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Abstract
The geomorpho logr  rnd  s . i l s  o l  n . r rh \ . . tem t r 'harcon Counr l  rc f l f (  I  a  n t i , , .n . .  o i  r lepns i t iona l  .n r t  e ros iona l  e rer rs  resu l t ing

f rom g lac ia l  anr l  f lu r ia l  tn r . .ss .s .  FcNr  seo orph ic  sur faccs  wcn id .n t i l i .d  and mrre la te i l  to  so i l  tax r .  Ihey  r rng f  in .g . l

f .onr  ld t f  Ho lo fc . .  r .  la te  P le is tocene.  The lo r f r  lood  p la i .  sup t . r rs  Er t i so ls .  the  upper  o re  I in r i !o l !  rn , l  \ lo l l i ! i ) l s ,  r l .  ou l '

vash  to races  Spodoso ls  and sonrc  A  l i so ls .  and the  g lac ia l rnar ine  dr i l t  p la ins  A l l i so l " .  RJ iocarbon da tes  o f  o rgan ic  depos i ts

(9 ,920 i  ?60 ro  9 .300 t  250vran I l . l ' . )a rd  vashe l l ( (12 ,090 r  ; l50  ro  10 ,310 +  300! .a rs  U.P. ) .  roposraph i .  pos i t ion .  re la r i i ' e

aac .  and rhe  presence or  absrn t  o l  vo l .d . i .  ash  i ion  \ {ount  \ {azama (6 ,600 rca . !  B . l ' . )  a r .  Dscd to  ident i t r  the  sur faces .

lntroduction

Thc geornorphology and soi ls of norlh\festern
Whatcom Counlv ref lect a se.iuence of deposi-
l ional and ero-. ional cvcnts rcsult ing from glacial
and f luvial processes (Coldin in prcss). Each
episode of landscapc clcvcloprnent can be
dcl ineated as a geomorphic surfacc (Parsons el
cl 1970). The -qoi ls as-.ociatcd r i th a part icular
surfacc are dif ferentiated prinrari ly b"l  contrasls
in drainagc ald the texture of the parcnt
rnaterlal.

The  pu rpose  o f  t h i s  pape r  i s  l o  exad ;ne  t he
interrelat ionship-. amon g so;ls, geornorpholo g-v,

and lrrne.

Methods
Ceonrorphic surfaccs for irbout 80,000 ha lere
mapped  on  t : 63 ,360  ae r i a l  pho tog raphs  (F igu re

l).  Sequential f ickl relat ionships among surfaccs,
elevations, and photo interp.etal jon of tonal pat '
tern-s r\ ,ere used lo map the surfaces. ' fhe soi ls
we re  s tud ied  acco rd ing  t o  s tanda rd  p rocedu res
and terminologl (Soi l  Ccrnservation Service l98l,
Soi l  Survel Staff l9?5). Twclve of the 13 soi l-q
on thc oulr{ash terraces, al l  . l  on thc glacial-
narine clr i l l  plains, ancl thc 2 soi ls on the delta
har.e their serics t tpe locations in the stud! arca.
A i l  o f  t he  sc r i l s  i n  t he  s tudv  a rca  a rc  es tab l i shed

Besults
So ls
Nonr of thc soi ls har c signif icant accurnulat iols
o f  t r ans loca ted  o rgan i cs .  c l a r , , r od ium,  o r  ca r -
h " r : ' r ,  -  i r r  r l r ,  - u l , . n i l .  T l r e  r r . r r r r r l p r , ,  i p i t . r t i u r r

of 750 to 1500 mm has leached rnost of the solu-
b l c  ma te r i a l s  be low  the  zone  o f  obsena t i on .
Whatcom soi ls har,e somc carbonales. These are
present in thc marire sedinrents and are difTicult
to leach because of the slorv pcrmcabil i t ."- of the
.n i l . .  l t r " r  a1 . . ,  he r .  s , , r n , '  . r r g i l l a r r . .

' fhe 
struclure is r,eak in rnost of the soi ls. 

' fhe

strongest str l lcture in the subsoil  occurs in -coi ls
with high clay contents (Bel l ingharn soi ls) and in
the Spodosols rvith iron ccmentation (Edrnoncls
and Woodlyn soi ls).

The major dist inct ive horizons in thc stucly
area are t lrc E irrtd upper Bsm horizons in the
poorl l  clrained Spodosols and the Ap and tsg
horizons on the cult ir .ated poorlv draineri  soi ls.
The rvel i  draincd and rnoderately lel l  drained
so i l s  on  t he  two  o lde r  su r faccs  havc  s i l t  pc l l c t s
and  r : r - ackcd  coa t i ngs  u i t h i n  t he  B  ho r i zon .

Geomorphic  Sur faces
Sary'rce 1 This surface i-s thc lorscr ' ,  act ivc i lood
p la in  o f  t he  Nooksack  R i ve r  and  i s  t he  depos i -
t i ona l  and  r : r os iona l  cnv i ronn ren t  o f  t he  r i ve r
channels and a-qsociated prr int bar-. arrd channel
f i l l ings (Figure 2). Ihe surface is gencral lr '
underlain bl coarse alLuvium and is sub.iect to
annual t looding. Thc cL:posits are pebbles. sand,
ancl si l t .  Thc larr, : lscape configuration i3 not stahle
and charrgcs rapidlr as a result of the {rutt ing of
ucw  channe l s .  aban ( l on rnen t  o f  o | l c r  l han r r c l s ,
and  c l o l n - . t r eam [ l ov (  mcn l  o f  a l l u r i a l  depos i t s .

The age ol the surface is late Holoccnc. I l le-
\at ion ranges from sea lcv,: l  to 50 nr. Slopr:s are
0  k )  3  p t r cen t .  Thc  p r i nc ipa l  so i l s  on  t h i s  su r -
face are thr Pi lchuck -.oi ls, u hich are verv deep,
somclhat cxc'essir 'elr clrainerl ,  anrl  cornposed ot
unwea the red  sand .  P i l ch r r ck  so i l s  have  no
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diagnostic lcalures olIer than an ochrir:  epipedon

(So i l  Su r rev  S la i f  19?5 )  a r , l  a re  Dvs l r i c  Xe ro -

psa rn r ren t s  (So i l  Su rve r  S ta l f  l 9U 'X ) .  R i re r r "ash

i s  a l so  a  n ra j , r r  co r r rp r )ne r r t  o I  t h i s  su r Iacc

Surface 2 fhis surface is the highcr of the

two f lood plains and includes lht leree-q, the

lal le,r ' f lat,  and thc rnoriern t lel ta of the NooLsack

River' .  1'he dcposits general lr  are stral i f ied sand,

si l t ,  lnd cla1. l 'he al lLniur,r is derived lrorn a

varietr of rocks, Iut is donrinated by andesitc and

mctase(l irr lontar\ rrraterials (Ea-sterbrook l9?l)

Al luvial fan-. ard coastal Lcach deposits are in-

cluded in this surfact. Sone organic deposi ls oc-

cul in lorrner quict backlt{ lcr areas. Elevation

ranges from sea level lo 60 m. SloJre is domi

ranl lJ 0 1(r 2 perceDt but is as steeP ds I percenl

on al lur. ial  lans.
Deposit iorr slarted orr this surfuce after the

Sumas  S tade  o f  t h r  F rasc r  C lac ia t i on  abou t

10,000 lears B.l ' .  No propelt ies associaterl  uith

l o l can i c  ash  u re  cv iden t  i n  t he  so i l s .  S incc  t he

ash in uesterlr S'hatcom Countl  origi lates from

Moun t  N lazan ra  (Eas te rb rook  l 9?1 ,  L i ds t ron r

1972 ) ,  t he  l ack  o f  \ l azama  ash  l i t h i n  t h i s  su r -

face indicates thdt i l  is lounger than 6,600 years.

This surface is probablr nriddle to late Holoccne.
s . , i l -  o l  t l ' i .  - u r l r r ,  e  h r r ,  f ,  s  p r " m i r r " r r l  r n n r -

phologir:ai features; t l iel  are dif felentiated

mair i l  bl  the lexture of the parent raterial.

l \ ' lost have a f lut: tual ing r later table, a-. indicated

bv the mott l ing in tLe undefl \ ing material within

a  dep th  o f  0 .5  r r .
'Lhc 

soi ls of thc levees arc ver,- deep, rteariY

lcrel,  and hale a moll ic epipe,lon. Thel are the

*e l l  d ra ined  I ' uya l l up  and  t hc  rno t l e ra te l y  ue l l

drained \{t .  Vernol -.oi ls, whiclr are Fluventic

and ! ' luvaquentic I laplorerol ls, respectivel).

The soi ls of the dclta are verv deep, vert

poorl l  drained, and contain sulf idic nraterials.

The principal soi ls are the Cliza and fat:crma soi ls

(Sulf ic Fluvaquents), r lhich are subjrct lo salt  in-

t r us ion  as  d  resu l l  o f  t hc i r  p ro r i n  i t l  t o  t hc  sea .

The soi ls of tLe val lel f lal  are ver-r '  deep and

poorl l  dr ir ined Aeric Fluraquents, represonled

bl the Briscot anrl  Oridia series. These soi ls and

those or the delta halc no diagnostic horizon

o thc r  t han  an  och r i c  ep ipcdon .
Sury'rre 3 This surface is donrinantlY outt ' rash

terrdces, bul also inciudcs proglacial lacustr inc

terraces. 
' fhe 

outi !ash lerraces r,JDsist of sand

w i th  va r i ous  amoun ts  o f  g ra re l .  Dep ress ions  i n

the oul lrash terraccs, both channcls and kett les,

eomrnon l v  co r l a i n  o rgan i c  depos i t s .  Lake  b tds

ancl lor-rel ief,  aLandoned channels f i l led with

orgarric nrateriaL arc typical o1 surfa{rcs o1 this

age in n cstcrn Oregon (Parsons et al.  1970) aurl

southccl lral Wa-.hi lgton (Coldin arrt l  Parsons

l9B3), although these lal lcr surfaccs are not

d e v e l o J r c c l  i n  g l a c i a l  m a l e r i a l s .  T h e

glaciolacustr inc deposits consist of si l t  and clal,

rvhich are dist incth: varved in some arcas A thin

la,-er of acol ian materials. nhich include volcart ic

ash, nantlcs this surfacc (Armstrong l98l).

Surface 3 is the oldest surface related to the

present drainage systcln. ' l 'he artcient drai lage

pattcrr paral lcls lhat of thc rnodern f lood plain

i  d i . a t i ng  t ha t  t hc  Nooksack  R i vc r  j s  a  remnan t

of the preexist ir tg glacial drainage sYstern. 
' fhe

cornpelence of the proglacial strcanls 1'!as grcalcr

than that of the nrodern Nooksack Rirer and thc

val leJ rras broadcr. This is indicated by the

dc ln - i t s .  t \  l r i r l r  d re  '  u r r : e r  an ' l  n ro r c  e \ lPn ' i \  c

than the modern al luvial materials. The tc\ lure

ol the soi is ref lects this dif ference.
The highly compclent glacial streams dc'

posited malerials high i l  rock l iagment c:ontent,

in which thc Kickervi l lc, Barnhardt, and Clippcr

soi ls formed. Slower moving waters deposited

strat i l iecl sands and some si l ts lorv in rock frag-

nent contcnl;  these sediments were later re-

worked by wind. The Lynn*ood, Lynden, Lax-

ton, Irornp, Hale, Edrnonds, and Woodlln soi ls

formed in thcse deposits. The admixture of si l ty

aeo l i an  depos i t s  and  o rgan i c  ma t l e r  i n l o  t hese

soils has markedll  imcreased their f !r t i l i ty (Coidir l

1983). I l levation ranges from l5 to 100 m, and
- ro l  r i  r r r ge  f r o rn  0  t o  l 5  p " r , ,  r r t .

Carbon l4 clates obtained from the base of

the organic deposits ralge from 9,920 t ?60 to

9,300 t 250 rcars B.I ' .  (Eastcrbrook 1971, Arn'

strong l98l).  I 'he outwash and glaciolacustr ine

deposits are sl ightly older thar these dates, and

thc surface is sl ightl !  voungcr, corresponding to

late Pleistocene. Deposit ion ocrrurred during the

Sumas Stade of lhc Fraser Claciat ion. The or-

ganic soi ls commonh contain strata of volcanic

ash (Rigg l95B) from the eruption of Mount

Nlazanra as do sirni lar agcd soi ls reported from

other areas of the Pacif ic Northt lest (Balster and

Parsons 1968, Golcl in and Parsons l9B3)

The soi ls of the outuash terraces are very

dccp to shal lo$, somelrhat excessively drained

to poorlv drained, and nearly levcl to gentl . !  slop-

ing. The loutr part of the profi le is sand,l  and
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contains 0 to 60 pcrccnl coarsc fragme ts. The
upper part of the profi le of most of thcse soi ls
formed in aeol ian deposits that include volcanic
ash. Each of the soi ls on this surface has a spodic
horizon. ' Ihe principal soi ls arc thc rvel l  drained
Lynden and Kickenil le soi ls, which are 

' l '1pic

Haplorthods, and the moderately uel l  drained
Tromp and somewhat poorlv drained Hale soi ls,
which are both Aquic Haplorthods. Thc poorl;
drained Edrnonds and Woodlln soi ls are 1,vpic
S ide raquods .  A  con t i nuous  ha rdpan  (o r t s te i n
layer) strongly cementrd with iron has dclcloped
within a depth of 0.5 m in Woodlvn soi ls. This
la,ver, which formcd frorn the deposit ion of iron
at the water table, is fragrnented in the Edmonds
so t l s .

Upon glacial recession, melt lrater f lorr
decreascd. ALrandoncd outuash channels and, to
a  l e 5 ! e r  e \ r p r l .  l e l r l e -  a n d  " t h " r  1 1 ,  p r '  - . i u n .  i n
thc f lood piains sul lported xetland plants, such
as rushes, sedges, and some n'oody plants in thc
stagnant uater (Rigg 1958). When the plant
material died, i t  accumulatocl and lrccame thc
parent material for the verr deep, vcrl  poorlJ
draincd, nearl l  lerel Pangborn (T1pic Medisa-
prists), Shalcar, and Fishtrap soi ls (Terric

Medisaprists).
Thc soi ls of thc glacioiacustr ine terraces are

verv deep, sonl(]  hat poorlv draincd and poor11
drained, and nearh level to gentl) sloping on
ridgc-swalc topographr. Skipopa soi ls (Aqualf ic
Haplorthods) orr thc r idges have a si l tr  aeol ian
mantle o\.er a claley substratum. Tht 'y havc a
spod i c  ho r i zon  a r rd  an  a rg i l l i c  ho r i zon .  Be l l '
ingham soi ls (Tlpic Argiaquolls) in thc swales
have  a  n ro l l i c  ep ipedon  and  an  a rg i l l i c  ho r i zon
and are clal 'e_r throughout the control scct ion.

Surface I This surface consists of glacial-
mar i nc  dcpos i l s  w i t h  an  aeo l i an  i nan t l e  t ha t  i n -
cludcs volcanic ash (Pcvc' irr  et ol.  l9B,l).  The rol l '
ing topografhl ref lects the deposit ion from
melt ing ice of debri-.  that ranges in sizc from clay
to boulders. I  thc Nestern part of the surr.ev
area, poorlv sorted glaciof luvial malcrials up lo
60 cn thick l ie between the aeolian nantlc and
thc glacialmarine deposits. Elevation ranges from
20 lc, 120 m, and slopes range frorn 0 to 60
pe rccn t .

The age of this surface has been determined
from the dating ol fossi l  shcl ls in the glacial-
rnarine deposits. Dates range from 12,090 1 350
to  10 ,370  t  300 ; - ca rs  B .P .  (F ias te rb rook  l 9?1 ,

Arinstrong l98l). ' I 'he material was depositcd in
the late Pleistocene during the Everson ln
t c r s l adc  o f  t he  F rase r  C lac ia t i on  p r i o r  t o  t he  i n -
r  r l , t i u n  u l  t l r ,  S u m i r .  S t r J . .  D a t . -  l r u r r r  n r a r  i n ,
terraces and pcat bogs overl) irg these delosits
show that the area r{as rapidly upl i f ted isostat ic-
aLly during this t ime (EasrcrLrook 1963).

0n glaciahnarine dri f t  plain-s not overlaid b,r '
the glaciof luvial materials, the soi ls are verl  deep,
modcratel l  uel l  drained and poo111 drairred, and
nearl,r '  lovcl to stccp. The Whatcorn sorts
(Aqualf ic Hapkrrthorls) have a spocl ic horizon arrd
an argi l l ic horizon and occr.r l)  the higher and
steeper parts of the landsca|e. The Labount, l
soi ls (Typic Umbraqualfs) have an umbric epi '
pedon ancl an argi l l ic horizon and occrlp) the
lower ; , a r t s .

Thc  so i l s  r v i t h  i n te rbedded  g lac io f l uv i a l
deposits are r.erv deep, moderatel,v nel l  drained
and  poo r l ;  d ra ined ,  and  nea r l l  l eve l  t o  gen t l l
sloping. The Birchbal (T1pic Haplorthods) and
Whirehorn soi ls (Typic Umt,raqualfs) are similar
in morphology and landscape posit ion to the
Whatconr and Labountl  soi ls, respectively, but
have coarser tertures in the upper part of the
substralum.

Although cial f i lms in the Whatcom, La-
bount. '- ,  Skipopa, Bel l ingharn, and Whitehorn soi ls
are uncommon, micromorphological evidence in
the form of argi l lans indicates the developnrent
of an argi l l ic horizon. Thc classif icat ion of thc
spodic horizon on surfaccs 3 and 4 is based on
the discorerl  by USDA's National Soi l  Survel '
Laborator, l  of si l t-sizcd pcl lets and somc cracked
coatings in the B horizon. ' l 'he soi ls do not meet
the chemical cr i tcr ia for a spodic honzon.

Summary
The soi ls of northnestern Whatcorn Countr ' ,
Washington sholr increasing development on
each succcssivcly older geornorphic surface. The
d i a g n n . t i r  h " r i z " n -  r . l u i r i n r  l h c  r n , ' s l  l i n r p  r o
form (argi l l ic horizon and spodic horizon) arc on
the oldest surfaces (surfaces 3 and ,X). lhe horizon
requir ing the least t ime to form (ochric epipedon)
is on the younglest surface. The argi l l ic horizon
has forrncd onl l  on thc f incr textured soi ls on
t h ' : e  s u r f e r p s .  T h .  h . , r i z " n  r ,  q u i r i n g  i n -
termecliate t irne (nrol l ic epipedcrn) is on the nid-
dle surface (surface 2).

Al l  soi ls within a geonorphic surface need not
exhibit  the same degrec of prof i lc do.clopmcnt
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since the,v vary in landscape posit ion or parent

materiai.  Examples are the oulwash and glacio-

lacustr ine soi ls on surface 3 and the levee and

vallcy f lat soi ls on surface 2. Geomorphic map-

ping at a larger scale would help to nake these

separations. Soi l-geomorphic surface relat ion-

ships also help to estimate the t ime for the

development of a horizon, although i t  should be

unde r : t ood  t h r l  o the r  f ac tu r .  be " i des  t imp  a re

responsible for horizon formation. ln this study,

the spodic horizon lbrms in about 9,300 to 9,900

years and the argil l ic horizon in about 10,000 to
12,000 ycars.
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