2 2 6 . 4  2 7 . 5  1 2 1 . 1  
2 6 2 2 . 5  2 7 . 3  2 5 . 9  4 3 2 8 . 3  3 4 . 2  I 3 2 . 8  
3 1 16 . 3  2 1 . 1  19 . 3  5 3 2 7 . 9  3 1 . 0 1 2 9 . 4  
3 3 2 5 . 8  2 1 . 1  2 6 . 9  I 
3 6 2 1 . 0  2 4 . 8  2 2 . 4  I 
4 5 2 3 . 3  2 8 . 8  2 6 . 3  I 
4 6 2 6 . 5  2 7 . 0  2 5 . 9 ' 
5 1 2 2 . 3  2 1 . 1  2 4 . 3  I 
5 5 2 5 . 5  2 6 . 6  2 6 . 0  I 

I 5 6 2 0 . 3  t 2 3 . 7  2 2 . 9  I , _ _ _ _ _ _ _  ------ 1 ------ 1 --------- ------- 1 ------ 1 ------ 1 --------
I Average 2 2 . 7  1 2 6 . 6  1 2 4 . 7  Average ! 2 7 . 6  I 3 1 . 0 I 2 9 . 3 1 ---------- 1 -- ---�------�---��----� ( 1 • S ite Identification ( L • Level ) , ( T  • Transect ) 

11 • The high and low percent clay content for a l l  Bt 
horizons with in a single pedon . 

• • Textural family control section clay content . 
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th i s· s tudy w i th a f i ne - l oamy contro l s e c t i on was t h e  

ave rage c lay content o f  the Bt h o r i z o n . The p r e s e n t  

s e r i e s  de s c r i pt i on i nc l udes a range o f  2 7  t o  3 5  % c l a y  f o r  

t h e  arg i l l i c h o r i z on . Th e f i ne - l oamy textural fami l y  

pedons s amp l ed i n  th i s  s tudy had an ave rage c o n t r o l  

s ec t i on c l ay content o f  2 4 . 7  % and a range o f  1 9 . 3  to 2 9 . 6  

% c l a y . The h i gh e s t  c l ay cont ent for any B t  h o r i z on i n  

the f i ne - l oamy t ex t ur a l  fam i l y  wa s 3 4 . 1 % and t h e  l owe s t  

B t  h o r i z on c l ay c o n t en t  was 1 6 . 3 % ( Tabl e  7 ) . The ave rage 

c l ay conten t  fo r a l l  B t  h o r i zons i n  the f i ne - l oamy 

textural fam i l y  g r o up was 2 4 . 8  % .  

Expans i on o f  the pres ent s e r i e s  de sc r i pt i on t o  

inc lude a l owe r cont r o l  s e c t i on ave rage c la y  c o n t e n t  o f  2 4  

% but recogn i z i ng that s ome pedons w i t h i n  t h e  Haako n  

Coun t y , S outh Dako t a  map p i ng a r e a  c o u l d  have c l a y  c o n t e n t s  

as l ow as 1 9  % wou ld s e em reas onab l e . The s e  lowe r c l ay 

content pedon s  wou l d  be out o f  the expanded Ree s o i l  

s e r i e s  rang e but coul d b e  c ons idered s i m i l a r  i nc l us i o ns i n  

a Ree map un i t . O f  the 1 4  pedons wi th f i ne - l oamy c o n t r o l 

s ec t i ons , f i ve pedon s contai ned c on t r o l  s e c t i ons w i th from 

1 9 . 3  % c l ay to l e s s  than 2 4  % c l ay . On l y  one pedon , l e ve l 

3 o f  t rans e c t  1 ,  d� d no t have g reater than 2 3  % c l ay i n  at 

l eas t one o f  i t s B t  h o r i z ons ( Tab le 7 and Append i x  G ) . 

The pre s e n t  Ree s o i l  s e r i e s  des c r i pt i on a l s o  s t a t e s  

that the Bt h o r i z on c ommo n l y  h a s  a texture o f  c l a y  l oam 
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but ·s andy c l a y  l o am o r  s i l ty c l ay loam t e x t u r e s  o c c u r  i n  

s ome pedon s ( Append i x  E ) . T h e  f i ne - l oamy tex tura l fam i l y  

pedons i n  th i s  s t udy conta i ned B t  h o r i z ons dom i na t ed b y  a 

l o am texture wi t h  s ome s i l t  l o am and c l ay l o am t ex tu r ed B t  

hor i z ons . Th i s  i n fo rmat i on sugge s t s  that t h e  pr e s ent 

t yp i c a l  pedon may no t be t yp i c a l  for the ac tua l e n t i re 

rang e o f  the Ree S e r i e s . Howeve r , th i s  can on l y  b e  

c onc lus i ve l y  de t e rmi ned b y  compa r i ng R e e  po l ypedo n s  and 

the i r  occurrence over the ent i r e  area tha t  th i s  s o i l  i s  

di s t r ibuted . Wi th i n  the s t udy area and f o r  t h e  ong o i ng 

Haak on Coun t y  s o i l  s urvey i t  s e ems appa�ent that t h e  R e e  

typ i ca l  pedon w i l l  c o n f o rm to t h e  rang e s  for o th e r ·  

prope r t i e s  ou t l i ned i n  th i s  s tudy . 

Pedons i n  the F i ne - S i l ty Textural Fam i l y  

Th e s even pedons i n  th i s  s tudy that fe l l  i nt o  t h e  

f i ne - s i l t y textural fam i l y  had a c ontro l s ec t i on a v e r a g e  

c l ay content o f  2 9 . 3  % and a cont r o l  sec t i on r a n g e  f rom 

2 7 . 1 % to 3 4 . 2  % .  The h i ghe s t  c l ay content f o r  any B t  

hor i z on j n  the f i ne - s i l t y  text ura l fam i l y  w a s  4 0  % a n d  t h e  

l owe s t  B t  ho r i z o n  · c l ay content 2 4 . 0 % ( Tab l e  8 ) . 

Tab l e  8 and F i gure 2 bo th demon s t rate that the 

ave rage c l ay c ontent of all the pedons s amp l ed did n o t  

var y g r ea t l y  and tha t  th i s  average d i d  n o t  di f f e r  g r ea t l y  
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from tha t o f  the pre s ent Ree S o i l  S e r i e s  des c r i p t i on . The 

d i scus s i on and the g raph s of the par t i c l e  s i z e mode f o r  

t h e  0 t o  1 0 0 e m  pro f i l e  depth demonstrates tha t t h e  

var i a t i on f r o m  t h e  modal part i c l e  s i z e i s  g r adua l ( F i gu r e  

7 and 8 ) . S i nc e  the moda l part i c l e  s i ze was c o a r s e  s i l t , 

th i s  i nd i ca t ed that the d i ffe r ence between c on t r o l  s ec t i on 

part i c l e  s i z e c l a s s e s  was a func t i on o f  gradua l s h i f t s  

f rom the s i l t s  t o  t h e  sands . The f i ne - s i l t y pedo n s  we re 

f i ne - s i l ty becaus e of i ncreases i n  coarse s i l t  and very 

f i ne sand . The f i n e - l o amy pedons we re f i ne - l o amy becau s e  

o f  increa s e s  i n  f i ne s ands pr imar i l y  a t· t h e  expen s e  o r  

l o s s  o f  ve ry f i ne s ands and coar s e  s i l t s . Th i s  g i ve s  

reason t o  be l i eve that the pedon s gr ouped i n t o  t h e  two 

textural fami l i e s  were c l o s e l y  r e l a t ed . I n  o t h e r  �o rd� , 

the pedon s are no t po l a r i z ed be tween the textural fami l y  

groups bu t f o rm a re l a t i ve l y  c l o s e  grouped t rans i t i on from 

one textural fami l y  to the o ther . 

The t e x tural fam i l y  o f  the cont r o l  se c t i o n was the 

onl y ma j o r  d i ff e renc e be twe en the pedons samp l ed and there 

was no recogn i z ed s o i l  s e r i e s  that f i t  the f i ne - s i l t y  

textural fami l y  pedons . The f i ne - s i l t y pedons c o u l d  be 

recogn i z ed as a taxadj unc t of the Ree S e r i e s  s i nce 

textural fami l y  d i f fe renc e s  would no t caus e ma j o r c hang e s  

i n  s o i l  i n t e rp r e t a t i ons . - Th i s  taxadj unc t c ou l d  then b e  an 

i nc l us i on wi th i n  t h e  Ree mapping un i t  for two r e a s o n s . 



1 .  On t h e  bas i s  o f  th i s  s tudy the f i ne - s i l t y 

textural fam i l y  c on t r o l  s ec t i on d i d  not appear t o  b e  

domi nant w i t h i n  t h e  s tudy area . 

ll5 

2 .  I t  wou l d  be d i f f i cul t t o  s e parate the s e  s o i l s  by 

c o n t r o l  s ec t i on in the f i e ld . Th i s  d i f f e rence wa s no t 

ma j o r and was d i f f i cul t t o  recogn i z e  by f i e ld t e x t u r i ng 

due to the grada t i on f rom one textural fami l y  t o  ano the r . 
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SUMMARY and CONCLUS I ONS 

The h i gh t e r race s e r i e s  a l ong the Cheyenne River in 

Haakon Count y ,  S ou t h  Dako ta has l ong been r e c o gn i z ed as an 

impor tant _ ag r i cu l t ur a l  area . The goal s o f  th i s  r e s earch 

we re to ; charac t e r i z e  and c l as s i fy the te rrace s o i l s , 

exam i ne the i mpac t o f  t ime through the degree o f  g ene t i c  

prope r t y  exp r e s s i on ,  de t e rm i ne i f  the var i ou s  t e r race 

l eve l s  di f fe red over t ime , and app l y  th i s  i n fo rma t i on to 

l anduse i nt e rpre ta t i on . 

The 2 1  pedons s amp l ed over the terrace s ys t em we re 
. . 

ve ry s imi lar i n  mo rph o l ogy . The al l uv i a l  pa rent ma t e r i a l  

was depo s i ted i n  a f l uv i a l  env i ronment o f  dec reas i ng wa t e r  

ve l oc i t y . A c o a r s e  t ex tu red di scon t i nu i ty was found to 

unde r l i e  a s u r face man t l e  dom i nated by coarse s i l t . 

S o r t i ng i n  the s u r fac e  man t l e  above the d i s c ont i nu i t y 

showed a cont i nu i ng dec reas e in par t i c l e  s i z e f r om the 

di scont i nu i t y  t o  the s o i l  sur face � Th i s  was s uppo r t ed by 

a very un i fo rm i nc reas e i n  s i l t  and dec r,eas e i n  s and above 

the di scont inu i t y  in 5 2  % of the pedon s samp l ed . Ano ther 

2 4  % o f  the pedons cont i nued th i s  t rend but w i th mo r e  

var i ab i l i t y i n  s o r t i ng . The rema i n i ng 2 4  % o f  the pedons 

sampl ed s t i l l  had a pa rt i c l e  s i z e mode w i th i n  the s i l t  

range but s o r t i ng , f rom the di scont i nu i t y  to th� - s ur face , 

was typ i f i ed by an inc r ease i n  f i ne sands and a dec r e a s e  

in coarse s i l t . 
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Leve l s  1 and 2 showed the mo s t  un i form i ncre a s e s  i n  c o a r s e  

s i l t  from t h e  d i s c on t i nu i ty t o  t h e  s o i l s u r face . The fac t  

that a l l  ho r i z ons i n  the s u r face man t l e  a l s o  con t a i ne d  

· some coarse f ragme n t s  g r e a t e r  than 2 0 0 0  m i c rons ( 3  % t o  5 

% by we i gh t ) s uppo r t ed depo s i t i on i n  a f l uv i a l  env i ronment 

rather than ae o l i an depos i t i on . W i nd and wa t e r  ac t i ng 

together were rul ed o u t  because o f  the comb i na t i o n o f  the 

three t ype s of s o r t i ng found i n  the surfac e man te l . I f  

wind had been the p r i mary mode o f  mat e r i a l  depo s i t i on 

i nd i v i dua l t e r race l e ve l s  would have po s s e s sed the same 

� o r t i ng pattern . Coar s e  f ragments g reat e r  than 2 0 0 0  

mi c rons a l s o  wou l d  have been very rare i n  w i nd depo s i t ed 

parent _ ma t e r i a l . 

Qua r t z t o  fe ldspar rat i o s  i n  the sand frac t i on 

indi cated that t h e r e  we re no d i f fe renc e s  i n  the c o a r s e  

pa rt i c l e  m i ne ra l og i e s  among any o f  t h e  pedons s amp l ed . 

Qua r t z  compr i s ed ove r 9 0  % o f  the t o t a l  mineral 

compos i t i on o f  the s and frac t i on . 

Al l the pedons samp l ed , except l evel 4 o f  t rans e c t  5 ,  

conta i ned a mo l l i e e p i p edon wh i ch placed the s o i l s i n  t h e  

Mo l l i s o l  s o i l  o rde r . T h e  depth t o  l e s s  t h a n  1 % o rg an i c  

carbon and mo i s t  s o i l  co l o r s  b r i ghter than 1 0YR 3 / 3  we re 

no t s i gn i f i can t l y  d i f fe rent among terrac e l eve l s . Th i s  

i nd i c at ed that the s e  prope r t i e s  we re probabl y  at - s t e ady 

s tate cond i t i ons . 
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Pedons over a l l l e ve l s  contai ned B t  h o r i z on s , and Btk 

and/ or Bk h or i z ons . The Btk ho r i zons wer e  mo r e  c ommo n  on 

the upper t e rrace l eve l s . The pre s en c e  o f  a mo l l i e 

e p i pedon , an arg i l l ic h o r i z on , and a us t i c  tempe rature 

re g i me i dent i f i ed t he t e r race s o i l s  as b e l o ng i ng t o  the 

Arg i us to l l  great g r oup . 

Carbona t e  morph o l og y  c entered around s o ft l i me 

accumu l a t i on 5 to 1 0  mm in s i z e  on ped face s . S o f t  l ime 

ac cumu la t i ons wer e  evident i n  the Btk or Bk h o r i z o n s  o f  

a l l pedons . 

S u rface h o r i z o n  and s ubso i l  c o l o r s  were no t 

s i gni f i cant l y  d i f fe rent . 

The produc t i v i ty o f  the te rrace s o i l s  was n o t i c e ab l y  

be t t e r  than that o f  t h e  sur round i ng Cre t aceous s h a l e 

der i ved s o i l s . I n f i l t ra t i on rates on the t e r race s o i l s  

we re much h i ghe r than o n  the sha l e  de r i ved s o i l s . Th i s  

a l l owed the t e r race s o i l s  t o  recharge l o s t  mo i s t u r e  mor e  

e f f i c i ent l y . The ava i l ab l e  wat e r  h o l d i ng c apac i t y o f  t h e  

terrace s o i l s  w a s  g r ea t e r  than t h a t  o f  t h e  h i gh c l a y  

c ontent sha l e  de r i ved s o i l s . Amo ng pedons o f  t h e  t e rrace 

so i l s  thos e wi th the th i c ke s t  mo l l i e surface s  and t h i cke s t  

B t  ho r i z ons had t h e  h i ghe s t  ava i l ab l e  wat e r  ho l d i ng 

capac i t y becau s e  o f. the i r  cumula t i ve wa t e r  s t o rage . 

Ava i l ab l e  wat e r  h o l di ng c apac i t y was a l s o  enhanc ed a s  

thes e  ho r i zons moved dee p e r  i nto _ the pro f i l e  because the 

l owe r port i ons we r e  l e s s  s ubj ec t to dry i ng c yc l e s . 
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The pr imary t ime r e l a ted s i gni f i cant d i f fe rences 

among t e r race l eve l s  i nc l uded a dec rease i n  the pH o f  the 

A hor i z on , i nc r e a s ed arg i l l i c h o r i zon t h i c kne s s  and depth , 

and i nc reased accumu l at i on o f  calc i um carbona t e  b e l ow t he 

arg i l l i c h o r i z on accompan i ed by di f ferenc e s  i n  c a l c i um 

carbona t e  morph o l og y . 

Ove r t i me the A h o r i z on pH tended to dec reas e .  

D i f f e renc e s  i n  pH may have been , i n  par t , r e f l e c t i ng the 

e f fec t of pa l eoc l imate on the o lde r te rrace l eve l s . The 

upper t e r race l eve l s  wou l d  have been subj ected to mo re 

s evere l each i ng reg imes dur i ng a mo i s t -coo l c l i ma t e  sh i f t 

that occur red a t  the ons e t  o f  g l ac i a t i on , pr i o r  t o  the 

depo s i t i on of ma t e r i a l  that fo rmed the l owe r t e r ra q e  

l eve l s . 

As the th i c k ne s s  o f  the arg i l l i c hor i z on i nc re a s ed i t  

a l s o  moved deeper i nt o  the pro f i l e . Ho r i z o na t i on w i th i n  

pedons a l s o  showed a trend toward the deve l opmen t  o f  B t k  

hori zons as t h e  t e rrac e s  aged . 

The l owe r two t e r race l eve l s  genera l l y  had z on e s o f  

calc ium ca rbonat e  accumu l a t i ons that expr e s sed thems e l v e s  

as f e w  f i ne , i n t e r c onnec ted fi l amen t s  a l ong ve r t i ca l  ped 

fac e s . The uppe r · three t e rrac e leve l s  tended t o  have 

cal c i um carbonate accumu l a t i ons o r i en t ed bo th h o r i z on ta l l y  

and ve r t i ca l l y  o n  ped face s . Deve lopment o f  z ones o f  few 

to common s o ft l i me accumu l a t i ons w i th i n  the uppe r po r t i on 
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o f _ the Btk ho r i z on was e v ident i n  t e r race l e ve l s  3 ,  4 ,  

and 5 .  Cal c i um c a rbonate accumulat i on s  present i n  

pro f i l e s  o f  t e r rac e l e ve l s  1 and 2 wer e  d i s t r ibuted more 

un i form l y  t h roughout the Bk ho r i zons . 

The trend for the A h o r i zon f i ne c lay t o  t o t a l  c l a y  

ra t i o  wa s f o r  a dec rease over t ime . Even though 

d i f fe renc e s  were no t s i gn i f i cant for ana l ys i s  of var i anc e , 

the t rend d i r ec t i on was l o g i c a l  and s uppo r ted by obse rved 

s i gn i f i c ant d i f fe r enc e s  in the r e l ated gene t i c  prope r t i e s 

as men t i oned above . The pa i rw i s e  compa r i s on o f  means for 

t e r race l eve l 1 and l eve l 5 did howeve r i nd i c a t e  a 

s i gni f i cant d i f fe r ence for the Bt hor i z on f i ne c l a y  t o  

t o ta l  c l ay rat i o  m i nus t h e  A h o r i zon rat i o . Deve l o pment 

of an argi l l ic h o r i zon a l s o  ind i cated l ands cape s tab i l i t y 

fo r several thou s and year s . 

The c r eat i on o f  the M i s souri R i ver as a dr a i na g e  

channe l on the we s te rn mar g i n  o f  g l ac i a l  i c e  l owe red the 

base l evel of the Cheye nne River and thus i s o l a t e d  the 

terrac e s  i n  th i s  s tudy . Br oad f l a t s  o f  the uppe r three 

terrace l eve l s  c on tras t ed w i th narrow benche s  o n  l eve l s  1 

and 2 could have i nd i c a t ed that not al l the t e r r a c e s  

evo lved as a r e s u l t  o f  down cut t ing o f  the M i s s o u r i R i ve r  

i n  i ts pres ent pos i t i on .  Broader f l a t s  sugg e s ted that the 

re s i dence t ime f o r  the f l oodp l a i n  at the uppe r l eve l s  was 

l onge r and down cu t t i ng was s l owe r . 
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The . deg r e e  of l a t e ra l  co rrat i on and down c ut t i ng was 

as sumed to be i n f l uenced by the pos i t i on of the g lac i e r s  

we s t e rn edge , dura t i on at t h a t  pos i t i on , and the t ype o f  

bedrock c o nt r o l  a f fec t i ng down cut t i ng . A m i n imum a g e  o f  

2 7 , 9 0 0  yea rs was a s s i gned t o  the l ower t e r rac e l ev e l  bas ed 

on the e s t ima t e s  o f  the max i mum extens i on o f  W i s c on s i n  i c e  

b y  Wr i gh t  and F r e y  ( 1 9 6 5 ) . A max imum a g e  f o r  t h e  t e rrace 

s ys tem was , i n  p a r t , bas ed on the Bt hor i z on f i ne c l a y  t o  

total c l ay ra t i o  m i nus t h e  A h o r i z on rat i o . The max i mum 

age was a l s o  bas ed on P l e i s tocene c l i ma t e s  de t e rm i n ed from 

· a chrono l ogy of dee p - s ea s ediments ( Er i c s on and Wo l l i n 

1 9 6 8 ) . The amoun t o f  f i ne c lay t rans l oca t i on i nd i c a ted by 

the c ompa r i s o n  of rat i o s for t e r race l eve l 1 and 5 

sugg e s ted a max i mum age for t e r race l eve l 5 o f  

approx i ma t e l y  6 4 , 0 0 0  t o  9 0 , 0 0 0  years . An o lde r gene s i s  

pe r i od for t e rrace l eve l 5 was c ons ide red unl i ke l y  because 

the t e r race l eve l s  could be s e parated on the bas i s  o f  

other gene t i c  prope r t i e s  that r each s teady s ta t e  

cond i t i ons ove r r e l a t i ve l y  short pe r i ods o f  t i me c ompared 

to f i ne c l ay t rans l oc a t i on . 

The data i nd i c a ted that a l l  but e i ght o f  the 2 1  

pedons co l l ec t ed could fa l l  wi th i n  the s e r i e s d e s c r i pt i on 

range f o r  the Ree s o i l  s e r i e s , a F i ne - l oamy , m i xed , me s i c , 

Typ i c  Arg i us to l l , w i th o n l y  a s l i gh t  expans i on o f  t h e  

s e r i e s  de s c r ipt i on . Expans i on would i nc l ude c hang i ng the 

average c l ay content of the con t ro l s ec t i on from th e 
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present 2 7 % to 3 5 % c l ay . to a new range o f  2 4  t o  3 5  % .  

The t exture o f  the B t  h o r i zori wou l d  have t o  be expanded t o  

i nc l ude l o am �nd s i l t l oam wi th t h e  pre s en t  ran g e  o f  c l ay 

l oam , s andy c l a y  l oam , and s i l t y  c l ay · l oam . O f  the 

rema i n i ng e i g h t  pedons , s e ven di ffe red onl y i n  c o n tr o l 

sec t i on textural fami l y  wh i ch was F i ne - s i l t y and t h e  

e i gh th f e l l wi th i n  t h e  f i ne - l o amy textural fami l y  but h ad 

a cont r o l  s ec t i on c l a y  content o f  1 9 . 3  % .  The f i n e - s i l t y 

pedons did n o t  f i t  i nt o  a pre s en t l y  e s tabl i shed s e r i e s . 

Because o f  the l ac k  o f  d i f fe renc e s  that wou l d  

s i gn i f i c an t l y  a f f e c t  s o i l  int erpretat i ons , the F i ne - s i l ty 

pedons could be c l a s s i f i ed as taxadj unc t s  t o  the . Ree 

s e r i e s . Al l of the rema i n i ng e i ght pedons could be 

cons ide red as s im i l a r  i nc l us i ons in a Ree map un i t .  

The fac t that agr i cu l tural produc t i on on the t e r race 

sys t em was s upe r i o r  t o  adj acent upl and s o i l  was r e l a t e d  t o  

parent ma t e r i a l  and so i l  genes i s  o v e r  t ime . The parent 

ma t e r i a l  prov i ded a free dra i n i ng pro f i l e  in wh i c h  

re l a t i ve l y  de ep p ro f i l e  deve l o pment could take p l ac e . 

Deve l o pmen t o f  a mo l l i e e p i pedon and deve l o pment o f  an 

a rg i l l i c hor i z on wh i ch i nc r eased in depth and th i c kne s s  

over t ime added t o  t he c umulat i ve wa ter h o l d i ng c apac i ty 

and ava i l ab i l t y . The mo l l i e epidedon i nd i c a t ed a 

r e l a t i ve l y  h i gh bas e  s tatus and the pres ence o t  6 rgan i c  

mat t e r  con t r i bu t ed g r e a t l y  to cat i on exchange capac i t y . 



123 
The t e r race s ys t em formed i s lands o f  produc t i ve s o i l s  

i n  an area that was dom i nated b y  s o i l s  deve l o ped i n  

C re taceous sha l e s . Landsa t  phot o graphy revea l ed pa.t t e rns 

of cul t i va ted c ro p l and that we re i n  s·harp contras t to the 

mono - tone pa t t e rn of the range land that surro unded the 

t e rrac e s . The t e r race parent mat e r i a l  and the i n f l ue nc e  

t ime had on i t , we re t h e  undi s pu tab l e  fac t o r s  tha t s e t  the 

t e r races apar t f r om the shale de r i ved s o i l s . Becau s e  o f  

the i r  evo l ut i on they provided a un i que oppo r t un i t y  t o  

s tudy a chrono s e quence wi th i n  the us t i c  mo i s ture r e g i me o f  

we s t e rn S outh Dako t a . 
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APPENDIX A 

PARTICLE S ORTING 

WITHIN PE DONS SAMPLE D 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L a v e  1 1 .  T r a n s e c t  1 

- - - - - - - - - - - - - - - - - - - - - - - - - P e r c e n t - - - - - - - - - - - - - - - - - - - - - - -

_ O v e r l a p o f  P a r t i c l e  S i z e D i s t r i bu t i o n H i s t o gr a m s  t 

S i  5 1 Hor . A p  B t  B t k l B t k 2  B k  C l  C 2  
- - ·- - - - -

8 0  2 0  A p  8 8  

7 7  2 3 B t  

7 4 2 6 B t k 1 

5 3 4 7  B t k 2  

5 7  4 3  B k  

6 2  3 8 C l  

4 1  5 8  C 2  

1 S i l t  and sand o n  a c l ay free bas i s. 

6 9  5 8  6 5  

7 2  6 1  6 8  

7 4  7 4  

8 2  

7 4  5 4  

7 8  5 7  

' 7 3  5 5  

7 8  7 4  

8 5  7 6  

7 2  

t Fract i ons i nc l ude tota l c l ay. FS i .  MS i .,  CS i .  VCS., C S., MS., FS.. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 1 .  T r ans e c t 3 

- - - - - - - - - - - - - - - - - - - - - - - P er c ent - - - - - - - - - - - - - - - - - - - - - - - -

Over l ap o f  P ar t i c l e  S i z e D i s t r i bu t i on H i st ogroma t 

S i  s ' H e r .  A l  A B  B t l 2 8 t 2  2 B k l 2 8 k 2  2 8 k 3  3 C  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

6 7  33 I I A l  - 53 4 5  3 2  28 3 6  2 8  2 1  

69 3 1  AB - 7 2  4 7  4 5  58 45 3 1  

5 2  4 7  B t l - 6 5  57 7 3  56 4 0 

3 1  68 2 B t 2  - 7 7  7 1  7 2  5 5  

2 4  7 6  2 B k l - 6 9 8 7  67 

37 62 2 B k 2  - 7 0  4 9  

25 7 4  2 8 k 3  - 7 1  

1 5 85 3C 

' S i l t and Sand o n  a c l ay free bae i a. 
t Fract i one i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 1 .  T r an se c t 5 

- - - - - - - - - - - - - - - - - - - - - - - - - P e rc en t - - - - - - - - - - - - - - - � - - - - - - -

O v e r l ap o f  P a r t i c l e  S i ze D i s t r i bu t i on H i s t ogr am a t· 
S i  S , Ho�.  A p  A 2  B t l B t 2  B k l B k 2  C l  C 2  
- - - - --- - -

55 4 5  A p  8 0  7 5  

5 6  4 4  A 2  8 7  

4 8  5 2  B t l 

4 2  5 8  8 t 2  

3 2  6 8  B k l 

23 7 7  I C l  
I 
I 

22 78 l C 2  

t S i l t  and eand o n  a c l ay free bae i a. 

67 53 56 

76 65 66 

8 3  7 2  7·4 

7 2  7 1  

8 6  

4 9  2 4  

6 0  3 1  

6 7  3 6  

6 6 . 3 5  

8 3  5 2  

8 6  4 7  

5 2  

t Fra6t i ona i nc l ude tota l c l ay. FS t .  MS i .  CS i .  VCS. CS. MS. FS. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L ev e l  1 T r ans e c t 6 

-- --- - - - - ------ - -- - - - - - -
. P erc ent - - - - - - - - ------ - - -- - - - - -

Over l ap of Pa r t i c l e  S i z e O i s t r i bu t i·on H i s t ogr a m s  t 

S i  5 ' Her. Ap Bt B tk l B t k 2. 28k 3C 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 1  2 9  I A p  - 8 1  7 2  7 1  5 2  6 8  I 

7 QJ  3 0  B t  - 88 8 7  5 0  6 8  

6 2  3 8  B t k l - 9 1  5 6  7 4  

6 4  3 6  B t k 2  - 5 4  7 2  

3 0  70 28k - 66 

49 5 1  3C 

t S i l t  and aand o n  a c l ay free baa i a. 

t Fract i on• i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS • . 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 2.  T r an s ec t 1 

- - - - - - - -- - - - - - - - - - - - - - - - - Pe rc ent - - - - - - - - - - - - - - - - � - - - - - -

O v er l ap o f  P. a r t i c l e  S i ze D i s t r i but i on H i s t ograms t 

S i  s '  Hor. A l  A 2  B A  B t l B t 2  Bk l B k 2  2C . 
- - - - - - -

7 5  2 5  A l  

65 35 A 2  

5 8  4 2  BA 

54 46 Bt l 

39 6 1  B t 2  

4 0  6 0  B k l 

3 9  6 1  Bk2 

1 1 89 2 C  

- - - - - - - � - - - - - - - - - - - - - - - - � - - � - - - - - - - - - - - - - -

80 75 67 5 3  

87 76 65 

8 3  7 2  

7 2  

5 6  

6 6  

7 4  

7 1  

86 

4 9  2 4  

6 121  3 1  

6 7  3 6  

6 6  3 5  

8 3  52 

8 6  4 7  

5 2  

t S i l t  and aand on a c l ay free baa i a. 
t Fraot i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VCS. CS. MS. FS. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a . P r o f i l e  
L e v e l 2 .  · Tran s e c t 3 

- - - - - - - - -- - - - - - - - - - - - - - - P e rce n t - - -- - - --- - - - - - - - - - - - - - -

O ver l ap o f  P a r t i c l e  S i z e D i s t r i bu t i on H i s to gr a ms t 

. S i  · s '  Hor . A p  B t l B t 2  B k · 28k 2C 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - -

64 . 36 I A p  - 9 0  6 8  7 3  4 2  5 2  I 

65 35 I B t l - 6 8  7 2  3 8  4 8  I 

4 4  56 I 8 t 2  ·- 7 7  5 2  6 1  I 

4 6  5 4  I B k  - 55 6 2  I 

1 9  8 1  I 28k - 7 5  I 

I 
I 

28 72 I 2C I 

- - - - - - - - - - - - - - � - - - - - - - - - - - - - � - - - - - - - - - - - - - - - � - - - - - - - - - - -

' s . l t and aand o n  a c l ay fre& baa i a. 
t Fraot i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 2 Tran sect 5 

-- ------ ------------- - - - P er cent - - - - - - - - - - - - - - - - - - -----

Over l ap o f  P a r t i c l e  S i z e D i s t r i bu t i on H i s t ograms t 

S i  s ' Hor. Ap B t l B t 2  B t k  B k  2C 
- - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

69 3 1  I Ap - 84 74 6 9  6 5  1 7  I 

68 32 I Bt l - 86 7 8  6 3  1 7  I 
I 
I 

70 3121 I Bt2 - 7 9  6121 1 7  I 

I 
I 

57 43 I Btk - 67 23 I 

46 54 I Bk - 2 9  I 

I 
I 

7 93 I 2C I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - -

t S i . l t and Sand o n  a c l ay free baa i a. 
t Fraot i ona i nc l ude tota l c l ay. FS i ,  MS i .  CS i ,  VFS, FS, MS. CS, VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 2 .  T r an s e c t 6 

- - - - - - - - - - - � - - - - - - - - - - - - P e r c e n t - - - - - - - - - - - - - - - - - - - - - - - -

O v e r l a p o f  P a r t i c l e  S i z e D i s t r i b u t i o n H i s t o g r a m s t 

S i  S ' Hor.  A l  A 2  B t l 8 t 2  2 C  

6 3  37 

56 4 4  

4 7  5 3  

4 5  5 5  

A l  

A 2  

B t l 

B t 2  

3 97 I - 2 C  

8 4  7 0  

8 0  

t S i l t  and eand o n  a c l ay free baa i a. 

6 7  8 

7 3  1 0  

8 8  1 1 

1 0  

t _ Fraot i one i nc l ude tota l c l ay. FS i ,  MS i ,  CS i .  VFS, FS, MS. CS, VCS. 



P a r t i c l e S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 3 .  T r ans e c t l 

- - - - - - - - - - - - - - - - - - - - - - - - - P e r ce n t - - - - - - - - - - - - - - - - - - - - - - �  

. O ver l ap o f  P a r t i c l e  S i ze D i s tr i but i on H i s t ogram s t 

S i  s· ' H o r .  Ap . BA B T l B t 2  Bk 2 C  
- - - - - - -

55 . 4 5  Ap 86 

48 52 B A  

4 0  6 0  B t l 

4 6  5 4 B t 2  

3 4  6 6  B k  

4 96 2C 

' S i l t  and aand o n  a c l ay free baa i a. 

7 3  8 0  

8 3  8 4  

85 

6 8  3 1  

7 2  3 5  

8 0  3 9  

8 1  3 7  

4 4  

t Fract i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VCS. CS. MS. FS. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 3 .  T r ans ec t 2 

----------- ---------- - - - P er cent ----- - - - - - ------ - -- - - - - -

O v er l ap . of P a r t i c l e  S i z e D i s t r i bu t i on H i st ogra m s  t 

S i . 5 ,  Hor. Ap B t l 8 t 2  Bk 2Bk 2 C  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -

7 5  25 I Ap - 88 78 79 3 4  4 5 

7 �  3 �  I B t l - 82 82 4 1  5121 

64 36 B t 2  - 86 44 5 4  
. 

7 3  27 Bk - 3 7  4 6  

25 7 5  28k - 7 9  

3 4  6 6  2 C  

, S i l t  and aand o n  a c l ay free baa i a. 
t Fract. i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i . VFS., FS. MS. C S., VCS • . 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L a v a l 3,  T r ans ac t 3 

-- ------- - - - - - - -- - - - - - - - Percent ---- - - - - - - - - - - - - -- - - - - - -

Over l ap of Par t i c l e S i z e D i s t r i but i on H i s t ograms t 

S i  s ' 
Hor. A p  B t l B t 2  Btk 2Bk 3C 4C 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � -

54 . 4 6  I Ap - 82 7 2  6(21 6 9  35 42 
I 
I 

54 46 I Bt l - 7 9  6 8  7 3  4 3  4 (21  

67 33 I 8t2 - 7 1  5 8  4 7  2 6  

6 6  3 4  B t k  - 5 9  4 7  2 6  

3 6  6 4  28k - 3 4  4 7  

7 7  23 3C - 21{1 

1 2  88 4 C  

t S i l t  and aand on a c l ay free baa i e. 
t Fract i on• i nc l ude tota l c l ay. FS t .  MS i .  CS t .  VFS. F S. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
Le v e l  3.  T r ansect 5 

------------ - - - - - - - - - - - - Per cent - - - - - - - - - - - - - - - - - - - - - - - -

O v e� l ap o f  P a r t i c l e  S i z e D i s tr i bu t i on H i s t ogr a m s  

S i  . 5 '  Hor. Ap BA B t l 8 t 2  Bk l Bk2 c 
- ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - -

7 3  2 7  I Ap - 9 1  75 77 6 4  66 6 7  

7 1  29 I BA - 82 8 4  7 0  7 0  7 2  

66 34 Bt l - 9 4  7 6  7 1  7 4  

68 32 Bt2 - 76 70 72 

59 4 1  Bk l - 9(21 79 

56 44 Bk2 - 8 1  

5 1  4 9  c 

t S t l t  and Sand on a c l ay free bae i a. 
t Fract i on• i nc l ude tota l c l ay. FS t ,  MS i ,  CS i ,  VFS. FS, MS. CS, VCS. 

t 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 3.  Trans e c t  6 

---------- ------ - - - - - --- Per cen t --- - - - - ------ - - - - - ----�-

I 

Over l ap - of P ar t i c l e  S i z e D i s t r i bu t i on H i s t ograms + 

S i  s '  Hor. A p  B t l 8 t 2  8 t 3  Btk 2 C  
--- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

49 5 1  I Ap - 83 83 65 67 39 

47 53 Bt l - 9 1  7 1  7 3  3 6  

5 1  49 Bt2 - 7 2  7 5  3 3  

6 4  36 8 t 3  - 9 1  2 2  

6 2  3 8  Btk - 22 

8 92 2C 

t S i l t  and aand on a c l ay free baa i a. 

t Fract i on• i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 4 .  T r an s ec t 2 

------ - - - - - - - - - --- - - - - - - P er c en t - - - - - - - - - - - - - - - - - - - - - - - -

S i  S , 

60 4 0  

70 3 0  

7 6  2 4  

38 6 2  

O v e r l ap of P a r t i c l e  S i z e D i s t r i bu t i on H i s t ogr a m s t 

Hor. A p  B t  B t k  2 C  3C 

Ap 80 7 6  6 1  1 9  

Bt 8 5  5 4  1 4  

B t k  4 9  1 (21  

2 C  2 1  

6 94 I 3C 

, S i l t  and aand o n  a c l ay free bas i &. 
t Fraot i ona i nc l ude tot a l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e ve l 4 .  T r an s e c t 3 

- - - - - - - - - - - - - - - -- - - - - - -- P e r cen t - - - - - - - - - - - - - - - - - -- -- - - -

O v e r l ap o f  P a r t i c l e  S i z e D i s t r i b u t i on H i s t �gr a m s  t 

S i  s t Hor. Ap B t l B t 2  Btk l B t k 2  B k  c 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

8 r2J  20 I A p  - 7 8  7 9  7 7  7 0  8 0  6 4  

8 2  1 8  I B t l - 8 6  8 7  7 3  7 4  6 1  

83 1 7  I B t 2  - 9 1  7 4  7 5  6 2  

78 22 Btk l - 7 6  8 f2J  6 5  

6 2  38 Btk2 - 8 3  8 0  

72 28 Bk - 7 2  

53 47 c 

t S i l t  and aand on a c l ay free baa i a. 
t Fract i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VCS. CS. MS. FS. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L ev e l 4 .  · T r an s ec t 5 

---- - - - - - - --- - - - - - ------ P er c en t - - - - - - - - - - - - - - - - - - - - - - - -

O v er l ap o f  P a r t i c l e  S i z e D i s t r i bu t i on H i s t o grams t 

S i  
. t s Hor. A p  A 2  B t l 8 t 2  8 t 3  B t k  2 C  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - - - - - - - -

5 9  4 1  I Ap - 97 7 8 7 8 7 3  7 6  2 8  
I I 

57 43 I A 2  - 7 8 7 7  7 2 7 5  2 9 

56 4 4  I B t l - 82 7 3  7 7  2 5  

6 3  3 7  I 8 t 2 - 8 4  9 1  2 3  

7 �  3 �  I 8t 3 - 8 5  1 7  
I 
I 

66 3 4  I Btk - 2 1  
I 
I 

7 93 I 2 C  

t S i l t  and eand o n  a c l ay free bae i e. 

t Fraot i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 4 .  T r ansec t 6 

------------ - - - - - - - - - - - - Perc en t - - - - - - - - - - - - - - - - - - - - - - - -

O v er l ap . of P ar t i c l e  S i z e D i s tr i b u t i on H i s togram s t 

S i  S ' Hor. A p  B t l 8 t 2  B t k  2C 

53 47 Ap 8r2J 7 3  59 27 

52 48 Bt l 87 68 24 

6r2J 4 0  8t2 7 8 1 8  

70 3r2J Btk 1 1 

3 97 I 2C 

' S i l t and sand on a c l ay free bae i e. 
t Fract i one i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n a P r o f i l e  
L e v e l 5, · T ranse c t 1 

- - - - - - - - - - - - - - - - - - - - - - - - - Per c ent - - - - - - - - - - - - - - - - � - - - - - -

O v e r l ap of P a r t i c l e  S i z e D i s t r i bu t i on H i s t ograms t 
S i  S ' Hor. A 1  A 2  A B  B t l B t 2  B tk 2 C  3 C  
- - - - - - -

6 4  36 A l  9 1 89 

6 1  . 3 9  A 2  9 2 

6 1  39 A B  

50 50 Bt l 

50 50 Bt2 

69 3 1 B t k  

1 121  90 2C 

4 3  57 3C 

1 S i 1 t. and eand o n  a c 1 a y  f r•• bae t e. 

6 3  7 5  

6 8  8 1  

6 9  8 2  

8 QJ  

7 4  

7 1  

6 8  

6 0  

6 6  

2 7  6 6  

3 QJ  7 2  

2 9  7 2  

3 3  7 4  

3 6  8 7  

2 0  6 2  

3 9  

t Fract. t one i nc l ude tota l o l ay. FS t .  MS t .  CS i .  VCS. CS. MS. FS. VFS. 



P a r t i c l e  S o r t i n g w i t h i n  a · P r o f i l e  
L e v e l 5 .  T r ans ec t 3 

- - - - - - - - - - - - - - - - ----- - - - P erc ent - - - - -- - - - - -- - - - - - - - - - - - -

Over l ap o f  P a r t i c l e  S i z e D i s tr i bu t i on H i s to9rams t 

S i  s ' Hor. Ap B t l 8 t 2  B t k  B k  2C 
- -- - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

7 2  2 8  I A p  - 78 76 7 1  7 2  2121 

78 22 Bt l - 7 9  7 7  7 4  1 7  

8 1  1 9  B t 2  - 8 7  7 2  1 2  

7 9  2 1  B t k  - 7 7  1 2  

6 3  3 7  Bk - 1 7  

9 9 1  2C 

I S.i 1 t and aand o n  a c l ay free baa i a. 
t Fract i ona i nc l ude tota l c l ay. FS i .  MS i .  CS t .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a . P r o f i l e  
L e v e l 5.  T r ans ec t 5 

- - - - - - - - - - - - - - - - - - - - - - - - P erc ent- - - - - - - - - - - - - - - - - -- - - - - -

s· , 
O v � r l ap of :ar t i c l e  S i z e D i s t r i bu t i on H i s t o g r a m s  t 

S i  Hor. Ap AB B t l B t 2  2 B t k  3 8 k  4 C  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3 9  6 1  I Ap - 7 1  6 8  6 4  4 3  8 121  3 8  

59 4 1  AB - 8121 85 6121 7 7  2 8  

57 43 B t l - 87 6 4  7 7  27 

6 1  39 8 t 2  - 6 6  7 4  25 

82 1 8  2 8 t k  - 52 1 2  

4 7  5 3  3 8 k  - 36 

6 94 I 4 C  

1 S i l t  and aand on a c l ay free baa i e. 
t Fract i ona i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



P a r t i c l e  S o r t i n g w i t h i n  a P r o f i l e  
L e v e l 5. T r ans ec t 6 

- - - - - - - - - - - - - - - - - - - - - - - - P ercent - - - - - - - - - - - - - - - - - - - - - - -

S i  5 , 
O v e r l ap � f  Par t i c l e  S i z e D i s t r i but i on K i s t o g r a m s t 

Hor. A p  Bt l B t 2  B t k  2 C  
- - - - - - -

4 8 52 Ap 83 69 78 4 (2)  

4 6  5 4  Bt l 66 7 3  3 9  

6 5  35 8t2 8 3  2 4  

55 45 Btk 3 2  

7 9 3  2C 

' S i l t and eand o n  a c l ay free baa i e. 
t Fract i one i nc l ude tota l c l ay. FS i .  MS i .  CS i .  VFS. FS. MS. CS. VCS. 



APPENDIX B 

QUART Z TO FE LDS PAR RATIO DATA 

BAS ED ON THE 

COARS E AND ME DIUM SAND PARTI CLE S I Z E  C LAS S ES 



Quart z  Feldspar Rat io Data 
Terrace Level 1 

==�=========================z�========================= 

LEVEL 1 
TRANS ECT 5 
ELEVATION 6 03 meters 

---Percent of Gra in Count---

HORI ZON HORIZON DEPTH QUARTZ DARK FELDS PAR 
( CM )  MINERALS 

AP 0 - 14 
A2 14 - 2 4  9 2  7 1 
Bt l 2 4  - 3 3  9 4  5 1 
Bt2 3 3  5 9  9 6  3 1 
Bk1 5 9  - 8 6  9 2  7 1 
Bk2 8 6  - 1 0 7  9 7  2 1 
c 1 0 7  1 3 8  9 4  5 1 
2 C  1 3 8  - 1 8 8  9 7  2 1 

LEVEL 1 
TRANSE CT 6 
E LEVATI ON 5 9 7  meters 

---Percent of Gra i n  Count---

HORI Z ON HORI ZON DEPTH QUARTZ DARK FELDS PAR 
( em )  MINERALS 

A l  0 - 7 8 9  9 2 
Bt 7 - 2 2  9 0  7 3 
Btk1 22 - 4 3  9 1  7 2 
Btk2 43 - 7 9  9 0  8 2 
2 Bk 7 9  - 1 1 3  9 1  8 1 
3 C  1 1 3  - 2 0 0  9 3  6 1 

=============================z=================== ====== 

Min imum of 6 0 0  grains counted per hor i z on 



Quartz Feldspar Rat io Data 
Terrace Level 2 

============================-=-=�==================== = =  

LEVEL 2 
TRANSE CT 3 
ELEVATION 6 5 8  meters 

HORIZON 

Ap 
Bt l 
Bt2 
Bk 
2 Bk 
2 C  

LEVEL 2 
TRANSECT 6 

HORIZON DEPTH 
(CM) 

0 - 1 5  
1 5  - 3 0  
3 0  - 62 
6 2  - 8 7  
8 7  - 1 0 9  

1 0 9  - 2 10 

ELEVATION 6 4 3  meters 

HORI ZON 

Al 
A2 
Btl 
Bt2 
2C 

HORI ZON DEPTH 
( em )  

0 - 7 
7 - 2 2  

2 2  - 3 6  
3 6  - 7 1  
7 1  - 2 0 0  

---Percent o f  Gra in 

QUARTZ DARK 
MINERALS 

9 1  6 
9 3  6 
9 3  6 
89 9 
89 10 
92 7 

---Percent of Grain 

QUARTZ DARK 
MINERALS 

8 9  8 
9 4  2 
9 2  6 
9 1  7 

Min imum o f  6 0 0  gra ins counted p�r horizon 

Count---

FELDS PAR 

3 
1 
1 
2 
1 
1 

Count---

FELDS PAR 

3 
4 
2 
2 



Quartz Feldspar Ratio Data 
Terrace Level 3 

===============================z=============�========= 

LEVEL 3 
TRANSECT l 
ELEVATION 7 08 meters 

---Percent of Gra in Count---

HORI ZON HORI ZON DEPTH QUARTZ DARK FELDSPAR 
(CM) MINERALS 

AP 0 - 1 0  9 3  6 l 
BA 10 - 2 7  
Bt l 2 7  - 5 1  9 5  5 0 
Bt2 5 1  7 0  9 3  5 2 
Bk 70 - 9 1  9 0  8 2 
2 C  9 1  + 9 3  6 l 
=============�======z===========-===--================== 

LEVEL 3 
TRANS ECT 5 
ELEVATION 6 58 meters 

HOR I Z ON 

Ap 
BA 
Btl 
Bt2 
Bkl 
Bk2 
c 

HORI ZON DEPTH 
(em) 

0 - 5 
5 - 1 6  

16 - 3 4  
3 4  - 5 6  
5 6  - 8 3  
8 3  - 1 2 0  

1 2 0 - 1 5 8  

---Percent o f  Grain Count - --

QUARTZ DARK FELDS PAR 
MINERALS 

9 2  6 2 
9 3  4 3 
9 4  5 l 

9 4  5 l 
9 1_  6 3 

===========�=====�=�=====�=====a=================== 

Min imum of 6 0 0  gra ins counted per horizon 



Quartz Fel dspar Ratio Data 
Terrace Level 4 

======================================================= 

LEVEL 4 
TRANSECT 3 
ELEVATION 7 0 8 meters 

HORIZON 

AP 
Btl 
Bt2 
Btkl 
Btk2 
Bk 
c 

HORI ZON DEPTH 
( CM )  

0 - 2 9  
2 9  - 58 
5 8  - 8 2  
8 2  - 1 1 3  

1 1 3  - 1 4 2  
1 4 2  - 1 6 2  
1 6 2  - 2 0 0  

---Percent o f  Grain Count---

QUARTZ DARK FELDSPAR 
MINERALS 

9 1  8 1 
94 5 1 
9 5  4 1 
9 2  8 0 
9 2  7 1 
9 0  9 1 

======================================================= 

LEVEL 4 
TRANSECT 5 
ELEVATION 6 7 0  meters 

---Percent of Gra in Count ---

HORIZON HORIZON DEPTH QUARTZ DARK FELDSPAR 
( em)  MINERALS 

Ap 0 - 5 9 2  6 2 
A2 5 - 1 2  8 7  8 5 
Btl 1 2  2 8  8 4  7 9 
Bt2 28 - 52 92 6 2 
Bt3 52 - 6 6  9 2  7 1 
Btk 66 - 9 1  9 4 " 6 0 
2 C  9 1  - 1 5 0  9 4  5 0 
=============�===============�========================= 

Min imum of 6 0 0  gra ins counted per hor i z on 



Quartz Feldspar Ratio Data 
Terrace Leve l 5 

z=�=�============�•=========�======�=================== 

LEVEL 5 
TRANSECT 3 
ELEVATION 7 1 9 meters 

---Percent of Gra in Count-- -

HORIZON HORIZON DEPTH QUARTZ DARK FELDSPAR 
( CM )  MINERALS 

AP 0 - 1 4  9 3  6 1 
Bt l 14 - 3 9  9 2  6 2 
Bt 2 3 9  - 5 9  9 2  7 1 
Btk 5 9  - 1 0 6  9 4  6 0 
Bk 1 0 6  - 1 4 4  9 1  8 1 
2C 1 4 4  - 1 5 0  
===============================================�======= 

LEVEL 5 
TRANSECT 6 
ELEVAT I ON 6 7 9  meters 

HORI Z ON 

Ap 
Btl 
Bt2 
Btk 
2 C  

HORI ZON DEPTH 
(em) 

0 - 1 8  
1 8  - 5 2  
5 2  - 6 4  
6 4  - 9 1  
9 1  - 1 2 0 

---Percent of Gra in Count---

QUARTZ DARK FELDS PAR 
MINERALS 

9 2  7 1 
8 9  9 2 
9 0  8 2 
8 9  9 2 
9 2  6 2 

=•======= =======--====================================== 

Min imum of 6 0 0  gra ins counted per hor i z on 



APPENDIX C 

SUMMARY OF PARTICLE S I Z E CLAS S 

AND 

MO I STURE HOLDING CAPACITY RELAT I ONS H I P  



' 

LEVEL TRANSECT HOR I ZON 

II 6 2C 
2 6 2C .. 5 2C 
If 2 3 C  
3 6 2C 
5 5 4C 
2 5 2C 
3 1 2C 
5 3 2C 
5 6 2C 
5 1 2C 
1 3 3C 
2 1 2C 
2 3 20K 
1 5 C2 
3 3 4C 
2 3 2C 
2 1 OK2 
3 2 21JK 
1 5 C t  
3 6 AP 
1 3 2 BK3 
.. 6 AP  
3 1 AP  
1 3 AD 
3 2 2C 
2 6 A2 
5 5 AP  
1 5 01<2 
1 3 20K1  
3 1 B T2 
5 6 AP • 
1 5 B K 1  
1 3 20K2 

PART I CL E  S I Z E AND WATE R  CONT ENT RELAT I ONSIH PS DY I IOR I ZON 
HOR I ZON DATA SORT ED BY CLAY CONTENT THEN S i LT CONT ENT 

Pa r t i c l e  S i z e Da ta in % of To t a l  
( f rac t i on sepa ra t i ons  i n  mi c rons ) 

S i l t  
To ta l Sand Frac t i on F ra c t i on I I I 

oc
1 CLAY S I L T SANO vc c M F v r  c M r 

I <2 2 - 50 . 50 1 000 500 250 1 00 50 20 5 2 
- 2ooo - 2ooo - t ooo - 5oo -25o - t oo - 5 0  -20 - 5  

0 . 08 1 . 7  3 . 0  95 . 11  8 . 8  2 3 . 9  11 5 . 0  1 6 . 8  1 . 0  2 . 2  0 . 5  0 . 3 
0 . 214 2 . 11  2 . 5  95 . 1  1 9 . 1 22 . 2  29 . 0  2 2 . 3 2 . 1 o , e  o . u  1 . 7  
0 . 08 3 . lt  6 . lt  90 . 3  1 2 . 3 29 . 9  2 7 . 3  1 5 . 4  5 . 11  II . 9 0 . 3  1 . 2 
0 . 1 6  3 . 9  5 . 7  90 . 11  7 . 3  24 . 4  lt li  . It  1 1 .  1 3 .  3 11 . 0  1 . 2 0 . 6  
0 . 1 6  II . 4 1 . 9  8 7 . 8  9 . 3  36 . 1  28 . 2  1 1 . 3  3 . 0  5 . 0  1 . 9 1 . 1  
0 . 1 6  4 . 6  5 . 9  89 . 6  20 . 2  11 3 . 5  7 .  1 1 1 . 8  1 .  1 II . 0 1 . 0  0 . 9  
0 . 1 6  4 . 6  7 . 2  88 . 3  1 1 . 9  29 . 5  2 7 . 9  1 5 . 2  3 . 9  lf . 1  2 . 1 1 . 0  
o . oo 5 . 2  3 .  5 9 1 . lt  1 2 . 3 22 . 1  2 3 . 0  2 8 . 8  5 . 3  2 . 7  0 . 3  0 . 5  
0 . 00 1 .  1 8 . 3  81f . 1 1 9 . 9  3 7 . 3  1 1 . 7  5 . 8  4 . 1 5 . 0  0 . 9  2 . 5  
o . oo 8 .  1 6 . 8  85 . 2  7 . lt  3 1 . 7  2 7 . 9  1 4 . 0  4 . 3  3 . 2  2 .  3 1 .  II 
0 . 1 6  8 . 2  9 . 6  82 . 3  25 . 5  30 . lt  1 6 . 2  7 . 5 2 . 6  6 . 5  2 . 5  0 . 6  
o . oo 8 . 1 1 3 . 6  1 1 . e  1) . 6  6 . 0  20 . 0  39 . 7  1 1 . 6  9 . 1 2 . 6  1 . 3  
0 . 1 6  9 . 2  9 . 9  8 1 . 0  1 . 5  1 0 . 2 1 9 . 8 3 6 . 1 1 3 . 6  6 . 0  2 . 9  1 . 0 
0 . 24 1 0 . 9  1 7 . 4  7 1 . 8  1;, 6  1 1 . 0 1 8 . 1 2 3 . 5  1 7 . 7  1 3 . 0  2 . 7 1 . 7  
0 . 00 1 1 . 6  1 2 . 3 7 6 . 1 1 . 6  8 . 8  2?. . 4  29 . 3  1 4 . 0  8 . 7  2 .  6 1 .  1 
0 . 00 1 2 . 6  1 0 . 8  7 6 . 6  1 . 7  l . O  1 4 . 7 118 . 4  8 . 9  6 . 8  2 . 9  1 . 2 
0 . 2� 1 2 . 8  25 . 1 62 . 2  o . lf  lf . 9  1 6 . 4  28 . 0  1 2 . 7 1 6 . 8  5 . 0  3 . 3  
0 . 11 8 1 2 . 8  3 3 . 8  5 3 . 5  0 . 9  3 . 3  1 0 . 3 2 1 . 0  1 8 . 0  22 . 7  6 . 1 3 . o  
0 . 1 6  1 3 . 2  2 1 . 9  65 . 0  1 . 5  5 . 5  1 1 . 8  25 . lt  20 . 8  1 6 . 6  3 . 2  2 . 2  
0 . 08 1 3 . 3 1 8 . 7  68 . 1 3 . 6  9 . 9  1 7 .  0 24 . 6 1 3 .  1 1 3 .  1 4 .  2 1 .  5 
1 . 3 6 1 3 . 4  4 2 . 3 .... . 4 6 . 11 1 6 . 1 1 0 . 9 5 . 2  3 . 8  2 7 . 6  1 0 . 9  3 . 8  
o . oo 1 .. .  5 2 1 . 4  6 4 . 1  O . lf 5 . 2  1 5 . 0  28 . 7  1 .. . 9 1 lt . 9  - 4 . 0 2 . 6  
1 . 60 1 .. . , .. , . 2  .. 0 . 4  6 . 9  1 2 . 8 1 0 . 4  6 . 5  4 . 0  26 . 7  1 3 . 2  5 . 3  
2 . 08 1 5 . 0  46 . 11  3 8 . 6  3 .  1 8 . 11  1 0 . 3 1 0 . 3 6 . 7 3 1 . 7  1 2 . 1 2 . 7  
0 . 88 1 5 . 2  58 . 3  26 . 5  0 . 4  1 . 9  3 . 6  8 . 4  1 2 . 2  4 3 . 8  1 1 . 2 3 . 3  
0 . 211 1 5 . 5  2 8 . 6  56 . 0  0 . 3  1 . 8  6 . 2  2 4 . 0  2 3 . 8  22 . 3  3 . 5  2 . 8  
1 . 3 6 1 5 . 6  � 7 . 0  3 7 . 5  8 . 2  1 1 . 9 6 . 5  5 . 1 3 . 9  29 . 4  1 3 . 0  4 . 6  
2 . 11 8 1 5 . 7 3 3 . 1 5 1 . 3  IL O 1 5 . 6  1 11 . 0  1 0 . 9 6 . 9  20 . 9  9 . 2  3 . 0  
0 . 32 1 6 . 0  1 9 . 1 64 . 9  .. .  8 9 . 9  1 6 . 4  2?. . 5  1 1 . 1f  1 3 . 7 II .  5 1 .  0 
0 . 32 1 6 . 0  20 . 1 6 .. . 0 2 . 2  8 . 8  1 11 . 8  2 .. .  9 1 3 . 4  1 1f . 4  3 . 2  2 . 6  
0 . 56 1 6 . 3 3 8 . 5  44 . 8  2 . 9  8 . 0  1 3 . 2  1 4 . 1 6 . 8  24 . 6  8 . 1 5 .  9 
1 . 60 1 6 . 3 40 . 2  4 3 . 6  2 . 8  1 1f . 2  1 3 . 6  7 . 7  5 . 5  2 3 . 7  1 3 . 0  3 . 5 
0 . 40 1 6 . 4  26 . 8  56 . 9  3 . 2  7 . 5  1 3 . 8  2 1 . 0  1 1 . 6  1 7 . 9  8 . 11  0 . 6  
0 . 24 1 6 . 4  3 f . 2  52 . 5  0 . 9  3 . 7  9 . 2  �0 . I 1 8 . 7  2 0 . 1 6 . 3  4 . 8  

0 . 03 M P• e m s 

1 .  3 lt 
1 . 69 3 . 3 6 
3 . 02 
3 . 20 
3 . 98 
3 . Ci 3 
3 . 11 2  
6 . 00 
lf . 60 
6 . 20 
7 . 6 5 
7 . 50 

1 0 . 2 11 
6 . 6 5 
7 . 50 

1 1 . 3 7 
1 lt . OO 
1 2  , II ]  
1 0 . 4 3  
1 11 . 1 0 
1 1 . 66 
1 11 . 06 
1 5 . 00 
1 6 . 3 3  
1 5 . 02 
1 4 . 76 
1 2 . 76 
1 1 .  1 1  
1 1 . 6 6 
1 3 . 98 
1 4 . 02 
1 2 . 69 
1 4 . 66 

A • Mea sured val ue from p re s s u re pl a te .  
P • �redi c ted val ue from regres s i on analys i s .  

Organ i c  Ca rbon 

. 1 .  5 MP• T E X T URAL 

, em s 1l C LASS 

p 1 .  7 1  p c s  
p 2 .  1 6  p c s  
p 2 . 2 7 p c:s 
p 2 . 56 p c s  
A 2 . 00 A c s  
p 2 .  1 6  p c s  
p 2 . 7 8 p L C S  
p 2 .  79 p c s  
A 3 . 4 0 A LCS 
p 3 . 7 5 p c s  
A. 3 . 20 A L S  
p 3 . 9 7  p r s L  
p IL 36 p LS 
p 5 . U 5 p S L  
p 11 . 96 p SL 
A. .. .  70 A CSL 
p 5 . 6 6 I' FSL 
p 6 . 02 p F5 L 
p 5 . 7 U p FS L p 5 . 6 3 p S L  A 7 . 1 0  A L 
p 5 .  911 p S L  
p O .  I t  p L 
p 8 . 9 5 p L 
p 7 . 3 8 p �l l 
p 6 . 5 9 p 5L 
p 8 . 1 6 p L 
p 9 . 72 p L 
p 6 . 6 9 p S L  
p 6 . 8 7 p SC L 
p 7 . 3 2 p L 
p 8 .  7 2  p L 
p 7 .  1 2  p FS L 
p 6 . 92 p S l.  



PART I CL E  S I Z E /\NO WAT E R  CON f E N T  RELAT I ONSI I I PS OY I IOIH Z ON 
tlOR I ZON DATA SORTED  BY ClAY CONT ENT THEN S I L T CON T ENT 

Pa r t i c l e  S i z e Da ta in  % of Tota l 
{ f ra c t i on separa t i ons i n  mi c rons ) 

s i 1 t 
To ta l I Sand F rac t i on I F ra c t i on I 

LEVEL l RAHSECT tiOR I ZON oc1 
CLAY S I U  SANIJ vc c M r v r  c M f 0 . 0 3 H Pe 1 .  5 H f'e 1 [ X I UIIAL 

� <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 9m % ,. 9m % 11 C L A S S  

- 2000 -2000 • 1 000 - 500 -250 • 1 00 - 50 - 2 0  - 5  

3 1 O K 0 . 56 1 6 , 5  28 . 5  5 5 . 1 2 . 7 8 . 0  1 9 . 2 1 5 . 7 9 . 5  1 8 . 9  6 .  5 3 .  1 1 2 . 6 7  p 7 . 3 9 p f S L  
.. 2 2C 0 . 2 � 1 6 . 5  32 . 2  5 1 . �  0 . 9  3 . 6  6 . 7  2 3 . 8  1 6 . 6  2� . 8  � . 1  1 . 7  1 � . 6 7  p 6 . 9 3 p l 
3 3 1\ P  0 . 8 8 1 6 . 7  4 5 . 2  3 8 . 2  1 . 11  5 . 6  1 0 . 8  1 3 . 14 7 . 2  25 . 8  1 5 . 2  14 . 2  1 3 .  1 0  A 1 . 1 0 A L 

.. 5 AP 2 . 7 2 1 6 . 7  lt8 . 8  3 � . 6  7 . 2  1 0 . 8  6 . 1t  11 . 11  5 . 8  29 . 8  1 3 . 9  5 . 1 1 5 . 8 5 p 1 0 . � 0 p L 

5 5 AO 1 . 60 1 6 . 7  14 9 . 1 3 11 . 3  11 . 0  1 1 .  1 6 . 7 6 . 8  5 . 7 29 . 6  1 tt . o  5 . 6  1 5 . 8 8 p 8 . 8 7 p l 
3 5 AP lt . 60 1 6 . 7  60 . 5  22 . 8  2 . 8  5 . 2  3 . 5  11 . 1  7 . 3  3 9 . 5  1 5 . 1 6 . 0  1 8 .  3 3  p 1 3 . 2 4 p S I L  

5 5 l D K  0 . � 8 1 7 . 0 3 8 . 7 �� � . ��  6 . 2  1 11 . 5  6 . 11  8 . 6  8 . 8  25 . 7  9 . 5  3 . 6  1 1L GO p 1 .  4 3  p L 
2 6 I\ I 2 . 80 1 7 . 0  52 . 1 3 1 . 0 5 . 6  9 . 11  7 . 2  11 . 11 4 . 11  34 . 9  1 11 . 0  3 . 2  1 6 . ] 0  p 1 0 . 60 .. S I L  

1 5 AP 1 . 3 6 1 7 . 2  � 5 . 5  3 7 . �  0 . 1 � . 1  9 . 3  1 2 . 11  1 0 . 3 3 3 . 4  9 . 6  2 . 6  1 6 . 2 3 p 8 .  7 0  p L 
II 5 A2 2 . 6 8 1 7 . 3  11 7 . 11  3 5 . 4  7 . 5  1 1 .  1 6 . 6  '" 7 5 . 6  28 . 9  1 3 . 8  � . 8  1 5 . 7 5  p 1 0 . 8 3 p L 
3 1 OA 1 . 1 2 1 7 . 8  3 9 . 7  11 2 . 6  11 . 3 9 .  1 1 1 . 14 1 2 . 1 5 . 6  2 8 . 2  9 . 6  2 . 0  1 11 .  5 1  p 8 . 5 8 p L 

5 1 A 1  2 . 1to 1 0 . 0  52 . 9  29 . 2  5 . 8  7 .  1 5 . 11 II . 8 6 . 1 3 4 . 7  1 5 . 4  2 . 8  1 6 . 90 A 1 0 . � 0 A S I L  

2 5 81< 0 . 4 8 1 8 . �  3 7 . 5  � 4 . 2  ll . 6  3 . 2  1 0 . 4  1 5 . 11  1 4 . 6  26 . 9  6 . 6  2 . 0  1 5 . 95 p 7 . 9 2 p l 
2 3 AP 2 . 00 1 6 . 8  5 2 . 3  29 . 0  O . lt 11 . 1 6 . 0  9 . 5  9 . 1 3 1 . 2  1 1 . 6 3 . 3  1 7 . 6 1 p 1 0 . 1 2  p S l l  
2 1 1\2 1 . 66 1 8 . 9 52 . 14  28 . 7  0 . 11 2 . 3  5 .  I 6 . 9  1 2 . 2  3 8 . 1 9 . 9  14 . 5  1 6 . 1t6 p 9 . 1 3  p S I L  

2 I 8K 1 O , ltU 1 9 . 6  3 2 .  I 11 6 . 11  u . lf  2 . 7 8 . 2 2\J . 1 , ., . 1 2 1  . 14 6 . 6  2 . 1  1 5 . 7 9 p 8 . 2 0 p l 
5 I 118 1 . 0 . .  1 9 . 7 119 . 1  3 1 . ]  6 . 5  7 . 6 6 . 0  lt . 9 6 . 3  3 6 . 5  !1 . 9  2 . 0  1 11 . 90 A 9 . 21 1  A l 
3 5 Ill\ 2 . 56 1 9 . 8  5 6 . 1 2 3 . 6  l . lt  II .  1 3 . 2  3 . 8  8 . 6  3 1 . 5  1 4 . 3  5 . 0  1 6 . 6 9 p 1 1 . 2 14 p S I L  

l � O K 2  0 . 00 1 9 . 9 �� � . 5  3 5 . 7  0 . 8  2 . 7 4 . 3  9 . 9  1 8 . 1 3 1 . 0  7 . 9  5 . 6  1 8 . 11 1  p 7 . 7 6 p l 
1 3 A I  1 . 1 2 1 9 . 9  5 3 . 5  26 . 7  0 . 6  1 . 9  3 .  6 8 . 9 1 1 . 7 4 ?. . 8  9 . 0  1 . 1  1 8 . 9 1  p 9 . 3 1  p S l_l 
5 1 A2 1 . 2 0 20 . 0  40 . 9  3 1 . 2  7 . 14  7 . 14  6 . 1 11 . 5  5 . 8  J 4 .  I 1 3 . 0  1 . 9 1 11 . 11 0  A 6 . 1 0 1\ l 
2 1 11 1  3 .  1 ?.  211 . 0  611 , 0  i'IJ . ll 0 . 2  1 .  3 3 . I I 'j ,  1 9 . 9  4 2 . 2  1 5 . 6  2 . 3 1 9 . 6 3  ,. 1 2 . 1 1 1  p S I L  

2 1 D T 2  0 . 40 20 . 2  3 0 . 9  4 9 . 0  O . R  � . 14 1 0 . �  2 1 . 2  1 2 ; 3  1 9 . 2 o .  3 3 , II 1 1! . 811 p 8 . 11 2 p L 

2 3 O K  0 . 56 20 . 2  J 7 . U  4 2 . 9  O . lf  2 .  I 7 . 2  1 5 . 6  1 1 . 1 2(, , ] 6 . 5  � . J  1 6 . 92 p 6 .  (j lj p '-
5 6 B T K  0 . 24 20 . 3  14 3 . 9  3 5 . 9  2 . 5  1 2 . 0  9 . 7  5 . 1 6 . 7  3 0 . 6  1 0 . 0  J . lf  1 6 . 3 0 p 6 . 2 2 p L 

2 ' BA 1 . 20 20 . 3  4 5 . 9  3 3 . 8  0 . 6  2 . 11  6 . 14  1 1 . 7  1 2 . 11  3 3 . 1 1 0 . 2  2 .  '( 1 7 . 76 p 9·. 5 5  p L 

5 3 A P l . lf lf 20 . 5  5 7 . 5  2 ?. . 1 2 . 3 5 . 8  3 . 8 2 . 7 7 . 6  3 7 . �  1 7 . 7  2 . 5  1 8 .  70 A I I .  1 0  A S I L  

2 5 AP  2 . 08 20 . 6  5� . 5  2 11 . 9  1 . 8  If .  I If . ]  4 . 0  1 0 . 6 3 7 . 8  1 2 . 0  � . 8  1 9 . 1 7  p 1 0 . 8 5 p S I L  

1 6 2 0,1< 0 . 1 6  20 . 7  ?.lt . O  5 5 . 4  0 . 6  3 . 3  9 . 5  2 5 . 7  1 6 . 11  1 7 . 6  " .  9 1 . 11 1 2 . 30 A 1 .  40 A S c. L.  
3 5 c 0 . 00 20 . 7  4 0 . 9  3 8 . 5  2 . 9  7 . 5  5 . 8  7 . 3  1 5 . 0  26 . 8  9 . 2  lf . 9  1 7 . 11 2  p 8 . 0 3 p L 

1 5 A2 0 . 80 20 . 7  4 4 . 5  3 11 . 9  0 . 11  3 . 9  8 . 7 u . o  8 . 7  3 0 . 3 1 1 . 4  2 . 8  1 6 . 92 p 9 .  , ,, p L 

1 6 A I  3 . 68 20 ; 1  56 . o  2 1 . 11  0 . 3  0 . 8  1 . 8 5 . 2  1 5 . 11  110 . 8  1 3 . 5  1 . 8 22 . 60 A 1 5 . 60 A S I L  

1 3 B T l 0 . 8 8 2 1 . 1  11 1 . 8  3 7 . 1 1 . 3  3 .  7 6 . 3 1 2 . 4 1 3 . 6  2 7 . 6  1 1 . 3  3 . 0  1 7 . 4 6 p 9 .  J 1  p I. 

1 6 3 C  0 . 24 . 2 1 . 2  3 6 . 8  11 0 . 3 0 . 1 0 . 6  2 . 1 1 5 . 9  2 1 . 6  2 7 . 9  7 . 7  3 . 3  1 3 . 00 A 7 . 90 A L 

' A • Mea s u red v a l ue from p re s s u re p l a te . 
P • Pred i c ted va l ue from re g re s s i on ana l y s i s . 

Organi c Ca rbon 



PART I CL E  S I Z E AND WATE R  CONT ENT RELAT I ONSi t l PS BY HOIU ZON 

HOR I ZON DATA SORT E D  BY CLAY CONT ENT THEN S I LT CONTENT 

P a r t i c l e  S i z e Da ta in  % o f  To t a l 
( f rac t i on separa t i ons i n  mi c rons ) 

S i l t 
T o ta l I Sa nd F rac t i on F ra c t i on I 

I 
LEVE L I HAN SlC f ltOR i lON oc CLAY S i l l  SAHIJ vc c M r v r  c M r 0 . 0 3 M l'e 

l If 
3 
It 
5 
2 
5 
3 
3 
2 
3 
5 
3 
II 
5 
3 
5 
4 
) 
1 
1 
5 
3 
5 
,, 
4 
1 
4 
2 
4 
' 
1 
3 
5 

' 

� <2 2 - 50 �u 1 UOO �00 250 1 00 �0 20 � 2 
•2000 -2000 • 1 000 · 500 -250 - 1 00 -50 -20 -5 

6 812 o . � o 2 1 . 3  � u . �  38 . �  lt . 6  1 lt . 8 
2 A P  1 . 20 2 1 . 1t lt l . lt 3 1 . ]  2 . 1 5 . 5  
1 BTl o . lto 2 1 . 1  3 1 . 6  �t6 . o  3 . 3  9 . 3  
3 A I'  1 . 68 2 1 . 7  62 . 3  1 6 .  I 0 . 9  1 . 8 
6 UT?. o .  3 2 2 t .  n 511 . 9 2 1 .  11 1 . 9 7 . 9  
3 IJTI 0 . 96 22 . 0  50 . 8  2 1 . 3 0 . 6  ?. . 9 
1 UT?. 0 . 56 2 2 . 3 3 9 . 1 3 8 . 6  7 . 0  1 0 . 11 
6 BTK 0 . �6 22 . 3  4 8 . 5  29 . 3  II .  3 9 . 0  
6 BTl 0 . � 8 22 . 4  3 6 . 4  4 1 . 3  5 . 6  1 6 . 0  
6 B T l  0 .  6 11 2 7 . 5 3 6 . 8 1 11 1 .  8 8 . 11 1 1 . 8 
3 20K 0 . 118  22 . 6  2 7 . 8  4 9 . 1 1 . 5  5 . 9  
1 3C 0 . 5 6 22. 8 3 2 . 9  411 . ]  8 .  7 1 1 . 11 
5 BK 1 0 . 2 4 2 3 . 1  4 5 . 2  3 1 . 8  0 . 8  ' 1 . 6  
5 IITK 0 . 6 11 2 3 . ] 511 . 6  ?6 . 1  11 , 2  6 . 8 
6 U T I  0 . 8 8 2 3 . 7  3 � . 3  4 1 , 1  ] , If 1 3 . 7  
2 " "  1 . 2 8 ?. 3 . 8  ) 1 . 3  1 8 . 9  1 1 . 5  1 .  If 
3 UK 0 . 24 � ] . 9  4 7 . 8  28 . 3  0 . 9  2 . 11 
3 c 0 . 211 211 . 0  11 ( 1 , 11 3 5 . 7 1 . 1  3 . 8  
2 B T l  u .  no ?.11 . 11 5 1 .  1 ;• .1 . 11 11 . 8  1 . 5  
1 C<.' 0 . �6 �� . 2  3 1 . � 4 � . �  � . u  8 . '1 
5 OT1 0 . 8U 24 . 5  3 6 . 3 3 9 . 2  U .  I 2 . 4  
1 ltT 1 0 . 64 2� . 9  3 7 . 3  3 7 . 8  7 . 2  1 0 . 2  
6 BTl 0 . 56 21t . 9  � 8 . 11 26 . 8 2 . 7 , ,  9 
5 81"2 0 . 56 25 . 0  lf 6 . 0  29 . 1  3 . 8  1 0 , 1t  
5 BTl 0 . 80 25 . 0  52 . 4  2 2 . 1  3 . 2 If . 7 

5 o n  0 . 80 25 . 2  4 7 . 2  2 7 . 7  5 . 3 8 . 0  
3 2 B T2  0 . 32 2� . 3  2 3 . 8  50 . 9  2 . 1 6 . 6  
6 Btl 0 . 64 25 . 3  3 8 . 9  3 5 . 9  5 . 5  1 0 . 3 
1 on 0 . 80 25 . 3  40 . 7  l lt . O  0 . 8  3 . 3 
3 8K 0 . 211 25 . 1t  5 3 . 6  2 1 . 1  U . 2  U . 9  
1 A 2 . 3 2 25 . 6  59 . 8  1 1t . 6  0 . 5  1 .  1 
5 BT2 0 .  % 2 5 . 1 ]1 . ,, II ] .  1 1 . 6  5 . 2  
J on 0 . 64 25 . 9  3 9 . 9  3 1f . J  1 , 2  3 . 9 
5 2UTI( 0 . 80 26 . 3  60 . 2  1 3 . 6  0 . 11 1 . 4  

A • Measured va l ue f rom pre s s u re p l a te .  
P • Pred i c te d  va l ue from reg re s s i on ana l y s i s .  

Organ i c  Ca rbon 

1 0 . 8  lt . 5  3 . 8  2 1 . 9  1 2 . 1  1 1 . 5  
5 . 0  6 . 6  1 2 . 2  3 3 . 7  1 3 .  I 0 . 6  

1 11 . 2  1 11  . o  6 . 1 2 1 . 6  8 . 0  2 . 0  
1 . 8 2 . 3  9 . 1t 39 . 3  1 6 . 4  6 . 7 
6 . 8  3 . 8  7 . 2  3 1 . 8 1 ?. . 5  6 . 7 
6 . 3  9 . 3  8 . ?.  3 11 . 2  l l . 2  lt . 5  
8 . 5  6 . 8  6 . 0  29 . 2  6 . 5  1 . 5  
5 . 9  2 .  It 7 . 8 3 11 . 8 1 1 . II 2 • 7 

1 1 . 2  It .  1 3 .  9 26 . It II . 9 I .  1 
1 0 .  1 6 . 8 3 . 2  22 . 0  1 0 . 6  11 . 2  

9 . 5  1 8 . 0  l lt . O  20 . 2  6 . 2  1 . 5  
9 . 11 
2 . 6  
5 . 5  

1 3 . ?. 
?. . 0  
2 . 7  
5 . 2  
7 . 5  
9 . 6  

6 . 2  8 .  1 2 3 . 1 8 . 2  1 .  7 9 . 7 1 7 . 2  3 1 . 7  6 . 9  4 . 6 

3 . 0  6 . 8  3 6 . 0  1 1 . 3  3 . 4  
6 . 1 4 . 2  1 9 . 2  1 b . 5  1 . 6 
5 . 0  1 0 . 1 3 11 . 8  1 ') . ] 3 . 3 
II , J 1 8 . 1 3 .. . It 1 u . J 3 . 1 9 , 6 1 6  . 0 211 , 1 1 1  . 6 II . 1 
5 . 8  1 2 . 5  3 � . 2  1 7 . � 5 . 6  
8 . 1 1 2  . CJ 2U . 7 9 .  1 1 .  1 

6 . 3 1 1t . 1 1 5 . 8  2 3 . 3  IJ .  ' II . It 
1 . 6  6 . 3  6 .  7 26 . 1  o . o  9 . 2  
6 . 3 2 . 5  6 .  ,, · 3 11 . 6 9 . 6  I L ]  
lt . 8  5 . 6  4 . 6  28 . 8  1 3 . 4  3 . 9  
3 . 3  2 . ] 9 . 3 ] ] . 8  1 4 . 0  � . 7  

5 . 1t  J . lt  5 . 1 3 3 . 7  1 0 . 1 3 . 1f  
1 1 . 9  1 9 . 9  1 0 . 5 1 5 . 1 6 . 2  2 . 5  
9 . 9  6 . 6  3 . 8  211 . 5  1 2 . 2  2 . 2  
7 . 0  1 3 . 2  9 . 8  2 7 . 6  9 . 6  3 . 5  
1 . 3  4 . 2  1 11 . 5  36 . 9  9 . 1 1 . 0  
1 . 5 2 . 3 9 . ] 11 2 . 1 1 2 . 6  � . 2  

1 1 . 0 1 6 . 0  9 . 5  20 . 5  7 .  It 3 .  6 
8 . 5  1 3 . 9  6 . 9  25 . 0  1 2 . 11 2 . 6  0 . 9  1 . 5  9 . 5  � 1 . 4  1 � . 3  � . 5  

e m � 

H . J O 
1 8 .  3 5  
I ll .  3 5  
20 . 7 1 
1 8 . �(1 
1 8 . 4 11 
1 5 .  I ll 
1 9 . ?11  
1 6 . II IJ 
1 � . 06 1 5 ; 58 
1 5 . 60 
1 9 . 11 5 
1 8 . 5 9 
1 5 . 3 6 
211 . 6 11 
1 9 . 1f ll 
1 8 . 6 3 
21J . J l  
1 6 . 1t l  
1 8 . 0 1  
1 6 . 5U 
1 9 .  1 U  
1 7 . 8 7  
1 9 . 96 
1 8 .  J 1  1 4 . 95 
1 6 . 4 8 
1 1 . 9 1 
2 1 . 2 9 
2 1 . 5 6 
1 6 . 21J 

1 7 . 20 
2 1 . 6 8 

1 .  � H l'a I I  X I U U I\ L  
11 e m % 11 C L A S S  

A 9 . 1!0 A l 

p 9 . 9?.  p L 
p 9 . 011 r L 
p 1 0 . 66 .. S l l  
I' 8 .  81� I' S I L  
p 9 .  '1 6 I' S I L  
/1. 9 .  Il l )  1\ L 
A 9 .  t)ll /1. L 1\ 9 . 80 1\ I 
I' 9 . 5 3  I' I .  
p 8 .  1 6  I' SCL 
A 9 .  1 U  A L 
r 9 . 1 9  p L 
p 9 . 81 1 I' SI L 
r I ll .  2 5  I '  L 
p 1U .  H 'J I' S l l  
A 1 U . 6 C I  /1. L. 
p 9 . 50 ,. L 
p I ll .  ;>II I' S l l  
r � . \.I IJ I' I .  
p 1 1 1 . II ] I' I .  
A 4 .  It (I A l 
A 1 1 .  uu A L 
p 1 0 . 26 p l' 
p 1 0 . 58 p S I L  
p 1 0 . 6 7  p l 
p 1 0 . 0 5 p l 
p 1 0 . 1t  7 p L 
p 1 0 .  70 p L 
p 9 . 9 5 p S I L  
p 1 2 . 88 p S I L  
p 1 0 . 11 9  .. L 
A 1 1 . 20 A L 
I' 1 1 . 0?. p S l l . 



PART I CL E  S I Z E AND WAT E R  CONT ENT RE LAT I ONSH I PS BY UOR I ZON 

I IOIU ZON DATA SUR I EO OY CLAY CON T ENT TI IEN S I L T  CON l EN T  

Pa r t i c l e  S i ze Da ta i n  % o f  To t a l  
( f rac t i on separa t i ons f n  mi c rons ) 

S i l t  
To t a l  I Sand F rac t i on . F rac t i on I 

LtVEL TRANSECT IIOR I ZOH oc1 CLAY S I L T SAN I> vc c H r vr c H r o . o J  H r. 1 . 5  H P8 T l  X I URAL 
I <2 2-50 50 1 01JO 500 250 1 00 50 20 5 2 em I , em � t CLASS 

-2000 -2000 • 1 000 - 500 - 2 50 - 1 00 - 50 -20 -5 

. .. 2 O T K  0 . 3 2 26 . 4  56 . 2  1 7 . 5  0 . 4  1 . 2  1 . 5 ? . 1  1 1 . 8  � 0 . 6  1 3 . 7  1 . 9 2 1 . 59 p 1 0 . It 0  p S I L  
.. 6 U T2 0 . 56 26 . 5 � 3 . 8  29 . 8  II . 3 e . o  o .  1 4 . 8  4 . 8  29 . lt  1 2 . 2 2 . 3 1 8 . 0 1  p 1 0 . 78 p L 
5 5 n t 1 0 . 96 26 . 6 � · · �  3 1 . 9  3 . 2  9 . 5 5 . 3 7 . 5  6 . 11 2 5 . 0 1 2 . 1 lt . 5  1 7 .  9 ]  , 1 1 . 3 6 p L 
1 1 C 1  0 . 6lt �6 . 6  lt 5 . 5  28 . 0  1 . 9  5 . 4  5 . 6  6 . 1 9 . 1 3 1 . 1 1 1 . 3  3 .  1 1 9 . 1 6  p 1 0 . 92 p L 

3 5 O T 2  0 . 72 26 . 7  50 . 2  2 3 . 2  3 . 2  4 . 0  2 . 7 lt . 1 9 . 4  3 4 . 3  1 2 . 3  3 . 6 20 . 1 1  p 1 1 . 0 5 . , S I L 
1 6 o r  1 . 20 26 . 7  5 1 . 6  2 1 . 8  0 . 2 0 . 8  2 . 6  7 ;  1 1 1 . 2 35 . 7  1 2 . 1 3 . 8  1 9 . 80 A 1 2 . 00 A S I L  
1 1 BT l 2 . 1 6 2 7 . 0  56 . 2  1 6 . 9  0 . 4  1 .  7 1 .  8 2 . 5  1 0 . 5 35 . 7  1 4 . 4  6 . 1 2 1 . 56 p 1 3 .  1 2  p S I L  
3 3 B I K  0 . 21t 2 7 . 1  lt 8 . 3  21t . 6  0 . 3  1 .  1 2 . ..  5 . 0  1 5 . 9  30 . 3  1 2 . 1t  5 . 7  1 9 . 60 A 1 0 . 90 A C L  
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s e d i m e n t s on t e r r a c e s  a n d u p l a n d s .  P e rme a b l l  l t y I s  mo d e r a t e .  S l o p e s  
r a n g e  f r om 0 t o  1 5  p e r c e n t . M e a n  a n n u a l t e moe r a t u r e  I s  a b o u t  4 8  
d e g r e e s  F ,  a n d  me a n  a n n u a l p r e c i p i t a t i on I s  a b o u t  1 7  I n c h e s .  

T A X O NOM I C  C LA S S : F i n e - l o amy , m i x e d ,  me s i c  T y p i c  A r g l u s t o l l s . 

T Y P I C A L  P E DO N :  R e e l o a m  - on a p l a n e  s l o pe of 2 p e r c e n t  I n  a 
c u l t i v a t e d  f i e l d .  ( C o l o r s  a r e f o r  d r y  s o i l un l e s s  o t h e r w i s e s t a t e d . ) 

A p - - 0  to 6 I n c h e s ;  d a r k  g r a y  ( 1 0 Y R  4 / 1 )  c r u s h i n g to d a r k  g r a y i s h 
b r own ( l O Y R 4 / 2 )  l o a m ,  v e r y d a r k  g r a y i s h b r own ( 1 0 Y R  3 / 2 )  mo i s t �  
mo d e r a t e  med i um g r a n u l a r  s t r u c t u r e ; s o f t ,  f r i a b l e ;  n e u t r a l ;  a b r u p t  
smoo t h  b o u n d a r y . ( 4  t o  1 2  I n c h e s  t h i c k )  

B t 1 - - 6  t o  1 3  I n c h e s ;  d a r k  g r a y  ( 1 0 Y R  4 / 1 )  c r u s h i n g t o  d a r k  g r a y i s h 
b r own ( 1 0 Y R 4 / 2 ) c l a y l o am , v e r y  d a r k  g r a y i s h b r o w n  ( 1 0 Y R  3 / 2 )  m o i s t ;  
mo d e r a t e  med i um p r i s m a t i c  s t r uc t u r e o a r t l n g t o  mo d e r a t e  m e d i um 
s u b a n g u l a r b l o c k y ;  s l i g h t l y  h a r d , f r i a b l e , s l i g h t l y  s t i c k y  a n d  s l i g h t l y  
p l a s t i c ;  s h i n y f l  l m  o n  f a c e s  o f  p e d s ;  n e u t r a l ; c l e a r  s mo o t h  b ou n d a ry . 

B t 2 - - 1 3  to 1 8  I n c h e s ;  g r a y i s h b rown ( 2 . 5 Y 5 / 2 )  c l a y l o a m ,  v e r y  d a r k  
g r a y i s h b rown ( 2 . 5 Y 3 / 2 )  mo i s t ;  mo d e r a t e  med i um p r i sm a t i c  s t r u c t u r e  
p a r t i n g t o  mo d e r a t e  m e d i um s u b a n g u l a r b l o c k y ;  h a r d , f i r m ,  s l i g h t l y  
s t i c k y  a n d  s l  l g h t l y  p l a s t i c ; s h i n y f i l m  o n  f a c e s  o f  p e d s ;  m i l d l y  
a l k a l  l n e ;  c l e a r  smoo t h  b o u n d a r y . ( C omb i n e d  t h i c k n e s s  of t h e  B t  
h o r i z o n s  I s  8 t o  2 2  I n c h e s . )  

B t k - - 1 8  t o  2 5  I n c h e s ; l i g h t  b r own i s h g r a y  ( 2 . 5 Y 6 / 2 )  c l a v l o a m ,  d a r k 
g r a y i s h b r own ( 2 . 5 Y 4 / 2 )  mo i s t ;  w e a k c o a r s e  c r i s ma t i c  s t r u c t u r e  p p r t l n g 
to w e a k c o a r s e  s u b a n g u l a r b l o c k y ;  s f i g h t l y  h a r d ,  f r i a b l e ,  s l i g h t l y  
s t i c k y  a n d  s l  l g h t l y  p l a s t i c ;  f e w  f i n e a c c umu l a t i o n s  o f  c a r o o n a t e ;  
s l i g h t  e f f e r v e s c e n c e ;  mod e r a t e l y  a l k a l  l n e ;  c l e a r  s m oo t h  b o u n d a r y . ( 0  
t o  1 0  I n c h e s  t h i c k )  

B k - - 2 5  t o  4 6  I n c h e s ;  I i g h t  b r own i s h g r a y  C 2 . 5 Y 6 / 2 )  c l a y l o a m ,  
g r a y i s h b r own ( 2 . 5 Y 5 / 2 )  mo i s t ;  w e a k  c o a r s e  s u b a n g u l a r s t r u c t u r e ; 
s l i g h t l y  h a r d ,  f r i a b l e , s l i g h t l y  s t i c k y  a n d  s l i g h t l y  p l a s t i c ;  c ommon 
f i n e s o f t  a c c um u l a t i o n s  o f  c a r b o n a t e ;  s t r o n g  e f f e r v e s c e n c e ;  mo d e r a t e l y  
a l k a l  l n e ;  c l e a r  s moo t h  b o u n d a r y .  ( 1 0  t o  2 4  I n c h e s  t h i c k )  

C - - 4 6  t o  6 0  I nc h e s ;  l i g h t  b r own i s h g r a y  ( 2 . 5 Y  6 / 2 )  l o a m ,  g r a y i s h 
b r own ( 2 . 5 Y 5 / 2 ) mo i s t ;  m a s s i v e ;  s o f t ,  f r i a b l e ; s t r o n g  e f f e r v e s c e n c e ;  
mod e r a t e l y  a l k a l  l n e .  

T Y P E  LOC A T I O N :  S u l l y  C o un t y ,  S o u t h  D a k o t a ; a bo u t  8 m i l e s s ou t h  a n d  1 0  
m i l e s e a s t  o f  O n i d a ;  4 2 0  f e e t  e a s t  a n d  1 4 4 0  f e e t  n o r t h  o f  t h e  s o u t hw e s t 
c o r n e r o f  s e c . 2 0 ,  T .  1 1 3 N . ,  R .  7 5  W .  

RAN G E  I N  CHARAC T E R I S T I C S :  T h e  d e p t h  t o  c a r b on a t e s  r a n g e s  f r om 1 2  t o  3 4  
I n c h e s  a n d  t y p i c a l l y  I s  a bo u t  1 8  t o  2 4  I n c h e s .  T h e t h i c k n e s s  o f  t h e  

mo l l l c  e p l p e d o n  r a n g e s  f r om 7 t o· 2 0  I n c h e s . 

T h e  A h o r i z o n  h a s  h u e  o f  1 0 Y R ,  v a l u e of 3 to 5 a n d  2 or 3 mo i s t ,  a n d  
c h r om a  o f  1 o r  2 .  I t  c ommon l y  I s  l o am b u t  I s  s i l t  l o am o r  f i n e s a n d y  
l o am I n  s ome p e d o n s . I t  I s  s l i g h t l y  a c i d  o r  n e u t r a l .  

T h e  B t  h o r i z o n  h a s  h u e  o f  1 0 Y R  o r  2 . 5 Y ,  v a l u e o f  4 t o  6 a n d  2 t o  4 
mo i s t ,  a n d  c h r om a  o f  1 to 4 .  I t  c ommon l y  I s  c l a y  l o am b u t  I s  s a n d y 
c l a y l o a m  o r  s i l t y c l a y l o a m  I n  s o m e  p e d o n s . I t  h a s  an a v e r a g e  c l a y 
c o n t e n t  _ o f  2 7  t o  3 5  p e r c e n t . I t  r a n g e s  f r om s l i g h t l y  a c i d  to m i l d l y  
a l k a l  l n e I n  t h e  u p p e r p a r t  a n d  m i l d l y  o r  mod e r a t e l y  a l k a l i n e I n  t h e  
l ow e r p a r t . S om e  p e d o n s  d o  n o t  h a v e c a r b o n a t e s  a s  d i s s em i n a t e d  1 l m e o r­
f e w  f i n e a c -c umu l -a t i o n s  o f  c a r b o n a t e  I n  t h e  l ow e r  p a r t . 

T h e  B k  h o r i z o n  h a s  h u e  o f  l O Y R o r  2 . 5 Y ,  v a l u e of 5 t o  7 a n d  4 t o  6 
mo i s t ,  a n d  c h r oma o f  2 t o  4 .  I t I s  l o a m ,  c l a y l o a m ,  f i n e s a n d y  l o a m ,  
o r  s a n d y  c l a y l o a m . I t  h a s  c ommon to m a n y  a c c umu l a t i o n s  of c a r b o n a t e s .  
I t  I s  m i l d l y  o r  m o d e r a t e l y a l k a l i n e .  



T h e C h o r i z o n  h a s  h u e  o f  l O Y R  o r  2 . 5 Y ,  v a l u e of 5 to 7 a n d  4 t o  6 
mo i s t ,  a n d  c h r oma of 2 to 4 .  I t r a n g e s  f rom s a n d y  l o a m  to c l a y l o am , 
b u t  s om e  p e d o n s  h a v e  s a n d y  ma t e r i a l s , s a n d  a n d  g r a v e l o r  c l a y ma t e r i a l s  

a t  a d e p t h  o f  4 0  t o  6 0  L n c h e s . I t  I s  m i l d l y  or mod e r a t e l y  a l k a l i n e .  

C O M P E T I �I G  S E R I E S : T h e s e  a r e t h e  G l e n h a m ,  Gos oe r ,  H o ud e k ,  W e we l a  a n d  
W l n e g  s e r i e s I n  t h e  t h i s  f am i l y  a n d  t h e  C an n i n g ,  F a r l a n d , K e y a , K i r l e y ,  
P a k a ,  a n d  S a t a � t a  s e r i e s .  G l e n h am a n d  H o ud e k  s o i l s  f o rm e d  I n  g l a c i a l  
t i l l .  G o s p e r  s o i l s t y p i c a l l y  c on t a i n  l e s s  c l a y I n  t h e  a r g i l l i c h o r i z o n  
a n d  b e c om e  mo r e  s a n d y  w i t h I nc r e a s i n g d e p t h .  W e w e l a  s o i l s  h a v e  s h a l e  
be d r� c k  w i t h i n  a d e p t h  o f  4 0  I n c h e s . W l n e g  s o i l s  h a v e  a d r i e r c l  l ma t e . 
C a n n i n g s o i l s  h a v e  s a n d a n d  g r a v e l w i t h i n  a d e p t h o f  4 0  I n c h e s . 
F a r l a n d  s o i l s  h a v e  a f r i g i d  t em o e r a t u r e  r e g i me .  K e y a  s o i l s  h a v e  a 
mo l l  i c  e p l p e d o n  t h i c k e r  t h a n  2 0  I nc h e s .  K i r l e y s o i l s  h av e  a f i n e 
t e x t u r e d  a r g i l l i c h o r i z on . P a k a  s o i l s  h a v e  a f i n e - s i l t y  a r g i l l i c 

h o r i z o n . S a t a n t a  s o i l s  h a v e  a n  a r l d l c  mo i s t u r e  r e g i me .  

G E O G R A PH I C  S E T T I N G : R e e  s o i l s  a r e  o n  t e r r a c e s  a n d  u p l a nd s . S l o p e s  a r e  
p l a n e  t o  s l i g h t l y  c on v e x  a n d  r a n g e  f rom 0 t o  1 5  p e r c e n t . R e e  s o i l s  
f o r m e d  ma i n l y  I n  l o amy a l l uv i a l  s e d i me n t s .  T h e  m e a n  a n n u a l t emp e r a t u r e  
r a n g e s f r om 4 5  t o  5 0  d e g r e e s  F ,  a n d  t h e  m e a n  a n n u a l p r e c i p i t a t i on 
r a n g e s  f rom 1 6  to 2 1  I n c h e s . 

G E O G R A P H I CA L L Y  AS SOC I A T E D  S O I L S : T h e s e  a r e  t h e  c ompe t i n g C a nn i n g ,  
K e y a , a n d  K i r l e y so i l s  a n d  t h e  D u r r s t e l n ,  M o s h e r ,  O a h e , a n d  On l t a 
s o i l s . C a n n i n g ,  K i r l e y ,  a n d  O a h e so i l s a re I n  t h e s ame l a n d s c a pe . 
O a h e  s o i l s  h a v e  mo r e  t h a n  3 5  p e r c e n t  g r a v e l w i t h i n  a d e p t h  o f 4 0  
I n c h e s .  K e v a  a n d  On l t a s o i l s  a r e I n  s wa l e s .  O n l t a s o i l s  h a v e  a f i ne 
t e x t u r e d  a r g l l l  l c  ho r i z on . D u r r s t e l n  a n d  Mo s h e r s o i l s  h a v e  a n a t r l c  
h o r l z �n a n d a r e  on s i m i l a r l a n o s c a p e s . 

O � A I NA G E  A N D  P E P ME A B I L I T Y :  W e l l  d r a i n ed . R un o f f  I s  s l ow on n e a r l v 
l e v e l a r e a s  t o  m e d i um on t h e  s t r on g l y  s l o p i n g a r e a s .  P e rme a b i I l t v i s  
mod e r a t e . 

U S E  A N D  V E G E TA T I O N :  M a n y a r e a s  a r e c u l t i v a t e c . C o rn ,  s o r g h um ,  s ma l l 
g r a i n ,  a n d  a l f a l f a a r e  t h e ma i n  c r o p s . S ome a r e a s  r e m a i n  i n  n a t i v e 
g r a s s .  T h e  n a t i v e v e g e t a t i on i n c l ud e s  w e s t e rn whe a t g r a s s , g r e e n  
n e e d l e g r a s s , n e e d l e a n d t h r e a d ,  s i d eoa t s g r ama , b l u e g r a m a , b i g  b l u e s t em , 
1 l t t l e  b l u e s t em ,  p o r c u p i n e g r a s s ,  s e d g e s  a n d  f o r b s .  

D I S T R I B U T I O N A N D  E X T EN T : C e n t r a l  a n d  s o u t h - c e n t r a l S ou t h  D a k o t a  a n d  
no r t h - c en t r a l  N e b r a s k a . T h e  s e r i e s  I s  e x t e n s i ve .  

S E R I E S E S TA B L I S H E D : H u g h e s  C o u n t y ,  S o u t h D a ko t a ,  1 9 7 0 . 

R EMA R K S : D i a g n o s t i c  h o r i z o n s  a n d  f e a t u r e s  r e c o o n l z e d  I n  t h i s  p e d o n  
are : mo l l  l c  e p l o e d o n - t h e  z o n e  f rom t h e  s u r f ac e o f  t h e  s o i l  t o  a 
d e p t h c f  a bo u t  1 8  I nc h e s  ( A o ,  B t l ,  a n d  B t 2  h o r i z o n s ) ;  a r g i l l i c h o r i z o n  
- t h e  z o n e  f rom a b o u t  6 t o  25  i nc h e s ( B t l ,  B t 2 ,  a n d  B t k  h o r i z on s ) . 

N a t i on a l  C oo pe r a t i v e S o i l  S u r v e y  
U . S . A .  



APPENDIX F 

FIELD DES CRI PTION SHEETS 



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = ; ; = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = - = = = = = = = 

L e v e l  1 T r a n s e c t 1 E l e v a t i o n  6 5 5 . 3  M e t e r s  ( m )  D a t e  7 / 8 4  

L o c a t i o n : N o r t h w e s t  c o r n e r , S W  1 / 4 ,  S e c t i o n  3 6 , T S N , R I S E  
l l a a k o n  C o u n t y ,  S o u t h  D a k o t a . 

N a t i V e  v e g  . .  o r  c r o p � D e s c r i b e d  b y : S . G . Wa n g e m a n n 
G . D . L e mm e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  A l  a n d  A 2  s a m p l e s w e r e  c o m b i n e d  f o r  l a b o r a t o r y  a n a l y s i s . 
2 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n o f  c l a y  f i l m s  wa s m o r e  

e v i d e n t  i n  t h e  B t k l t h a n  t h e B t  o r  B t k 2 . 
3 . S o f t  l i m e  a c c u m u l a t i o n s  i n  t h e  B t k l  w e r e  c o m m o n l y  o r i e n t e d  

a l o n g  v e r .t i c l e  p e d f a c e s . 
4 .  P r o f i l e  wa s m o i s t  t o  s o m e w h a t  d r y . 

C l a s s i f i c a t i o n ; T y p i c  A r g i u s t o l l , F i n e- S i l t y , M i x e d , M e s i c  

IIOR I ZO N  D E PT H  S O I L C O L O R  T E X T U H E  S O I L S T K U CT U H F.  D R ¥ R P. A C T I O N  B OU N D A R Y  S O FT I. I H F.  
e m  D R Y  HO I ST P R I M A R Y  S ECON D A R Y  CON S i ST A N C E  A CC U H . 

A l  4 1 0 Y R 4 / l  1 0 r' R 3 / l S iL 2 m & f g r  l t p l & v t p l  8 n o n e  8 8  n o n e  
A 2  1 9  1 0 Y R 4 / 2  1 0 Y R 3 / 2  SiL 2 m & f s b k  2 m p r  8 n o n e  C 8  n o n e  
D t  3 6  l O Y R 4 / 2  ' l O Y R J / 2  SiL 2 m & f s b k  2 m p r  s / s h  n o n e  C W  n o n e  
B t k l  5 5  1 0 Y R 5 / 3  1 0 Y R 4 / 2 SiCL 2 m & f s b k  2 m p r  h e v  g w  f l  
B t k 2  6 9  l O Y R S / 3  I O Y R 4 / 2  CL 2 m & f s b k  2 m p r  s h / h  e v  g w  c 2  
B k  1 0 0 1 0 Y R 6 / 3  I O Y R 5 / 3  CL l m & f  s b k  h p r  s h  e v  g w  m 2  

. C l  1 2 0 1 0 Y R 5 / 3  1 0 \'R 4 / 3  L m --- a e v  c s  c 2  
C 2  1 2 2  1 0 Y R 6 / 2  1 0 y r 5 / 2  L m --- h e v  - - m 2  
- - - - - - - - - - - - - · · · · · · · · - - - - - - - - - - - · · · · · · · - - - - - - - - - - - - · · · · · - - - - - - - - - - - - - - - - - - - - - · · · · · · · · - - - - - - - - - - -



F I E L D  D E S C R I PT I O N S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  1 I T r a n s e c t 3 E l e v a t i ri n  6 4 5  M e t e r s  ( m ) D a t e  7 / 8 4 

L o c a t i o n : 6 1  m e a s t  a n d  6 1  m s o u t h  o f  t h e  N W  c o r n e r , S e c . 2 2 , 
T 7 N , R 2 0 E , H a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a  t i v e v e g . · o r c r o p : g r a s s 1 a n d D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l N o t e s : 
1 .  S o f t  l i m e  a c c u m u l a t i o n s  f r o m  t h e 2 B k 1 t o  t h e  2 B k 2  w e r e  

i n t e r - c o n n e c t e d . 
2 .  P r o f i l e  w a s  s o m e w h a t d r y t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

HOR I ZON D E PT H  SO I L  COLOR T E XT U R E  SO I L  S T R U C T U K F.  . U R Y R E ACT I O N  BOU N DA R Y  S O FT I. I H E  
c .. D R Y  HO I ST P R I MA R Y  S ECON D A R Y  CON S I S TA N C E  A C C U H . 

A 1  5 1 0 Y R 5 / 3  1 0 Y R 3 / 2  SiL 2 v t & t p l  --- • n o n e  8 8  n o n e  
A B 1 3  1 0 Y R 5 / 3  1 0 Y R 3 / 2  S iL 2 r u b k  2 m & c p r  II n o n e  c a  n o n e  
B t l  3 2 1 0 Y R 5 / 3  1 U Y R 3 / 2  L 2 c & m a b k  2 m p r a h  n o n e  c w  n o n e  
B t 2 5 1  1 0 Y R 5 / 3  1 0 Y R 3 / 2  L 2 ru a bk 2 m p r a h  n o n e  c w  n o n e  
2 B k l 8 2  1 0 Y R 5 / 3  l O Y R 4 / 2  SCL 1 f & m s b k  l m p r  8 e v  g w  c l  
2 B k 2 1 2 3 1 0 \'K 5 / 3  1 0 Y R 4 / 2  SL l m s b k  l m p r  8 e v  c w  c l  
2 B k 3 1 5 0 1 0 Y R 5 / 3  1 0 Y R 4 / 3  SL l iDB b k  --- 8 e v  C 8 f & c l 
3C 2 1 0  1 0 Y R 5 / 3  1 0 Y R 4 / 2  FSL II --- 1 e v  - - f l  
· · · · · · · · · - · · · · · · · · · · · · · · · · · - · · - · · · - · · · · · · · · · · · · -� - - - - - - - · · · · · · · · · · · · · - - - - - - - · · · · · · - · · · · · · · · - - - -



F I E L D  D E S C R I P T I O N  S H E ET 
= = = = = = = = = = = ; = = = = = = = = = = = = = � � = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  1 I T r a n s e c t 5 E l e v a t i o n  6 0 3 . 5 M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : S o u t h w e s t  c o r n e r , S W l / 4 , S E C . 3 6 , T 8 N , R 2 2 E , 
H a a k o ri  C o u n t y ,  S o u t h  D a k o t a . 

N a t i v e  v e g . o r  c r o p : D e s c r i b e d  b y : S . G . Wa n g e ma n n , 
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n o f  c l a y f i l m s  w a s m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  t h e  B t l . 
2 .  P r o f i l e  w a s  m o i s t  t h r o u g h o u t . 

C l a s s i f i c a t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

HOR I ZO N  D E PTII S O I L  COLOR T E X T U R E  S O I L  S T R U C T U R E  D R Y  R E A CT I O N  B OU N D A R Y  S O FT L I H F.  
e m  D R Y  HO I S T  P R I M A R Y  S ECON U A R Y  CO N S I ST A N C E  A C CU H .  

A p  1 4  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L 1 m& f g r  --- 8 / 8 h  n o n e  8 8  n o n e  
A 2  2 4  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L l f g r  1 m p r  8 n o n e  C 8  n o n e  
8 t 1 3 3  J O Y R S / 3  I O Y R 4 / 3  L " 2 m s k b 1 m p r  a h  n o n e  C W  n o n e  
8 t 2  5 9  l O Y R S / 3  1 0 Y R 4 / 3  L l m a b k  2 m p r  h n o n e  c w  n o n e  
B k  8 6  1 0 Y R 6 / 2 1 0 Y it 5 / 3  FSL 1 m s b k  1 m p r  8 / A h  e v  8 "  f l  
B k 2  1 0 7  1 0 Y R 5 / 2  J OY R 4 / 2  SL h s b k  --- 8 / 8 h  e v  8 "  f l  
C l  1 3 8 1 0 Y R 6 / 3 1 0 Y R 5 / 3  SL s g  --- 9 e v  C V  f l  
C 2  1 8 8 1 0 Y R 6 / 3  I O Y R 5 / 3  SL 8 8 --- 1 e v  -- f l  
· · · · · - · · · · · · · · · · · · · · · - · · · · · · - - - - - - - - - - - - - - - - · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · ·  



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  1 I T r a n s e c t 6 E l e v a t i o n  5 9 7  M e t e r s  ( m )  D a t e  7 / 8 4 

L o c a t i o n : 9 1  m e a s t  a n d  1 5 2 m s o u t h  o f  t h e  N W  c o r n e r , S e c . 1 2 ,  
T 8 N , R 2 3 E , H a a k o n  C o u n t y , S o u t h  Da k o t a . 

N a t i v e  v e g . o r  c r o p : s ma l l  g r a i n  I D e s c r i b e d  b y : S . G . Wa n g e ma n n , 
. G . D . L e mm e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  w a s  m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  t h e  B t l . 
2 .  S o f t  l i m e  a c c u m u l a t i o n s  w e r e  t h r e a d  l i k e  a n d  o n  v e r t i c l e  p e d  

f a c e s  i n  t h e  B t k l a n d  B t k 2 . 
4 .  P r o f i l e  w a s mo i s t t h r o u g h o u t .  

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - S i l t y , M i x e d , M e s i c  

HOR I ZON D E PT II S O I L  COLOR T HT U H E  S O I L  S T R UCT U R E DR Y  R E ACT I O N  B OU N DA R Y  S O F T  I. I HE 
C lll D R Y  HO I ST P R I M A R Y  S ECON D A R Y  C ON S I S T A N C E  A C C U H . 

A l  7 1 0 Y R 4 / 2  1 0 Y R 3 / 2  S iL l m& f g  2 t & m p l - - n o n e  8 8  n o n e  

B t  2 2  1 0 Y R 4 / 2  1 0 Y R 3 / 2  SiL 2 f & ra g r  1 f & m s b k  - - n o n e  c w  n o n e  

B t k l 4 3  l O Y R S / 2  1 0 Y R 4 / 2  CL 2 f & 1119 b k  l f p r  -- e s  C W  f l  

B t k 2  7 9  1 0 Y R 6 / 3  l O Y W S / 3  CL 2 f & m s b k  l f p r  - - e v  8 "'  f l  
2 B k  1 1 3 1 0 Y R 6 / 3  l O Y R S / 3  SCL l f & m s b k  - - e v  g w  f 2  

3 C  2 00 1 0Y R 6 / 2  l O Y R S / 2  L s g  - - - - - e v  - - f l  

· · · - · · · · · - - - - - - - - - - - - · · · · · · · · - - - - - - - - · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · · · · · · · · - - - - - - - - - -



F I E L D  D E S C R I P T I O N  S H E ET 
= = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = =  

L e v e l  2 T r a n s e c t 1 E l e v a t i o n 6 7 2 . 1 M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : 6 1  m w e s t  a n d  5 1 8  m n o r t h  o f  S E  c o r n e r , S e c . 3 ,  T 6 N , 
R l 8 E ,  l l a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g . · o r  c r o p : 

A d d i t i o n a l  N o t e s : 

D e s c r i b e d  b y : S . G . Wa n g e ma n n , 
G . D . L e m m e , R . L . S c h l e p p  

1 .  C l a y  f i l m s  w e r e  m o r e  p r o n o u n c e d o n  v e r t i c l e  p e d  f a c e s  i n  B t 2  
t h a n  t h e  B t l . 

2 .  S o f t  l i m e  a c c u m u l a t i o n s  i n  t h e B k 2 ,  w i t h i n  t h e  r a n g e  o f  
m a n y  m e d i u m ( m 2 ) , w e r e  mo r e  a b u n d a n t  b e t w e e n  1 1 0 e m  t o  1 3 0 
e m . 

3 .  P r o f i l e  w a s s o m e w h a t d r y . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

HOR I ZON U E PTII  S O I L C O L O R  T E X T U R E  S O I L  S T R U CT U K F.  D R Y  R E A CT I O N  U O U N D A R Y  S O FT J. l H P.  
C lll D R Y  H O I S T  P R I H A R Y  S E CON D A R Y  CON S I ST A N C E  ACC U H . 

A I  6 l O Y R S / 2  1 0 Y R 3 / 2  S iL l f g r  l f p l  8 n o n e  8 8  n o n e  
A 2  1 7  1 0 Y R 4 / 2  1 0 Y K 3 / l  S iL 2 m & f s b k  2 m p r  s h  n o n e  C 8  n o n e  
A B  2 8  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L 2 f & m s b k  2 m p r  a h  n o n e  C 8  n o n e  
B t  4 8  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L 2 m s b k  2 m p r  s h  n o n e C W  n o n e  
B t 2  7 1  1 0 Y R 4 / 2  1 0 Y R 3 / 3  L l f & m s b k  l 111 p r  h n o n e  c w  n o n e  
B k l 9 0 l O Y R S / 3  I O Y R 4 / 3  L 2 m s b k  l m p r  s h  e v  g w  m 2  
B k  1 3 7 1 0 Y R 6 / 2  I O Y R S / 3  FSL l m s b k  l m p r  s e v  g w  11 2  

2 C 1 5 0 1 0 Y R 6 / 2  1 0 Y R 4 / 2  LS m - - - 1 e v  - - f l & 2  
· · · · · · · · · · - - · - - - - - - · · · · · · · · · · · - - · - - - - - - · · · · · · · · · · · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - · · · · · · · · · · ·  



F I E L D D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  2 T r a n s e c t 3 E l e v a t i o n  6 5 8 M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : 2 2 9  m e a s t  a n d  7 0 1 m n o r t h  o f  S W  c o r n e r , S e c . 2 2 , T 7 N , 
R 2 0 E , H a a k o n  C 6 u n t y ,  S o u t h  D a k o t a . 

N a t i v e  v e g i o r  c r o p : s m a l l  g r a i n  

A d d i t i o n a l  N o t e s : 

D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

1 .  C l a y  f i l m s  o n  p e d  f a c e s  i n  B t l a n d  B t 2 . 

C o n t r o l  S e c t i o n : T y p i c A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

I IO R l ZO N  D E PT H  S O I L  C O L O R  T E XT U R E  S O I L ST R U CT U H E  D R Y  R E A C T I O N  B O U N D A R Y  S O FT L I H E  
C lll D R Y  HO I ST P R I MA R Y  S EC O N D A R Y  CON S I S T A N C E  A C C U H . 

A p  1 5  1 0 Y R 4 / 2  I O Y R 3 / 2  SiL l m& f g r  l m s b k  s h  n o n e  8 8  n o n e  
B t l 3 0  l O Y R 4 / 2  I O Y R 3 / 2  SiL 2 m s b k  2 m & c p r  8 h  n o n e  C W  n o n e  
D t 2  6 2  l O Y R S / 3  1 0 Y R 4 / 3  CL 2 m s k b  2 m& c p r  h n o n e  C W  n o n e  
8 k  8 7  I O Y R 6 / 2  I O Y H S / 3  L 2 m s b k  h p r  s h  n o n e  C W  f 2  
2 8 k  1 0 9 1 0 Y R 6 / 2  l O Y R 5 / 3  SL l iDS b k  --- a / a h  e v  g w  c 2  
2 C  2 1 0  1 0 Y R 6 / 2  I O Y R S / 3  FSL a g  --- 8 e v  -- f l  
- � - - - - - - - · · · · · · · · · - - - - - - - - - - - - - - � - · - ·  · - - - - - - - - - - - - - - - - - - - - - - - - - · · - - · - - · - · · · · · · · · · · · - - - - - - - - - - - · ·  

, · 



4.1·; 

F I E L D  D E S C R I P T I O N  S H EET 
= = = = ; ; = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
L e v e l  2 I T r a n s e c t 5 I E l e v a t i o n  6 5 5 . 3 M e t e r s  ( m ) I D a t e  7 / 84  

L o c a t i o n : 1 5 2 m n o r t h  a n d  1 0 7 m w e s t  o f  S E  c o r n e r , S e c . 2 7 , T 8 N , 
R 2 2 E , H a a k o n  Co u n t y ,  S o u t h  D a k o t a . 

N a t i v e  v e g . o r  c r o p : g r a s s l a n d  I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mm e , R . L . S c h l e p p 

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  o n  p e d  

f a c e s  w a s  mo r e  e v i d e n t  i n  t h e  B t k  t h a n  t h e  o v e r l y i n g B t  
h o r i z o n s . 

2 .  S o f t  l i me a c c u mu l a t i o n s  i n  v e r t i c a l  r o o t  c h a n n e l s  a n d  a l o n g  
v e r t i c l e  p e d  f a c e s  o f  t h e  B t k  w e r e  p r e s e n t  a s  t h i n  c o n t i n u o u s  
f i l m s . 

3 .  S o f t  l i me c o n c r e t i o n s  a p p r o x i ma t e l y  7 mm  i n  d i am e t e r  i n  t h e  
B k  a n d  2 mm i n  d i a m e t e r  i n  t h e  2 C . 

4 .  A Th i n  d i s c o n t i n u o u s  g r a v e l  l a g  b e t w e e n  t h e  1 1 4 e m  t o  1 2 0 e m  
p r o f i l e  d e p t h  a l s o c o n t a i n e d  c l a y  b a n d s . 

5 .  P r o f i l e  wa s mo i s t  t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l , F i n e- L o a m y , M i x e d , M e s i c  

HOR I ZON DE PTH SO I L  COLOR T E XT U R E  SO I L  S T R U C T U R E  D R Y  R EACT I O N  BOU N DA R Y  S O F T  L I H E  
c: •  D R Y  HO I ST P R I HA R Y  S ECON D A R Y  CON S I ST A N C E  ACCUH . 

A p  1 0  1 0 Y R 4 / 2  1 0 Y R 3 / 2  S i L  l f & ra g r  --- s h  n o n e  8 8  n o n e  
B t l 3 2  l O Y R 4 / 2  1 0 Y R 3 / 2  C L  2 m p r  --- s h  n o n e  C 8  n o n·e 
B t 2  4 0  1 0 Y R 5 / 2  1 0 Y R 3 / 2  C L  2 m s k b 2 m p r  h n o n e  8 8  n o n e  
B t k  8 6  I O Y H S / 3  1 0 Y H 4 / 3  L 2 m s b k  2 m p r  h e v  C W  f l & 2  
B k  1 1 4  I OY R 6 / 2  l O Y R S / 3  L l m s b k  l 111 p r  h e v  C 8  a&c.2 
2C 1 4 6  l OY R S / 3  1 0 Y R 4 / 3 LCS 8 8 --- 1 e v  -- f l  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = ; = = = = = = = = = = = = = = = = = = = = = = = = = - = = = = = = = = = - - ; = = = = =  

L e v e l  2 I T r a n s e c t 6 E l e v a t i o n  6 4 3  M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : 9 1 4  m s o u t h  a n d  4 6  m e a s t  o f  N W  c o r n e r  o f  S e c . 1 4 , T 8 N , 
R 2 3 E , l l a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g �  o r  c r o p : g r a s s l a n d I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A d d i t i o n a l N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n o f  c l a y  f i l m s  m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  B t l .  
2 .  C a r b o n a t e  p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  g r a v e l  i n  2 C  h o r i z o n . 
3 .  A p p r o x i m a t e l y  2 5  % g r a v e l  i n  2 C  h o r i z o n . 
4 .  P r o f i l e m o i s t  t o  s o m e w h a t  d r y  t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l , F i n e - L o a m y , M i x e d , M e s i c  

HOR I ZO N  D E PT H  S O I L  C O L O R  T E X T U R E  S O I L S T R U CT U R E  D R Y  R E A CT I O N  B O U N DA R Y  SOFT L I H E  
C ID  D R Y  HO I ST P R I MA R Y  S ECON D A R Y  CO N S I ST A N C E  A C C U H . 

A l  7 1 0 Y R 4 / 2  1 0 Y R 3 / 2  SiL 2 f & m g r 2 v t p l  8 n o n e  8 8 n o n e  
A 2  2 2  1 0 Y R 4 / 2  H l Y R 3 / 2 L l f & m s b k  l f p r 8 n o n e  c w  n o n e  
B t l  3 6  1 0 Y R 5 / 4  1 0 Y R 4 / 3  L 2 f & m s b k  2 f p r s / s h  n o n e  C W  n o n e  
B t 2  7 1  l O Y H S / 3  1 0 Y R 3 / 2  CL 2 f & m s b k  2 f p r  s h / h  n o n e  c w  n o n e  
2 C  2 00 1 0 Y R 7 / 3  l O Y R 7 / 2 CRV-cs s g  --- 1 e v  - - l v f  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · · · · - - - - - - - - · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - -



F I E L D D E S C R I P T I O N  S H E E T  
= = = = = = = = = = = = = = = = = = = = = = = = = = = ; � = = = = = = = = = = = = = ; = = = = = = = = = = = = = = = = = -= = = = =  

L e v e l  3 I T r a n s e c t 1 E l e v a t i o n  7 0 8 . 1 M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : 9 1  m w e s t  a n d  1 8 3 m s o u t h  o f  N E  c o r n e r  S e c . 1 4 ,  T 6 N , 
R l 8 E ,  H a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g . o r  c r o p : I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mm e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  T h e  A p  h o r i z o n  h a d  a s u r f a c e  d u s t  l a y e r  o f  2 e m . 
2 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  w a s m o r e  

e v i d e n t  i n  t h e B t 2  t h a n  t h e  B t l . 
3 .  S o f t  l i m e  a c c u m u l a t i o n s  o n  h o r i z o n t a l  p e d  f a c e s  i n  B k , s o m e  2 

t o  3 e m  p a t c h e s  o f  c r y s t a l s t h a t  a p p e a r e d t o  b e  g y p s u m  w e r e  
a l s o o b s e r v e d . 

4 .  C a r b o n a t e  p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  p e b b l e s  i n  2 C  
h o r i z o n . 

5 .  P r o f i l e  m o i s t  t h r o u g h o u t .  

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l , F i n e - L o a m y , M i x e d , M e s i c  

HO R I ZO N  D E PTH S O I L COLOR T E X T U R E S O I L  S T R UCTU R E  D R Y  R EACT I O N  B O U N D A R Y  S O FT L I H R  
C lll D I H  HO I ST P R I MA R Y  S ECON DA R Y  CO N S I ST A N C E  ACC U H . 

A p  1 0  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L l f g r  1 m p l  8 n o n e  a s  n o n e  
B A  2 7  1 0 Y R 4 / 2  1 0 Y R 3 / 2  L 1 & 2  f & m s b k  2 m p r  8 n o n e  c a n o n e  
B t l 5 1  1 0 Y R 5 / 3  1 0 Y R 4 / 3  L 2 f & m s b k  2 m p r  s / a h  n o n e  c w  n o n e  
B t 2 7 0  l O Y R 5 / 3  1 0 Y R 4 / 3  L 1 f & m s b k  2 m p r  a h / h  n o n e  c w  n o n e  
B k  9 1  1 9 Y R 6 / 3  1 0 Y R 5 / 4  FSL l m s b k  l m p r  s h  e v  g v 2 •& c  
2 C  1 00 1 0 Y R 6 / 3  1 0 Y R 5 / 3  cs 9 8  --- 1 e v  - - 1 r"

&m 
· · · · · · · · · · · · · · - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - - · · · · · · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - · - · · 



F I E L D  D E S C R I PT I O N  S H E E T  
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  3 I T r a n s e c t 2 E l e v a t i o n  7 0 4 M e t e r s  ( m )  I D a t e  7 / 8 4  

L o c a t i o n : 2 4 4  m e a s t  a n d  4 2 7  m n o r t h  o f  S W  c o r n e r , S e c . 1 0 ,  T 6 N , 
R l 9 E , H a a k o n  C o � n t y ,  S o u t h  D a k o t a . 
- - - � - - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N a t i v e v e g  . · o r  c r o p : s m a l l  g r a i n  

A d d i t i o n a l N o t e s : 

I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

1 .  C l a y  f i l m s  w e r e  m o r e  e v i d e n t  o n  v e r t i c l e  p e d  f a c e s  i n  B t 2 
t h a n  t h e  B t l . 

2 .  S o f t  l i m e  a c c u m u l a t i o n s  i n  t h e  B k  w e r e  c o n c e n t r a t e d b e t w e e n  a 
p r o f i l e d e p t h  o f  8 3  t o  1 0 9 e m . 

3 .  D i s c o n t i n u o u s  v e r y  f i n e  s a n d  b a n d  b e t w e e n  a p r o f i l e d e p t h  o f  
1 5 5 t o  1 6 3 e m . 

4 .  A g r a v e l  l a g  o f  1 5  % g r a v e l  m a d e  u p  o f  r o u n d e d s t o n e  f r o m  2 . 5  
t o  5 e m  wa s n o t e d a t  t h e 2 1 8  e m  p r o f i l e  d e p t h . 

5 .  P r o f i l e w a s  m o i s t  t h r o u g h o u t .  

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - S i l t y , M i x e d , M e s i c  

IIO R I ZON  IJ E PT II 
C lll 

A p  1 2  
B t l 2 8  
B t 2  5 3  
Bk 1 0 9 
2 B k  1 2 0 
2 C 2 1 8  

S O I L  COLOR T E XT U R E S O I L  S T R UCTU R E  D R Y  
D R Y  HO I ST 

1 0 Y R 4 / 2  1 0 Y R 3 / 2  
1 0 Y R 4 / 2  1 0 Y R 3 / 2  
l O Y R S / 3  1 0 Y R 4 / 3  
1 0 Y R 6 / 2  1 0 Y R 4 / 2  
l 0 Y R 6 / 2  1 0 Y R S / 3  
1 0 Y R 6 / 2  1 0 \' R S / 3  

P R I M A R Y  

SiL l f & m s r  
SiL 2 f s b k 
CL 2 f s b k  
SiCL 1 f s b k  
FSL l f s b k  

FSL II 

S �CO N D A R Y  CON S I S T A N C E  

· l m s b k  8 
l 11 p r  s h  
l m p r  h 
l m p r  h 
l m p r  s / 1  

- - - - -

R E A CT I O N  B OU N D A R Y  S O FT L I M E 
A C C U H . 

n o n e  8 8  n o n e  
n o n e  c w  n o n e  
n o n e  8 \11 n o n e  
e v  8 "'  c 2  
e v  8 "'  f l  
e v  - - c 2  · 

· · · · · · · · · - - - - · - · · · · · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · - · · · · · ·  



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
L e v e l  3 I T r a n s e c t 3 E l e v a t i o n  6 8 9  M e t e r s  ( m ) D a t e  7 / 8 4  

L o c a t i o n : 6 1  m n o r t h  a n d  1 8 3 m e a s t  o f  t h e  S W  c o r n e r , N W  1 / 4 ,  
S e c � 1 2 ,  T 6 N , R 2 0 E , - H a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g . o r  c r o p : s ma l l  g r a i n  I D e s c r i b e d  b y : S . G . W a n g e m a n n , 
G . D . L e mm e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  w a s  m o r e  

e v i d e n t  i n  t h e  B t 2 t h a n  t h e  B t l . 
2 .  C o mm o n  d i s t i n c t l O Y R S / 6  m o t t l e s  i n  2 C . 
3 .  F e w  p r o m i n e n t  S Y R S / 8  m o t t l e s  i n  3 C . 
4 .  P r o f i l e  wa s m o i s t  t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c 

HOR I ZON D E PTH S O I L  COLO R T E X T U K E  SO J L  STR UCTU R E  D R Y R E A C T I O N  B O U N D A R Y  S O FT L I H E  
c •  D R Y  HO I ST P R I MA R Y  S ECON D A R Y  C ON S I S T A N C E  A C C U H . 

A p  2 2  _ 1 0 Y R 4 / 2  1 0 Y R 3 / 2  L l v f & f g r  l m s b k a h  n o n e  8 8  n o n e  
B t l 3 9  I O Y R 4 / 2  1 0 Y R 3 / 3  L 2 f  & 1a a b k  l & 2 m p r  h n o n e  c w  n o n e  
B t 2  5 4  I O Y R S / 3  I O Y R 3 / 3  CL 2 f & m s b k  2 111 p r  h n o n e  C W  n o n e  
B t k  8 6  1 0 Y R 6 / 3  I O Y R S / 3  CL 2 f & m s b k  l m p r  h n o n e  g w c 2  

2 B k  1 0 7  1 0 Y R 6 / 3  I O Y R S / 3  SCL 1 f & m a b k  l m p r  8 e v  C 8  c 2  
3 C  1 4 7  I O Y R S / 3  I O Y R 4 / 3  c II - - - s h  e v  g s  f 2 & 3  
4 C  2 00 1 0 Y R 6 / 2  l O Y R S / 3  FSL 8 8 - - - 1 e v  - - f l  
· · · · · · · · - - - · - - · · · · · · · · · · · · · · · · - - - - - - - - - - - · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - - - - - - - - - - - · - · · · · · · · · · · ·  



F I E L D  D E S C R I P T I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = ; = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ; - = = = = = = 

L e v e l  3 I T r a n s e c t  5 E l e v a t i o n  6 5 8 M e t e r s  ( m )  D a t e  7 / 8 4
. 

L o c a t i o n : S E  c o r n e r  o f  S E  1 / 4 ,  S e c . 1 ,  T 7 N , R 2 2 E , H a a k o n  C o u n t y , 
S o u t h  Da k o t a . 

N a t i v e  v e g � o r  c r o p : 

A d d i t i o n a l  N o t e s : 

I D e s c r i b e d b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  w a s m o r e  
e v i d e n t  i n  t h e  B t 2 t h a n  t h e B t l . 

2 .  S o f t  l i m e  a c c u m u l a t i o n s  i n  t h e Bk 1 ,  w i t h i n  t h e  r a n g e  o f  
c om m o n m e d i u m ( c 2 ) , w e r e  l a r g e r  b e t w e e n  a p r o f i l e  d e p t h  o f  
7 4  e m  t o · 8 5  e m . 

3 .  G r a v e l  l a y e r  a t  a p r o f i l e  d e p t h  o f  1 5 8 e m . 
4 .  P r o f i l e  w a s m o i s t  t h r o u g h t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l , F i n e -S i l t y , M i x e d , M e s i c  

H O R I ZO N  D E PTH S O I L COLOR T E X T U R E  S O I L  S T R U CT U R E  D R Y  R EA C T I O N  B O U N D A R Y  SOFT L I ME 
C ll  D R Y  HO I ST P R I M A R Y  S ECON DA R Y  CON S I ST A N C E  A C C U H  

A p  5 1 0 Y R 5 / 2  1 0 Y R 3 / 1 SiL 2 m& f a b k  2 t p l  a n o n e  8 8  n o n e  
B A  1 6  1 0 Y R4 / 2  1 0 Y R 3 / 2  S iL 2 1D & f  s b k  h p r  8 n o n e  C 8  n o n e  
B t l  3 4  1 0 Y R 4 / 3  1 0 Y R 3 / 3  CL 2 ru s k b  2 m p r  s h / h  n o n e  c v  n o n e  
B t 2  5 6  1 0 Y R S / 3 1 0 Y R 4 / 3  SiL 2 & 3 f & m s b k  2 H& c p r  h n o n e  c v  n o n e  
B k 1  8 3  1 0 Y R 6 / 2  1 0 Y R 5 / 3  L 1 m s b k  2 m p r  h e v  c s  c 2  
B k 2  1 2 0 1 0 Y R 6 / 2 l OY R S / 2  L l m s b k  l m p r  s h  e v  8 "  f l  
c 1 5 8 1 0 Y R 6 / 3 l O Y R S / 3  L s g  - - - 1 e v  - - f l  
· · · · · · · · · · · · · · · · · · · · · · · · · - · · · · · · - · · · · · · · · · · · · · · - - - - - - - - - - - - · · · · · · - · · · - - - - - - - · · · · · · · - - - - - - - -·- · · · ·  



F I E L D  D E S C R I P T I O N S HE ET 
= = = = = = = = = = = = = = = = = = = = = = = ; = = = = = = = = = = = = = - � = = = = = = = = = = � � - = = = = = = = = = = · - �  
L e v e l  3 I T r a n s e c t 6 I E l e v a t i o n  6 5 2  Me t e r s  { m )  I D a t e  7 / 8 4  

L o c a t i o n : 4 6  m . e a s t  a n d  1 0 6 m n o r t h  o f  SW c o r n e r , S e c . 3 5 , TSN , 
R 2 3 E , H a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g . o r  c r o p : f a l l ow I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mme , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  S o f t  l i me  a c c u m u l a t i o n s  i n  t h e  B t k , w i t h i n  t h e  r a n g e  o f  

c o mmo n f i n e  a n d  m e d i u m ( c l & 2 ) , w e r e  mo r e  c o mm o n  b e t we e n  a 
p r o f i l e  d e p t h  o f  8 7  e m  t o  1 0 6 e m . 

2 .  P r o f i l e  wa s m o i s t  t h r o u g h o u t .  

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e- Lo am y , M i x e d , M e s i c  

HOR I ZO N  DEPTH S O I L  COLOR T E X T U R E  S O I L  S T R U CT U R E  D R Y  R E A CT I O N  B OU N D A R Y  S O F T  L I M E  
e m  D R Y  HO I ST P R I MA R Y  SECON D A R Y  C ON S I S T A N C E  A C C U H . 

A p l  7 1 0 Y R 4 / 2 l O Y R 3 / 1 L 1 f & m g r  - - - s / a h  n o n e  8 8  n o n e  
A p 2  1 9  1 0 Y R4 / 2  1 0 Y R 3 / l  L 1 f & 11 g r  l ms b k  a h  n o n e  8 8  n o n e  
B t l 4 2  l O Y R S / 3  1 0 Y R 4 / 3  L l 118 b k  l • p r  a h  n o n e  C 8  n o n e  
B t 2  6 0  l OY R S / 3  1 0 Y R 4 / 3  L 2 m s b k  h p r  h n o n e  s v n o n e  
B t 3  1 5  1 0 Y R 5 / 3  1 0 Y R 4 / 2  L 1 f & m a b k  l m p r  s h  n o n e  c v  n o n e  
B t k  1 08 1 0 Y R 6 / 2  l OY R S / 3  L l f&ma b k  l m p r  h e v  C 8  c l & 2  
2 C  1 60 l O Y R 7 / 2  1 0 Y R 7 / 3  cs • a - - - 1 e v  - - f l & 2  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - - - - - - - - · · · · · · · ·  



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ; = = = = = = = = = = = = = - - = = = = = = = = = = = = = = - = � � =  

L e v e l  4 I T r a n s e c t 2 E l e v a t i o n  7 1 6  Me t e r s  ( m )  I D a t e  7 / 8 4  

L o c a t i o n : 6 1  m w e s t  a n d  2 7 4 m s o u t h  o f  t h e  NW c o r n e r , S e c . 1 5 ,  
T 6 N � - R 1 9 E ,  H a a k o n  C o u n t y ,  S o u t h  D a k o t a . 

Na t i v e v e g . o r  c r o p : I De s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  F i l m s  1 0 Y R 3 / 2 i n  c o l o r  o n  p e d  f a c e s  i n  t h e  B t . 
2 .  S t r a t i f i c a t i o n  o f  p a r e n t  ma t e r i a l  o b s e r v e d  i n  l o w e r 2 C . 
3 .  P r o f i l e w a s  mo i s t t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - S i l t y , M i x e d , M e s i c  

HORI ZON DE PTII S O I L  COLOR TEXTU R E  S O I L  S T R UCTUR E D R Y  R EA CT I O N  B OU N D A R Y  S OFT L I H E  

e m  D R Y  HO I ST P R I M A R Y  S ECO N DA R Y  CON S I S T A N C E  A C C UH . 

A p  1 3  I O Y R 4 / 2  1 0 Y R 3 / 2  L l f g r  h s b k  - - n o n e  8 8  n o n e  
B t  4 7  1 0 Y R 4 / 2  1 0 Y R 3 / 2  C l  2 m s b k  l m& c p r  - - n o n e  C W  n o n e  
B t k  7 8  1 0Y R 6 / 2  l O Y R S / 3  S i L  l ms b k  - - - - - e v  c w  c 2  
2 C  1 7 6 1 0 Y R 6 / 2  1 0 Y R 5 / 3  L • - - - - - ev CW f l  

3 C  200 1 0 Y R 4 / 6  1 0 Y R 4 / 4  c s  s g  - - - - - e v  - - n o n e  
· · · · · · · · · · · - - - - - · · · · · · · · - · · · · · · · · · · · - · · · · · · · · · · · · · · · - - - - - - - - - - - - · · - · · · · · · · · · · · · · · · · · · · · · - · · · · · ·  



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  
L e v e l  4 I T r a n s e c t 3 I E l e v a t i o n  7 0 8  M e t e r s  ( m ) I D a t e  7 / 84  

L o c a t i o n : 3 0  m s o u t h  a n d  9 1  m w e s t  o f  t h e  N W  c o r n e r , NW 1 / 2 ,  
S e c . 2 2 , T 6 N , R 2 0 E , H a a k o n  C o u n t y , S o u t h  D a k o t a . 

Na t i v e v e g . o r  c r o p : I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mme , R . L . S c h l e p p  

A d d i t i o n a l N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y f i l m s  w a s  m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  t h e  B t l . 
2 .  P r o f i l e  wa s v e r y  mo i s t  t h r o u g h o u t . 

Co n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - S i l t y , M i x e d , M e s i c  

HOR I ZO N  D E PTH S O I L  COLOR TEXTU R E  S O I L  STR UCTU R E  D R Y  R EA CT I O N  B O U N D A R Y  S O FT L I H E  
c a  D R Y  HO I ST P R I M A R Y  S ECON D A R Y  CON S I STANCE ACCUH . 

A p  2 9  1 0 Y R 4 / 2  1 0 Y R 3 / l S i L  l v f& f a r l a • b k  • h  n o n e  c: a n o n e  
B t l 5 8  1 0 Y R 4 / 2  l O Y K J / 2  S t C l  2 f & aa e b k  2 a p r  h n o n e  I "'  n o n e  
B t 2  8 2  1 0 Y R 5 / 3  1 0 Y R 3 / 3  S i C l  2 f &11s b k  2 aa p r  h n o n e  c w  n o n e  
B t k l  1 1 3  1 0 Y R 5 / 3  1 0Y R4 / 3  S i C l  l f &aas b k  l 11 p r  h e v  8 "'  f l  

B t k 2  1 4 2  l O Y R S / 2  1 0 Y R 4 / 2  C l 1 f&11e b k  l m p r  h e v  8 "'  £ 2  

Bk 1 6 2  1 0Y R6 / 3  1 0Y R 5 / 3  S i L  h p r  --- sh e v  8"' f 2  
c 2 0 0  1 0 Y R 6 / 3  1 0 Y R 5 / 3  L II --- e / e h e a  -- f l  
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · - - · · · · · · · · · · · · · · · · · · · · · · · - - - - -



F I E L D  D E S C R I P T I O N  S H E ET 
= = = = = = = = = = = = = = = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  4 I T r a n s e c t 5 I E l e v a t i o n  6 7 0 M e t e r s  ( m )  D a t e  7 / 8 4  

L o c a t i o n : 3 5  m n o r t h  a n d  2 1 3  m e a s t  o f  S W  c o r n e r  o f  N W  1 / 4 ,  
N W  1 / 4 , S e c . 2 1 , T 7 N , R 2 3 E , H a a k o n  C o u n t y , S o u t h  D a k o t a . 
- - - - � - - - - - - - - - - - - - - � - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

N a t i v e v e g  • .  o r  c r o p :  s ma l l  g r a i n  I D e s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mm e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n o f  c l a y  f i l m s  wa s m o r e  

e v i d e n t  o n  p e d  f a c e s  i n  t h e B t 2  t h a n  t h e  B t l . 
2 .  S o m e  s o f t  l i m e  a c c u m u l a t i o n s  i n  t h e  B t k  f o r m e d  h o r i z o n t a l  

f i l m s o n  p e d  f a c e s . 
3 .  C a r b o n a t �  p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  p � b b l e s  i n  2 C  

h o r i z o n . 
4 .  P r o f i l e  w a s m o i s t f r o m  0 t o  2 8  e m  a n d  s o m e w h a t  d r y  f r o m  2 8  t o  

1 5 0 e m . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l , F i n e-Loam y ,  M i x e d , M e s i c  

HO R I ZO N  D E PT II SO I L  COLOR T E X T U R E SO I L  S T R U C T U K E  D R Y  R EA CT IO N  B OU N DA R Y  S O FT L I H E  
C ID  D R Y  HO I ST PR I MA R Y  S ECON D A R Y  CO N S I ST A N C E  ACC UH . 

A p  5 1 0 Y R 3 / 2  1 0 Y R 3 / 1  L 1 m& f g r  l v t p l  8 n o n e  a s  n o n e  
A 2  1 2 1 0 Y R 4 / 2  1 0 Y R 3 / 2  L 2 m s b k  l m p r  8 n o n e  C 8  n o n e  
B t l 2 8  l O Y R S / 3  l O Y R 4 / 4  C L  2 m s k b  2 m p r  h n o n e  C W  n o n e  
B t 2  5 2  l O Y R S / 4  1 0 Y R 4 / 3  L 2 m 8 b k 2 m p r  h n o n e  c w  n o n e  
B t l  6 6  1 0 Y R 6 / 4  l O Y R S / 4 SiL 2 f & m s b k  l m p r  h / 8 h  n o n e  c w  n o n e  
B t k  9 1  1 0 Y K 6 / 2  l O Y R S / 3  S iL 2 m s b k  h p r  a h  e v  C W  f l & c 2  
2 C  1 5 0 1 0 Y R 7 / 2  1 0 Y R 7 / 3  cs 8 8 - - - 1 e s  - - n o n e  
- - - - - - - · · · · · · · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · 



F I E L D  D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =  

L e v e l  4 I T r a n s e c t 6 I E l e v a t i o n  6 6 8  M e t e r s  ( m ) I D a t e  7 / 8 4  

L o c a t i o n : 1 5 2 m e a s t  a n d  6 1 0  m n o r t h  o f  S W  c o r n e r , S e c . 1 1 ,  T 7 N , 
R 2 3 E , H a a k o n C o u n t y ,  S o u t h  D a k o t a . 

N a t i v e v e g . ·  o r  c r o p : I D e s c r i b e d  b y : S . G . W a n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n  o f  c l a y  f i l m s  w a s m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  t h e  B t l . 
2 .  S o f t  l i m e  a c c u m u l a t i o n s  i n  t h e  B t k  w e r e  g e n e r a l l y  f e w f i n e  

( f 1 )  a b o v e  t h e  8 4  e m  p r o f i l e  d e p t h  a n d  c o m m o n m e d i u m ( c 2 )  
b e t w e e n  t h e  8 4  e m  t o  9 3  e m  d e p t h . 

3 .  C a r b o n a t e  p r e c i p i t a t i o n  o n  u n d e r s i d e o f  p e b b l e s  i n  2 C  
h o r i z o n . 

4 . D i s c o n t i n u o u s  g r a v e l  l a g  a t  c o n t a c t b e t w e e n  B t k  a n d  2 C . 
5 .  P r o f i l e  w a s m o i s t  t h r o u g h o u t .  

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

H O R I ZO N  D E P T H  S O I L  C O L O K  T E X T U R E S O [ L  S T R U C T U R E  D R Y  R E A C T I O N  BOU N D A R Y  S O FT L I M E  
C ID  D R Y  HO I S T  P R I MA R Y  S ECON DA R Y  CON S I ST A N C E  A C C UH . 

A p l  6 l O Y R 4 / 2  l O Y R J / 1  L l m& f g r  - - - 8 n o n e  8 9  n o n e  
A p 2  2 0  I O Y R 4 / 2  l O Y I D / 1  L 1 m& f g r h s b k  e / a h  n o n e  llll n o n e  
B t l 4 4  I O Y R 4 / 3  l O Y R 3 / 3  L 2 m s k b  l m p r  h n o n e  g w  n o n e  
B t 2  7 0  I O Y R 4 / 3  I O Y R J / 3  L 2 m s b k  l m p r  h n o n e  c w  n o n e  
B t k  9 0  l O Y R 6 / 2  1 0 Y R 5 / 3  S iL l ua s b k  l m p r  h e v  c w  f l & c 2  
2 C  1 2 0 I O Y R 7 / 2  I O Y R 7 / 3  cs s g  - - - 1 e a  - - c 2  
• • • • • • • • • • • • • • • • • • • • • • • a • • • � • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • •  



F I E L D  D E S C R I P T I O N  S H E E T 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = · = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = =  

L e v e l 5 T r a n s e c t 1 E l e v a t i o n  7 2 5  M e t e r s  ( m ) D a t e  7 / 8 4 

L o c a t i o n : 2 9 0 m w e s t  a n d  3 3 5  m w e s t  o f  N E  c o r n e r , S e c . 2 4 , T 6 N , 
R 1 8 E. , I I  a a k o n C o  u n t y , S o u t h D a k o t a . 

N a t i v e v e g .  ·o r c r o p  : D e s c r i b e d  b y : S . G . W a n g e m a n n , 
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  T h i n  d u s t  l a y e r  o n  s u r f a c e  o f  A l  h o r i z o n . 
2 .  C l a y  f i l m s e v i d e n t  o n  b o t h  v e r t i c l e  a n d  h o r i z o n t a l  o r i e n t e d  

p e d f a c e s  i n  B t l  a n d  B t 2 .  
3 .  C a r b o n a t e . p r e c i p i t a t � o n  o n  u n d e r s i d e  o f  p e b b l e s  i n  2 C  

h o r i z o n . 
4 .  D i s c o n t i n u o u s  g r a v e l  l a y e r  b e t w e e n  t h e 9 9  e m  t o  1 0 8 e m  

p r o f i l e  d e p t h . 
5 .  P r o f i l e  w a s m o i s t  t h r o u g h o u t .  

C l a s s i f i c a t i o n : T y p i c  A r g i u s t o l l , F i n e - L o a m y , M i x e d , M e s i c  

HOR I ZON U E I 'T I I  SO I L  COLOR 'f t:: X T U M E  S O I L  S T K U CTU R E  D R Y  R E A CT I O N  DOU N O A R Y  S O FT I. U H :  
C ID  D R Y  HO I ST P R I MA R Y  S ECON D A R Y  CON S I ST A N C �  ACCUH . 

A 1  ij 1 0 Y R 4 / 2  1 0 Y R 3 / 2  SiL 1 f & m g r  1 v t & t p l 8 n o n e  a s  n o n e  
A 2  1 5  1 0 Y R 4 / 2  1 0 Y R J / 2  L 2 •D & f g r  2 1D H b k  a h  n o n e  C B  n o n e  
A B  2 6 1 0 Y K 4 / 2  1 0 Y R J / 2  L 2 n11� r 2 1u1 b k  h n o n e  C ll  n o n e  
B t l  4 5  1 0 Y R 4 / 2  I O Y R 3 / 2  L 2 f & m s b k  2 ra p r  h n o n e  g w  n o n e  
B t 2  6 5  1 0 Y R 5 / 4  l O Y R 4 / l  L 2 f & m s b k  2 m p r  h n o n e  C W  n o n·e 
I H k  8 6  1 0 Y N 5 / 3  1 0 Y R 4 / 3  UL 1 & 2 f & ra s b k  1 m p r  h / a h  e v  g w  c 2  

2 C 1 3 2 l O Y R 5 / 4 l 0 Y R 4 / ]  LS a g  - - - - - e v  C W  f 1 

JC 1 7 2 l O Y R S / 2  I O Y N 3 / 2  L ID --- -- - - - - f 1 . 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - · 



F I E L D  D E S C R I PT I O N  S HE E T  
= = = = = = = = = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � - = =  

L e v e l  5 I T r a n s e c t  3 I E l e v a t i o n 7 1 9  M � t e r s  ( m ) I Da t e  7 / 8 4  

L o c a t i o n : 2 0 7  m e a s t  a n d  3 0  m s o u t h  o f  t h e  N W  c o r n e r , N W  1 / 4 ,  
N E  1 / 4 ,  S e c . 2 7 , T 6 N , R 2 0 E , H a ak o n  C o u n t y ,  S o u t h  D a k o t a . . . 
N a t i v e v e g . o r  c r o p : I D e s c r i b e d  b y : S . G . Wa n g e ma n n , 

G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l o r i e n t a t i o n o f  c l a y  f i l m s  w a s  m o r e  

e v i d e n t i n  t h e  B t 2  t ha n  t h e B t l . 
2 .  F e w  5 mm c l a y  b a l l s  e v i d e n t  i n  t h e  l o w e r  2 C . C l a y  b a l l s  w e r e  

t h e  s a m e  c o l o r  a s  t h e  d r y  m a t r i x  c o l o r  o f  t h e  Bk . 
3 .  Ca r b o n a t e  p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  p e b b l e s  i n  2 C  

h o r i z o n . 
4 .  P r o f i l e  wa s m o i s t  t h r o u g h o u t . 

C o n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - S i l t y , M i x e d , M e s i c  

H OR I ZON D E PTH S O I L  COLO R T E X T U R E  S O I L  S T R U CT U R E  D R Y  R EACT I O N  B O U N D A R Y  S O FT L I K E  
C ll  D R Y  HO I ST P R I MA R Y  S ECON D A R Y  C ON S I STANCE ACCUH . 

A p  1 4  l O Y R 4 / 2  l O Y R J / 2  S 1 L 1 f & v f g r  l m s b k  a / s h n o n e  8 8  n o ne 
B t l  3 9  1 0 Y R 5 / 3  l O Y R J / 3  S i C l  2 f& • s b k  2 11 p r  h n o n e  c w  n o n e  
B t 2  5 9  1 0 Y R 5 / 3  1 0 Y R 3 / 3  S i C l  2 f & m s b k  2 m p r  h n o n e  c w  n o n e  

, B t k  1 06 l O Y R6 / 3  I O Y R S / 4  S i C l  2 m s b k  h p r  h e v  gw f 2  
B k  1 4 4 1 0 Y R 6 / 3  1 0 Y R 5 / 3  L l ma b k  l iD p r  h / a h  e v  C 8  £ 2  
2 C  1 5 0 l O Y R S / 2  1 0 Y R 4 / 2  LCS II --- 1 e v  -- £ 1 & 2  
· · · - - - - - - - - - - - - · · · · · · · · · · · · · - - - - - - - - - - - - - · - · · · · · · · · · - · · · - - - - - - - - - - - · · · · · · · · · · · · · · · - - - - - - - - - - · · ·  



F I E L D  D E S C R I P T I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = - = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = � a � = = • 

L e v e l  5 I T r a n s e c t  5 I E l e v a t i o n  6 8 3  M e t e r s  ( m )  I D a t e  7 / 8 4  

L o c a t i o n : 1 8  m e a s t  a n d  6 1  m n o r t h  o f  S W  c o r n e r , S W  1 / 4 ,  S E  1 / 4 ,  
S e c t i o n  2 1 , T 7 N , R 2 3 E , H a a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e v e g . o r  c r o p : I D e s c r i b e d  b y : S . G . Wa n g e m a n n  
G . D . L e m m e , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  ·h o r i z o n t a l  o r i e n t a t i o n o f  c l a y  f i l m s  w a s  m o r e  

e v i d e n t  i n  t h e  B t 2  t h a n  t h e  B t l . 
2 .  C l a y  f i l m s  e v i d e n t  o n l y  o n  v e r t i c l e  p e d f a c e s  o f  2 B t k . 
3 .  Ca r b o n a t e . p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  p e b b l e s  i n  2 C . 
4 .  P r o f i l e  mo i s t  t o  s o m e w h a t d r y . 

C l a s s i f i c a t i o n : T y p i c  A r g i u s t o l l ,  F i n e - L o a m y , M i x e d , M e s i c  

H OR I ZON D F. PT H  S O i l. COLON T E X T U K F.  S O I L  STRUCTU R E  D R Y  R EA CT I O N  B O U N D A R Y  S O F T  L I M E  
c •  D R Y  HO I ST PR I MA R Y  S ECON D A R Y  CON S I S T A N C E  ACC UH . 

A p  8 I O Y R 4 / l  I O Y R 3 / 2  L I f & m g r  l v t p l  • n o n e  a s  n o n e  
A 8  2 3  I O Y R 4 / 2  1 0 Y R 3 / 2  L 2 m s b k  l m p r  a h / h  n o n e  C 8  n o n e  
B t l  4 2  1 0Y R 5 / 3  1 0 Y R 4 / 3  L 2 f & IDS b k  2 m p r  a h / h  n o n e  c w  n o n e  
B t 2  5 8  1 0 Y R 5 / 3  1 0Y R 4 / 3  L 2 m s b k  J m p r  h n o n e  c w  n o n e 
2 B t k  7 7  1 0 Y K 5 / 3  I O Y R 4 / 3  S i L  2 • a b k  l • p r  s h / h  e v C W  c 2  
3 B k  9 7  1 0 Y R6 / 2  1 0 Y R 5 / 3  L l f & m s b k  l la p r  8 e v c w  • 2  

· 4 c  1 2 0 1 0 Y K 7 / 2  1 0 Y R 7 / 3  c s  8 8  - - - 1 e v  - - f l  
· · · · · · · - - - - - - · · · · · · · · · · · · · · · · - - - - - - - · · · · · · · · · · · · · · · · - - - - - - - · - · · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - -



F I E L D D E S C R I PT I O N  S H E ET 
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = = = = = = = = = = = = = = = = = = = = = = = = = = � = = = = =  
L e v e l  5 I T r a n s e c t 6 I E l e v a t i o n  6 7 9  M e t e r s  ( m )  I D a t e  7 / 8 4  

L o c a t i o n : 1 6 8 m w e s t  a n d  3 8 1 m o f  n o r t h  S E  c o r n e r , N E  1 / 4 ,  
S E  1 / 4 ,  S e c . 1 4 , T 7 N , R 2 3 E , Ha a k o n  C o u n t y , S o u t h  D a k o t a . 

N a t i v e  v e g . o r  c r o p : I De s c r i b e d  b y : S . G . Wa n g e m a n n , 
G . D . L e mme , R . L . S c h l e p p  

A d d i t i o n a l  N o t e s : 
1 .  V e r t i c l e  a n d  h o r i z o n t a l  o r i e n t a t i o n o f  c l a y  f i l m s  w a s m o r e  

e v i d e n t  i n  t h e B t 2  t h a n  t h e  B t l . C l a y  f i l m s  w e r e mo r e  
c o n t i n u o u s  o n  t h e  v e r t i c l e  p e d  f a c e s  t h r o u g h o u t  t h e  B t 2 . 

2 .  S o f t  l i m e a c c u m u l a t i o n s  i n  t h e B t k , w i t h i n  t h e  r a n g e  o f  
c o m m o n  m e d i u m  ( c 2 ) , w e r e  m o r e  a b u n d a n t  a t  a p r o f i l e d e p t h 
b e t w e e n  8 1  e m  t o  9 1  e m . 

3 .  C a r b o n a t e  p r e c i p i t a t i o n  o n  u n d e r s i d e  o f  p e b b l e s  i n  2 C . 
4 .  F e w  s i l t y - c l a y  f i l a m e n t s  1 5  t o  2 5  e m  l o n g  a n d  . 5  x l e n g t h  

w i d e  we r e  p r e s e n t  i n  t h e  2 C . 
5 .  P r o f i l e  w a s m o i s t  t h r o u g h o u t .  

Co n t r o l  S e c t i o n : T y p i c  A r g i u s t o l l ,  F i n e - Lo a m y , M i x e d , M e s i c  

H O R I ZON D E PTH S O I L COLOR T E X T U R E  · S O I L  S T R U CT U R E  D R Y  R E A C T I O N  B OU N DA R Y  SOFT L I H E 
c •  D R Y  HO I ST P R IM A R Y  S ECONDA R Y  CON S I STANCE ACC U H . 

A p  1 8  1 0 Y R 4 / 2  1 0 Y R 3 / l  L l m& f g r  l m& f a b k  a / a h  n o n e  a s  n o n e  
B t l 5 2  1 0 Y R 5 / 3  1 0 Y R 4 / 3  L 2 m& f s b k  l m p r  a h  n o n e  C W  n o n e  
B t 2  6 4  l O Y R S / 3  1 0 Y R 4 / 2  SiL l f & m s b k  l m p r  h n o n e  C W  n o n e  
B t k  9 1  1 0 Y R 6 / 2  1 0 Y R 6 / 2  L 1 & 2 m a b k  2 m p r  a h / h  e v  c w  c 2  
2 C  1 2 0 1 0 Y R 7 / 2  1 0 Y R 7 / 3  cs 8 8 - - - 1 e v  - - c l & 2  
- - - - - - - - - - · · · · · · · · · · · · · - - - - - - - - - - - - - - - - - - - - - - - - · · · · · · · · · · · - - - - - - - - - - · · · · · · · · · · · · · · · - · · · · · · · · · · ·  



APPENDIX G -

SUMMARY OF LABORATORY DATA 



Ll V ll.  

L E V E L  

, 

Su·t�Y OF lABooATORY DATA 

I I<AN S £ C l  l tO H  I Z O N  I. OW l R  C l AY 

BOUN DARY <2 
C M  

A 1 9  2 5 . 6U 
13 1 1  3 6  26 . 9 5 
Il l  K I 55 3 9 . 9 5 
B l K 2 69 3 5 . 6 5 
O K  1 00 28 . 1 0  
C 1 1 20 26 . 60 
C2 1 22 24 . 1 5  

l i<ANSE C T  I IOR I ZON F I N E C I. AY 

T O T AL C LAY 

RAT I O  

A 0 . 61t 
O T 1  0 .  7 1  
B T K 1  0 . 65 
U I K2 0 .  70 
OK 0 . 6 2 
C 1  0 . 6 1  
C2 0 . 5 7  

To t a l  

::> l l  T 
2 - 5 0 

5 9 . 8 0 
5 6 . 2 0 
lj lj , ? �  
3 11 . 1 5  
lt l/ . 7 U  
1t 5 . 't 5 
3 1 . 3 5 

SAND 
50 

- 2 000 

I ll .  60 
1 6 . 8 5 
1 5 . 50 
3 0 . 20 
3 1 . 20 
2 7 . 9 5 
4 4 . 50 

C l A Y  f H [ [  
5 1  L 1  

� 
0 0 . 3 8 
7 6 . 9 3 
7 11 . 1 9  
5 3 . 0 7 
56 . 6 1 
6 1 . 9 2 
4 1 . 3 3 

A = Mea s u red v a l ue f rom p re s s u re pl a te . 
P = P re d i c ted v a l ue f rom reg re s s i on a n a l ys i s .  

Orga n i c  ca rbon 

I 

Pa r t i c l e  S i z e  Da ta i n  � o f  To t a l  
( fra c t i on s e p a ra t i o n s  i n  mi c rons  ) 

Sand F ra c t i on I S i l t  Frac t i on 

vc c M F v r  c M F 

1 000 500 250 1 00 50 20 5 2 
- 2000 - 10 00 - 500 -250 - 1 00 - 50 - 2 0  - 5  

0 . 11 ?  1 .  1 0  1 . 50 2 . 2 5 9 .  30 � 2 . 05 1 2 . 60 5 . 1 5  
0 . 110 1 .  65 1 .  80 2 . 50 1 0 . 50 3 5 . 70 1 4 . 40 6 . 1 0  
0 . 5 5 2 .  1 5  3 . 20 3 . 4 5 6 .  1 5  2 7 . 90 1 2 . 3 0 4 . 3 5 
3 . 7 5 5 . 5 5 6 . 20 6 . 25 8 . � 5 20 . 05 1 0 . 4 0 3 . 70 
3 . 8 5 7 . 2 5 6 . 8 5 6 . 9 5 6 .  3 0  25 . 90 1 0 . 4 5 4 . 3 5 
1 .  9 U  5 . 3 5 5 . 60 6 . 0 5 9 . 05 3 1 . 05 1 1 . 3 0 3 . 1 0  
5 . 00 8 . 3 5 9 . 60 8 . 70 1 2 . 8 5 20 . 65 9 . 05 1 .  65 

C L AY f RH oc § CAC03 PH 0 . 0 3 M Pa 
SAND % % ( 1 : 1 ) 9m % 

% 
1 9 . 62 2 . 32 0 . 9 5 6 . 5  2 1 . 56 
2 3 . 0 7 2 . 1 6  1 .  20 7 . 0  2 1 . 56 
2 5 . 8 1  0 . 96 0 . 90 7 . 4  22 . 9 3 
� 6 . 9 3 0 . 80 4 . 5 5 7 . 4  1 9 . 9 7 
lj ] .  39 0 . 611 9 . 70 7 . 4  1 8 . 26 
3 8 . 08 0 . 64 1 0 . 00 7 . 4  1 9 . 1 6  
58 . 6-, 0 . 56 9 . 55 7 . 8  1 6 . 4 1  

F I N E T E X T URAL 

CLAY C LASS 
< . 2 1  

1 6 . 50 SiL 

1 9 . 1 0  SiL 
25 . 8 5 81CL 
2 5 . 05 CL 
1 7 . 3 0 CL 
1 6 . 1 0  L 
1 3 . 8 5 L 

1 .  5 M Pa ' em % ' 

p 1 2 . 8 8 p 
p 1 3 .  1 2  p 
p 1 5 . 8 9 p 
p 1 � . 2 2 p 
p 1 1 . 4 3 p 
p 1 0 . 92 p 
p 9 . 9 8 p 



I I  V I I 

L E V E L  

, 

Stlf�Y OF lABmATORY DATA 

To t a l  

I H A N S I C l  I IC I I! I ZO N  l OWl ll C L AY S I I  T SAN U  
OOUNOAHY <2 2 - 5U �)0 

CM - 2000 

3 A I  5 1 9 . 90 5 3  · '• 5 ?6 . 6 5 
3 AIJ 1 3  1 5 . 20 5 8 . 3 0  26 . 5 0  3 B l l 3 2  2 1 . 05 11 1 . 80 3 7 .  I U  3 2 0 1 2  5 1  2 5 . 3 0  2 3 . 8 0 5U . 90 
3 2 U K 1 6 2 1 5 . 9 5 20 . 1 0  6 3 . 95 3 2BK2 1 2 3 1 6 . 40 3 1 . 1 5  5 ?.  · '• 5  3 2 U K 3 1 50 1 4 . 50 2 1  . II U  6 11 . 1 0  3 3 C  2 1 0  8 . 7 0 1 3 . 55 7 7 . 7 5  

T RAN S E C T  HOR I ZON F I N E C LAY CLAY F R H  
l O T A L  CLAY S I LT 
RA T I O  � 

3 A 1  0 . 4 5 66 . 7 3 
3 AB 0 . 5 1  6 8 . 7 5 
3 B T l 0 . 7 1  5 2 . 96 
3 2 B I 2  0 . 6 5 3 1 . 86 
3 2 0 K 1 0 . 6 8 2 3 . 9 1  
3 2 0 K 2  0 . 5 7 3 7 . 26 
3 2 B K 3  0 . 5 2 2 5 . 0 3 
3 J C  0 . 52 1 11 . 811 

A = Mea s u red va l ue f rom p re s s u re p l a te . 
P = P re d i c ted v a l u e  f rom reg re s s i on a na l y s i s .  

Orga n i c  ca rbon 

Pa r t i c l e  S i z e Da ta i n  I o f  To t a l  
( f rac t i on s e p a ra t i o n s  i n  m i c rons ) 

Sa nd F rac t i on I S i l t  F ra c t i on 

· vc c M f V f  c M f 
1 000 500 250 1 00 5 0  2 0  5 2 - 2000 - 1 000 - 500 - 2 5 0  - 1 00 - 5 0  - 2 0  - 5  

0 . 60 1 .  8 5  3 . 60 8 . 90 1 1 . 70 '• 2 . 80 9 . 00 1 .  6 5  
0 . 11 0  1 . 90 3 . 60 6 . 1 10 1 2 . 20 II ] . 80 1 1 . 20 3 . 3 0 
1 .  2 5  3 .  7 0  6 . 2 5 1 2 . 3 5 1 3 . 5 5 2 1 . 5 5 1 1 . 2 5 3 . 00 
2 . 0 5 6 . 60 1 1 . 8 5 1 9 . 90 1 0 . 5 0 1 5 . 1 0  6 . 20 2 . 50 
2 .  1 5  8 . 80 1 11 .  7 5  24 . 6 5 1 ] , 1 1 0  1 11 . 3 5 3 . 20 2 . 55 
0 . 8 5 3 . 7 0 9 .  1 5  20 . 1 0 1 8 . 6 5 20 . 1 0 6 . 2 5 4 . 80 
0 . 11 0  5 . 2 0 1 5 . 00 28 . 6 5 1 4 . 8 5 1 4 . 90 3 . 9 5 2 . 5 5 
0 . 5 5 6 . 00 20 . 00 3 9 . 6 5 1 1 . 5 5 9 . 70 2 . 60 1 . 2 5 

CLAY f R E E  o c  § CAC03 Pll 0 . 0 3 M P a  
SAND � � ( 1 : 1 ) 8m l 11 � 
3 3 . 2 7 1 .  1 2  0 . 1 0  6 . 7 0 1 8 . 9 1  
3 1 . 2 5 0 . 8 8 0 . 1 0  6 .  70 1 8 . 3 3  
4 7 . 02 0 . 86 0 . 7 0 6 . 9 5 1 7 . 46 
6 6 . 1 4 0 .  3 2  o .  7 0  7 . 3 5 1 4 . 95 
7 6 . 09 0 .  3 2  1 .  6 0  7 .  7 0  1 1 . 66 
6 2 . 7 4 0 . 24 6 . 5 5 8 . 00 1 4 . 86 
7 4 . 9 7 0 . 00 3 . 80 8 . 1 0  1 1 . 68 
8 5 . 1 6  0 . 00 3 . 4 5 8 . 1 0  7 . 6 5 

F I N E T E X T URAL 
C LAY CLASS 
< . 2 1  

9 . 05 S1L 
7 . 80 S1L 

1 5 . 05 L 
1 6 . 50 L 
1 0 . 80 SCL 

9 .  30 SL 
7 . 5 5 SL 
4 . 50 PSL 

1 .  5 M Pa em I 11 

p 9 .  3 1  p 
p 7 . 3 8 . p 
p 9 .  3 1  p 
p 1 0 . 0 5 p 
p 6 . 8 7 ' p 
p 6 . 9 2 p 
p 5 . 94 p 
p 3 . 9 7 p 



Sllf1A.RY OF l.ABOOATORY DATA 

Pa r t i c l e  S i ze Da t a  i n  % o f  To t a l  
( f rac t i on s e p a ra t i on s  i n  mi c rons ) 

To t a l  I Sand F ra c t i on 1 S i l t  F ra c t i o n  

l l  V l  L I HAfl !> l  C l  I IOH I ZOrl I. OWI. R C L AY S I LT SAN I> vc c H f V f  c H f F I NE T EXT URAL 
UOUNOARY <2 2 - 50 50 1 0 00 500 2 50 1 00 50 20 5 2 CLAY CLASS 

CH -2000 - 2000 - 1 000 - 500 - 2 50 - 1 00 - 5 0  - 20 - 5 < . 2 1  

� AI '  1 4 1 7 .  1 5 ll � o  5 U  3 7 . 3 5 0 . 1 0  4 o  7 0  9 . 2 5 1 2 . 4 0 1 0 . 30 3 3 . 40 9 . 5 5 2 . 5 5 9 . 90 L 

5 A2 2 4  20 . 7 0 11 4 0 4 � 3 4 o 8 5 0 .  7 5  3 . 8 5 8 . 65 1 2 . 95 8 . 6 5 3 0 . 3 0  1 1 . 40 2 . 7 5 1 2 . 8 5 L 

5 O i l  3 3  211 . 50 36 o 3 0  3 9 . 20 0 .  7 0  2 . 3 5 6 . 3 0 1 4 . 0 5 1 5 . 80 2 3 . 30 6 . 65 lf . 3 5 2 1 . 1 0 L 

5 8 1 2  59 2 5 . 65 3 1 . 3 5  ;11 3 . 05 1 .  5 5 5 . 1 5  1 0 . 95 1 5 . 9 5 9 . lf 5 20 . lf 5 7 . 35 3 . 5 5 1 6 . 80 L 

5 O K 1 86 1 6 . 3 5  26 . 7 5 56 . 90 3 .  1 5  7 . 50 1 3 . 7 5 20 . 95 1 1 . 5 5 1 7 . 8 5 8 . 3 5 0 . 55 1 0 . 20 nL 

5 BK2 1 0 7  1 6 . 00 1 9 . 1 0  64 . 90 4 0 80 9 o 8 5 1 6 . 3 5 2 2 . 50 1 1 . 40 1 3 . 65 !1 . 50 0 . 9 5 1 0 . 85 SL 

5 C l  1 3 8 1 3 . 2 5 1 8 .  7 0  68 . 0 5 3 . 5 5 9 . 90 1 6 . 9 5 2 4 . 55 1 3 . 1 0 1 3 . 05 4 .  1 5  1 .  50 6 . 00 SL 
5 C2 1 88 1 1 . 60 1 2 . 3 0 7 6 . 1 0  1 .  60 8 . 80 22 . 40 29 . 3 0  1 4 . 00 8 . 70 2 . 55 1 . 05 7 . 60 SL 

L £ V(l T HA N S £ C T  liOU I ZON f i N £ C LAY C I. AY f R ( [  C L AY f R [ [  o c  § CACOJ PH 0 . 0 3 HPa 1 .  5 HPa 
T OOI A L  CLAY S I L T  SAND s s ( 1 : 1 )  Om S  , 8m S , 
RAT I O  % X 

5 A P  0 . 5 8 511 0 92 4 5 . 08 1 .  3 6  1 . 00 6 . 70 1 6 . 2 3 p 8 . 70 p 
5 A2 0 . 62 5 6 0 05 11 3 . 95 0 . 80 0 .  7 5  6 . 7 5 1 6 . 92 p 9 . 1 4  p 
5 B T l 0 . 86 48 o 08 5 1 . 92 0 . 80 l . lfO 7 .  1 0  1 8 . 0 1  p 1 0 . 4 3  p 
5 0 1 2  0 . 6 5 11 2 . 1 11 5 7 0 86 0 . 5 6 1 .  6 0  7 . 3 0 1 6 . 26 p 1 0 . 4 9 p 
5 B K l  0 . 62 3 1  0 98 68 o 02 0 . 4 0 7 . 50 7 . 80 1 2 . 69 p 7 . 1 2  p 
5 U11.2 0 . 68 22 . 7 11 71 . 26 0. 32 6 . 05 7 . 90 1 1 . 1 1  p 6 . 89 p 
5 C l  0 . 4 5 2 1 . 56 78 0 114 0 . 08 5 o 70 7 . 85 1 0 . lf 3 p 5 . 6 3 p 
5 C2 0 . 66 1 3 . 9 1 86 . 09 0 . 00 7 . 20 1 . 90 8 . 85 p lf . 96 p 

11 A = Mea s u red v a l ue f rom p re s s u re p l a t e . 
p = Pred i c te d  v a l ue f rom regre s s i on a na l y s i s .  

Organ i c  c a rbon 



�y OF lABoRATORY DATA 

Pa rt i c l e  S i ze Da t a  i n  S o f  To t a l  
( frac t i on sepa ra t i on s  i n  mi c rons  ) 

To t a l  I Sand F ra c t i on I S i l t  Frac t i on 

L E V E L  T RANSEC T IIOR I Z ON LOWER C L AY S l  L T  SAND vc c H f V f  c H f F I NE T EX T URAL 
BOUNDARY <2 2 - 50 50 1 000 500 2 50 1 00 50 20 5 2 CLAY CLASS 

CH - 2000 - 2000 - 1 000 - 500 - 250 - 1 00 -50 - 20 - 5  < . 2 1 

6 A l  1 20 . 70 56 . 00 2 3 . 3 5 0 .  30 0. 75 1 .  7 5 5 .  1 5  1 5 . lt0 lt0 . 7 5 1 3 . 50 1 . 75 1 2 . 70 au. 
6 B l  22 26 . 65 5 1 . 55 2 1 . 80 0 . 20 0 . 75 2 . 55 1 .  1 0  1 1 . 20 3 5 . 70 1 2 .  1 0  3 . 75 1 3 . 95 S1L 

6 B I K l 4 3  2 7 . 60 4 1j . 9 5 2 7 .  lj 5  0 . 1 0  1 .  00 3 . 7 0 1 0 . 65 1 2 . 00 3 1 . 55 1 0 . 25 3 .  1 5  1 9 . 25 CL 

6 B I K2 1 9  28 . 2 5 116 . 20 25 . 55 0 . 20 0 . 8 5 3 . 20 9 . 75 1 1 . 55 2 8 . 95 1 2 . 05 5 . 20 1 6 . 00 CL 

6 2 8 K  1 1 3  20 . 1 0 2 3 . 9 5 55 . 3 5 0 . 55 3 . 3 0 9 . 50 25 . 65 1 6 . 35 1 7 . 75 4 . 85 1 .  3 5  8 . 00 SCL 
6 3 C  200 2 1 . 20 3 8 . 75 , lj0 , 2 5 0 . 1 0  0 . 55 2 . 1 0  1 5 . 90 2 1 . 60 27 . 85 7 . 65 3 . 25 1 5 . 05 L 

L l V l l  I HANSEC T I IOH I Z ON F I N E C LAY C LAY F R H  C LA Y  F R E E  o c  § CAC03 PH 0 .  03 HPa 1 .  5 HPa 
T O T A L  C L AY S I L T SAND s s ' 1 : 1 ) em S ' em S , 
RA T 1 0  s s 

6 A I  0 . 6 1 7 0 . 5 7 29 . 11 3  3 . 68 0 . 40 6 . 65 22 . 8  A 1 5 . 6  A 
6 l H  0 . 52 7 0 . �8 29 . 7 2 1 .  20 0 . 3 5 7 . 30 1 9 . 8 A 1 2 . 0  A 
6 B I K 1 0 . 70 62 . 09 3 7 . 9 1  0 . 56 1 . 30 8 . 00 20 . 0  A 1 2 . 0  A 
6 B I K2 0 . 5 7 64 . 3 9 3 5 . 6 1 0 . 88 1 .  3 5  7 . 50 20 . 7  A 1 3 . 4  A 
6 2 B K  0 .  3 9  30 . �0 69 . 80 0 . 1 6  6 . 1 0  8 . 00 1 2 . 3 A 7 . lt  A 
6 3 C  0 . 7 1 11 9 . 05 50 . 95 0 . 24 6 . 30 8 . 00 1 3 . 0  A 1 . 9  A 

' A = Mea s ured v a l ue f rom p re s s u re p l a te .  
P = P red i c ted v a l ue f rom reg re s s i on a na l y s i s .  

Orga n i c c a rbon 



Su·H\RY OF lABrnATORY DATA 

Pa rt i c l e  S i z e  Da t a  i n  S o f  To t a l  
( frac t i on s e p a ra t i ons i n  mi c rons  ) 

To ta l I Sand F ra c t i on I S i l t  F ra c t i on 

I I  V I I I H flti S I  C I I IOH I / 011 I UHE R  C L AY S I I . T SAND vc c M f V f  c M f f i N E T EX TURAL 
I IOUtl l lAIIY <2 2 - � 0  � n  1 ll l l0 51 10 2 50 1 00 50 2 0  5 2 CLAY CLASS 

CM - 2000 - 2000 - 1 000 - �00 - 2 5 0  - 1 00 - 50 - 20 - 5 < . 2 1 

� 1 A 1 6 20 . 00 60 . 00 20 . ()IJ 0 . 1 5  1 . 25 3 . 00 5 .  "10 9 . 90 4 2 . 20 1 5 . 5 5 2 . 2 5 1 5 . 50 SiL 

2 1 A2 1 7 1 8 . 90 52 . 4 0 28 . 70 0 . 3 5 2 . 25 5 . 1 0 8 . 8 5 1 2 . 1 5  3 8 . 0 5 9 . 8 5 4 . 50 1 2 . 2 5 SiL 
.. 1 I! A 28 20 . 3 0 4 5 . 9ll 3 3 . 80 0 . 5 5 2 . 80 6 . 3 5 1 1 . 7 0 1 2 . 40 3 3 . 1 0  1 0 . 1 5  2 . 65 1 3 . 5 5 L 

� 1 U l 1 11 8 . 25 . 3 0 lt0 . 7 0 3 1f . OO 0 . 80 3 . 3 0 7 . 00 1 3 .  1 5  9 .. 7 5  2 7 . 60 9 . 60 3 . 50 1 5 . 50 L 

2 1 0 1 2  7 1 20 . 20 3 0 . 8 5 lt 8 .  95 0.  75 II. 35 1 0 . 40 2 1 . 20 1 2 . 2 5 1 9 . 20 8 . 2 5 3 . 40 1 3 . 3 5 L 
� 1 O K 1 90 1 9 . 5 5 3 2 . 1 0  lt !l .  3 5  O . ltO 2 . 6 5 8 . 1 5 20 . 1 0  1 7 . 05 2 1 . Lj Q  8 . 60 2 .  1 0  1 0 . 2 5 L 
2 1 UK2 1 3 1 1 2 . 80 3 3 . 7 5  5 3 . It S 0 . 90 3 . 3 0 1 0 . 3 0  2 1 . 00 1 7 . 9 5 2 2 . 6 5 8 .  1 0  3 . 00 8 . 00 ISL 
2 1 2C 1 50 9 . 20 9 . 8 5 8 C . 95 1 . 11 5 1 0 . 1 5 1 9 . 7 5 3 6 . 05 1 3 . 5 5 6 . 00 2 . 90 0 . 9 5 5 . 60 LS 

U V E L  l BANSE C T  HOR I Z ON f i N [ C L AY C L A Y  f H [ (  CLAY f R [ £  o c  :1 " CACC3 PH 0 . 0 3 H Pa 1 .  5 H fa 11 T O TAL CLAY S I L T  SAND % % ( 1 : 1 ) 9m % ' 8m % 
RA T I O  % % 

2 1 A 1  0 . 7 8  7 5 . 00 2 5 . 00 l .  1 2  0 . 1 0  5 . 50 1 9 . 8 3 p 1 2 . 0 7 p 
2 1 A2 0 . 6 5 64 . 6 1 3 5 . 3 9  1 .  6 8  0 . 5 5 5 . 90 1 8 . 11 6  p 9 . 7 3 p 
2 1 IIA 0 . 6 7 5 7 . 5 9 11 2 . 11 1  1 .  20 0 . 90 6 . 2 5 1 7 . 76 p 9 . 5 5 p 
2 1 0 1 1 0 . 6 1  5 11 . 11 8  4 5 . 52 0 . 80 0 . 60 6 . 4 0  1 7 . 9 7 p 1 0 . 70 p 
2 1 0 1 2  0 . 66 3 8 . 66 6 1 . 3 11 0 . 11 0  0 . 7 5 6 . 3 5 1 4 . 8 8 p 8 . 42 p 
2 1 U K 1  0 . 5 2 3 9 . 90 60 . 1 0  0 . 4 0 1 . 00 1 . 00 1 5 . 79 p 8 . 20 p 
2 1 O K2 0 . 6 3  3 8 . 7 0  6 1 . 3 0 0 . 4 8 9 . 6 5 7 . 50 1 4 . 00 p 6 . 02 p 
2 1 2C 0 . 6 1 1 0 . 8 5 89 . 1 5 0 . 1 6  5 . 50 7 . 7 5 7 . 50 p 4 . 3 6 p 

11 A =  Mea s u red v a l u e  from p re s s u re p l a te .  
P = P red i c ted v a l ue f rom reg re s s i on a na l y s i s .  

Organ i c  ca rbon 



Sul11\RY OF lABORATORY DATA 

Pa r t i c l e  S i z e  Da ta i n  S o f  To tal  
( f rac t i on s e p a ra t i o n s  in  mi c rons } 

T o t a l  I Sand F ra c t i on I S i l t  Frac t i on 

I I  V I I I H l\ll � l  C l  1 1011 1 / Uil I OWf ll C L AY S l  t r  SANU vc c M .. V f  c M f F I NE T E X T URAL 
UOlJIHlARY <2 2 - ) 0 50 1 000 500 250 l OU 50 20 5 2 CLAY CLASS 

CM - ;woo - :woo - 1 000 - 500 -250 - 1 00 - 50 - 2 0  - 5  < . 2 1 

� 3 A I' l !j  1 8 . 1 5  5c . 2� 2':) . 00 0 . 3 5 4 . 1 0 6 . 00 9 . 11 !j  9 . 1 0 3 7 .  1 5  1 1 . 60 3 . 3 0 1 1 . 60 SiL 

2 3 0 1 1 30 2 1 . 9 5 50 . 80 2 7 . 2 5 0 . 60 2 . 8 5 6 .  30 9 .  30 6 . 20 ) II .  20 1 2 . 1 5 4 . 4 5 1 5 . 2 5 SiL 
2 3 1! 1 2  62 2 1 . 9 5 3 2 . 05 l tO . Ol) 0 . 50 3 . 05 8 . 90 1 5 . 1 0  1 2 . 4 5 2 1 . 1 5 9 . 40 1 .  50 1 7 . 60 CL 
2 3 UK  8 7  20 . 20 3 6 . 95 4 2 . 8 5 0 . 40 2 . 6 5 7 .  1 5  1 5 . 60 1 7 . 05 26 . 25 6 . 4 5 4 . 25 1 1 . 55 L 
2 3 21 !K 1 09 1 0 . 90 1 7 . 3 � 7 1 . 7 5 1 .  60 1 0 . 95 1 8 . 05 2 3 . 50 1 7 . 6 5 1 2 . 9 5 2 . 70 1 .  70 8 . 00 SL 
2 3 2C 2 1 0  1 2 . 7 5 25 . 05 62 . 20 0 .  3 5  11 . 90 � 6 . 3 5  2 7 . 95 1 2 . 65 1 6 . 80 4 . 95 3 . 30 8 . 25 rsL 

I £ V £ L I HANSlC T IIOR I Z ON f i N E C l AY C l AY f R H  C LAY F R E E  o c  § CAC03 PH 0 . 0 3 HPa 1 .  5 HPa 
T O TAL C LAY S I L T SAND % % ( 1 : 1 ) em % t em s 11 
RA T I O  % % 

2 3 A P  0 . 62 64 . 3 1  3 5 . 6 9 2 . 00 0 . 80 6 . 20 1 1 . 6 1 p 1 0 .  1 2  p 
2 3 B l l 0 . 69 65 . 09 3 11 . 9 1  0 . 96 0 . 65 6 . 70 1 8 . 44 p 9 . 7 8 p 
2 3 8 1 2  0 . 6 3 114 , 11 8  55 . 5 2  0 . 64 1 . 70 6 . 5 5 1 1 . 74 p 1 1 . 3 6 p 
2 3 B K  0 . 5 7 46 . 30 5 3 . 7 0 0 . 56 1 2 . 3 5  7 . 3 5 1 6 . 92 p 8 . 64 p 
2 3 2 1H<  0 .  7 3  1 9 . 11 7  60 . 5 3 0 . 211 9 . 2 5 7 . 7 5 1 0 . 24 p 5 . 05 p 
2 3 2C 0 . 6 5 2 8 . 7 1  7 1 . 29 0 . 24 6 . 00 7 . 90 1 1 . 37 p 5 . 68 p 

, A = Mea s u red va l ue from p re s � u re p l a t e . 
P = P red i c ted val ue f rom reg re s s i on a n a l ys i s .  

Orga n i c ca rbon 



SuflARy OF l..AaooAT�Y DATA 
Part i c l e  Si ze Da ta i n  S of Total 

( fract i on sepa ra t i ons i n  mi c rons ) 

To tal I Sand F ract i on I Si l t  Fract i on . 

LEVE L T RANSECT HOR I ZON LOWER CLAY S I LT SAND vc c H F V F  c H F F I NE TEXTURAL 
BOUNDARY <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CH - 2000 -2000 - 1 000 - 500 -250 - 1 00 - 50 - 20 - 5  < . 2 1 

2 5 AP 1 0  20 . 60 54 . 50 24 . 90 1 . 80 4 . 05 4 . 25 4 . 00 1 0 . 80 3 7 . 80 1 1 . 95 4 . 75 9 . 8  S I L  
2 5 B T l 32 27 . 3 5 49 . 55 2 3 . 1 0 1 .  50 3 . 8 5 4 . 00 4 . 05 9 . 70 3 1 . 4 5 1 3 . 25 4 . 85 1 8 . 7 CL 
2 5 BT2 40 34 . 05 46 . 35 ' 1 9 . 60 0 . 90 3 . 05 4 . 25 4 .  75 . 6 . 65 29 . 65 1 2 . 95 3 . 7 5 2 3 . 7  C L  
2 5 BTK 86 30 . 3 5 3 9 . 55 3 0 . 1 0  1 . 4 0 4 . 80 7 . 3 5 8 . 55 8 . 00 �3 . 40 1 0 . 95 5 . 20 1 7 . 2  CL 
2 5 BK 1 1 4 1 8 . 40 3 7 . 4 5 4 4 . 1 5 0 . 60 3 . 20 1 0 . 3 5  1 5 . 40 1 4 . 60 6 . 90 8 . 55 2 . 00 1 2 . 9  l 2 5 2C 1 46 4 . 55 7 . 1 5  88 . 30 1 1 . 85 2 9 . 50 27 . 90 1 5 .  1 5  3 . 90 4 . 05 2 . 1 0  1 . 00 3 . 7  LCS 

LEVEL T RANSECT HOR I ZON F I N E CLAY CLAY f R E E  CLAY F R E E  oc § CAC03 PH 0 . 0 3 HPa 1 .  5 HPa 
TOTAL CLAY S I L T SAND I I ( 1 : 1 ) im l t im l , 
RAT I O  � � 

2 5 AP 0 . 48 68 . 64 3 1 . 3 6 2 . 08 0 . 30 6 . 55 1 9 . 1 7  p 1 0 . 85 p 
2 5 B T l  0 . 68 68 . 20 3 1 . 80 1 . 44 0 . 20 6 . 40 20 . 30 p 1 2 . 2 7 p 
2 5 BT2 0.  70 70 . 28 29 . 72 0 . 88 0 . 55 7 . 00 2 1 . 3 8 p 1 3 . 78 p 
2 5 B T K  0 . 57 56 . 78 4 3 . 22 0 . 64 1 .  1 0  7 . 50 1 9 . 1 2  p 1 2 . 20 p 
2 5 B K  o . 1o · 45 . 89 54 . 1 1  0 . 4 8 1 5 . 20 7 . 80 1 5 . 95 p 7 . 92 p 
2 5 2C 0 . 8 1  7 . 49 92 . 5 1  0 .  1 6  2 . 50 7 . 55 3 . 6 3 p 2 . 78 p 

' A = Measured val ue from p ressure pl a te . 
P = Predi c ted va l ue from regres s i on analys i s .  

Organ i c  ca rbon 



Su·t>V\RY OF lABooATORY DATA 

Pa rt i c l e  S i z e Da t a  i n  S o f  To t a l  
( f rac t i on s epa ra t i on s  i n  mi c rons  ) 

To t a l  I Sand F ra c t i on I S i l t  Frac t i on 

I [ V I I 1 11At4 S £ C  T I IOH I ZO N  L OWER C L AY S i l l  SAND vc c H F V f  c H r F I N E  T EXT URAL 
BOU NDARY <2 2 - 5 0  5 0  1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CH - 2000 - 2000 - 1 000 - 500 - 2 50 - 1 00 - 50 -20 -5 < . 2 1  
.. 

2 6 A 1 7 1 6 . 95 52 . 1 0  3 0 . 9 5 5 . 60 9 . 3 5 7 . 2 4 . lt0 4 . 4 0 3 4 . 9  1 4 . 00 3 . 20 8 . 80 81L 

2 6 A2 22 1 5 . 55 4 6 . 9 5  3 7 . 50 8 . 1 5  1 1 . 90 8 . 5  5 . 1 0  3 . 8 5 29 . ft  1 3 . 00 4 . 5 5 9 . 70 L 
2 6 B l  1 36 22 . 50 3 6 . 7 5  ftO . 7 5  8 . 3 5 1 1 . 7 5 1 0 . 7 6 . 7 5 3 . 20 2 2 . 0  1 0 . 60 4 .  1 5  1 5 . 7 5 L 
2 6 8 1 2  7 1  27 . 30 3 2 . 11 0  40 . 30 7 . 30 1 1 . 70 9 . 9  7 . 2 5 4 . 1 5 1 9 . 3 1 0 . 3 5 2 . 7 5 1 8 . 25 C£ 
2 6 2C 200 2 . 4 0 2 .  50 ' 9 5 . 1 0  1 9 . 6 5 2 2 .  1 5  29 . 0  22 . 25 2 . 05 0 . 8  0 . 00 1 .  70 2 . 40 CIY4 

L ( V f L T H A N S £ C T  l lOR J ZON F I N [ C LAY C L AY f H ( [  C L AY f R H  o c  § CAC03 PH 0 . 0 3 HPa 1 .  5 HPa 
T O T A L  CLAY S l  Ll SAND � � ( 1 : 1 )  em s t em s 11 
RAT I O s s 

2 6 A l 0 . 52 62 . 7 3 3 7 . 2 7 2 . 80 0 . 90 6 . 25 1 6 . 30 p 1 0 . 60 p 
2 6 A2 0 . 62 55 . 60 44 . 4 0  1 .  3 6  1 . 05 6 . 30 1 4 . 7 6 p 8 . 1 6  p 
2 6 B T l  0 . 70 4 7 . 4 2 52 . 58 0 . 64 1 .  1 0  6 . 20 1 5 . 06 p 9 . 5 3 p 
2 6 8 1 2 0 . 6 7 11 11 ' 5 7  5 5 . 11 3  0 . 56 1 .  3 0  6 . 60 1 6 . 04 p 1 1 . 0 5 p 
2 6 2C 1 . 00 2 . 56 97 . 4 4 0 . 24 3 . 20 7 . 20 1 . 69 p 2 . 1 6  p 

' A = Mea s u red v a l ue from p re s s u re p l a te . 
P = Pred i c ted v a l ue from reg re s s i on a na l ys i s .  

Orga n i c  ca rbon 



St.lt�Y OF lABoRATORY IlATA 

Pa r t i c l e  S i z e  Da t a  i n  % o f  To tal  
( f ra c t i on s e p a ra t i ons i n  mi c rons  ) 

To t a l  I Sand F ra c t i on I S i l t  Frac t i o n 

I I  VI L I HAti S t. C r l tOH I L ON L OW [ H  C LAY S I L T SAND vc c M f V f  c H f f i N E T EX T URAL 
UOUNilAHY <2 2 - 50 50 1 000 500 250 1 00 50 2 0  5 2 CLAY CLA S S  

C M  - 2000 - 2000 - 1 000 - 500 - 2 50 - 1 00 - 50 -20 - 5 < . 2 1  

A I' 1 0  1 5 . 00 IJ 6 . 4 0 3 8 . 60 3 . 05 8 . 1JO 1 0 . 2 5 1 0 . 2 5 6 . 65 3 1 . 70 1 2 . 05 2 . 65 8 .  30 L 

OA 2 7  1 7 . 7 5  3 9 . 7 0  IJ 2 . 5 5 4 . 3 0 9 . 05 1 1 . 3 5 1 2 . 05 5 . 8 0 28 . 20 9 . 55 1 .  95 8 . 85 L 

B l l 5 1  2 1 . 70 3 1  0 5 5  11 6 .  7 'j  3 . 2 5 9 . 3 0 1 4 . 1 5 l iJ . OO 6 . 05 2 1 . 55 8 . 00 2 . 00 1 5 . 7 5 L 

0 1 2  70 1 6 . 30 3 8 . 5 0  4 11 . 80 2 . 8 5 7 . 95 1 3 .  1 5  1 4 . 05 6 . 80 24 . 60 8 . 05 5 . 85 9 . 60 L 

U K  9 1  1 6 . 50 28 . 1 15  55 . 05 2 . 65 8 . 00 1 9 . 20 1 5 . 70 9 . 50 1 8 . 85 6 . 50 l .  1 0  1 0 .  1 5  rsL 
2C 1 00 5 . 20 3 . 4 5 9 1 . 3 5 1 2 . 3 0 22 . 05 22 . 95 2 8 . 7 5  5 . 30 2 . 70 0 . 30 0 . 45 5 . 50 cs 

L E V E L  I RANSEC T I IOR I ZON F I N E C LAY C LAY f R E E  C L A Y  f R E E  o c  § CAC03 PH 0 . 03 HPa 1 .  5 HPa 
TOTAL C LA Y  S I L T SAND I I ( 1 : 1 )  Om S t 9m $ t 
RA T I O  s s 

3 1 AP 0 . 55 54 . 59 14 5 . 4 1 2 . 08 0 . 20 6 .  3 0  1 5 . 00 p 8 . 95 p 
3 1 BA 0 . 50 4 8 . 2 7 5 1 . 7 3 1 . 1 2 0 .  3 5  6 . 50 1 4 . 5 1 p 8 . 58 p 
3 1 B T l 0 .  7 3  40 . 29 5 9 . 7 1 0 . 148 1 .  7 5  6 .  3 0  1 11 . 3 5  p 9 . 04 p 
3 1 B T 2  0 . 59 146 . 2 2  5 3 . 7 8 0 . 56 1 .  85 6 . 60 1 3 . 98 p 7 . 3 2 p 
3 1 BK  0 . 62 3 4 . 07 65 . 9 3 0 . 56 7 . 25 7 . 80 1 2 . 67 p 7 . 39 p 
3 1 2C 1 . 06 3 . 64 96 . 36 0 . 00 1 . 65 8 . 05 3 . 42 p 2 . 79 p 

t A = Mea s u red v a l ue f rom p re s s u re p l a te . 
P = P redi c ted va l ue from regre s s i on a n a l y s i s .  

Orga n i c  ca rbon 



&n·V\RY OF lABoRATORY llt\ TA 

Pa r t i c l e S i ze Oa ta i n  % o f  Total  
( f rac t i on sepa ra t i on s  i n  m i c rons ) 

To t a l  I Sand F ra c t i on I S i l t  F ra c t i on 

U V l L  l ll AN S E C T  I IOH I ZON LOW E R  C L AY S i l T  SAND vc c M F V f  c M f f i NE T EXTURAL 
BOIINDAHY <2 2 - 50 �0 1 000 500 2�0 1 0 0  50 20 5 2 C LAY CLASS 

CM -2000 -2000 - 1 000 - 500 -250 - 1 00 - 50 -20 -5 < . 2 1  

5 A I' 5 1 6 . 70 60 . �0 22 . 80 2 . 80 5 .  1 5  3 . 50 4 . 05 7 . 30 3 9 . 45 1 5 . 05 6 . 00 8 . 00 81L 

5 llA 1 6  1 9 . 60 56 . 6 5 2 3 . 5 5 3 . 3 5 11 . 6 5 3 .  1 5  3 . 60 8 . 60 3 7 . 4 5 1 4 . 25 4 . 95 1 1 .  lt 5  SiL 

5 0 1 1 3 4  28 . 55 4 7 . 30 211 . 1 5  3 . 25 4 . 3 5 3 . 00 4 . 3 5 9 . 20 3 2 . 4 5  1 0 . 55 .. .  3 0  1 9 . 95 CL 

5 0 1 2  5 6 26 . 65 5 0 . 1 5  2 3 . 20 3 . 20 3 . 95 2 . 65 4 . 05 9 . 35 34 . 30 1 2 . 30 3 . 55 1 6 . 05 SiL 

5 U K I  8 3  23 . 1 0 11 5 . 1 5 3 1 . 80 0 . 80 1 . 60 2 . 5 5 9 . 70 1 7 .  1 5  3 1 . 70 8 . 90 lt . 55 1 2 . 05 L 
5 OK2 1 20 1 9 . 8 5 4 11 . 50 i 3 5 .  6 5  0 . 80 2 . 6 5 4 . 25 9 . 85 1 8 .  1 0  3 1 . 00 7 . 90 5 . 60 8 . 7 5  L 
5 c 1 5 8 20 . 65 4 0 . 8 5  38 . 50 2 . 90 7 . 50 5 . 80 7 . 30 1 5 . 00 26 . 80 9 . 20 lf . 85 1 0 . 80 L 

L E V E L  T RAN S E C T  IIOH I ZON f i N E C L AY C LAY f R E E  C L AY F R E E  oc § CAC03 Pll 0 . 03 M Pa 1 .  5 · M Pa 
T O TAL C LAY S I L T SA ND I I ( 1 : 1 ) em s ' 8m l 11 
RAT I O  s I 

5 A P  0 . 4 8 7 2 . 6 3 2 7 . 3 7  4 . 60 0 . 1 0  5 . 50 1 6 . 3 3  p 1 3 . 24 p 
5 BA 0 . 5 6  70 . M  29 . 36 2 . 56 o .  1 0  5 . 90 1 8 . 89 p 1 1 . 24 p 
5 B T l 0 . 70 66 . 20 3 3 . 80 0 . 80 0 . 1 0  6 . 25 20 . 1 9  p 1 1 . 80 p 
5 B T 2  0 . 60 68 . 3 7 3 1 . 6 3 0 .  72 o. 35 6 . 60 20 . 1 1  p 1 1 . 05 p 
5 B K l  0 . 52 58 . 6 7  II 1 . 3 3  0 . 24 1 0 . 50 7 . 60 1 9 . 4 5 p 9 . 1 9  p 
5 OK2 0 . 4 11 55 . 52 1111 . 11 8  0 . 00 1 1 . 85 8 . 30 1 8 . 4 1 p 7 . 76 p 
5 c 0 . 52 5 1 . 4 8 11 8 . 52 0 . 00 6 . 00 8 .  3 5  1 7 . 42 p 8 . 0 3 p 

'II A = Mea s u red v a l ue from p re s s u re p l a te . 
P = P re d i c ted va l ue f rom reg re s s i on a n a l y s i s .  

Orga n i c ca rbon 



&tt1ARY OF lABoRATORY DATA 

Pa r t i c l e  S i z e  Da t a  i n  S o f  Total 
( fra c t i on s e p a ra t i on s  i n  mi c rons  ) 

To ta l I Sand F rac t i on I S i l t  F ra c t i on 

U V I I  I HA N �; I C I  I IOH 1 / 0H I UWf H C L AY S l l f  SAN D vc c M F V F  c M F F I NE T EXT U RAL 
BOUNOARY <2 2 - 5 0 ;o 1 000 5UO 250 1 00 5 0  20 5 2 CLAY CLASS 

CM - 2000 - 2000 - 1 000 - 5 00 -250 - 1 00 - 5 0  - 2 0  - 5 < . 2 1 

2 A P  1 2  2 3 . 80 5 7 . 3 0 1 8 . 9 0 0 . 50 1 .  3 5  2 . 00 4 . 9 5 1 0 . 1 0  3 8 . 80 1 5 . 2 5 3 . 2 5 1 4 . 4 5 SlL 
2 B l l 26 2 3 . 9 5 5 3 . 05 2 � . 00 0 . 80 1 .  50 2 . 50 5 . 7 5 1 2 . 4 5 3 5 . 1 5  1 2 . 3 5  5 . 5 5 1 6 . 1 5  SlL 
2 U l 2  5 3  2 7 . 1 5  1 16 . 11 5  26 . II ()  0 . 20 0 . 9 5 1 .  8 0  4 . 50 1 8 . 95 3 1 . 50 1 2 . 25 2 . 70 1 5 . 3 0 CL 
2 U K  1 09 · 3 0 . 6 5 ;o . 3 0  lo9 .  0 5  0 .  1 5  0 . 5 5 0 . 90 2 . 20 1 5- . 2 5 3 5 . 40 1 2 . 60 2 . 3 0 6 . 3 5 SiCL 
2 2 0 K  1 20 1 3 .  1 5  2 1 . 90 6 11 .  9 5 1 .  50 5 . 50 1 1 . 80 2 5 . 110  20 . 7 5 1 6 . 60 3 . 1 5 2 .  1 5  7 . 9 5 rsL 
2 2C 2 1 8  1 5 . 4 5 28 . 5 5 56 . 00 0 . 2 5  1 .  80 6 . 1 5  24 . 00 2 3 . 60 22 . 3 0 3 . 4 5 2 . 60 7 . 60 lSL 

L l VH l fiAN S E C T  IIOH I ZON F I N E C L AY C L AY F R E E  C L AY f ll H  o c  § CAC03 PH 0 . 0 3 M Pa 1 ,  5 MPa 
l O TAL C LAY S I L T SAND % s ( 1 : 1 )  em s .. em s  • 
RA J 1 0  i s 

3 2 A P  0 . 6 1  7 5 . 20 211 . 80 1 .  2 8  0 . 20 6 . 1 0  20 . 64 p 1 0 . 8 5 p 
3 2 B l l 0 . 7 6 69 . 76 3 0 . 24 0 . 80 0 . 90 6 . 40 20 . 3 3 p 1 0 . 24 p 
3 2 u r 2 0 . 56 6 3 . 76 3 6 . 211 0 . 56 2 . 80 7 , liQ  2 1 . 39 p 1 1 . 00 p 
3 2 B K  0 . 2 7 7 2 . 5 3 2 7 . 4 7  o .  32 1 5 . 2 5 6 . 00 22 . 59 p 1 1 . 66 p 
3 2 2 B K  0 . 60 2 5 . 22 7 4 . 7 8 o .  1 6  6 . 4 0 6 . 2 5 1 2 . 4 l p 5 . 7 0 p 
3 2 2C 0 . 50 3 3 . 7 7 66 . 2 3 0 . 24 6 . 40 6 . 1 0 1 5 . 02 p 6 . 59 p 

, A = Mea s u red va l ue f rom p re s s u re pl a te . 
P = P red i c ted val ue from reg re s s i on a n a l ys i s .  

Orga n i c c a rbon 



St_t.t�Y OF lABoRATORY DATA 

Pa rt i c l e  S i z e  Da ta i n  % of To t a l  
( f rac t i on sepa ra t i ons i n  mi c rons ) 

To ta 1 I Sand F ra c t i on I S i l t  Frac t i o n  

I I  V I I I HA N !> � C: T I IOH I L O N  L OW E R  C LA Y  S I L T S A N D  v c  c N f V f  c M f f i N E TEXT URAL 
l!OUNDARY <2 2 - 50 50 1 000 500 2 5 0  1 00 50 20 5 2 C LAY C LASS 

CM - 2 000 - 2000 - 1 000 - 500 - 2 50 - 1 00 - 50 - 20 - 5  < . 2 1 

A P  2 2  1 6 . 6 5 11 5 . 1 5  3 8 . 20 1 . 3 5 5 . 5 5 1 0 . 7 5 1 3 . 4 0 7 .  1 5  2 5 . 7 5 1 5 . 20 4 . 20 8 . 05 L 

I H l 3 9  25 . 8 5 3 9 . 90 3 4 . 2 5 1 .  20 3 . 8 5 8 . 50 1 3 . 8 5 6 . 8 5 24 . 95 1 2 . 3 5  2 . 60 1 8 . 3 5  L 

8 1 2  5 11 2 7 . 70 lt 8 .  1 0  24 . 20 0 . 5 5 2 . 3 5 5 . 4 0 9 . 95 5 . 95 2 7 . 5 0  1 7 . 40 3 . 20 1 8 . 95 CL 

B I K  86 2 7 . 1 0 II ! L  3 0  211 . 60 0 . 2 5 1 .  1 0  2 . 3 5 5 . 00 1 5 . 90 30 . 2 5  1 2 . 40 5 . 65 1 2 . 95 CL 
2 0 K  1 0 7 2 2 . 55 2 7 . 80 4 9 . 6 5  1 , 11 5  5 . 90 9 . 50 1 8 . 00 1 4 . 80 20 . 1 5 6 . 1 5 1 .  50 1 3 . 00 SCL 
3 C  1 4 7  5 5 . 2 5  3 11 . 2 5  • 1 0 . 50 0 . 2 5 1 .  1 5  1 .  90 3 . 85 3 . 3 5 9 . 65 1 1 . 20 1 3 . 20 2 5 . 60 c 
II C 200 1 2 . 60 1 0 . 80 7 6 . 60 1 .  70 2 . 9 5 1 4 . 6 5 4 8 . 4 0 6 . 90 6 . 7 5 2 . 85 1 . 20 6 . 3 5 rsL 

l £ V £ L  l HAtl S ( C T  I IOH i lON f i N ( C LAY C L AY f H lE  C L AY f H H  oc § CAC03 PH 0 . 0 3 H Pa 1 . 5 - MPa 
T OT AL CLAY S I L T SAND � � ( 1 :  1 ) Qm �  , em � , 
RA l l O  � % 

3 3 A I' 0 . 4 8 51L 1 7  4 5 . 8 3 0 . 86 1 .  05 6 . 1 0  1 3 .  1 0  A 7 . 70 A 
3 3 8 1 1 0 . 7 1  5 3 . 6 1 4 6 . 1 9  0 . 64 0 . 90 6 . 55 1 7 . 20 A 1 1 . 20 A 
3 3 1 ) 1 2 0 . 66 66 . 5 3 3 3 . 4 7 0 . 56 1 .  95  6 . 85 20 . 20 A 1 3 . 00 A 
3 3 B r K  0 . 4 8 66 . 26 3 3 . 7 4 0 . 2 11 1 1 . 1 0 6 . 00 1 9 . 60 A 1 0 . 90 A 
3 3 2BK 0 . 58 3 5 . 8 9 611 . 1 1 0 . 08 9 . 70 6 . 25 1 5 . 5 8 p 8 . 76 p 
3 3 3 C 0 . 46 76 . 54 2 3 . 4 6 0 . 1 6  1 2 . 70 6 . 30 25 . 1 0  A 1 6 . 60 A 
3 3 4 C  0 . 66 1 2 . 3 6 8 7 . 64 0 . 00 5 . 80 8 .  30 7 . 50 A 4 . 70 A 

11 A = Me a s u red va l u e from p re s s u re p l a te .  
P = Pred i c te d  v a l ue from reg re s s i on a n a l ys i s .  

Organi c ca rbon 



Sttt1Mv OF LABffiAT�Y DATA 
Pa rt i c l e  Si ze Da ta i n  I of Total 

( frac t i on separa t i ons i n  mi c rons ) 

Total I Sand Fract i on I Si l t  Fraction  

LEVEL TRANSECT HOR I ZON LOWER CLAY S I LT SAND vc c H F VF c H F F I NE T EXTURAL 
BOUNDARY <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CH - 2000 - 2000 - 1 000 - 500 -250 - 1 00 - 50 -20 -5 < . 2 1 

3 6 AP 1 9  1 3 . 40 4 2 . 25 44 . 3 5 6 . 40 1 8 .  1 0  1 0 . 85 5 . 20 3 . 80 2 7 . 60 1 0 . 90 3 . 75 6 . 8  L 
3 6 B T l  42 22 . 3 5 36 . 40 4 1 . 25 5 . 60 1 5 . 95 1 1 .  1 5  4 . 65 3 . 90 26 . 40 8 . 90 1 .  1 0  1 4 . 9  L 
3 6 BT2 60 2 1 . 30 IJO . 35 , 38 . 3 5  4 . 55 1 11 . 75 1 0 . 80 4 . 50 .3 . 7 5  2 7 . 85 1 2 . 05 0 . 4 5 1 5 .  1 L 
3 6 B T 3  75 24 . 85 48 . 40 26 . 7 5 2 . 65 8 . 90 6 . 30 2 . 50 6 . 40 34 . 55 9 . 60 4 . 25 1 0 . 2 L 
3 6 B T K  108 22 . 25 48 . 50 29 . 25 4 . 25 9 . 00 . 5 . 85 2 . 40 7 . 75 34 . 80 1 1 . 00 2 . 70 1 0 . 4 L 
3 6 2C 1 60 4 . 3 5 7 . 85 87 . 80 9 .  30 36 . 05 28 . 20 1 1 . 25 3 . 00 4 . 95 1 . 65 1 . 05 3 . 2  cs 

L EVEl TRANSECT HOR I ZON F I NE CLAY C LAY FRH CLAY FREE  oc lJ CACOJ PH 0 . 03 HPe 1 .  5 HPe 
TOTAL CLAY S I LT SAND I I ( 1 : 1 ) 8m l t 8m l ' 
RAT I O  I I --

3 6 AP 0 . 5 1 48 . 79 5 1 . 2 1  1 .  36 0 . 40 5 . 65 1 4 . 1 A 7 . 1 A 
3 6 BT l 0 . 67 46 . 86 5 3 . 1 2  0 . 48 0 . 50 6 .  30  1 6 . 4  A 9 . 6  A 
3 6 BT2 0 . 7 1  5 1 . 27 46 . 7 3 0 . 48 0 . 50 6 . 55 1 1 . 3  A 9 . 6  A 
3 6 8 1 3  0 . 4 1  64 . 40 3 5 . 60 0 . 56 0 . 95 6 . 70 1 9 . 1 A 1 1 . 0  A 
3 6 BT K 0 . 4 7 62 . 38 3 7 . 62 0 . 56 4 . 75 7 . 70 1 9 . 2  A 9 . 9  A 
3 6 2C 0 . 74 8 . 2 1 9 1 . 79 0 . 1 6 1 . 45 8 . 00 3 . 2  A 2 . 0  A 

' A = Measured val ue from pres s u re pl a te .  
P = Predi cted va l ue from reg ress i on analys i s .  

Organi c ca rbon 



Slf.t.1ARy OF l.ABMATOOY DATA 
Parti c l e  Si ze Da ta i n  I of Total 

( fra c t i on separati ons in mi c rons ) 
Total I Sand F rac t i on I Si l t  Fract i on 

L EV E L  T RANSECT HOR I ZON LOWER CLAY S I L T SAND vc c M r v r  c M r F I NE T EXTURAL 
BOUNDARY <2 2-50 50 1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CM -2000 -2000 - 1 000 - 500 - 250 - 1 00 -50 -20 - 5  < . 2 1 

4 2 AP 1 3  2 1 . 40 4 7 . 3 5  3 1 . 25 2 .  1 0  5 . 50 4 . 95 6 . 55 1 2 . 1 5  3 3 . 65 1 3 .  1 0  0 . 6  1 2 . 00 L 
4 2 l H  � 7  27 . 45 50 . 80 i 2 1 . 7 5 1 .  05 2 . 25 3 . 00 4 . 60 1 0 . 6 5 3 5 . 45 1 1 . 45 3 . 9  1 8 . 05 CL ,, 2 B T K  7 6  26 . 35 56 . 1 5 1 7 . 50 0 . 35 1 . 20 1 . 45 2 . 7 0  1 1 . 60 itQ . 60 1 3 . 65 1 . 9 1 0 . 60 S I L 
4 2 2C 1 76 1 6 . 45 3 2 . 1 5  5 1 . 40 0 . 85 3 . 60 6 . 65 2 3 . 75 1 6 . 55 24 . 75 5 . 70 1 . 7 8 . 40 L 
4 2 3C 200 3 . 90 5 . 70 90. 40 7 . 30 24 . 40 44 . 40 1 1 . 05 3 . 25 3 . 95 1 . 1 5 0 . 6  2 . 70 cs 

L E V E L  T RANSECT HOR I ZON F I N E C LAY C LAY F R H  C LAY f R H  o c  § . CAC03 PH 0 . 03 M Pa 1 .  5 M Pa 
TOTAL CLAY S I L T SAND I I ( 1 : 1 )  em s t 8m l , 
RAT I O  I I 

4 2 AP 0 . 56 60 . 24 39 . 76 1 . 20 0 .  30 5 . 95 1 8 . 3 5 p 9 . 92 p 
4 2 B T  0 . 66 70 . 02 29 . 98 0 . 56 1 . 00 6 . 90 20 . 79 p 1 1 .  1 0  p 
4 2 B T K  0 . 40 76 . 24 2 3 . 76 0 . 32  1 6 . 80 8 . 00 2 1 . 59 p 1 0 . 40 p 
4 2 . 2C 0 . 5 1  3 8 . 48 6 1 . 52 0 . 24 6 . 2 5 8 . 65 1 4 . 6 7 p 6 . 93 p 
4 2 3C 0 . 69 5 . 93 9'1 . 07 0 . 1 6 1 . 90 8 . 1 0  3 . 02 p 2 . 56 p 

, A = Measured val ue from p re s s u re p l a te .  
P = Pred i c ted val ue f rom reg re s s i on ana l ys i s .  

Organi c  carbon 



�y OF lABoRATORY DATA 
Pa rt i c l e  Si ze Data i n  I of Total 

( frac t i on sepa ra t i ons i n  mi c rons ) 
Total I Sand F rac t i on I Si l t  F raction  

LEVEL TRANSECT HOR I ZON LOWER CLAY S I LT SAND vc c M f V f  c M f f i NE HXTURAL 
BOUNDARY <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CM -2000 - 2000 - 1 000 - 500 -250 - 1 00 -50 -20 - 5 < . 2 1  

., 3 AP 29 2 1 . 65 62 . 3 0 1 6 . 05 0 . 90 1 . 80 1 .  7 5  2 . 25 9 . 3 5 3 9 . 30 1 6 . 3 5 6 . 65 1 1 .  1 5  S I L  
4 3 B T l  58 34 . 20 54 . 20 1 1 . 65 0 . 40 1 .  30 1 .  50 1 . 9 5  6 . 50 3 3 . 90 1 5 . 25 5 . 05 2 5 . 50 S I CL ,, 3 8 T2 82 30 . 85 5 7 . 25 1 1 . 90 0 .  1 5  0 . 65 0 . 60 1 .  70 8 . 80 3 1 . 65 1 6 . 20 9 . 40 1 6 . 65 S I CL 
4 3 BT K 1 1 1 3 32 . 1 0  5 3 . 25  1 4 . 65 0 . 20 0 . 45 0 . 55 2 . 00 1 1 . 45 32 . 45 1 3 . 85 6 . 95 20 . 90 S I CL 
4 3 B T K2 1 42 28 . 30 4 4  . li5 ' 27 . 25 0 . 85 2 . 05 2 . 0 5 6 . li 5 1 5 . 85 3 1 . 1 5  9 .  1 5  4 .  1 5  1 4 . 30 C L  
4 3 BK 1 62 25 . 35 53 . 60 2 1 . 05 0 . 20 0 . 90 1 .  30 4 .  1 5  1 4 . 50 3 6 . 90 9 . 70 7 . 00 1 0 . 50 S I L  
4 3 c 200 24 . 00 40 . 3 5 35 . 65 1 . 1 0 3 . 80 5 . 20 . 9 . 60 1 5 . 95 24 . 05 1 1 . 60 4 . 70 1 0 . 60 L 

LEVEL TRANSECT HOR I ZON f i NE CLAY C LAY fREE CLAY fREE  o c  § CAC03 PH 0 . 03 MPa 1 .  5 M Pa 
TOTAL CLAY S I LT SAND s s ( 1 : 1 )  em s ' em s  ' 
RAT I O  s s 

4 3 AP 0 . 52 79 . 5 1 20 . 49 1 . 68 0 . 90 5 . 70 20 . 7 1  p 1 0 . 66 p 
4 3 B T l 0 . 7 5 82 . 3 1  1 7 . 69 0 . 72 2 . 20 6 . 25 22 . 87 p 1 3 . 6 1  p 
4 3 B T 2 0 . 54 8 2 . 79 1 7 . 2 1 0 . 72 3 . 05 7 . 50 22 . 75 p 1 2 . 48 p 
4 3 B T K l  0 . 65 78 . 42 2 1 . 58 0 . 40 1 3 . 90 7 . 90 2 2 . 92 p 1 2 . 46 p 
4 3 B T K2 0 . 5 1  6 1 . 99 38 . 0 1 0 . 24 9 . 80 8 . 1 0  20 . 82 p 1 0 . 96 p 
4 3 BK 0 . 4 1  7 1 . 80 28 . 20 0 . 24 1 0 . 80 7 . 90 2 1 . 29 p 9 . 95 p 
4 3 c 0 . 44 5 3 . 09 46 . 9 1 0 . 24 4 . 20 7 . 85 1 8 . 6 3  p 9 . 50 p 

' A = Measured val ue from pre s s u re pl a te . 
P = Pred i c ted val ue from regres s i on analys i s .  

Organ i c  ca rbon 



&ttv\RY OF lABffiATORY DATA 

Pa rt i c l e  S i z e  Da ta i n  S o f  To tal  
( f ra c t i o n s e p a ra t i on s  i n  mi c rons ) 

To t a l  I Sand F ra c t i on I S i l t  Frac t i on 

I I V l l I HA N S £ C I  I IOR I Z ON I .  OW [I� C L AY S I L T SAND vc c M f V f  c H f F I N E T EX T URAL 
130U NDAHY <2 2 - � 0  � 0  1 000 �00 2�0 1 00 50 20 5 2 CLAY CLASS 

CM - 2 000 - 2000 - 1 000 - 500 -2 50 - 1 00 - 50 -20 - 5  < . 2 1  

,, � A I' 5 1 6 . 70 lt 8 .  / 5 3 11 . 5 5 7 . 20 1 0 .  -, 5 6 . 4 0 4 . 4 0 5 . 60 29 . 60 1 3 . 90 5 . 05 1 0 . 30 L 
It 5 A2 1 2  1 7 . 3 0 lt 7 . 3 5  3 � . 3 5  7 . 50 1 1 . 05 6 . 55 4 . 6 5 5 . 60 26 . 65 1 3 . 75 4 . 75 6 . 40 L ,, 5 U l l 2 6 2 6 . 80 39 . 80 3 1 . 11 0  6 . 00 9 . 00 6 . 2 5 3 . 65 6 .  3 0  23 . 70 1 2 . 7 5 3 . 35 20 . 00 CL 
II 5 13 1 2  52 2 5 . 20 lt 7 . 1 51 2 7 . 65 5 . 2 5 6 . 00 5 . 3 5 3 . 40 5 . 6 5 3 3 . 70 1 0 . 1 0  3 . 35 1 5 . 95 L 
II 5 Il l 3 66 24 . 9 5 52 . 11 0  22 . 6 5 3 .  1 5  4 . 6 5 3 . 3 0 2 . 25 9 . 30 3 3 . 60 1 3 . 95 4 . 65 1 5 . 50 S1L 
II 5 U I K  9 1  2 3 . 3 0 50 . 60 26 . 1 0 II . 1 5 6 . 80 5 . 45 2 . 95 6 . 7 5 35 . 95 1 1 . 25 3 . 40 1 4 . 3 5  SiL 
lj 5 2C 1 50 3 . 3 5  6 . 3 5 90 . 30 1 2 . 30 29 . 90 2 7 . 30 1 5 . 4 0 5 . 4 0 4 . 90 0 .  30 1 .  1 5  1 .  65 cs 

L £ V H 1 HA N S £ C l  I IOH I Z ON F I N [ C L AY C L AY f R H CLAY F R H oc § · CAC03 PH 0 . 0 3 M Pe 1 . 5  M Pe 
T O T Al .  CLAY S I LT  SAND % s ( 1 : 1 )  8m % ' em s 11 
RA T 1 0  %. % 

II 5 A P  0 . 62 5 6 . 5 2 lj J . lt 8  2 . 72 0 . 20 . 5 . 60 1 5 . 65 p 1 0 . 40 p �� 5 A2 0 . 49 5 7 . 26 4 2 . 711 2 . 66 0 .  1 0  5 . 70 1 5 . 7 5 p 1 0 . 6 3  p 
II 5 U T 1 0 . 69 5 5 . 90 lt 4 .  1 U  0 . 60 0 . 1 0  6 . 25 1 8 . 3 3 p 1 1 . 89 p ,, 5 8 1 2  0 . 6 3 6 3 . 0 3 3 6 . 9 7 0 . 60 2 . 25 6 . 60 1 8 . 3 7  p 1 0 . 67 p 
If 5 8 1 3  0 . 62 6 9 . 8 2 3 0 . 1 8  0 . 60 2 . 90 7 . 05 1 9 . 96 p 1 0 . 56 p ,, 5 B T K  0 . 62 6 5 . 9 7 3 4 . 0 3 0 . 64 1 2 . 20 7 . 90 1 6 . 59 p 9 . 60 p ,, 5 2C 0 . 5 5 6 . 5 7 9 3 . 4 3 0 . 08 3 . 40 6 . 1 0  3 . 36 . p 2 . 21 p 

11 A = Mea s u red va l ue f rom pres s u re p l a te .  
P = . P red i c ted va l u e from re g re s s i on a n a l y s i s .  

Orga n i c c a rbon 
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SuMMARY OF lABoRATORY DATA 

Parti cl e S i ze  Da ta i n  I o f  To tal 
( frac t i on sepa ra t i ons in mi c rons ) 

To tal Sand Frac t i on 1 Si l t  F rac t i o n  

l RANS [ C l  I IOH I ZON l OWER CLAY S I I. T SAND vc c H f V f  c H f 
BOUNDARY <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 

CH - 2000 - 2000 - 1 000 - 500 -250 - 1 00 - 50 -20 -5 

6 AP 20 1 4 . 4 5 45 . 1 5  11 0 . 4 0 6 . 6 5 1 2 . 7 5 1 0 . 3 5  6 . 4 5 4 . 00 26 . 65 1 3 . 20 5 . 30 
6 Il l I 44 25 . 25 36 . 6 5 3 5 . 90 5 . 4 5 1 0 . 2 5 9 . 90 6 . 5 5 3 . 75 2 4 . 4 5  1 2 . 20 2 . 20 
6 a r 2  7 0  26 . 50 4 3 . 7 5 29 . 7 5 4 . 2 5 7 . 95 6 . 0 5 4 . 75 4 . 75 29 . 3 5 1 2 .  1 5  2 . 25 
6 B I" K  90 2 7 . 05 50 . 6 � 22 . 20 1 .  85 3 . 65 4 . 65 3 . 60 8 . 25 3 6 . 00 1 1 .  1 0  3 . 7 5 
6 2C 1 20 1 . 70 2 . 9 5 95 . 3 5 6 . 7 5 2 3 . 65 4 5 . 00 1 6 . 75 1 . 00 2 . 20 0 . 45 0 . 30 

TRAN S £ C T  I IOR I ZON f i N £ C LAY CLAY . F R H  C LAY f R H  o c  § CAC03 PH 0 . 0 3 H P• 
TOTAL C LAY S I L T SAND % s ( 1 : 1 )  em s 
RAT I O  � s 

6 A P 0 . 56 52 . 7 8 11 7 . 22 1 . 60 0 . 6 5 . 8  1 4 . 08 
6 B T l  0 . 7 1  5 1 . 9 7 11 8 . 0 3 0 . 6 4 0 . 8  6 . 8  1 6 . 48 
6 B f 2 0 . 6 3 59 . 52 4 0 . 11 6  0 . 56 0 . 8  6 . 8  1 8 . 0 1  
6 B T K  0 . 5 3 69 . 6 1 30 . 39 0 . 4 6 9 . 9  8 . 0  20 . 1 7  
6 2C 0 . 88 3 . 00 9 7 . 00 0 . 08 2 . 0  7 . 9  1 .  34  

A = Hea�ured val ue from p ressure pl a te . 
P = Predi c ted val ue from reg res s i on analysi s .  

Organi c ca rbon 

f i N E T EX T URAL 
CLAY CLASS 
< . 2 1  

8 . 1 0 L 

1 7 . 95 L 

1 6 . 75 L 
1 4 . 30 SiL 

1 .  50 cs 

1 .  5 HP• ' a.n s ' 

p 8 .  1 1  p 
p 1 0 . 4 7  p 
p 1 0 . 76 p 
p 1 0 . 86 p 
p 1 .  7 1  p 



Su-tww oF lABoRATORY DATA 

Pa rt i c l e  S i z e  Da ta i n  S o f  To t a l  
( fra c t i on s e p a ra t i on s  in  mi c rons ) 

To t a l  I Sand F rac t i on I Si l t  Frac t i on 

L l V l l l i(ANSL C T UOH I L ON LOW ( H  C L AY S I L T SAND vc c M f V f  c H F F I N E T E X T URA L 
UOUNOARY <2 2 - 50 50 1 000 500 250 1 00 50 20 5 2 CLAY CLASS 

CM -;woo - 2000 - 1 000 - 500 - 2 5 0  - 1 00 - 50 -20 - 5  < . 2 1  

') 1 A I  8 1 8 . 00 52 . 8 5 r- 9 . 1 5  5 . 80 7 .  1 0 5 . 1J O  IJ . 7 5 6 . 1 0  3 11 . 7 0 1 5 . 3 5  2 . 80 1 1 . 70 SiL 

5 1 A2 1 5  1 9 . 95 IJ 8 . 90 3 1 . 1 5  7 . 1JO 7 .  3 5  6 . 1 0 4 . 50 5 . 80 3 4 . 05 1 2 . 95 1 .  90 1 0 . 80 L 

5 1 AU 26 1 9 . 6 5 1t 9 .  10 3 1 .  ?. 5  6 . 50 7 . 5 5 6 . 00 4 . 90 6 .  30 36 . 11 5  9 . 90 2 . 7 5 1 0 . 40 L 
5 1 u r  1 4 5 2 1t . 90 3 7 . 3 0 3 7 . 60 7 .  1 5  1 0 . 1 5  7 . 60 6 . 2 5 6 . 6 5 28 . 1 0 0 . 00 9 . 20 1 6 . 6 5 L 
5 1 0 1 2  6 5 22 . 30 3 9 . 1 0  3 8 . 60 6 . 95 1 0 .  3 5  8 . 50 6 . 80 6 . 00 29 . 1 5 8 . 50 1 . 4 5  1 2 . 25 L 
5 1 U I K  . 86 2 7 . 1 0  50 . 50 , 22 . 110 2 . 70 4 . 00 2 . 80 2 . 70 1 0 . 20 3 0 . 50 1 6 . 7 5 3 . 2 5 1 5 . 7 5 CL 
5 1 2C 1 3 2 8 . 1 5 9 . 5 5 82 . 30 25 . 50 30 . 3 5  1 6 . 20 7 . 4 5 2 . 60 6 . 4 5  2 . 50 0 . 60 5.  1 5  LS 
5 1 3 C 1 72 22 . 80 3 2 . 90 4 4 . 30 6 . 65 1 1 . 40 9 . 3 5 6 . 20 8 . 70 2 3 . 1 0  8 . 1 5  1 . 65 1 3 . 1 5  L 

l E V E L  T RA N S E C T  I IOH I Z U N  F I N E CLAY C L AY f" R ( [  C LAY f R H  o c  § CAC03 PH 0 . 0 3 HP• 1 . 5  H P• 
TOTAL C LAY S I L T  SAND I s ( 1 :  1 ) em s , em s  , 
R A T I O  s s 

5 1 A 1  0 . 6 5 64 . 4 5 3 5 . 5 5 2 . 40 0 . 20 5 . 9  1 6 . 9  A 1 0 . 4 A 

5 1 A2 0 . 54 6 1 . 09 3 8 . 9 1 1 . 28 0 . 25 6 . 0  1 11 . 11  A 8 . 7 A 

5 1 AB 0 . 5 3 6 1 . 1 1  3 8 . 89 1 . 04 0 . 60 6 . 2  1 11 . 9  A 9 . 2  A 
5 1 B T l 0 . 6 7 lt 9 . 6 7 50 . 3 3  0 . 64 0 . 55 6 . 5 1 6 . 5  A 4 . 4  A 

5 1 8 1 2  0 . 5 5  50 . 3 2 11 9 . 6 8 0 . 56 0 . 11 5  6 . 5  1 5 .  1 A 9 . 4  A 

5 1 l H K  0 . 58 . 69 . 2 7 30 . 7 3 0 . 56 1 1 . 60 7 . 8 1 8 . 6  A 9 . 8  A 

5 1 2C 0 . 6 3 1 0 . 40 89 . 60 0 . 1 6 2 . 80 8 .  1 6 . 2 A 3 . 2  A 
5 1 3 C 0 . 5 8 1t 2 .  62 5 7 . 3 8  0 . 56 6 . 95 7 . 8  1 5 . 6 A 9 . 1 A 

11 A = Mea s ured va l ue from p re s s u re p l a te .  
P = P re d i c ted v a l ue from reg re s s i o n a na l y s i s .  

Orga n i c c a rbon 



Sl.f+1ARy OF WmATOOY DATA 
Pa rti c l e Si ze Da ta i n  S of Total 

( fract i on separa t i ons i n  mi c rons ) 

Total I Sand F rac t i on I Si l t  Frac t i on 

LEVEL T kANS£CT HOR I ZON LOWER CLAY S I L T SAND vc c H F VF c H F f i NE T EXTURAL 
BOUNDARY <2 2 - 5 0  5 0  1 000 500 250 1 00 50 20 5 2 CLAY C LASS 

CH - 2000 - 2000 - 1 000 - 500 -250 - 1 00 -50 -20 -5 < . 2 1  

5 3 AP 1 4  20 . 4 5 5 7 . 50 2 2 . 05 2 . 3 0 5 . 80 3 . 7 5 2 . 65 7 . 55 3 7 . 35  1 7 . 65 2 . 50 1 2 . 1 0  S I L  
5 3 BT l 3 9  28 . 3 5 5 5 . 9 5  1 5 . 70 1 .  50 3 . 90 2 . 75 2 . 00 5 . 55 3 4 . 05 1 5 . 1 5  6 . 75 1 9 . 70 S I CL 
5 3 B T2 59 3 1 . 00 56 , 00 I 1 3 ,  00 0 .  35 1 .  05 0 . 90 0 . 80 9 . 90 3 8 . 1 5  1 4 . 50 3 . 35 1 6 . 65 S I CL 
5 3 B T K  1 06 2 7 . 85 56 . 70 1 5 . 45 0 . 1 5 0 . 4 5 0 . 50 1 .  50 1 2 . 85 39 . 80 1 2 . 7 5 4 . 1 5  1 5 . 00 S I C L  
5 3 BK  144 2 3 . 90 4 7 . 80 2 8 . 30 0 . 85 2 . 4 0 . 2 . 70 4 . 30 1 8 . 05 34 . 40 1 0 . 30 3 . 1 0 1 4 . 3 5  L 
5 3 2C 1 50 7 . 1 0 8 . 25 8 4 . 65 1 9 . 90 3 7 . 25 1 7 . 65 5 . 75 4 . 1 0  4 . 95 0 . 85 2 . 45 5 . 85 LCS 

LEVEL TRANSECT HOR I ZON F I N£ CLAY CLAY FRH CLAY FRH oc § CAC03 PH 0 . 03 HP• 1 .  5 HP• 
TOTAL CLAY S I LT SAND s s ( 1 : 1 ) em s ' &m S ' 
RAT I O  s s 

5 3 AP 0 . 59 72 . 28 2 7 . 7 2  1 . 44 0 . 1 5  6 . 00 1 8 . 7  A 1 1 . 1  A 
5 3 B T l  0 . 69 76 . 00 2 1 . 9 1 0 . 64 0 . 60 6 . 60 24 . 3  A 1 4 . 1 A 
5 3 B T 2  0 . 54 8 1 . 1 6 1 8 . 8 4 0 . 64 0 . 85 7 . 3 5 25 . 5  A 1 5 . 0  A 
5 3 B T K  0 . 54 78 . 59 2 1 . 4 1  0 . 24 1 1 . 95 6 . 1 0  2 3 . 6 A 1 2 . 0  A 
5 3 BK  0 . 60 62 . 8 1 3 7 . 1 9 0 . 24 9 . 65 8 . 25 1 9 . 4  A 1 0 . 6 A 
5 3 2C 0 . 82 8 . 88 9 1 . 1 2  0 . 00 5 . 40 8 . 30 6 . 0  A 3 . 4  A 

' A = Measured val ue from pre s s u re pl a te . 
P = Predi c ted val ue from regress i on ana l ys i s .  

Organ i c  ca rbon 



Sltt\ARv OF �rmv DATA 
Pa rt i c l e  Si ze  Da ta i n  I of Total ( fract i on sepa ra t i ons in mi c rons ) 

Total I Sand F rac t i on I Si l t  Frac t i on 

LEVEL TRANSECT HOR I ZON LOWER CLAY S I LT SAND vc c H f V f  c H f F I NE T EXTURA L  
BOUNDARY <2 2 - 50 50 1 000 500 250 1 00 50 2 0  5 2 CLAY CLASS 

CH - 2000 - 2000 - 1 000 - 500 -250 - 1 00 -50 -20 - 5  < . 2 1 

5 5 AP 8 1 5 . 65 3 3 . 0 5 5 1 . 30 4 . 00 1 5 . 55 1 3 . 95 1 0 . 90 6 . 90 20 . 90 9 . 20 2 . 95 5 . 55 L 
5 5 AB 2 3  1 6 . 70 49 . 05 34 . 2 5 4 . 00 1 1 . 0 5 6 . 70 6 . 60 5 . 70 29 . 55 1 3 . 95 5 . 55 5 . 40 L 
5 5 B T l 42 26 . 60 lt l .  50 3 1 . 90 3 . 20 9 . 50 5 .  3 0  7 . 50 6 . 40 24 . 95 1 2 . 05 4 . 50 1 6 . 70 l 
5 5 BT2 58 24 . 95 46 . 00 29 . 05 3 . 60 1 0 . 40 4 . 75 5 . 55 4 . 55 28 . 75 1 3 . 40 3 . 85 1 7 . 30 l 
5 5 2BTK 77 26 . 25 60 . 20 1 3 . 5 5 0 . 40 1 .  3 5  0 . 90 1 . 4 5 9 . 45 4 1 . 40 1 4 . 3 0  4 . 50 1 6 . 30 S I L 
5 5 3 B K  9 7  1 6 . 95 3 6 . 70 44 . 3 5 6 . 20 1 4 . 45 . 6 .  3 5  6 . 60 8 . 75 2 5 . 70 9 . 45 3 . 55 9 . 70 L 
5 5 4C 1 20 4 . 55 5 . 65 89 . 60 20 . 1 5  43 . 4 5 7 .  1 0  1 1 . 80 7 . 1 0  4 . 00 1 . 00 0 . 85 3 . 1 5  c s  

LEVEL T RANSECT HOR I ZON F I N E CLAY C LAY f R E E  C L A Y  f R E E  o c  § CAC03 PH 0 . 03 HPe 1 .  5 H Pe 
TOTAL CLAY S I LT SAND s s ( 1 : 1 ) em s t em s , 
RAT I O  s s 

5 5 AP 0 . 3 5  3 9 . 1 8  60 . 62 2 . 48 0 . 55 5 . 7 5 1 2 . 76 p 9 . 12 p 
5 5 AB 0 .  3 2  58 . 88 4 1 . 1 2 1 . 60 0 . 1 0  6 . 4 5 1 5 . 88 p 8 . 87 p 
5 5 B T l  0 . 6 3 56 . 54 4 3 . 46 0 . 96 0 . 40 6 . 45 1 7 . 9 3 p 1 1 . 36 p 
5 5 B T 2  0 . 69 6 1 . 29 3 8 . 7 1 0 . 56 0 . 50 6 . 65 1 7 . 8 7 p 1 0 . 26 p 
5 5 2BT K 0 . 62 8 1 . 6 3 1 8 . 3 7  0 . 80 2 . 00 7 . 4 5 2 1 . 88 p 1 1 . 02 p 
5 5 3 B K  0 . 57 46 . 60 5 3 . 40 0 . 4 8 1 1 . 60 8 . 00 1 4 . 60 p 7 . 4 3 p 
5 5 4C 0 . 69 6 . 1 3 9 3 . 8 7 o .  1 6 2 . 1 0  8 . 20 3 . 98 p 2 . 78 p 

t A = Mea s ured val ue from p ressure pl at� . 
P = Pred i c ted val ue from reg res s i on analys i s .  

Organi c ca rbon 



s�v OF UsOOATORY DATA 

Pa r t i c l e  S i z e Da ta i n  % o f  To t a l  
( frac t i on sepa ra t i ons i n  m i c rons  ) 

To t a l  I . Sand Frac t i on I S i l t  F ra c t i on 

L EVE L T HAN S E C T  IIOR I ZON LOWER C LAY S l  L T  SAND vc c M f V f  c H f f i N E T EXT URAL 
HOUN OARY <2 2 - 50 50 1 000 500 2 50 1 0 0  50 20 5 2 C LAY C LASS 

CM - 2000 - 2000 - 1 000 - 500 -2 50 - 1 00 - 50 - 20 - 5  < . 2 1 

5 6 A P  1 8  1 6 . 2 5 11 0 . 1 5  Il l  . 60 2 . 7 5 1 11 .  1 5  1 3 . 60 7 . 6 5 5 . 4 5 2 3 . 70 1 3 . 00 3 . � 5 9 . 8  L 

5 6 B T l 52 2 3 . 6 5 3 5 . 25 4 1 . 1 0 3 . 3 5 1 3 . 7 0 1 3 . 20 6 . 65 4 . 20 1 9 . 20 1 4 . 50 1 .  5 5  1 6 . 6  L 
5 6 l H 2  64 2 1 . 7 5 50 . 90 2 7 . 3 5  1 .  8 5  7 . 8 5 6 . 7 5 3 . 7 5 7 . 1 5 3 1 . 7 5 1 2 . 50 6 . 6 5 1 7 . 8  SiL 

5 6 B I K  9 l 20 . 2 5 4 3 . 90 3 5 . 8 5 2 . 50 1 1 . 95 9 . 6 5 5 . 0 5 6 . 70 3 0 . 60 9 . 95 3 . 3 5 1 2 . 6  L 
5 6 2 C 1 20 8 . 05 6 . 80 85 . 1 5 7 . �0 3 1 . 70 2 7 . 8 5 1 3 . 95 4 . 2 5 3 .  1 5  2 . 2 5 1 . 40 6 . 6  cs 

l f V E L  T HA N SE C T  I IOII I ZON F I N E  C L AY C L AY F R E E  CLAY r R E E  o c  § CAC03 PH 0 . 0 3 MPa 1 . 5  MPa 
T O T AL C LAY S I LT SAND % % ( 1 : 1 ) 8m l 'II 9m l· , 
RAl l O  � � 

5 6 A P  0 . 60 11 7 . 9 4 5 2 . 06 1 .  60 0 . 2 5 5 . 3 5 1 4 . 02 p 8 .  7 2  p 

5 6 B T l o .  70 4 6 . 1 7 5 3 . 8 3  0 . 88 0 . 20 5 . 80 1 5 . 3 6 p 1 0 . 2 5 p 
5 6 13 1 2  0 . 82 6 5 . 05 3 11 . 9 5 0 .  3 2  0 . 50 6 . 90 1 8 . 20 p 8 . 8 4 p 
5 6 B I K  0 . 6 2 5 5 . 05 11 4 . 95 0 . 24 1 1 . 00 7 . 70 1 6 . 30 p 8 . 22 p 
5 6 2C 0 . 82 7 . 4 0 92 . 60 0 . 00 3 . 5 5 8 . 00 4 . 80 p 3 . 7 5 p 

11 A = Mea s u red v a l ue from p re s s u re pl a te . 
P = Pred i c ted v a l u e from reg re s s i on a na l ys i s .  

Organ i c  ca rbon 
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