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PREFACE 

The Fraser Lowland is an area of intensive economic development, centring on diversified ag­
ricultural and industrial activities. The mild climate and the geographical location of the Lowland 
make it a highly attractive residential area and one of continuing population growth. 

A wide variety of materials, deposited during post-Vashon Wisconsin time, underlies the 
Lowland. This bulletin presents a detailed account of the post-Vashon glacial history of the Fraser 
Lowland, together with a description of the sediments deposited. There has been considerable 
controversy as to the origin of these deposits, and through his insight the author has been able to 
relate the distribution, stratigraphic history, and origin of the materials and to fit the different. 
deposits into the geological history of the area. 

Because the materials below the surface here are diverse and the distribution vertically and 
laterally is complex, an understanding of their genesis and distribution is desirable for man's 
efficient use of the land and conservation of the area. The report provides basic information for 
urban and rural land use planning, engineering and agricultural studies pertaining to soils, en ­
vironmental studies, and groundwater investigations. 

Ottawa, September 1978 

D.J. McLaren 
Director General 
Geological Survey of Canada 
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POST-VASHON WISCONSIN GLACIATION, 
FRASER LOWLAND, BRITISH COLUMBIA 

Abstract 

The late Wisconsin Fraser Glac iation in southwestern Br iti sh 
Columbia commenced on the mainland between 23 000 a nd 
26 000 radiocarbon years ago and terminated about 11 000 
radiocarbon years ago. It r eac hed its climax during the 
Vashon Stade about 15 000 to 15 500 years ago when it 
extended south to 47°N. Th e Vashon ice was more than 
1800 m thick in the Fraser Low la nd, a nd the we ight of the 
ic e isostat icall y depressed the area at least 350 m and 
possibly 400 m or more. 

Withdra wal of Vashon ice was rapid, and from about 
13 000 to 11 000 years BP most of t he F raser Low land was 
invaded by the sea. During this interval th e eastern pa rt of 
the Fraser Lowland was occupied b y a piedmont glacier or 
glaciers that at various times retreated, were stationary, or 
surged forward. The glacier or glaciers terminated in the 
sea for much of their history, prob ab ly in a manner similar 
to the glaciers of the Yakutat Bay area of A laska. 
Throughout the period glaciomarine sediments wer e formed 
largely from dropstones and debris deposited into seafloor 
muds by floating pieces of ice ( inclu d ing bergs). During 
surges a nd standst ill s drift was deposited in places above sea 
level a nd on the seafloor. The depos its laid down du rin g the 
occupation of the sea com pri se t he Fort Langley Formation 
a nd the Cap il ano Sediments. 

Isostat ic, eustatic a nd tectonic adjustments be twee n 
the withd rawal of Vashon ice and w ithdrawal of the sea were 
not uniform for the whole area; however, at least two major 
submerg ences separated by unusually rapid emergences are 
indic ated . The final withdrawal of the sea and disap­
pearance of floating ic e in the eastern part of th e Fraser 
Lowland coincided w ith a final surge of piedmont ic e . The 
deposits laid down during this last stade have been called 
Sumas. This ice apparently began to advance about 11400 
years ago whe n sea level was at least 50 m higher than at 
present. The date at wh ich Sumas ice disappeared is in­
definite but was probabl y about 11 ODD years ago, at which 
t im e the sea no longer occupied the area. 

INTRODUCTION 

The Fraser Lowland forms the southwest corner of the 
mainland of the Pacific Coast of Canada and t he ad jo in ing 
northwest corner of the conti nenta l United States. It is a 
t ri ang ul a r-shaped area of Quaternary depositions! origin and 
relatively lo w relief with it s apex 105 km east of the Strait 
of Georg ia. It is bounded on the north by the Coast 
Mountains, on the southeast by the Cascade and Chuckanut 
mountains, and on the west by the Str a it of Georg ia. Both 
th e C oast and Cascade mountains are m a jor systems and 
hav e many peaks above 1800 m elevation. The Fraser 
Lowland has an area of approximately 3500 km 2

, of which 
approximately 2600 km 2 is north of the Canada- Unite d 
States Boundary. 

The dom inant geomorp hologica l feature of the Fraser 
Lowland is Fraser River, wh ich occup ies a la te g lac ial a nd 
postglacia l va lley up to 5 km wide and 225 m deep. This 
ri ver terminates in a growing delta 31 km long a nd 24 km 
wide. North and south of Fraser Rive r valley th e F raser 

Resume 

Dans le sud-ouest de la Co lombi e -Britannique, la glaciation 
de F raser, qui a eu I ieu au Wisconsin superieur, a commence 
sur le continent i I y a 23 ODD a 26 ODD ans (datat ion au 
radiocarbone), et s'est terminee il y a environ 11000 ans 
(datation au radioc a rbone). E li e a atteint son max imu m 
pe nd ant le stade Vashon il y a e nv iron 15 ODD a 15 500 ans, 
alors qu'elle avait avance vers le sud jusqu'a 47°N. Les 
glaces du stade Vashon atte ign a ie nt un e epaisseu r de plus de 
1800 m da ns le s basses-terres du F raser, et du fait de leur 
poids, ant deprime le so l d'au mains 350 m et peut -e tre 
meme 400 m. 

Les glaces du stade Vashon se sont rapidement retirees , 
et il y a environ 13 000 a 11000 ans (BP ), ia maje ure partie 
des basses-terres du F r aser a ete envahie par la m er. 
Pendant cet intervall e, la parti e es t des basses-terres du 
F raser a ete occupee par un glacier ou plusieurs glaciers de 
piemont qui ant plusieurs fois r ecu le, stationne, avance . Le 
ou les glaciers ant, pendant la plus grande parti e de leur 
ex istence, abouti a la mer, probablement de la meme fac;on 
que les glaciers de la baie de Yakutat en Alaska. P e nd ant 
cette periode, les sediments g lac iom arins ant principalem ent 
ete a menes par des f loes (et des icebergs) qui ant lai sse 
echapper des pierres et des debris sur les fonds marins 
vaseux. Pendant les crues et stationnements, du drift s'est 
depose par endroits au -dessus du niveau de la mer, et sur le 
fond marin. Les sediments deposes pendant la pe riode 
marine ant cree la format ion de F art L ang ley et les 
sediments de Cap il ano. 

Les compensations isostat iqu es, eustatiques et tec­
toniques entre le retrait des glaces du stade Vashon et le 
recul de la mer n'ont pas ete uniformes dans tout e la region; 
mais on observe au mains deux grandes phases de trans­
gress ion separees par des regressions exceptionne ll ement 
rapides. Le retra it final de la mer et la dispari t ion des 
glaces der ivantes dans !' est des basses-terres du Fraser 
co rrespondent a un e dern iere crue des glaces de p iemont. 
Les sed iments deposes pendant ce dernier stade ant ete 
appeles sediments de Sum as. La glace a apparemment 
commence a avanc e r i I y a env iron 11 400 a ns, alors que le 
niveau de la mer eta it au mains 50 m plus haut que le niveau 
actuel. La date a laq ue ll e les glaces de Sum as ant disparu 
n' est pas bien definie, mais on estime que leur disparition 
date d'environ 11 ODD ans, et qu'a ce moment-la, la mer 
s'e t a it deja completement retiree. 

Lowland consists mainly of fl at - topped and gently rolling 
low hills separated by wide, flat-bottomed va ll eys. Most of 
the hills cons ist of unconsolida t ed deposits a nd do not 
exceed 155 m, although three bedrock hills exceed 300 m. 
The hil ls range in area from 3 to 400 km 2

• 

The Quaternary history of the F r ase r Lowland is 
controlled by severa l major factors, wh ich must cont inu a ll y 
be eva luated: (1) The a rea is surround ed by high mountain 
ranges on t wo sides a nd the sea on the third side. (2) Dur ing 
part of Quaternar y time the Lowland was covered by th e 
sea . (3) The glaciers at their maxima filled the Strait of 
Georgia. (4 ) The mean a nnual temperatures dur ing advance 
and retreat and at th e t e rmini of th e glaciers were probably 
on ly about 5°C coole r than at present, suggesting th a t the 
c limates were cryoborea l dur ing g laciations. (5) The area 
was tectonically active, inc lu ding vo lcan ism, throughout 
Quate rn ary time. (6) Ancestral (pr e - Wisconsin) rivers 
flowed into and through th e area. These may include a 
pre-Wisconsin F raser River, a lthough evidence of one is 
missing. 
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Figure 1. Distribution of Quaternary deposits in the Fraser Lowland. (This map is compiled from information on surficial 
geology maps 1484A, 1485A, 1486A, and 1487 A (Armstrong, 1980)). 

During Wisconsin and probably ear lier time the Lowland 
was sub jected to repeated glaciations separated by non­
glacia l interva ls. Each major glaciation had three main 
stages: an advance stage characte ri zed by coalescing 
piedmont glaciers; a maximum when the ice attained a 
thickness of 1800 m or more and overrode much of the 
adjoining mountainous a reas; a nd a retreat or deg laciation 
stage when ice mainly occupi ed the valleys and arm s of the 
sea once aga in and probably readvanced as surging glaciers. 
Each major glacia tion was accompanied by isostatic, 
eustatic and probably tectonic adjustments, r esu lt ing in 
repeated relative sea leve l cha ng es, eac h up to at least 
200 m. As a result of this comp lex geological history thick 
(300 m plus) Quaternary deposits of widely diversi f ied or igin 
(Fig . 1), including marine, nonmarine and glacial, were laid 
down a nd a success ion of landscapes was c ut and buried. 

The lithostratigraphic units identified in the Fraser 
Lowland are time transgressive a nd when the units are 
traced beyond the Fraser Lowland thi s time transgression is 
even more pronounced. The last major g laciat io n, the 
F raser Glaciation, was defined as follows: "The last majo r 
glaciation dur ing wh ich the g lacie r s occup ied the mounta ins 
and lowlands of southwestern Br it ish Co lu mbia and western 
Wash ing ton is here named Fraser Glac iation from t he Fraser 
Lowland of British C olumbia whe re deposits att ributed to 
this ep isode are typically exposed" (Armstrong et a l. , 1965). 
The Vashon Stade was def ined as "the last major cl imatic 
ep isode during whi ch drift was deposited by conti ne ntal ice 
originating in the mountains of the mainland of British 
Co lumbia and occ up ying the lowlands o f south western 
Br iti sh Columbi a and northwestern Washington. The Stade 
began with the advance of Cord illera n ice into these low­
lands and ended wi th the beg inning of marine and g lacio­
marine conditions within them" (Arm strong et a l. , 1965). 
Vashon Dr ift was deposited during the Vashon Stade. 

2 

Thi s report deals primarily with post -V ashon deposits, 
particularly t ho se included in the F art Lang ley Format ion 
and the Sumas Drift. Figure 1 shows the general surface 
distribution of Quaternary deposits, including Capilano 
Sed iments, Fort Lang ley Formation and Sumas Drift 
(A rmstrong, 1956, 1957, 196Da, b). For detailed maps of 
surficial geology see Armstrong (1980). Figure 2 shows the 
diachronous nature of the Quaternary deposits underlying 
the Fraser Lowland. 

Fort Langley Formation 

Fort Langley Formation consists of a th ick succession of 
interbedded marine and glaciomarine sed iments and of 
g lac ial drift. It is bounded by Vashon Dr ift at the bottom 
and Sumas Drift at the top. No one locality has been fou nd 
in which a ll th e units of the Fort Langley Formation, plus 
the bound ing strata, may be observed. The variety of units 
and the bound ing formatio ns observed in strat igraph ic 
sections are illustrated in Figures 3, 4, 5, 6 and 8. The name 
of the formation is derived from the village of Fort Langle y 
on Fraser River, 2.5 km dow nstream from an outcrop on the 
south bank wh ich has been designated the ho lostratotype 
(F ig s. 3 and 6, sec. 1FL; F ig. 7). 

The sediments compr is ing the Fort Langley Formation, 
which a re more than 200 m thick in p laces, accumulated in 
the Fraser Lowland during the period of deglaciation that 
followed the maximum advance of Fraser ice as rep resented 
by Vashon Stade deposits (Vash on Drift). Thi s deglaciation 
episode commenced with the invasion of the sea about 
13 ODD radiocarbon years ago and ended with the adva nc e of 
Sumas ice less than 11400 year s ago (Fig. 2, Tab le 1). By the 
time Sumas ice had w ithdrawn comp letely from the a rea 
about 11 ODD years BP, sea level was at or near the present 
leve l. 



Table l. Quaternary lithost rat igraphic units in the Fraser Lowland 

Lithostratigraphic Units 
(Mappable Units) 

FRASER RIVER SEDIMENTS 
Deltaic, distributary channel fill, and overbank 
depos it s. Overlie postglacial estuarine and 
marine sediments in Fraser River delta. 

SALISH SEDIMENTS 
Lowland and mountain stream sediments, lacustrin e, 
eol ian, collu via l, landslide, beach and bog 
deposits. 

CAPILANO SEDIMENTS 
Raised deltas, intertidal a nd beach deposits, 
glaciomarine sediments. Found in the area 
west of F art Langley beyond the area of Sum as 
Drift. Contain no recognized till diamictons. 

SUMAS DRIFT 
Till, glaciofluvial, glaciolacus trine, and ice­
contact deposits. 

FORT LANGLEY FORMATION 
In terbedded marine, glaciomarine, and glacial 
sediments. May include fluvial deposits. 
The glacial sediments consist of till diamictons, 
ice-contact deposits, and proglacial deltas. 

VASHON DRIFT 
At least three till diamictons, glaciofluvial and 
ice-contact deposits 

QUADRASAND 
Advance proglacial sediments of Fraser Glaciation, 
in part synchronous with, in part you nger than, 
and in part older than Coqui tlam Drift. 

COQUJTL AM DRIFT 
Till diamicton and till-like mixtures of possible 
glaciomarine origin. 

COWJCHAN HEAD FORMATION 
Bog and swamp deposits interbedded with floodplain 
sediments overlying marine sediment s. 

COWICHAN HEAD FORMATION (?) 
Orga nic colluvium, peat, s ilt , and sand. 

SEMIAHMOO DRIFT 
At least two till diamictons, glaciomarine, 
glaciofluvial, and glaciolacustrine sediments. 

HJ GHBURY SEDIM ENTS 
Intertill fluvial, organic, and marine sedi ments. 

WESTL YNN DRIFT 
Till diamicton, glaciomarine, glaciofluvial, 
and glaciolacustrine sediments. 

POSTGLACIAL 

Probable Geologic-Climate 
Units and Radiocarbon Ages 

Present to 9000 years B.P. 

Present to 12 500 years B.P. 

FRASER GLACIATION (Late Wisconsin) 
11 000-26 000 year s B.P. 

Post-Vashon and Pre - Postglacial 
11 000?-13 000 years B.P. the time interval covered by 
Sum as and F art Lang ley units combined 
(see below) 

Sum as Stade 
11 000?-14 000 years B.P. 

Fort Langley Time Interval 
Probably represents more than one ice advance. 
Originally called Everson Interstade. 
11 400-13 000 years B.P. 

Vashon Stade 
13 000-18 000 years B.P. 

18 000-26 ODD years B.P. 

Pre-Vashon Stade 
19 000-23 000 years B.P. 
May be equivalent to Evans Creek Stade. 

OLYMPIA NONGLACIAL INTERVAL (M iddle Wisconsin) 
25 800-36 200 years B.P. 

40 200-<58 BOO years B.P. (a minimum age) 

MAJOR GLACIA TION (Middle Wisconsin and earlier) 
>62 ODD years B.P. 

MAJOR NONGLACIAL INTERVAL (pre -middle Wisconsin) 
Beyond the limit of radiocarbon dating 

MAJOR GLACIATION 
(pre-Sangamon) 
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TIME-
YEARS B.P. (X103

) STRATIGRAPHIC GEOLOGIC-
(scale varies) UNITS CLI MATE UNITS 

1--- - 5--

1---- 10 -
I--- 11- -

I--- 12- -

I--- 13--

I--- 15 --

f------- 17 --

1------ 18 --

I--- 20 - -

HOLOCENE 

LATE 

WISCONSIN 

POSTGLACIAL 

I~ 
FRASER 

GLACIATION 

RADIOCARBON DATES 
(years B.P.) 

Salish and Fraser River 
Sediments : more than 
forty dates from 12 350:!: 
190 to 570= 100 

Capilano Sediments: nine 
dates ranging from 12 800::!: 
175to 10430::!: 150 

Sumas Drift : SIX dates 
ranging from 11 700= 150 
to 11 300::t 100 

Fort Langley Formation : 
five dates ranging from 
12900:!: 170to 11680::!: 180 

Vashon glaciolacustrine 
sediments: two dates 
18 OOO:t: 150 and 17 800:!: 150 

Quadra Sand and Coquitlam 
Drift: three dates from 
Ouadra Sand (?)ranging 
from 18 700:!: 170 to 
18 300:!:170 from sediments 
over lying Coquitlam Drift . 
Five dates from Coquitlam 
Drift ranging from 22 700:!: 

dates from Quadra Sand 
ranging from 26100:!:320 

LITHOSTRATIGRAPHIC UNITS 
Deposited by ice fl owing 

from Nand E +---,Nand W-+-

SALISH SEDIMENTS 
AND 

FRASER RIVER SEDIMENTS 

SALISH SEDIMENTS 

1 r SUMAS DRIFT: 

llcAPILANO FORT LANGLEY 

SEDIMENTS 
FORMATION 

VASHON DRIFT 

QUAD RA 

SAND 

COMMENTS 

Capilano Sediments : 
glaciomarine and marine 
sed iments deposited when 
the sea was at least 15m 
above present sea level. In 
contrast to similar sedi­
ments that comprise a 

Sumas Drift : these glacial 
deposits are not overlain 
by g laciomarine or marine 
sediments 

large part of Fort Langley 
Formation. Capilano Sedi­
ments were not overridden 

Fort Langley Formation: 
records at least three 
local advances and 
retreats of a valley 
glacier into the sea 

by Sumas ice 

Includes at least three tills . Fluvial dissection occurred 
between deposition o f Quadra Sand and V ash on Drift 

Ouadra proglacial deposits 
were formed during local 
advances and retreats . 
such as the Coquitlam, and 
during the main Vashon ice 
advance 

Coqui tlam Drift : Coquitlam ice 
probably represents an advance 
and retreat that occurred in 
Coquitlam Val ley before 
Vashon ice moved into the area 

320to21600:!:200. Four --------------

to 24 400:!:900 - --+------+---+--------r-- f------1----- --- 26 

1------ 30--

1----- - 35 --

f--- 41 - -

I--- 50--

I--- 60--

MIDDLE 
WISCONSIN 

OLYMPIA 
NONGLACIAL 

INTERVAL 

Fourteen dates ranging 
from 29 600:!:200 to 
25 800:!:31 0. Five dates 
ranging from 36 200:!: 
500 to 31 000:!:520 
Two dates 40 500± 1700 
and 40 200:!:430. Three 
dates> 39 000 to> 36 800 

1------- -f-

One date at 58 800 ... 2900 
- 2100 

Five dates ranging from 
>37000to>43000 

COWICHAN HEAD 
FORMATION 

Olympia nong lacia l interval sedi ments consist of subaerial 
deposits marked by unconformities. One such unconformity, 
recognized at the Mary Hill gravel pit, separates sediments 
from 26 000 to 30 000 years old from sediments 40 000 years 
old 

- -t-------- - -

COWICHAN HEAD 
FORMATION? 

Cowichan Head Format ion? sed iments are not seen in 
contact with sediments identified as Cowichan Head ; how· 
ever they appear to be part of the same lithostratigraphic 
unit 

I-- - >62 - -+-----------~·------------+-----------------i---------------------1-------------------------------~ 
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THE OLDEST UNITS 
PROBABLY ARE 

EARLY WISCONSIN 

SEVERAL HUNDRED AND 
THOUSAND YEARS 

OLD PRE-WISCONSIN 

SEMIAHMOO 
GLACIATION 

HIGHBURY 
NONG LACIAL 

INTERVAL 

WESTLYNN 
GLACIATION 

Figure 2. 

Eight dates ranging from 
>31 000 to >62 000 

Six dates ranging from 
>44000to>54000 

No dates have been ob· 
tained on materials 
known to be from thi s 
stratigraphic interval . Some 
of the above dates that are 
beyond the range of rad io· 
ca rbon dating may be on 
materials that belong in 
th is position 

--->- SEMIAHMOO DRIFT 

HIGHBURY SEDIMENTS 

WESTL YNN DRIFT 

OLDER SEDIMENTS 

Quaternary stratigraphy, Fraser Lowland 

Believed to be Early Wisconsin. Incl udes at least two till units 
plus glaciofluvial and glaciomarine sediments. Semiahmoo 
Glaciation probably simi lar in complexity and duration to 
Fraser Glaciation 

May be equivalent of Sangamon interglacial 

Very poorly exposed. Westlynn Glaciation probably 
similar in complexity and duration to Fraser Glaciation 
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FORT LANGLEY FORMATION 

~ Glaciomarine sediments (poorly stratified); a, stony silly 
~ clay loam; b, silly clay loam with few stones; c, stony 

silly loam and silt, includes till-like mixtures with 
shear structures 

~ Marine sediments (stratified); fine sand, silt. and clayey silt 

~ Deltaic sediments (stratified), mostly proglacial; a, deltaic 
L':'"'_j sandy gravel; b, deltaic gravelly sand and sand; c, silt, 

sand and gravel with ice collapse structures . Included 
are probably some nondeltaic fluvial deposits 

~ Ice-contact deposits; sand and gravel with collapse 
L_'_':"'_j structures and lenses of diamicton, probably flow tills 

~ Diamictons, basal and flow tills, and probably mudflows, all 
~ with a sandy loam matrix and characterized by clasts of 

glaciomarine sediments 

VASHON 

VASHON DRIFT 

~ Glacial sediments;Vt, lodgment till; Vgf, glaciofluvial sand 
L____::__j and gravel 

Covered or slump 
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LOCATION OF SECTIONS 

1 FL South bank of Fraser River 2.5 km east of Fort Langley 
designated as the holostratotype, 49°09' 50" N, 122°32' 1 0" W 

2FL Gravel pit in East Langley on 256th Street, 2.5 km 
south of Fraser River, 49°08'55" N, 122°30' 50"W 

3FL Roadcut on 272nd Street, 4 km south of Fraser River, 
49°07' 50" N, 122°28' 12" W 

4FL HMCS Aldergrove test hole on 272nd Street, 1.5 km north 
of Aldergrove (Halstead 1966), 49°04'20" N, 122°28' 15"W 

5FL Roadcut on 60th Avenue, 2 km east of 272nd Street, 
along Nathan Creek, 49°06'30" N, 122°27' 15"W 

6FL Bradner Road Hill (288th Street) south of Fraser River, 
49°09'00"N, 122°25'30"W 

7FL Roadcut north side of Bertrand Creek on 248th Street, 
49°02'25"N, 122°32'10"W 

8FL Boundary gravel pit, south end of 200th Street, 
49°00' 12" N, 122°40'03"W 

9FL Gravel pit on south side Grant Hill, north of Fraser River, 
49°10'35"N, 122°31'45"W 

1 OFL Gravel pit 1 .5 km north of Dewdney Trunk Road and 1.4 km 
east of 256th Street, 49° 14' 00" N, 122°29' 35"W 

11 FL West side of Stave Lake, 0.5 km north of Dewdney Trunk Road, 
49°13'50" N, 122°21 '20"W 
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Figure 3. Stratigraphic sections of Fort Langley Formation (see Fig. 7 for locations) . 
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Figure 4. Fort Langley ice-contact delta, showing a fossiliferous silt 
and contorted gravel, exposed in section lOFL. GSC 202880-T 

The term 'glaciomarine sediments', rath e r than 'glacio ­
marine drift', is used for stony silty clay loam, s ilt loam and 
silt because the obviously ice-transport ed material they 
contain forms a re lative ly minor constituent, probably 5 per 
cent or less. 

Many of the sediments comprising the Fort Langley 
Formation are stony to stone less, fine -grained, glaciomarine 
and marine sediments. In places they are strat ifi ed, and 
some contain marine shells. Locally they appear to have 
been reshaped by tidewater glaciers and berg ice, destroying 
the original sedimentary structures and producing till-like 
mixtures. The marine and glaciomarine env ironment is the 
dominant characteristic of the Fort Langley Formation. 

Stratigraphy. In the holostratotype section (F igs. 3 and 6, 
sec. 1FL) neither of the bounding formations may be 
observed; however, it does contain many of the units that 
characterize the formation. At this outcrop marine silty 
clay about 2 m thick is exposed at the base. This clay 
contains approximately one dropstone per cub ic metre. 

6 

Figure 5. Fort Langley glaciomarine stony 
clayey silt , overlying Fort Langley glaciofluvial 
gravel exposed in section 7 F L. GSC 202880-5 

Figure 6 

Fort Langley till exposed in holostratotype, 
section lFL. GSC 203193 

Overly ing the silty clay is about 15 m of ice-contact 
sediments. They consist of poorly sorted sandy gravel, 
lenses of sandy diamictons up to 3 m thick, and well 
stratified fine to medium sand. The diamictons, which are 
probaby flow tills, contain stones up to boulder size and 
clasts of sto ny glaciomarine si lty loam up to more than 1 m 
in diameter. The gravel contains similar clasts of 
g laciomar ine sediments. A ll the ice -contact deposits exhib it 
slump structures. At the top of the outcrop is 
approx im ate ly 2 m of fossiliferous glaciomarine silty clay 
loam with a few scattered stones. 

The section exposed 2.5 km to the southeast (F ig. 3, 
sec. 2FL; Figs. 7, 8) has been designated as a para­
stratotype. Partly strat ifi ed marine silty clay with fossils 
also forms the base of this section. Overlying this unit is 
35 m of sand grading upward into gravelly sand and sandy 
gravel. They form part of what is believed to be a 
proglacial delta formed in the sea. At the top of this 
section is 4 m of fossiliferous stony silt loam. A sandy 
diamicton with c lasts of glaciomarine stony si lt loam 
appears to overl ie part of the deltaic sediments and may 
overlie a ll of them. 
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Figure 7. Location of stratigraphic sections of post -Vashon Pleistocene sediments in Fraser Lowland. Detailed stratigraphic 
sections are illustrated in Figure 3 (1FL-11FL), Figure 9 (lC-BC), and Figure 12 (15- 125). 

A second parastratotype has been designated on the 
south side of Grant Hill (F ig. 3, sec. 9FL; Fig. 7) where the 
underly ing Vashon Drift may be seen. Sect ions 6FL and 
llFL (F ig. 3) show th e overlying Sumas Drift. 

A composite section of the Fort L angle y Formation is 
given in Tab le 2, which sho ws two ice-contac t units, 2 and 5; 
two proglacial delta units, 4 a nd 7; and four glaciomarine 
and marine un it s, 1, 3, 6 and 8. Most lik e ly this r ep resents 
an oversimplification. The seq uenc e of deposits form ed by 
floating and grounded ice in a marine e nvironment during a 
period of fluctuating sea leve ls cannot be unravelled on a 
reg ional sca le but only loca lly; hence a ll a r e included in the 
si ngle lithostrat igraphi c uni t named Fort Langley For­
mat ion. The stones found in the sediments co mpri s ing th e 
Fort Langley Formation appear to have t he ir source la rg ely 
in th e mounta ins to the east a nd northeast r a ther th a n in the 
north a nd northwest (see sec tion on provenance and 
direction of tra nsport). 

Figure 8 

Fort Langley deltaic gravel exposed in 
parastratotype , section 2FL. G5C 203193-A 

Capilano Sediments 

Cap ilano Sediments consist of a thick succession of glac io­
flu via l, glaciomarine a nd marine sediments overlying Vashon 
Dri ft. In many places they a re overlain by a nd grade into 
Sa li sh Sed iments. Capilano Sediments were deposite d when 
relat ive sea leve ls were at least 15 m above present sea 
leve l. 

No one section ha s been found in which a ll the units of 
the Cap ilano Sediments, plus the bounding formations, may 
be observed. Figures 9, 10 and ll illustrate the variety of 
uni ts and the lower bounding formation (Vashon Drift) 
obser ved in stratigraphic sections. The upper bounding 
formation, postg lac ial sedim ents, is not illu strated. Two 
sect ions (Figs. 7 and 9; secs. 2C, 3C) from the lower 
Cap ilano River bas in, from which the name of the format ion 
is derived, ha ve been designated as the ho lostratotype. 

Cap ilano Sed iments consist of marine and glaciofluvial 
sediments containing diverse facies. These are seafloor 
muds with drop stones and foss il she ll s, raised deltas of sand 
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Table 2. Strat igr aph y of Fort La ngley For ma ti on 

Top of Sec t ion 

SU MAS DR IFT 

FORT L AN GLEY FORMATION 

Unit 

B 

7 

6 

5 

4 

3 

2 

1 

G lac io ma rine and m inor ma rine sed i­
m ents, m a inl y st ony s il t lo a m a nd s ilt ; 
shows stra ti f icat ion in p laces; probab ly 
inc lu des di a mictons for me d by t idewate r 
g lac iers a nd grounded iceb e r gs. 

Prog lac ia l de lta ic sand a nd g ravel, 
probably form e d in t he sea; the top beds 
appear to have for med ab ove high t id e . 

G lac iomarine a nd m in or m a rine sed i­
men ts; s imila r t o un it B. 

Sandy t ill - lik e d iam icto n, probab ly f low 
ti ll in pa rt , conta in s g la c iomar ine 
c lasts of unit 3 or o lde r ; a lso conta in s 
ice -c ontac t sa nd a nd g r ave l. 

Prog lac ia l de lta ic sa nd a nd grave l; 
s im ila r to un it 7. 

G lac iomar ine a nd t ill - li ke sediments, 
t he la t te r probab ly depos ite d by t ide ­
wa t e r g lac ie r s and g r oun ded icebe rgs. 

Ice -co ntac t sand a nd g r ave l, lenses of 
sa ndy t ill ; simi lar to unit 5 except 
less t ill a nd m ore sand and grave l. 

Ma rine sedim e nts wi th scattered drop ­
stones, m a in ly c layey s il t. 

Max imum 
t hi ckness 

(m) 

60 

30 

25 

5 

30 

25 

10 

30 + 

a nd grave l, ra ised in te r tida l sa nd, and beach grave l. In 
contras t to Fort Langley g lac iom ar ine sedi m e n ts, Cap ila no 
g lac io marin e sed im e nts und e rly ing u p lands a r e nor ma lly less 
t h a n 10 m t hic k a nd a r e not associated w it h ice -contact 
sed im e n ts a nd d ia m ictons; in the low lands these sed imen t s 
m ay be m ore th a n 50 m t h ick . 

Much of t he upla nd areas mapped as Capi lano glac io­
ma r ine sed iments are ma ntled by intert ida l a nd beach 
deposits (F ig. 10). In add it ion th ese areas have many we ll 
deve loped ma rine t e rraces a nd s tra nd li nes (see sect ion on 
sea leve l c ha nges). None of th ese featu r es a r e associated 
wi th t he F ort La ng ley Formation, and if t hey had deve loped 
on Fort L a ngley sedimen ts they pr obab ly wer e ob li te rated by 
t h e advance of Sumas ice. 

Stratigraphy Th e lower bas in of Capi la no R ive r is a cone ­
s haped bedrock dep r ess ion 4 . B km wide, ex t e nding from 
t idewater northwa r d 5.6 km to i ts apex at Capi lano dam. 
Exposed here a r e t hi ck de pos it s of ra ised del ta ic sand and 
gravel in places over lyi ng, o r con ta ini ng t hin beds of, 
glacio mar ine a nd mar ine sed ime nts. As a resul t of sea level 
changes du r ing t he post- Vashon, the area underwent 
ex t e ns ive te rr ace developme nt by wave a nd ri ve r act ion 
(F ig. 11 ). 

The ho lost ratotype sect ions (F igs. 7 and 9, secs. 2C, 3C) 
occu r in t he lower Cap ilano R iver bas in. Th e sedime nts 
exposed in t he holostr atotype sect ions are c ha racter istic o f 

B 

t he ra ised de ltas fo rm ed in the sea at the m outh s of 
mounta in s trea m s du ri ng deg laciat ion a nd post-Vashon sea 
leve l ad justm e nts. Sec ti on 2C co nsists of a ppr ox imate ly 
15 m of foss ili ferous marin e and g lac iomar ine sediments at 
t he base, over lain by ab ou t 20 m of de lta ic deposits, wh ic h in 
t urn a r e ove rl a in by approx imate ly 5 m of mar ine shore 
deposits. Sect ion 3C is s imi lar, except t hat the mar ine and 
g lac io m ar ine deposits a r e m iss ing at the base and the de ltaic 
sed iments a r e t hicker. 

Th e m ost w idespread Capilano Sedi ments a re t he 
r e lative ly th in (1 to 12 m) depos its of g lac iomarine 
sed imen ts a nd marine shor e deposi t s mant li ng Vashon Drift 
in much o f the western par t of t he F r aser Lowland. Th ey 
are not mappab le at the scale used fo r F igure 1 and a r e 
included w it h the Vashon Drift un it. Two parastr ato t ype 
sect ions (F igs. 7 and 9, secs. 6C, BC) have bee n des ignated 
as ty pical of these w idespr ead deposits. In both sect ions 
Vashon t ill is overla in unco nfo r mably by appr ox imately 5 m 
of fossi li fero us sto ny s ilt loam of glac iom a r ine or igin. The 
shells f r om sect ion 6C wer e radiocarbon dated at 1 2 600 ± 
170 years (GSC- 24B) and those fr om sect ion BC at 12 625 ± 
450 year s (GSC -6). Th e g lac iomar ine sedi m e n ts in sec t ion 
6C a r e ove rla in by app r ox imately 3 m of inter tidal sa nd a nd 
in section BC by 1 m of beach Jag sand and grave l. 

The Cap ilano Sediment s are large ly corre lat ive w it h t he 
Fort Langley For mation (Fig. 2). Th is corre latio n is sup­
po r ted by t he fact that both format ions were laid dow n in a 
post -Vashon pe ri od that began whe n the a r ea was invaded by 
sea a nd e nd e d, for t he F or t L ang ley F ormat ion, w it h th e 
adva nce of Sum as ice a nd, fo r the Capila no Sed imen ts, w ith 
the w ithdr awal of t he sea. Rad iocarbon dates a lso su pport 
t h is corre la ti on. 

Sumas Drift 

Su mas Drift cons is t s of d ia m ictons (lodg ment and f low tills), 
adva nce a nd r ecess iona l g lac iofluvial deposits, and g lac io­
lacustrin e sed imen ts t hat were deposited during the f in al oc ­
c upa ti on o f the eastern par t o f the F raser Low land by a 
glac ier. These sed iments overli e str ata of t he Fort Langley 
Format ion a nd unde rl ie Sa li sh Sediments. 

The na me of t he format ion is de r ived fr o m the v illage 
of Su mas on t h e United States side of t he Canada - United 
States Border . The v ill age lies 1.7 km south of the ho lo­
stratotype sec ti on (F igs. 7 and 12, sec . 7C). 

Stratigraphy No one loca li ty has bee n fou nd to conta in a ll 
the un its of Sumas Dr ift p lu s the bound ing strata. Th e 
sect ions illu strated in F igu re 12 show t he var iety of fac ies 
found a nd th e basal bound ing strata. The upper bounding 
st r ata, Sa li sh Sediments, are shown in only two sect ions. 

In t he ho lostratotype sections (Fig. 12, sec . 75 ) the base 
of t he Sumas Formation is not observab le; however, nearby 
dr ill ho le in format ion ind icates that the formation is un ­
derl a in by Fort Lang ley g lac iomar ine and marin e sed ­
iments. The lower 34 m of the sect ion exposed is Sumas 
advance outwash sand and grave l. Over lying the sa nd and 
grave l unconformably is a lodgment t ill up to 4 m thick. At 
the top of the section is abou t 2 m of Salish w indblown sand. 

Two par astratotype sect ions (F ig. 12, secs. 115, 12S) 
have been designated in whic h the lower boundi ng st r ata are 
observab le . Sect ion 12S, a lthough on ly 5 to B m th ick, is 
probab ly t he most represen tative sect ion of Sumas Drift in 
illustrating its re lation to t he under lying Fo r t La ngley 
For mation (Fig . 13). The under lying Fort Lang le y g lac io­
mar ine stony silty clay loam has an un du lating surface upon 
wh ic h Sumas Drift has been deposited. T he latte r consists 
of 0 to 5 m of g lac iofluvia l grave l and sand, and m inor si lt 
over la in unconformably by a sandy lodgment t ill 1 to 2 m 
t hick. In places the t ill lies directly on Fort Langley g lacio­
marine sed imen ts. The glacioflu via l g ravel at this s ite 
indicate s deposition by streams flowing nor th and northwest. 
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LATE WISCONSIN 

POST-V ASH ON 

CAPILANO SEDIMENTS 

r-;:::::::1 Marine shore deposits (stratified); a, beach and fag sand 
~ and gravel; b, intertidal sand and minor gravel; c, longshore 

bar and spit deposits, mainly gravel 

~ Deltaic sediments (stratified), at least in part proglacial; 
~ a, sand and gravel, mainly forset beds; b. gravel and sand, 

mainly topset and bottomset beds 

~ Marine sediments (stratified); fine sand, silt, and clayey 
~Slit 

~ Glaciomarine sediments (poorly stratified); a, stony 
L___"""""j silt and silt loam; b, stony silty clay loam 

VASHON DRIFT 

LOCATION OF SECTIONS 

1 C West side of Capilano River, 49"21'30"N, 123°07'00"W 

2C East side of Capilano River in lower Capilano Valley; 
2C and 3C are designated the holostratotype, 
49°21'00"N,123°06'11"W 

3C East side of Capilano River in lower Capilano Valley; 
2C and 3C are designated the holostratotype. 
49"20'30"N, 123°06'08"W 

4C Kask gravel pit, Coquitlam Valley; 49°18'05'N, 122°46'50"W 

5C Allard gravel pit. Coquitlam Valley; 49°17'38" N. 122°47'14 ·w 

6C Boundary gravel pit, Tsawwassen; 49"00'18"N, 123"04'08"W 

7C Linton gravel pit, North Delta; 49 °07'36"N,122°54'10"W 
~ Glacial sediments,Vt. lodgment till; Vgf. glaciofluvial 
L.:__j sand and gravel; Vgl. glaciolacustrine clayey silt 

and silt SC Drainage ditch, Highway 99A, Surrey; 49"01 '25. N,122°45 'SO"W 

QUADRA SAND 

~ Proglacial sediments; sand, minor gravel 
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Figure 9. Stratigraphic sections of Capilano Sediments (see Fig. 7 for locations). 
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Section llS consists of Semiahmoo marine clayey silts 
at the base. These contain fossil shells which have been 
dated at greater than 34 ODD years (GSC-2230). The silts are 
overlain by approximately 15 m of sandy gravel and gravelly 
sand containing detrital organic material. These have been 
designated Sumas glaciofluvial sediments; however, some 
doubt has been cast on this correlation because a mammoth 
tusk lying at the contact of the underlying older clayey silts 
has been dated as 22 700 ± 320 years old (GSC-2232). If the 
mammoth was living at the time of deposition these gravels 
would belong to Quadra Sand or Coqui tlam Drift (Fig. 2). I 
believe that the mammoth lived prior to the deposition of 
the gravel and that either the tusk was moved to its present 
position or the mammoth was moving across an old 
landscape developed on the marine silts (more than 34 ODD 
years BP) and got bogged down during a wet period. 

Overlying the sandy gravel and gravelly sand is 
approximately 30 m of lithologically typical Sumas glacio­
fluv ial sed iments. They grade upward through pebble, 

Figure 10 

Capilano raised beach 
Surrey-Langley district 
GSC 202880-W 

on Highway 10 near 
municipality boundary. 

cobble and boulder gravel and probably originated as 
advance Sumas outwash. This outwash unconformably is 
overlain by a sandy loamy Sumas diamicton about 4 m thick, 
believed to be a basal. till. The stones in the till and the 
underlying outwash indicate that the main source was 
probably the Cascade Mountains to the east and northeast. 
At the top of the section are postglacial Salish windblown 
sands, probably derived from recessional Sumas outwash 
plains to the west before they were revegetated. 

Origin. Sumas Drift was deposited by a piedmont (valley) 
glacier that apparently advanced from the east and 
northeast into the Fraser Lowland during the final stages of 
deglaciation of the Lowland and the final emergence of the 
land above the sea. This last glacier advance extended for 
at least 50 km; supporting evidence for this conclusion 
follows. 

LATE WISCONSIN Marine andlorriver terraces . T 

10 

200 POST-VASHON Marine terraces probably related to the first submergence . Tm1 Tm1 
CAPILANO SEDIMENTS Marine terraces probably related to the second submergence . Tm2 ! 
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Figure 11. Diagrammatic section of lower Capilano River area showing stratigraphic relations of 
Capilano Sediments and older formations. 
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LATE WISCONSIN 
POST-VASHON 

SALISH SEDIMENTS 

~ Windblown sand 

SUMAS DRIFT 
~ Diamictons; a, basal and flow tills; b, stony silty loam; 
L':':__j c, interbedded thin diamictons, silt, and line sand 

~ Glaciofluvial sediments; a, pebble to boulder gravel and 
~ sandy gravel containing scattered thin lenses of diamicton 

probably includes Sumas ablation till; b, gravelly sand; c, sand 
containing minor lenses of gravel and scattered stones 

~ Ice-contact deposits; gravel and sand containing ice 
L...::::_j collapse structures and lenses of diamictons including 

lossililerous glaciomarine stony silty clay, and probably 
flow and ablation till 

~ Glaciolacustrine laminated silt and sand 

FORT LANGLEY FORMATION 

I Flgm I Glaciomarine stony silty clay loam (poorly stratified) 

~ Deltaic sediments (stratified), in a large part proglacial; 
~ a, deltaic sandy gravel; b, deltaic gravelly sand and sand 

~ Diamicton; basal till containing a sandy loam matrix and 
~ characterized by clasts of glaciomarine sediments 

PRE-SUMAS 
~ Gravel and sand, in part proglacial Quadra and /or 
L..:::.J older sed1ments 

MID WISCONSIN 
SEMIAHMOO ? DRIFT 0 Marine clayey silt (stratified) 
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LOCATION OF SECTIONS 

1 S Gravel pit 4.8 km south-southeast of Aldergrove, near 
intersection of 8th Avenue and 280th Street, Langley 
municipality, 49"00' 55 · N, 122"26 ' 34 • W 

2S Gravel pit 5 km southeast of Aldergrove on 288th Street, 
0.5 km north of 8th Avenue on southeast bank or meltwater 
channel, Langley municipality, 49"01 '24 • N, 122"25' 24 • W 

3S Gravel pit 4.8 km east-southeast of Aldergrove at 
intersection of 296th Street and 24th Avenue, Matsqui 
municipality, 49"02' 47" N, 122"24' 13" W 

4S Roadcut 7.2 km northeast of Aldergrove, at intersection of 
304th Street and 48th Avenue , Matsqui municipality, 
49"05'24 " N, 122"22'50" W 

SS Gravel pit 3.2 km northwest of Mission on north side of 
Silverdale Creek, 2.9 km north of Highway 7, 
49"08'58 " N, 122"21'40" W 

6S Gravel pit 7.2 km northwest of Mission, 0.4 km of 
Hairsine Creek, 49" 11 '11 • N, 122" 21 '40" W 

7S Gravel pit 3.7 km south-southeast of Abbotsford on west 
side of Sumas Valley, 1. 75 km north of International 
Boundary; designated as the holostratotype for Sumas 
Drift, 49"01 '00 " N, 122" 16'30" W 

8S Gravel pit 1 .6 km northeast of Abbotsford on the northwest 
side of southwest !rending ridge 2.4 km north of Highway 1, 
49"03'16" N, 122" 16'00" W 

9S Roadcut 4.3 km northeast of Mission on north side of 
Draper Creek below monastery 1. 7 km north of Fraser 
River, 49"09'40"N, 122" 15'40" W 

1 OS Gravel pit 1.3 km east-southeast of Cultus Lake, on east 
side of Frost Creek, 49"02'04 " N, 122" 01 '30" W 

11 S Bailey sanitary land fill4 .8 km east-northeast of 
Vedder Crossing, on east side of Sumas Valley, 
49"06'35 " N, 121 "55'20 " W 

12S Roadcut on Mount Lehman Road 2.9 km north of 
Fraser Way, 49"05' 10" N. 122"22' 50 " W 

8S 

~~- FLd. a 

10S 

Sd• . c 

Sgl. c 

Sgl. b 

Sgl. a 
Sdi. a 
Sgl. c 

11S 
~-~~sAs 

Sd1. a 

Sgl. a 

r----

PS a 

12S 
Sdi~Sgl.a 
~FLgm 

May include 
Ouadra and 
Coquitlam deposits 

® Se -

Figure 12. Stratigraphic sections of Sumas Drift (see Fig. 7 for locations). 
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Figure 13. 
section 125. 
clayey silt. 

Sumas till overlying Sumas glaciofluvial gravel, 
Both overlie Fort Langley glaciomarine stony 

GSC 202880-Z 

Only those glacial deposits younger th an the Fort 
Langley glaciomarine sed im ents have been mapped as Sumas 
Drift. Where drift deposits are overlain by glac iomar ine 
sediments they have been mapped as par t of the Fort 
Langley Formation. 

HISTORY OF FRASER DEGLACIATION AND 
PALEOENVIRONMENT AL RECONSTRUCTION 

The maximum advance of Fraser ice (Vashon Drift) occurred 
about 15 ODD to 15 500 BP . Deglac iat ion of the Fraser 
Low land co mm enced with the invas ion of the a rea by t he sea 
about 13 ODD years BP. By t his time the Co rdilleran ice 
sheet had retreated back to th e Coast and Cascade 
mounta ins; however, ice sti ll occupied many va ll eys, and a 
large mass of glacier ice remained in the easte rn part of the 
Fraser Lowland. This glacier t e rminated in the sea and 
pro vided f loat ing ice over a wide area. During the de­
glaciation period represented by the Fort Langley For­
mation a t least t wo loca l advances or stand st ill s of this 
Fraser Lowland ice a re recorded. Each a dvance was 
probably partly across lan d above sea level, partly across a 
tidewater a rea, a nd pa rtly ac ross the sea fl oor. Deglaciation 
ca me to a c lose with the advance and wasting of Sum as ice 
a nd final withdrawal of the sea from the a rea 11 ODD years 
ago. These ice advanc es do not necessaril y indic ate climatic 
changes but may have resu lted prim aril y from surg ing. 
During both ice bu ildup and wasting of post-Vashon glaciers, 
glaciomarine and marine sedimen ts were deposited in fro nt 
of the ice . These reco rd seve ra l major changes in relative 
sea leve l, a nd at least two ma jor in vasions and withdrawals 
of the sea are believed to have occurred. Th e ev ide nce to 
support the above synopsis fo ll ows. 

12 

Composition of glaciomarine and associated sediments 

Th e t e rm 'glaciom arin e sediments' here refers to stony silty 
c lay loam, sto ny s ilt loa m, stony silt, and till - like mixtures that 
I believe a re prim arily sea floor muds into which ice-rafted 
stones and other rock debris have dropped. In places these 
m ateri a ls we re re deposi t e d through slumping and sliding 
from t he push of tidewater glac ie rs (see section on origin). 
A nong e netic term for these sediments is 'ma rine dia­
micton'. Similar sedim ents hav e been referred to by var­
ious authors as 'glaciomarine drift', 'glacial-marine drift', 
'marine drift', and 'marin e till'. The terminolog y used see ms 
to depe nd largely on whether t he wri ter cons ide rs the origin 
of th e bulk of these sed iments to be marin e or glacial. A ll 
gradations between prim arily glac ia l and prima rily marine 
occur, especially when a glacier terminates in the sea. At 
th e coast the e nv ironment would be mostly glacial and 
prog lac ial but wou ld acquire norm al marin e characteristics 
as th e distance from t he land-anchored glaciers increased. 

The glaciomarine sedi m ent s, exc lusive of th e till - like 
mixtures, generally cons ist of more than 95 per cent fine 
materi a l smaller than 2 mm (-1 <1l unit). In further discussion 
the ter m 'fine ' will be used for this material and const ituents 
la rger t ha n 2 mm will be r e ferred to as 'coarse'. The 
rema ining 5 pe r cent or less of t he const ituents range from 
2 mm to la rg e boulders, a few of whi ch are m ore tha n 2 m 
in diameter. In some ti ll-like mixtures containing unbroken 
fossil she ll s and considered to be glaciomarine in origin, 
coarse const itue nts may comprise up to 20 per cent or more 
of the vo lume. 

Particl e size distr ibut ion Mechanical analyses of fin e 
constituents of Fort Langley and Capi la no glaci omarin e 
sed iments and Sumas t ill wer e made in order to compare 
sed ime nt s of s imila r origin with one another a nd with th e 
closely associated Sumas till. Fractions coarser than 2 mm 
were not ana lyzed. The cumulat ive frequency curves 
illustrated in F igure 14 (F art Langley glaci omarine 
sed i ments), Figure 15 (Capi la no glaci omarine sediment s) an d 
F igure 16 (Sumas till) include results suppli ed by the 
Geo log ical Sur vey a nd some material on the Fort Langley 
Formation obtained from Ahmad (1955). These curves 
illustrate that t he proportions of clay (less than 0.004 mm), 
s ilt (0.004 to 0.063 mm) and sand (0.063 to 2 mm) var y 
greatly from place to place in each unit. Also th e 
cumul ative frequency curve field limi ts for the three units 
(Fig. 17) show that as a rule Fort Langley glacio marin e 
sed iment s conta in the highest percentage of clay, and Sumas 
till the highest percentage of sa nd; this is observable in th e 
fi e ld. Capii<lno glac iomar ine sed iments occupy the middle 
grou nd. The t e rna r y diagram shown in Figur e 18 illustrates 
t he particle size f ie ld lim its of eac h unit. Fort La ngl ey 
glaciomarine sediment s have been deli nea t ed as two fields in 
F igur e 18 because samples 1 a nd 2, a lthough with in the same 
geograp hi c are a, vari ed grea tly from th e remaining e leven 
samples, whic h are fe lt to be more represe ntat ive of the 
uni t. Samples 1 and 2 may represent Fort Langley t ill-like 
diamictons; the y were collected in 1954, a nd the sec ti on is 
no longer exposed. 

No detailed mineralogi ca l study has been made on the 
fin e cons tituent s compnsmg the la rge r part of the 
glac iomarine sed iments. Believed to be ma inly glac ial ro ck 
fl our transported to the sea by meltwater, they consist of 
fe ld spar, quartz and other common rock minerals. Re suits 
of pedological stud ies (A hmad, 1955 ) indicate that the f in e 
fraction must contain some minerals of hi gh base exchange 
capaci ty such as montmorilloni te, hydrous mica, illi te and 
related minerals. 
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FORT LANGLEY FORMATION . GLACIOMARINE SEDIMENTS 

1. Trans-mountain pipeli ne cut 0.4 km east of 272nd Street 4.3 km 
south of Fraser River, sample elevation 24 m. (N. Ahmad. 
University of British Columbia, analysis.) 49' 07' 45 " N, 122' 28 ' 00 " W 

2. Same si te as number 1, sample elevation 76 m. (N. Ahmad. analysis) 

3. Roadcut on 304th Street, 2.2 km north of Fraser Highway. 
49' 04'30 " N, 122" 22'50 " W 

4. Small gravel pi t on 304th Street, 0.8 km south of Highway 1 Sample 
from glaciomarine clast in Sumas til l49' 01 ' 40 " N, 122' 16' 45 " W 

5. Roadcut on 288th Street. 1.4 km sou th of Fraser River. sample 
elevalion 140m (N Ahmad . analysls.)49 08 ' 54 " N, 122 25 ' 40 " W 

U 6. Same si te as number 5. sample elevation 100 m. 
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8. Same site as number t , sample elevation 69 m. (N. Ahmad, analySIS) 

9. Gravel pi I on 256th Street, 2.5 km sou th of Fraser River. 
sample elevation 60 m. 49' 08 ' 55 " N. 122"30 ' 50 " W 

10. Small gravel p1t at northeast end of Cultus Lake. (possibly 
Semiahmoo man ne s1lty clay.) 49"04 ' 22 " N. 121 57' 23 " W 

11 Same site as number 9, sample elevation 15 m 

12. Haney Brickyard on north s1de of Fraser River. sample 
elevailon 15 m. (N. Ahmad, analysiS) 49 12' 42 " N. 122 35 ' 50 " W 

t 3. Same s1te as number t 2, sample elevation 10 m. (N Ahmad , analysis) 
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Figure 14. Cumulative frequency curves for Fort Langley g lac iomarine sedim ents in the Fraser Lowland. 
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Figure 15 

Cumulative curves for Capilano glaciomarine 
sediments in the Fraser Lowland. 
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CAPILANO SEDIMENTS: GLACIOMAR INE SEDIMENTS 

1. Boundary gravel pit on the Canada-United 
S tates border a t Tsawwassen near Point 
Roberts customs station. 49' 00' 18" N. 123' 04'08 ' W 

2. Drainage di tch on Highway 99A, Surrey. 
49 01'25 " N, 122' 45 ' 50 " W 

3. Former gravel pit at the southeast corner 
of the junction of Highway 1 and North 
Road, Coquitlam. 49' 14 ' 30" N, 122' 53 ' 50 " W 

4. Great Northern Railroad right-of-way cut 
0.2 km east of North Road, 0.2 km south 
ol Highway 1, Coquitlam 49' 14 ' 20 " N, 122 53 ' 45 " W 

5. East Delta Waterworks gravel pit 0.7 km 
from Highway 10. 49' 06' 43 " N, 122' 54 ' OO "W 

0.015 0.008 0.004 0.002 0.001 

GSC 



99.99 

95 

f--

75 a5 
u 
a: 
w 
CL 

50 w 
> 
~ 
-' 
::::J 

25 ~ 
u 

5 

0.01 

99.99 

95 

f--

75 a5 
u 
a: 
w 
CL 

50 w 
> 
~ 
-' 
::::J 

25 ~ 
u 

5 

0.01 

-1 0 2 

Figure 16 

Cumulative frequency curves for 
Sumas till in the Fraser Lowland. 
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Cumulative frequency curve field 
limits for Sumas till, Fort Langley 
Formation glaciomarine sediments, 
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1. Small gravel pit on 340th Street. 0.8 km 
sou th of Highway 1. 49°01' 40 " N, 122°16' 45 " W 

2. Roadcut on west side of Mount Vedder, 
4.2 km southwest of Yarrow. 
49°03 ' 00" N, 122°05 ' 10" W 

3. Gravel pit on the Canada-United States 
border, 0.3 km west of Huntington. 
49°00'10" N,122°16'00" W 

4. Gravel pit near Clearbrook. 1.3 km south 
of Highway 1. 49°01 ' so· N. 122°21 • oo· w 
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Provenance and direction of transport of 
post-Vashon glacial sediments 

Lith ologica l identification of the pebbles found in post­
Vashon glacial sediments was carried out to ascerta in the 
bedrock type from which they were derived. The bedrock 
geology of the Fraser Lowland and part of the adjoining area 
was mapped by Armstrong (1953, 196Da, b), Armstrong and 
Roddick (1965), Roddick (1965) and Rodd ick and Armstrong 
(1965). It is my belief that in much of the Fraser Lowland 
the post-Vashon pebbles identified came from underlying 
older glacial and nonglacial sediments and not directly from 
the original bedrock source. Others may disagree with this 
conclusion. Vashon sediments were studied for comparison. 
Figure 19 shows the location of the 81 sample sites studied 
and the lithofacies unit that they represent. Each sample 
consisted of at least 100 stones ranging from 2 to 8 cm long 
(size arbitrar ily chosen). Composite histograms (Fig. 20 ) 
illustrate the lithological simi larit ies and differences of the 
coarse fraction (more than 2 mm) of each lithofacies if 2 to 
8 cm is assumed to be representative of the coarse fraction. 

... <? 13 0 12 

Sand 
Sumastill 

Fort Langley 
glaciomarine sediments 

Capilano 
glaCIOmarme sediments 

o 1J ~ o 3 · 
10 

o 9 
70 ... 

Clay L ________ :_:__:_:__ ___ _ __________ ----;:G:;;S:;::C--'Silt 

Figure 18. Grain size distribution of post-Vashon glacial 
diamicton matrixes, Fraser Lowland. 

SUMA S TILL l-5 
SUMA $ OUTWASH 6·29 

FORT LA NGL EY OUTWA SH 30-39 
FORT LANGLEY GLACIOMA RINE 40- 43 

For the lithofacies studied the agents of transport that 
are partly responsible for supply ing the different pebble 
lithologies are grounded ice (glaciers), floating ice (frag­
ments of ice including icebergs and sea ice) and flowing 
water (glacial and nonglacial origins). 

Bedrock geology · A knowledge of the bedrock geology 
within the Fraser Lowland area and in the adjoining Coast 
Mountains to the north and northwest and Cascasde 
Mountains to the east and northeast is essential to evaluate 
the signif ic ance of the histograms (Fig. 20) for determining 
the direction of movement of the agents of transport that 
carried the pebbles. The greater part of the Fraser Lowland 
is underlain by thick Quaternary deposits (300+ m in places), 
which lie unconformably above poorly indurated Tertiary 
p lant-bearing, freshwater sedimentary rocks, namely sand ­
stones, si ltstone, mudstone, sha le and conglomerate. In 
places they are interlayered with or overl a in by Tertiary 
basalts. These Tertiary rocks outcrop on both sides of 
burrard Inlet, including Mount Burnaby; in the Haney­
Mission area, including Grant Hill; in the Sumas Mountain 
area; and in scattered localities elsewhere, including Little 
Mountain, Vancouver. Since all of the Tertiary rock types 
disintegrate rapidly during transport, they rarely exceed 1 
per cent of the pebbles and usually occur within 10 km of an 
outcrop. Where present, however, they are excellent 
indicator stones. The term ' indicator stone' is used to refer 
to pebbles that may be traced back to their original bedrock 
source. 

Ninety -nine per c ent or more of the pebbles were 
derived from pre-Tertiary rocks underlying the Coa st and 
Cascade mountains. The Coast Mountains ar e underlain 
mainly by granitic plutonic rocks and associated meta­
morphic rocks. Mesozoic, Tertiary and Quaternary volcanic 
rocks, and Mesozoic sedimentary rocks compose the 
remaining rock types exposed in the Coast Mountains within 
50 km of the Fraser Lowland. The only unique indicator 
stones are derived from these volcanic and sedimentary 
formations, particularly those from the Howe Sound and 
Harrison Lake areas. The Cascade Mountains are underlain 
by Upper Paleozoic and Mesozoic sedimentary and volcanic 
rocks, which are extensively interspersed with granitic 
plutonic and associated metamorphic rocks. The common 
sedimentary rocks are limestone, chert, cherty argillite, 
pelite and quartzite. Limestone disintegrates rapidly in 
transport; however, the other sed im entary types contribute 

CAPILANO BEACH AN D LAG GRAVEL 44-49 VASHON TILL 65-78 
CA PILANO RA ISED DELTAIC SAND AND GRAVEL 50-53 VASHON OUTWASH 79-81 

CA P ILANO GLACIOM ARINE 54-64 

Figure 19. Distribution of Vashon and post-Vashon pebble provenance localities, Fraser Lowland. 
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good source indicator stones. The volcanic rocks in the 
Cascades are mainly porphyries and in places produce good 
indicator stones. Minor amounts of serpentine and granitic 
pebble conglomerate outcrop in the Cascades, and these 
yield some of the best source indicator stones. 

Indicator pebbles. The following conclusions are drawn from 
the preceding paragraphs. Granitic a nd assoc iated meta­
morphic stones, without regard to their geographic location, 
cannot be used as indic ators; these stones form the largest 
percentage of stones in most samp les. In some places, 
however, they obv iously reflect the bedrock geology of the 
nearby area; this is especially true north of Fraser River. A . 
few volcanic and sedimentary rock types exposed in the 
Coast Mounta ins may be good indicator source stones, 
especially Gariba ldi and Gambier volcanics from the Howe 
Sound area and Auce lla -bearing sedimentary rocks from 

Harrison Lake. Stones consisting of chert, cherty argillite, 
pelite, quartzite and some volca nic porphyry normally 
indicate a source in the Cascade Mountains. Locally 
Tertiary sed iments and basalts, Cascade granitic pebble 
conglo m erate, serpentine and limestone are excellent 
indicator stones. 

Excluding the samp les of Sumas outwash in the eastern 
part of the Fraser Lowland and the Fraser River gravel, the 
histograms illustrated in Figure 20 show that nonindicator 
stones of granitic and metamorphic lithologies make up the 
largest component of the samp les. The remaining pebbles, 
which co nsist larg e ly of indicator stones, provide a guide to 
the original source of the coarse material forming the 
lithofacies. To help interpret the direction of transport of 
the lithofacies this information on indicator stones is used in 
conjunct ion with geographic location of t he sample locality. 
This latter item may be used in places to assign a direction 
of transport to nonindicator stones. 
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Pebble provenance histograms, Fraser Lowland. 



Provenance of V ash on Drift and Sum as Drift. A ll th e V ash on 
till sa mples (F ig. 20!) except sa mple 75 and a ll Vashon 
outwash samples (Fig. 20J) were co ll ected near th e fl a nk s of 
the Coast Mou nta ins; a lt hough th ey contain ve ry few 
indicator stones, th e r e is li ttle doubt tha t most nonindicator 
granitic and m e t a morphic stones came from th e north and 
northwest. Thi s conc lu s ion is supp orted by t ill f abric 
analyses, pa leocurrent direct ions in outwash, a nd bedr ock 
stria e . In sharp contrast a nd using the sa me typ es of 
ev id e nce a nd r easoning it is conc lu ded th a t th e stones in th e 
Sumas till (F ig. 20A ) a nd t he Sumas outwash (Fig. 20E, F) 
were t r a nsported from th e east and northeast. 

Provenance of Fort Langley and Cap ilano sed im ents. The 
stones collected from glac iomari ne sedimen t s we re t r a ns­
por ted by f loa ting ic e a nd indicate mor e di ver se source 
a r eas than th ose from Vashon and Sumas ti lls. Bo th the Fort 
La ngley g lac iom arin e sed im ents (Fig. 20B) and th e Cap­
ilano glac iom arine sed im ent s (Fig. 20C) contain up to more 
than 25 per cent of stones ap parent ly deri ved from a n 
eastern or northeastern prove nanc e. In th e case of t he 
Capilano g lac iomari ne sed im ent s the composit e hi stog r a m 
(Fig. 20C) is somewhat mi s lead ins; as th e var iat ion in per 
c ent of lithological rock types between samp les is much 
greate r than in the Fort Lang ley g lac iom arine sedi m e nts. A 
de t ai led study of the individua l Cap ila no g lac iom arin e 
sediments indicates a strong north e rn a nd northwestern 
provena nc e for those sa mples near the Coast Mounta in s a nd 
near the western limit of th e Fraser Lowland. 

For t Langley outwash (Fig. 20G) con tain s a s ignificant 
pe rc entage of indicator sto nes that have a n easte rn and 
northeastern provenance, which just if ies th e conclusion that 
th e original source of these gr ave ls, includin g the non­
ind icator stones, is pr im a ril y to t he east and northeast. Thi s 
conclusion is supported by the fac t th a t many of the se 
deposits have deltaic bedd ing that dips west, nor t hwest a nd 
southwes t. The Capil a no deltaic gravels (Fig. 20H) a r e found 
on th e flanks of the C oast Mountains and appear to hav e 
been derived from r ocks exposed in these mountains; the 
deltaic beds dip pr imar ily southward, provid ing no additional 
in for mation. The C apilano beach a nd Jag gra ve ls (F ig. 20K), 
r e flec ting th e underl y ing lithofac ies from which they have 
been der ived, a r e of no help in determin ing direction of 
tra nspor t. A histogram of postglacial Fraser R iver channel 
gravels (Fig. 200) shows that they ob v ious ly came fr om the 
nor t heast. Th e high pe rcentage of quartzite and relativ e ly 
low pe rc e ntage of granit ic sto nes is cha racteri stic of these 
grave ls. 

Conclusions on provenance and directions of transport. An 
at te mpt has bee n mad e to eva lu ate th e pebble provenanc e, 
and the results have been p lotted on a tern a ry d iag ra m 
(Fig. 21a); one corne r of the d iag r a m r e presents stones from 
a north (and nor thwest) source, the second corne r r ep r esent s 
stones from a n east (a nd northeast) source, and t he t hird 
corne r r epresen t s ston es tha t cou ld be der ived from e ither 
source , that is, una ss ig ned nonindicato r stones. T o plot a ll 
pebbles in a g iven sa mple , th e percentage of nonindica tor 
st ones to be ass igned to eac h of th e three componen t s was 
eva luated on th e basis of geog r ap hic loca tion of the sa mpl e . 
Figure 21b outlines the pebb le provenance field li mit s and 
c lea rl y demonst rates th a t the Fort La ng ley and Sumas 
li thofacies have an eastern a nd nor t heastern provenance a nd 
that the Vashon and Capi la no lithofac ies have a 
predo minantl y northern and northwestern pr ovena nce. 

Sumas ic e movement. P rove nance alone does not 
necessari ly portray correct ly the direc ti on of the ice 
mov e m ent, as many o f the sto ne s m ay have bee n picked up 
fr om older unconso lidated depos its in whic h the t r a nsport of 
th e mater ia l was control led by flowing wa ter rather than by 
ice. Ad ditional ev id e nce is needed to determine t he 

direct io n in which the g lac ie r s moved. L im ited studies of 
Sum as till fa bri cs by Roberts a nd Mark (1970) a nd re in­
t e rpre t e d by Arm strong e t a l. (197 1) supp ort the conc lu s ion 
that Su m as ice mov ed westwa rd from the Cascade 
Mounta in s and F raser R ive r va lley east of the Fraser 
Lowland in to and ac ross part of the Lo w la nd. Th e d is­
tr ibution of some large e rratics further he lp s to sub stan ­
tiate th is. For exa mple a cong lome r a te boulde r, estimated 
to we igh more tha n 3200 m e tr ic tons, lies near th e Canada -
United S t a tes Bo rd er about 3 km east of Highway 13. Th e 
neares t potential source of this boulder is a litho logical ly 
si mila r congl ome rate tha t outc r ops nea r Hope in th e Fraser 
Rive r va lley 88 k m northea st. Locally the Sumas ice 
apparently moved nor th westwa rd into Ha tzic and Stav e 
va ll eys and th e a rea between. Scattered bou lde r s o f 
Te rti a ry sedime nta ry and vo lcan ic r ocks are fo und in Sumas 
Drift as much as 5 t o 10 km nor t h of outcrop s of sim ila r 
r ock t ypes. 

Vashon ic e movement. Till fabric ana lyses by Hicock 
(1976) sho ws that in th e Coqu it la m R iver a r ea Vashon ic e at 
it s m ax imum moved southward off th e C oa st Mountains. 
St ri ae a long Ho we Sound a nd Indi an Arm sho w that Va shon 
ice moved so uth war d dow n t hese major va ll eys, and str iae 

N/ E 

Figure 21a. 

Figure 2lb. 
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across the tops of the Coast Mounta in s also have a 
southward direction. During the buildup of ice to a 
maximum in the Vashon Stade the main ice movement was 
contro lled by the va lleys, a nd the p r ovenance of stones from 
Vashon till near the Canada - Un ited States Border ind icates 
that some pre-maximum Vashon ice moved westward across 
the Fraser Lowland. 

Origin of glaciomarine sediments 

Previous work (1953, 1954). All geo logists work ing in the 
Fraser Lowland pr ior to 1950 consider ed most of t he 
deposits now referred to as g lac iomar ine sed im ents to be 
tills, part icu larly lodgment t ill s. Johnston (1923) r eferr ed to 
some of these sediments as shelly t ills formed whe n g laciers 
were plough ing up the seaflo or and in corpor ating fos­
sili ferous mud in the lodgment. He referred to other 
glaciomar ine sediments as a ma rine 'h ori zo n' and suggested 
that some of the stones observed in this hori zon may have 
been carri ed by floating ice. The hypothesis t hat these 
sed iments were she lly lodgment t ill s was accepted in many 
parts of the world. Such t ills do ex ist in places, probably 
in c lu d ing t he Fraser Lowland. Thi s theory, however, does 
not exp la in the presence of biva lves in growth posit ion and 
unbroken barnac les and worm tubes attached to clasts. 
Simi lar late glacial and o lde r sediments are exposed from 
south of the Canada - United States Border at t he 49th 
Parallel northwest for more than 2000 km a long the Pac if ic 
Coast to the A laska Pen in sula. In descr ibing late Cenozo ic 
sed iments exposed on Mid d leton Island, Miller (1953) was the 
first modern geo logist to suggest that the she ll y pebbly 
mudstones in the area were probably g lac iomarine deposits. 
Armstrong and Brown (1954), working independently 1900 km 
southeast of Middleton Island, had conc lu ded that most of 
the so -called she lly ti lls in the Fraser Lowland wer e not t ill s 
bu t g lac ioma rine d iam ictons. 

Armstrong and Brown (1954) listed many c ha racter ist ics 
of these g laciomarine sediments that did not seem con­
sistent w it h the in terpretat ion of earli er workers who 
cons idered these sediments to be shel ly lodgment t ill s. The 
more important of these d iffe rences are as follows: 

l. They contain abundant mar ine fossil she lls in 
places, and many unbroken she ll s are found in the gr owth 
position. 

2. They never are found above the lim its of marine 
invasion of the a r ea. 

3. The geomorph ology of the a reas in wh ich they are 
found is not sim il a r to the geomorpho logy of the areas 
overr iden di r ectly by ice. 

4. In many places they exhib it recognizable bedding 
but are not varves. 

5. Most c lasts found within bedded glac iomar in e 
sediments show ev id e nce of having been dropped into the 
sed iments; th e beds are deformed around the c lasts. 

6 . They contain a much higher percentage of s ilt and 
clay than the assoc iated terrestrial tills. 

7. They have higher void r at ios and lower bulk 
dens it ies than associated terrestial tills (Easterbrook, 1964). 

8. The deposits are much thi cker than the assoc iated 
terrestrial tills. For examp le, some sect ion s of the Fort 
Langley Formation that a r e more than 160 m thick consist of 
10 to 15 m of tills and the remainder of glaciomarine and 
marine sed iments. 

9. Th ey are interbedded w ith sort ed and strat ifi ed 
mar ine sediments. 

T o exp la in these d iffe rences Armstrong a nd Brown 
(1954) proposed the following hypothesis for t he or igin of the 
g lac iom arin e sed iments. The glaciomarine and assoc iated 
sedi m ents we re deposited in the sea during and following the 
wast ing of the last major Wisco nsin Cordilleran ic e sheet 
a nd during the subsequ ent uplift o f the land above sea leve l. 
The agents of transportation of the c lasts and some of the 
fine material probably were shelf, berg and sea ice, a nd for 
most of the fine materials, glacial meltwater a nd seawate r. 

The fine s were deposited in a marine environment as 
seafloor muds. Some of th e sed iments were redeposited as a 
result of slid ing, slumping a nd turbidity currents. This 
interpreta tion was based on the hypothesi s th a t when the 
Vashon ice left the Fraser Lowland a nd retreated into the 
mountains the sea in vaded th e area to a max imum of about 
250 m. Thi s was follo wed by a lowering of sea level over 
about 2000 yea r s to th e present. 

Present work ( 197 3 -1 977 ). The above interpretation now 
appear s much too simplified, and the following modifications 
are proposed. About 13 000 years BP the Vashon ice 
apparently retreated from mu c h and probably all of the 
Fraser Low la nd into th e C oast Mountains. Some uncert a inty 
remains as to the pos ition of the Vashon ic e front in the 
eastern part of the Fraser Low land. I believe that 13 000 
years ago the Low land was ice free from Agassiz west. The 
Vashon ic e at its m ax imum isostatically depre ssed the 
Fraser Lowland at least 350 m and sea leve l had been 
lowe red eustat ica lly a t least 100 m. Following th e retreat 
of Vashon ice the sea invaded the lowland, covering areas up 
to 250 m above present sea leve l. From 13 000 to 11 000 
years BP the eastern ha lf of the Fraser Low land became the 
s ite of a post-Vashon pi ed mont glacier that underwent 
sever a l advances, standstills and retreats, and as a resu It 
terminated in the sea at variou s places in the Lowland. The 
piedmont ice front ap pare ntly mov ed east -west (see 
discussion on composition and provenance). The front of this 
g lac ier was calv ing into the sea, and the floating ic e ( in part 
icebergs) carried the c la sts of ic e -rafted material found in 
the g lac iomarine sed im e nts. Probably much of the 
meltwa t e r that provided the fin es m aking up these 
sediments was derived from this ic e, a lthough th e streams 
flowing from the ice t hat still occupied some of the Coast 
Mou nta in va lleys a lso must have provided some of the fin es 
a nd possibly a limited a mount of ic e -rafted material. On 
the seaward s id e of th e glacier front meltwa ter laid down 
thick deposits of coarse sed im ents (sa nd and coarser) as 
proglacial marine deltas and kames. The kame deposits 
conta in le nses of flow till. 

I no longer believe that she lf ice pla yed a significant 
r o le as a n agent of transportation for the clasts and some of 
the finer material that are found in the glaciomarine 
sediments. Thi s conclusion is based on the following criteria: 

l. Th e sea in wh ic h the sed iments were deposited and 
in which the ice was floating was too shallow to permit the 
development of a large a rea of she lf ice. For example, a 
relatively thin ic e she lf 25 m high would have its base about 
200 m below sea level. At no plac e in the Fraser Lowland 
does the sea at the time appear to have exceeded 300 m, 
a nd as ind icated by the marine fo ss ils it apparently was 
shallower throughout much of its ex istenc e. 

2. Th e widespread distribution of marine shells, 
especia lly the nonbuoyant form s such as Serpula and 
Balanus, in most of t he glaciomarine sed iments indic a tes 
that a t the time they were liv ing th e sunlight could 
pe netrate th e water, which it could not do under an ice shelf. 

3. The presence of m arin e shells indic a tes that the 
env ironmen t during depos ition was comparable to that today 
in Cook Inle t off the coast of A lask a, where piedmont 
glaciers te rminate in the sea and calve as bergs and smaller 
c hunks of ic e but do not float as ice shelves. 

4. Heu sser's (1972) palynological studies in the 
Ka la loc h area of Washington 250 km southwes t at the limit 
of g laciation indic ate July temperatures 11000 to 13 000 
year s ago of approxima tely 11 ° C, which seems too wa r m for 
ic e she lf development. 

5. Th e litho logy of the glac iomarine sediments, their 
st rat ific at ion in places, a nd the inte rbeds of extensive 
glaciofluvial deposits a nd to a lesser extent till diamictons 
indic a te wet base glaciers as a sourc e. These glaciers 
appea r to have undergone surging at various times 
throughout their hi stor y. 



Items 1, 2 and 5 are suggested by Carey and Ahmad 
(1961 ) as evidence for deposition in the iceberg zone. 

Sea ice also may have acted as an agent of transport, 
especially in the narrow embayments that at times may have 
frozen over and may not have become ice free until after 
streams had debauched material on the sea ice. 

Sea level changes were complicated; the simplified 
version of one submergence followed by an emergence must 
be modif ied to account for at least two major submergences 
and intervening emergences. The relative roles p layed by 
isostatic, eustatic and tectonic adjustments have not been 
unrave lled, although the magnitude of the changes suggests 
that isostatic adjustments are probably much the largest. 

The deposits mapped as Fort Langley Format ion and 
Sumas Drift indicate that at three or more intervals dur ing 
Fraser deglaciation parts of the eastern and centra l portions 
of the Fraser Lowland were overriden by glaciers that in 
some places may have been subaerial and in others 
subaqueous, as indicated by a recent find of shells at 
Bertrand Creek in the ice contact unit (Fig. 3, sec. 7FL). 
The sandy loam lodgment or f low tills formed by the ice 
advances contain c lasts of glaciomarine sediments. At other 
times the piedmont glaciers became, at their fronts, 
intertidal g laciers and as such reshaped and partly 
redeposited the glaciomarine sediments over which they 

CAPILANO SEDIMENTS 

moved. The resulting material resembles glaciomarine 
sediments but has a more till- like appearance and may be 
recogn ized by flow structures, geomorphology and complete 
lack of stratifica~iqn. 

Paleoecology of Capilano Sediments and 
Fort Langley Formation 

Previous reports on Pleistocene marine fauna found in the 
Fraser Lowland inc lude those by Johnston (1923), Crickmay 
(1925, 1929) and Draycot (1951 ). Wagner (1959) carried out 
a comprehensive study of the marine fauna found in both 
formations; Smith (1970) studied foraminifera from Capilano 
glaciomarine sediments. Figure 22 shows the location of 
the se sites. 

In addition to the above, palynological studies were 
made by Blunden (1971), who studied pol len found in 
Capilano Sediments in the Vancouver area, and Mathewes 
(1973), who examined pollen from Fort Langley Formation 
near Haney. 

Macrofossil studies The fauna! list of marine macrofossils 
as identified by Wagner (1959) is given in Table 3. Wagner 
did not discuss the variation in abundance of each species at 

FORT LANGLEY FORMATION 

SITE NO. LATITUDE LONGITUDE ELEVATION S ITE NO. LATITUDE LONGITUDE ELEVATION SITE NO. LATITUDE LONGITUDE ELEVATION 
(m.a.s.l.) (m.a.s.l. ) (m.a.s.l. ) 

Cl 49' 35 ' 123"13' 41 C31 49"14.7' 122"56.4 ' -12 Fll 49"12.7' 122"40.4 ' 15 
C2 49"22.7' 123' 1S.9 ' 4S C32 49' 1S.O' 122"55.4 ' 134 FL2 49"12.8 ' 122' 3S.O' - 23 
C3 49' 22.S' 123"16.6' 9 C33 49"15.8' 122' 55.3 ' 114 FL3 49"16.5 ' 122"35 ' 107 
C4 49"21.6 ' 123' 15.8' -S1 C34 49' 15.0' 122' 51.3 ' 130 FL4 49°12.1 ' 122"34 .1' - 27 
CS 49' 20.S ' 123"12.5' 88 C35 49'1S.5 ' 122' 50.3 ' -91 FLS 49' 14.0' 122°2 1.7' 95 
CS 49' 20.5 ' 123"8.2' -92 C3S 49"18.3 ' 122"47 .3' -175 FLS 49 ' 17.1' 122°13.8 ' 140 
C7 49' 20.S' 123"7 .0' -151 C37 49"17.7' 122"47 .2 ' S9 FL7 49"13.9' 122"29.6 ' 154 
CB 49"20.7' 123' 5.8' 114 C38 49"17.6' 122"47 .1' ss FL8 49"13.6 ' 122 '21 .6 ' ..... 122 
CS 49"19.9 ' 123"3.6' 14S C39 49' 1S.9' 122"47 .1' -53 FL9 49"11. 1' 122"21.6 ' ..... 122 
ClO 49' 19.5' 123' 2.3' -S1 C40 49' 1S.3' 122"47 .8 ' 14 FL10 49"10' 122"35' 12 
C11 49' 18.7' 123' 1.3' 15 C41 49' 13.8 ' 122"47 .1' S9 FL11 49"8 .6 ' 122~32 . 3 ' 27 
C12 49' 19.2 ' 123' 1.3' 58 C42 49"1.2 ' 123"5 .3 ' -ss FL12 49"8 .4' 122"29 .5 ' -70 
C13 49' 19.3' 123°1.1' ss C43 49"1.0 ' 123"5.2' 53 FL13 49"9.1 . 122 '25.5 ' -so 
C14 49"20.4 ' 123"0.4 ' -127 C44 49' 0.3 ' 123"4. 2' 48 Fl14 49' 8.6' 122°2 1.1' -38 
C15 49"18.9' 123' 0.5' 88 C45 49"1.7' 123' 4.0' 52 FL15 49' 8.3 ' 122 18.9 ' -so 
C16 49"18 6 ' 123'0.2' -a C46 49'7.6 ' 122"54.2 ' ss FLlS 49'9.7 ' 122"15 .7' -7S 
C17 49' 18.S' 122"59 .8 ' -a C47 49"7.7' 122"54.1 ' 70 FL17 49'9.6' 122"15.6 ' -so 
C18 49' 18.5' 122"59.4 ' -12 C48 49"7.1' 122"50.7' -sa Fl 18 49"1.0 ' 122"40 .7' - 7S 
C19 49' 1S.O' 123' 15.0' -as C49 49' 7.2' 122"48 .5 ' 11 FL19 49"1.2 ' 122"40 .7' 82 
C20 49"16.6 ' 123"13.8 ' - 24 cso 49' 7.6 ' 122"43.9 ' -11 FL20 49"1.9 ' 122"40.7' 41 
C21 49' 1S.S' 123"13.5 ' -24 C51 49' S.7 ' 122"43:8 ' -a FL21 49"1.8 ' 122"40 .6 ' 59 
C22 49' 16.6' 123"13.1 ' -15 C52 49°11 .3 ' 122°44 .0 ' 23 Fl22 49"4 .1' 122"38.7' 53 
C23 49' 14.5' 123' 13.3' -53 C53 49' 11 .0 ' 122"44.0 ' 35 FL23 49"4.5' 122"37.9 ' 40 
C24 49"15.5' 123"11 .7' -so C54 49"1.7' 122' 52.3 ' 15 Fl24 49' 5.0 ' 122"37 .7' 38 
C25 49"15.5' 123' 10.2 ' -24 C55 49' 3.2 ' 122°5 1.1' ss Fl25 49"4 .3' 122"37 .5 ' 29 
C2S 49' 17.S' 123' 8.2 ' -s CSS 49' 2.0 ' 122'50.8 ' 93 FL2S 49"4.1' 122"36 .1' -ss 
C27 49"17.5' 123' 8.1 ' -10 C57 49' 1.5 ' 122°51 .0 ' -11 FL27 49' 3.5 ' 122"34 .7' -79 
C28 49' 14.7' 123'S.7' 99 csa 49' 1.5 ' 122"50.5 ' -38 FL28 49' 4.8 ' 122"33 .6 ' -as 
C29 49"13.3 ' 123' 4.9 ' -S1 C59 49' 1.S' 122' 4S.1 ' 39 FL29 49"4.2' 122"32 .1' 99 
C30 49' 12.2 ' 122' 57.3 ' 75 CSO 49"1.6' 122"45 .9' 40 FL30 49°3 .8 ' 122"30 .2 ' -115 

FL31 49"6' 122' 30 ' 95 
Fl 32 49"0 .4 ' 122"32 .1. -61 
FL33 49"1.8' 122"32 .2 ' -79 
FL34 49"2 .5 ' 122"32 .1. -99 
FL35 49"2 .9 ' 122"24 .2 ' 114 
FL3S 49"5.4 ' 122"22.8 ' 79 
FL37 49' S.3 ' 122°22 .8 ' 78 
FL38 49' S.3 ' 121 "55 .3 ' 4S 

Figure 22. 
FL39 49"13.8 ' 121 °58 .2 ' -20 
FL40 49"14.1' 122"33.9 ' - 38 Post-Vashon fossil shel l localities in the Fraser Lowland. 
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Table 3. Marine macrofossils in Capilano Sediments and Fort Langley Formation 

Species 

Annelida 
Seq~ula vermi cularis Linne 
Spirob is sp. 

Brach i opoda 
Hemithyris psittacea (Cme lin) 

Cir rip edia 
Balanus cre natu s Bruguiere 
Balanus sp. 

Decapoda 
Unidentifiable specimen 

Diatoms 
Uni de ntifiabl e specimen 

Echinoidea 
St r ongyl ocen trotu s drobachiensis 

MUller 

Cas trapoda 
Acmaea digitalis Eschscholtz 
Acmaea e e lta Eschscholtz 
Ac teocina c ul cite ll a (Co uld) 
Alvania comeacta Ca rp e nt er 
Buccinum ele c trum Stimps on 
Co l us jordani ( Da 11) 
Lacuna cf. L. solidu l a Loven 
Lee e ta concentrica (Middendorff) 
Littori na scutulata Could 
Littor ina sitkana Phi llipi 
Littorina c f. L. scutu lata Cou ld 
Margarites eueillu s (Cou ld) 
Nat i ca aleutica Dall 
Natica clausa (B r ode r i p and Sowe rby) 
Ne etunea lyrata (Cme lin) 
Ne etunea eribiloffensis Dall 
Odostomia (Evalea) barkleyensis Bartsch 
Odostomia ("Amaura") sillana Dall and 

Bar tsch 
Oneoeota eribil ova (Dal l ) 
Po lini ces eallidu s (Broderip and 

Sowe rby) 
Proeebla guadra ( Da ll) 
Trichot roeis cancel l ata Hinds 
Turbonilla ( Pyrg olamero s) sp . 

Capil ano Serliments 
(50 local ities) 

3 

x(l8)'""' x(3) x(3) 

x(l) x(l) 

x(l) x(2) 
x(ll) x(l) 

x(2) 

x(4) 

x(7) x(3) x(l) 

x(l ) x(l) 
x(l ) 

x(l) 
x(l) 

x(3) 
x(2) 

x(l) 
x(l) x(l) 
x(l) 
x(l) 

x(2) 
x(l) x(2) 
x(2) x(l) 
x(6) 
x(l) x(l) 

v(l) 

x(l) 

x(2) 

x (2) 
x(6) x(2) 
x(l) x(l) 

4 

x(l) 

x(l) 

x(l) 

*1,2,3,4 Capilano Sediments have been divided into fo ur environmental types: 

1 - Claciomarine and marine sediments consisting primarily of stony 

**(18) 

*** 

20 

and stoneless clayey silt, silty clay, and silt . 
2 - Intertidal fine to medium sand 
3 - Beach and l ag gravel 
4 Raised marine deltaic deposits: grave l, sand a nd sil t 

Number of localities where species was found. 

Total number of species identified, does not inc lude thos e specimens 
identified by genus only. 

Fort Lang le y Formation 
(20 loca lities) 

Cl acioma rine and 
marine sediments 

x(7) 
x(l) 

x(3) 
x(4) 

x(3) 

x(2) 
x(3) 

x(l) 

x(2) 

x(2) 
x(4) 



Species 

Gas t rapoda (Gen us only identified) 
Buccinum sp . 
?Cerithiopsis sp. 
Lora sp. 
Neptunea sp. 
Odostomia sp. 
Oenopota sp. 
Policines sp. 
Turbon i lla sp. 

Ostracoda 
Unidentifiable specimen 

Pelecypoda 
Astarte alaskensis Dall 
Axinopsida serricata (Carpenter) 
Axinopsida viridis (Dall) 
Chlamys berringianus (Middendorff) 
Chlamys hericius (Could) 
Chlamys hindsii (Carpenter) 
Chlamy_~_ cf. _c_;_. jordan!:. (Arnold) 
Clinocardium blandum (Could) 
Clinocardium ciliatum (Farbicius) 
Clinocardium fucanum (Dall) 
Clinocardium nuttallii (Conrad) 
Hiatella arctica (Linne) 
Leptonidae, close to Pseudophyina 
Macoma calcarea (Gmelin) 
Macoma incongrua (Martens) 
Macoma inconspicua (Broderip and 

Sowerby) 
Macoma irus (Hanley) 
Modiolus modiolus (Linne) 
Mya arenaria Linne 
Mya truncata Linne 
Mytilus edulis Linne 
Nucula tenuis (Montagu) 
Nuculana fossa (Baird) 
Nuculana minuta (Fabricius) 
Pandora grandis Dall 
Propeamusium alaskense Dall 
Protothaca staminea (Conrad) 
Saxidomus giganteus (Deshayes) 
Schizothaerus capax Could 
Serripes groenlandicus (Brugui~re) 
Spisula voyi (Gabb) 
Yoldia (Yoldiella) keenae n. sp . 

Pelecypoda (Genus only identified) 
Astarte sp. 
Chlamys sp. 
Clinocardium sp . 
Macoma sp. 
t!Y§_ sp . 
Mytilus sp. 
Nuc ul a sp. 
Nuc ula na sp . 
Psephidia sp. 

Scaphopoda 
Unidentifiable specimen 

Porifera 
Un identifiable sponge spicu l es 
(RKS) 

Chordata 
Shark tooth 
Fish remains 

Number of species *** 

Cap ila n o Sediment s 
( 50 l ocali t i es) 

1* 

x(4) 

x(2) 

x(4) 

x(l) 
x( 7) 
X ( 21) 
x(l) 
x(ll) 
x(l3) 
x(4) 
x(6) 
x(lS) 

x(2l) 
x(lO) 
x(2) 

x(l) 
x(l) 
x( 15) 
x( 14) 
x(4) 
x(20) 
x( 16) 
x(2) 
x(3) 
x(l) 
x(S) 
x(l) 
x( 17) 

x(S) 
x(24) 
x(9) 

x(2) 
x(S) 
x(6) 
x(l) 

x( l ) 

x( l ) 

x(l) 

(41) 

2 

x (l) 

x(l) 

x(l) 

x(l) 

x(l) 

x(l) 
x(3) 

x(2) 
x(l) 
x(l) 
x(2) 
x(3) 
x(l) 
x(2) 
x(3) 

x(2) 
x(l) 
x(l) 
x(2) 
x(3) 

x(l) 
x(2) 

x(2) 
x(3) 
x(l) 
x(3) 
x(l) 
x(2) 

x(l) 
x(l) 
x(2) 
x(2) 

x(l) 

(45) 

3 

x(l) 

x(3) 

x(l) 

x(l) 
x(4) 

x(l) 
x(2) 

x(2) 

x(l) 
x(l) 

x (l) 

x(l) 

x(l) 
x(6) 
x(2) 

x(l) 

(13) 

4 

x (l) 

x(l) 

x(3) 
x(3) 

x(2) 
x(2) 
x(l) 

x(4) 
x(4) 
x(l) 
x(l) 
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the localities studied but stated that molluscs were the 
dominant group, forming roughl y 90 per cent of the 
macrofossils. Tab le 3 shows wh ich species and genera are 
the most widespread and how they vary in distribution 
among the environmental sedimentary units. My 
observations show that pelecypods constitute 95 to 98 per 
cent of the specimens in most localities and that 95 per cent 
of the specimens belong to between two and eight species. 

A ll species, with the probable exception of Yoldia 
(Yokliella) keenae n. sp., are still living in the waters a long 
the west coast of North America. A lso, since the 
macrofossil assemb lages from the different sedimentary 
facies have many more similarities than differences, the 
general paleoclimate is probably common to a ll. Marine 
macrofossils obtained from both Capilano Sediments and 
F art Langley For mat ion were compared to Holocene fauna, 
and the conclusions drawn by Wagner are summarized below. 

l. To determine the corresponding present-day 
latitude, and hence the hydroclimate of each fossil 
assemblage, Wagner used the median-of-midpoints method 
devised by Schenk and Keen (1937) and revised by Schenk 
(1945). Wagne r conc lud ed that the temperature of the water 
in which the macrofossils lived compares w ith that found off 
the coast of Alaska from about 60.6° to 61.5°N, along the 
northern reaches of Cook Inlet and Prince W illiam Sound. 
Malaspina Glacier is now found in this area. 

2. Information regard ing depth requirements of 
various spec ies is most inadequate, and the total 
bathymetric range and the optimum zone w ithin the range 
are known for only a few species. 

3. Most macrofossils found within the a rea are known 
to be truly marine, but some are capable of making physio­
logical adjustments for dilutions of up to 50 per cent of 
normal sa linit y. 

Lack of the most important data, the modal point of 
depth range for each species, prevents the app lication of 
statistical methods in determining the depth for each 
assemb lage. The median-of-midpoints method is not suit­
able because for some species where the optimum depth is 
known, the midpoint of depth is found to differ greatly from 
the optimum. Th is is true for the majority of macrofossils 
found in the area, except for spec ies having a very limited 
depth range. Wagner est im ated that a ll the sediments in 
which the assemblages are found represent sha llow water 
deposition not exceed ing 20 m, and generally th e depth 
seems to have been less, suggesting a bay or estuarine 
habitat. 

It is suggested that many of the species are free­
swimming forms; this raises the possibility that some sank 
after death and were incorporated in sediments accumu­
lating in water much deeper (up to 300 m+ ) than where the 
species preferred to liv e . 

Microfossil studies The fauna! list of marine microfoss ils 
ident ifi ed by Smith (1970) is given in Table 4. 

Fol low ing are the results of one example in which Smith 
counted the number of specimens of each species conta ined 
in an unwashed 60 cm 3 sample yie lding the fauna! co llec tion 
li sted under F art Langley Formation (Table 4). 

Elphidium clavatum 
Cushman 
Buccella frigida Cushman 
Elphidiella nitida Cushman 
Elphidiella arctica (Parker 
and Jones) 
Islandiella teretis (Tappa n) 
Cassidul ina barbara Buzas 

**(abundant) 
*(common) 
O(rare) 

O(r are) 
O(rare) 
O(r are) 

1514 
630 

3 

1 
1 
1 

Smith's conclusions can be summari zed as follows: 
Forty-one species of foraminifera were identified from the 
three collect ions obtained from the Capi lano Sediments and 
six species were identifi ed from one collection from the 
Fort Langley Formation. Elphidium clavatum dominates in 

Table 4. Marine microfossils in Cap ilano Sediments 
and Fort Langley Formation 

Species 

For aminifera 
Angulogerino {luens (T odd) 
Angulogerino hughesi 

(Gal loway a nd Wissle r) 
Buccello frigido Cushman 
Buccello frigido C ushma n(?) 
Buccello tenerrimo (Bandy) 
Cassidul ina barbara Buzas 
Cibicides lobotulus 

(Wa lker and J acob) 
Discorbi s (?) spp . 
Dyocibicides bi serial is 

(Cushma n and Valent in e) 
Elphidi ello arctico 

(Pa rker a nd Jones) 
Elphidiello nitido Cushman 
Elphidium bartletti C ushman 
Elphidium clavatum Cushman 
Elphidium spp. 
Epistominella vitrea Parker 
Fissurina lucida (Will iamson) 
Fi ssurina c f. F. marginata 

(Montagu) 
Fursenkoina fusiformis 

(Willi amson) 
Globigerina bulloides d'Orbigny 
Islondi ella teretis (T appa n) 
Islandiello teretis (Tappan)(?) 
Lagena distoma Parke r and Jones 
Logeno grocillima (S eguenza) 
Lagena molli s Cushman 
Lagena parri Loebli ch and Tappa n 
Logena perulcido (Montagu)(?) 
Lagena se milineata Wright 
Lagena substriata Willi amson 
Lenticulina sp . 
N onionella awicula 

Heron -Alie n and Er land 
Nonionello turgida digi toto N~rvang 
Nonionello (?) spp. 
N onionelliana labr'adorica (Dawson) 
Oolina apiopleura 

(Loebl ic h and T appan) 
(?) Protelphidium pauciloculum 

(Cushman) 
Protelphidium orbiculore (B rady ) 
Pyrgo lucernulo (Sc hwager) 
Pyrgo(?) c f. P.lucernulo (Schwage r) 
Quinquelocul ina akner'iana bellatula 

Ba nd y 
Quinqueloculino c f. Q. stolkeri 

Loebl ich and T appan 
Quinqueloculina stalkeri 

Loebl ich and T appan 
Rheophox longicollis (W iesner) 
Tf•iloculina inor'nata d'Orbigny 
Uviger ina cushmani T odd 

Number o f species 

Capi !ana Sediments 

(3 locali ties) 
glaci omari ne and 
marine sediments 

0(2) 
0(2) 

*(1)x(l)0(1) 
O(l) 

*0)0(2) 
*(1)0(1) 

**(l)x(1) 

0(1) 
O(l) 

0(2) 
**(3) 

0(2) 
0(1) 
0(1) 

0(1) 

O(l) 
**(1 )*(1)0(1 ) 

x(1) 
0(1) 
0(2) 
0(2) 
0(1) 
O(l) 
0(2) 
O(l) 
O(l) 

0(1) 
0(1 ) 

x(l)0(1) 
0(1) 

0(2) 

O(l) 
O(l) 

0(2) 
0(1) 

0(1) 

x(1)0(1) 

0(1) 
O(l ) 

x(1)0(l) 

41 

Smith denoted the abundance of a species as follows: 
**Ab undant *Common x Few 0 Ra re 

(2) Number of localiti es whe re species was fou nd. 

Fort La ngley 
Format ion 

(l locality) 
ma rine sedimen ts 

0 

al l four assemblages and constitutes approximately 35 to 75 
per cent of the spec imens. Islandiella teretis and Cibicides 
lobatulus are both abundant in one Capilano assemblage. 
Buccella frigida, Buccella tenerrima and Islandiella teretis 
are all common in one othe r Capilano assemblage, and 
Buccella frigida i s common in the Fort Langley assemblage. 
Th e dominant spec ies Elphidium clavatum thrives in 
saliniti es ranging from approximately 30 to 35 per cent 
(normal marine), to approximately 15 per cent. It is 
abundant through a limited depth range, reaches a ma ximum 
abundance above 15 m a nd decreases remarkably at about 
30 m. The subdominant species Buccella frigida and 
Buccella tenerrima have ecological tolerances s imi lar to 
Elphidium clavatwn, but their present-day environment 
indicates that they normally do not live in waters with 
salin iti es below 20 per cent. A lso they are usually found in 
water slightly deep e r (20 to 50 m) than is Elphidium 
clavatum (less than 15 to 30 m). Islandiella teretis, a 



common subdominant species, is today most widespread and 
abundant in northern high-latitude, shallow waters (less than 
15 m) but also may thrive in deeper water. The subdominant 
species live with Elphidium clavatum at salinities of 
approximately 20 per cent. Another subdominant species 
Cibicides lobatulus is abundant in one Capi la no assemblage 
and is widely recorded from shallow water arctic Quaternary 
deposits. Its type locality today is the shore sands of 
southern England. 

The three Capi la no assemblages contain 9, 25 and 30 
species. Characteristically very shal low, cold waters of 
normal marine salinities do not show relatively great 
diversity of species; 20 to 40 species is average in the 
Paci fie Northwest today, and assemblages containing less 
than 20 species indicate a variation from the normal mar in e 
environment. The Fort Langley Formation assemblage of 6 
species and the Capi lano Sediments assemb lage of 9 species 
indicate very shallow (perhaps less than 15 m) cold waters 
with reduced salinities. This conclusion is based on the fact 
that Elphidium clavatum dominates all the samples. 
Progressive decreases in diversity of spec ies, in combination 
with continued abundance of Elphidium clavatum, indi cate 
progressive decreases in salinit y from normal marine down 
to about 15 per cent. The Capi lano Sediments assemb lages 
of 25 and 30 species indicate salinit y was normal marine and 
the water probably less than 30 m and certainly less than 
60 m deep. 

It is suggested that the variatio ns determined by Smith 
resulted from geomorphological and climatic changes during 
late Wisconsin deglaciation. The two low-diversity assem­
blages are approximately 25 km east of the two normal 
assemblages and were nearer the melting ice that probably 
caused reduced salinities. 

The foraminifera collections studied by Smith are 
characteristic of the Quaternary foraminiferal fauna found 
around the world in very shallow water at high northern 
latitudes. The fauna extends in time from the beginning of 
the Pleistocene to the present. Depth limits are from 
approximately low tide to lOO m although the fauna is best 
developed above 60 m and more probably above 30 m depth. 
Salinities range from 30 to 35 per cent (norma l marine) down 
to 15 per cent with progressive decrease in species diversity 
with salinity decrease. Water temperatures are var iable for 
this fauna, with yearly extremes, and the only factor in 
common appears to be a temperature of about 0°C for part 
of the year. 

Palynological studies 

Fort Langley Formation near Haney. Mathewes (1973) 
recovered palynomorphs from Fort Langley marine silty clay 
outcropping at an elevation of 107 m in the University of 
Briti sh Columbia Research For est north of Haney. Marine 
fauna from this clay gave a radiocarbon date of 12 690 ± 
190 years (I -5959). The samples contained about 5000 pollen 
and spores per gram of wet sediment. The floral li st of 
palynomorphs as identified by Mathewes is given in Table 5. 

Rare pollen types encountered after the original count 
of 500 grains was completed include Tsuga heterophylla, 
Shepherdia canadensis, Gramineae, Compositae (Tubuliflora) 
and Typha latifolia. 

Mathewes concluded that this assemb lag e seemed to 
indicate that pollen from the deposit reflected nearby 
successional vegetat ion, and he stated: "Rework ing of older 
P leistocene deposits is an unlikely source for these pollen 
and spores because grains observed in this study were both 
well preserved and abundant. Long-distance dispersal may 
account for some of the palynomorphs, but in view of their 
concentration of 5000 per cubic centimeter, a loc a l origin is 
more plausible. Whether the observed pollen concentration 
reflects abundant or sparse terrestrial vegetation is 
unknown, and only a detailed study of modern marine 
deposits in the Fraser Lowland area could provide a means 
of comparison and interpretation." 

Table 5. Palynomorphs in Fort Langley marine clay 

Per cent of total pollen and 
spores counted, 500 grains 

Trees and shrubs 
Pinus contorta type 
Abies 
Pie ea 
Tsuga mertensiana 
Alnus 

Angiosperms 
Artemisia 
Polygonaceae 
Onagraceae 
Composi tae (Ligul i flora e) 
unknown 

Cryptograms 
Monolete Polypodiaceae 
Polypodium vulgare type 
Crytogramma 
Lycopodium annotinum 
Selaginella wallacei type 

91.0 
1.0 
1.2 
0.4 
1.6 

0.8 
0.4 
0.2 
0.2 
0.4 

1.4 
0.8 
0.2 
0.2 
0.2 

I believe that at the time the marine clay containing 
the palynomorphs was deposited, approximately 12 700 yea rs 
BP, the Vashon continental ice had retreated well back into 
the Coast Mountains and the sea had invaded the area to 
elevations of 200 m or more. The extent of the retreat has 
not been documented but in the fiord valleys it is 
measurable in tens of kilometers, and on the southern slopes 
of the Coast Mountains between several hundred and several 
thousand meters elevation were free of ice and consequently 
available for vegetat ive growth. 

Mathewes (1973) concluded: "The results of this 
in vest igation indicate that soon after the Vashon ice started 
to retreat from the Fraser Lowland about 13 ODD years ago, 
vegetation quickly recolonized the deglaciated terrain in the 
area of the UBC Research Forest. By 12 690 ± 190 BP a 
fairly diverse palynomorph assemblage dominated by Pinus 
contorta type pollen was preserved in a marine clay. 
Vvhethe r these early immigrants to the Fraser Lowland 
existed only along a near-ocean strip or also in upland areas 
is unknown." 

Marion and Surprise lakes. IViathewes (1973) also made 
comprehensive palynological s tudi es of the sediments found 
in two smal l lakes, Marion Lake at 305 m elevation and 
Surprise Lake at 540 m, located respectively 4. 7 km 
northeast and 5 km north of the marine clay site discussed 
above. The oldest dated material from Marion Lake is about 
12 350 ± 190 years old CI-5097) and from Surprise Lake 
11 230 ± 230 years old CI-5816). 

His conclusions with regards to the Marion Lake and 
Surprise Lake palynomorphs are: 

Mar ion Lake at 305 m e levation was ice-free sometime 
before 12,350±190 B.P., w hen pollen of lodgepole pine, 
Shepherdia canadensis (Buffalo berry), willow, and alder 
were deposited in c lay underneath the first dateable 
organic sediment. Th e earliest organic sediments 
r ecord abundant lodgepole pine pollen associated with 
fir, spruce, and mountain hemlock until about 
10,370 ± 145 B.P. Cool and moist conditions are in­
dicated for this interval, which seems to record the re­
placement of shade-intolerant lodgepole pine by more 
shade -tolerant conifers. High percentages (31% of total 
alder) of four-pored alder grains from this period 
suggest that mountain alder (A lnus incana ) may have 
been present in the U.B.C. Research Forest at this time. 
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The sudden appearance of abunda nt Douglas fir 
pollen aro und 10,500 years ago at Marion and Surprise 
Lakes is associated with decreases in lodgepole pin e, 
fir, spruce, and mountain hemlock. A trend toward 
warm e r and perhaps somewhat drier conditions at this 
time may have favored Douglas fir, but high alder 
po llen with macrofossils of Thuja and Isothecium 
stoloniferum indicate abundant mo isture. 

Vancouver . Blund en (1971 ) reported palynomorphs in 
the "Gumboot" (Capilano Sed iments) diamictons (in part 
bedded) and intercalated clays, silts, varved s il ts a nd seams 
of sand and gravel that overli e Vashon Drift deposits and 
underlie beach and Jag gravel. I have grouped all lat e 
Wisconsin deposit s above Vashon Drif t with the Capilano 
Sed iments, including beach and Jag gravel. Blunden stated 
that Holocene type Pinus, Picea and Tsuga pollen were 
common in the diamictons although he does not define what 
he means by 'common'. He included the fo llowing quote in 
his report, al though no source was given: "The 'Gumboot' 
diamictons appear to have been laid down in the m1dst of a 
for es t not dissimi Jar from the present nat ural for est." He 
a lso paraphrased Heusser (1960) and stated, "At this time 
the indicaterl climate was both cooler and wetter than at 
present, but not frigid." Blund en also listed "rare" 
occurrences of Pinus, Picea a nd Abi es po llen from the Sumas 
Drift north of Abbotsford Airport. 

Fraser deglaciation sea level changes and 
geological interpretation 

Previous work. Mathews et al. (1970) attempted to 
reconstruct the post-Vashon (as defined in this report) sea 
level changes in southwestern British Co lumbia and adjacent 
Washington State; Figure 23 is a modified version of the 
re la ti ve sea level curve drawn by them for the Fraser 
Lowland. Their curve was derived in part from my previous 
work and has been modif ied only to a minor extent as a 
better understanding of the post -Vashon geology has become 
ava ilable. Mathews et al. (1970) indicated the following 
history: A major submergence of 200 m or more occurred 
about 13 ODD years ago following retreat of Vashon ic e. This 
was followed by a rapid emergence of at least 150 m by 
about 12 ODD year s BP. The area apparently was submerged 
aga in more than lOO m during the next 500 years, that is up 
to about 11 500 years BP, when th e Sum as ice commenced 
its advance. Du ring and follow ing this advance the land 
emerged aga in, and a sea level w it hin 10 to 15 m of the 
present level was established about 11 ODD years ago. 
Mathews et al. suggested as one possib ili ty that the 
pre-Sumas submergence might be isostat ic because of 
bu ildup of ice in the adjoining mountains prior to the Sumas 
c li max. 
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Figure 23. Sea level curve, Fraser Lowland. 

Easterbrook (1963a) inferred a somewhat similar se­
quence of sea level changes in the Nooksack River area, a 
few kilometres south of the Canada- United States Border 
at Sumas. 

Blunden (1975) published another curve showing the 
post-Vashon sea level changes in the western part of the 
Fraser Lowland and adjoini ng Coast Mountains. His curve 
var ies considerably from the ve rsion produced by Mathews 
et al. He envisaged the first submergence in the Vancouver 
area about 12 500 years ago a nd a second subme rgence in 
the Coast Mountains of up to 330 m about 10 ODD years ago. 
Blu nden offered no substantial proof for his cu rve show ing 
sea leve l changes nor is it sta ted why he did not accept, at 
least in principle, the prior interpretation. 

Present work. In drawing the sea level shift curve f or the 
post-Vashon deglaciation period the following criteria were 
used: 

(1) the distribution of glaciomarine sediments conta in­
ing relatively undisturbed fossil shells, some of 
which were found in living positions; 

(2) the widespread occurrence of Capi la no beach and 
Jag gravel and littoral (intertidal) sand; 

(3) radiocarbon dates on fossil shells; 
(4) strandlines developed on Capi lano Sed iments and 

marked in many places by marine terraces; a nd 
(5) strandlines found in Fort Langley raised mar ine 

deltas including those overlain by yo unger glacio­
marine a nd marine sediments. 

Fossils and radiocarbon dates. The distribution of 
glaciomarine and marine sediments (Fig. 1) and fossils 
(F ig. 22) is widespread. Many of the shel l co llect ions contain 
Annelida and C irriped ia, commonly unbroken and attached 
to dropstones, confirming that some li ved in the area after 
the stones had been dropped. For example, 25 of the 50 
fossil collections stud ied from the Capilano Sed iments and 8 
of the 20 fossil collections studied from the Fort Langley 
Formation contain Annelida; Cirrip ed ia are a lso common and 
have been identified in 23 of the 70 fossil col lections 
(Table 3). 

Radiocarbon dates (Table 6), especia ll y on shell col ­
lections, when stud ied in relation to the elevat ions at wh ich 
the dated materials are found, definitely suggest more than 
one post-Vashon sea level submergence and subsequent 
emergence. The radiocarbon dates obtained from Capilano 
shell co llections do not present a fully documented picture 
of sea level changes, but they do seem to indicate more than 
one submergence and subsequent emergence. Relative sea 
level was at its maximum height, more than 200 m, about 
13 ODD years BP imm ediate ly following the retreat of Vashon 
ice. With one submergence and emergence the oldest 
sediments should be at higher e levat ion s and the you nger 
sediments at lower elevat ions; however, a study of the 
radiocarbon dates from Capilano Sed iments (Tab le 6) shows 
that this is not the case. 

The second submergence or pre-Sumas submergence, as 
it was termed by Mathews et al. (1970), is not well 
documented in the Canad ian part of the F raser Lowland; 
however, the four radiocarbon dates on samples from the 
Fort Langley deposits seem to support this second sub­
mergence; the older dates, 12 900 ± 170 years at 154 m 
(GSC -2193) and 12 690 ± 190 years at 107 m 0 -5959), appear 
to relate to the emergent stage of the first submergence; 
the two younger dates, 11930 ± 190 years at 12 m 
(GSC -168 ) and 11680 ± 180 years at 95 m (GSC -186), appear 
to relate to the submergent stage of second submergence. 
The younger and higher sample GSC-186 is strati ­
grap hica lly above the older and lower sample GSC -168, as 
would be the case with a second submergence but would not 
be the case if only one post-Vashon submergence and 
emerg ence took place. 



Strandlines. Fourteen well developed terraces have 
been mapped in the lower C apilano River basin (Fig. 11) in 
the raised delta deposits, and of these seven are definitely 
marine in origin and mark stands of the sea. The r ema ining 
seven likely have a marine origin; however, the possibility 
that they are terraced river floodplains cannot be excluded. 
Several more terraces occur in the upper Capilano River 
valley at higher elevations, although no proof has been found 
that they are marine. The seven terraces mark seven stands 
of the sea (s trandlines) at elevations of 185, 155 , 10 5, 90, 60, 
40 and 25 m. These strandlines are at the back of th e 
terraces at the contact of th e true deltaic deposits with the 
overl y ing intracielta platform deposits. Th e platform sur­
faces of all the terraces are 5 to 10 m higher at the back 
than at the front. 

The strandlines at 185 m and 155 m likely wer e formed 
during the emergence of the land following th e fir st 
submergence by the sea, that is, from 13 000 to about 12 000 
years BP. The strandlines at 105, 90, 60, 40 and 25 m 
probably we re formed during the second submerg e nc e and 
emergence. The two high e r strandlines are found a long th e 
flanks of the Coast Mountains from Howe Sou nd 50 km 
eastward as far as We bste r Corners where a r a ised marine 
de lta mappe d as Fort La ngl ey sed iments has t wo we ll 
marked strandlines at 185 m and 155 m. G laciomari ne 
sediments have been found up to 155 m elevation as far east 
as the Hatzic Valley 75 km east of Howe Sound. Assuming 
deposition occurred in 30 m of sea water, these deposits 
could be related to the 185 m strandline. Th e lower 
strandlines, whic h were formed during the second 
submergenc e, are exposed not only in raised marine deltas 
along the Capilano, Seymour and Coqu itlam ri vers but 
throughout the western part of the Fraser Lowland where 
Cap ilano Sediments are at the surface. In some a reas we ll 
defined terraces a r e associated w ith these former 
strandlines, but in others their trace is vis ible only on aer ial 
photographs. Dis tinct marine terraces are found at the 
40 m strandline on south Granvi lle Street at 15th Avenue in 
Vancouver and also crossing Highways 99 anci 99A, 1.5 km 
from the Border. Aerial photogra phs of the latter area show 
at least 20 strandlines, of which only a few are marked by 
terraces and most are difficult to identify on the surface. 

In the area underlain by Fort Langley sediments bur ied 
strandlines a re found at 105, 90 and 60 m. These strandl in e 
elevations we r e measured at the lower contact of the 
intradelta platform deposits, which ov e rlie foreset de lt a ic 
sediments. The marine delta south of Langley probably 
represents the 40 m strandline although the surface of the 
platform is approximately 5 m higher. The 105, 90 and 60 m 
strandlines apparently were developed du ring the second 
submergence and the 40 m strandline during the second 
emergence. The 25 m strandline in th e Capilano bas in 
probably formed at this tim e. 

The discussion and interpretat ion of strandlines IS 

oversimplified, and the complete story may be more 
complex. 

Conclusion. Figure 24, hypothetical geological section 
in the central Fraser Lowland, is an a ttempt to show th e 
relationship of Sum as Drift, Fort L angley Formation and 
Vashon Drift based on two major post-Vashon submer­
gences. The Fraser Lowland include s, in add ition to Fraser 
River va lley, seve r a l valleys about 5 km wide, 30 k:m long 
and m ore tha n 300 m deep, which were arms of the sea from 
pre-Vashon to post-Sumas time. Th e val ley stretching from 
Fort Langley to Boundary Bay is one such examp le. 
Figure 24 shows the relationsh ip of one such va lley to the 
bordering hill s. Possibly th e va lleys r epresent fiords formed 
by pre-Vashon glaciation and modified by Vashon g lac iat ion. 
The y acted as settling basins for pre- a nd post-Vashon 
marine and glaciomarine deposits. 

I have attempted to show how my material fits into the 
modified curve of Mathews et al. (1970 ). Ev ide nce ex ist s, 
however, for several add itiona l piedmont ice advances that 
a re post-Vashon and pre -Sum as in age and for related 
submergences of unknown magnitude; therefore the curve 
(F ig. 23 ) is probably oversimplifi ed. At present the relative 
signifi cance and timing of isosta ti c, eustat ic and tectonic 
movements is specula ti ve only. Isostatic movements 
probably were the la rg est and were dominant at the 
beginning of deg lac ia tion. 

History of Fraser River 

The post-Vashon history of Fraser R iver was contro lled by 
deglaciation and subsequent sea leve l changes. In the past 
some wr ite r s assumed that all gravel and sand deposits found 
in the Fraser Lowland were carried to their present position 
by Fraser River. A study of pebble provenance, however, 
illustrates the invalid ity of such an assumption. The 
pre-Vashon history of Fraser River is largely unknown. 

Provenance of Fraser River gravel. A study was made of 
the pebb le lithology of gravel bars found in Fraser R iver 
between Ch illi wack and Hope. An examinat ion of the pebble 
provenance histogram shows that Fraser River grave l 
lithology varies greatly from those of all the other lith­
ologies illustrated in F igure 20. The contrast is most 
marked in the percentage of quartzite pebbles; the Fraser 
River gravel consists of about 25 per cent quartzite whereas 
the other deposits contain from 1 to 5 per cent quartz ite. 
The quartzite probably came primari ly from the Car ibo o 
area, which 1 ies several hundred kilometres north of Hope. 
In the Car ib oo Mountains the Cambrian and late 
Precambr ian formations are character ized by quartzite, and 
late Tertiary and Quaternary gravels in the Prince George -
Quesne l area normally contain 50 to 90 per cent quartzite 
pebbles (personal observation). 

No good source of quartz ite is to be found in the Coast 
and Cascade mountains bordering the Fraser Lowland and 
the pebble 1 i thologi es of the Sumas, Fort Langley, Capi la no 
a nd Vashon g~avels reflect this (Fig. 20). 

Pre-Vashon history of Fraser River. If the lithology of 
present -day Fraser R iver gravel is cons idered to be 
representative of pre-Vashon Fraser River gravel, no proof 
of a pre -Vashon Fraser R iver has been found in the Fraser 
Lowland. 

At this stage in the geological stud ies of Br itish 
Columbia the existence of an ancestral pre-Vashon Fraser 
River resembling the present- day river is strictly a subject 
of specu lation. The Fraser Glaciat ion obviously rearranged 
much of the dra inage pattern of Brit ish Columbia, a lthough 
the large valleys, including that occupied by the present-day 
Fraser R iver, must have suppli ed the major control to the 
pre -Vashon dra inage pattern. I bel ieve that prior to Fraser 
G laciat ion there was no ancestral Fraser River in the Fraser 
Low land. For example, during part of Semiahmoo time 
(Fig. 2) the sea occupied parts or al l of the Fraser Lowland 
as far east as Chilliwack. 

Post-Vashon history of Fraser River. If present-day sea 
level were 10 m higher, Fraser River would enter the sea 
east of Chilliwack, which is 80 km e ast of Vancouver. A 
large arm of the sea would extend southwest down Sumas 
Val-ley and across the International Boundary to Bel lin gham 
Bay, 60 km from Ch illi wack. The modern Fraser Delt a 
would be found in this arm of the sea. No de ltaic deposits 
underlie Sumas Vall ey . Apparent ly Fraser River never had 
such a scenario in post-Vashon time for two main reasons. 
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LATE WISCONSIN 
POST-VASHON 

SUMAS DRIFT 
PW LOdgment and flow till, glaciofluvial gravel and sand, 
l~~:::::._:j in part ice-contact deposits 

FORT LANGLEY FORMATION 
Em Deposits laid down during the second major post- Vashon 
~ submergence of land; glaciomarine stony silt loam, till-like 

silt loam, marine silt and clay loam, deltaic and fluvial 
sand and gravel, and small areas of sandy diamictons 
(probably mainly flow till) and ice-contact deposits 

Deposits laid down during the first major post-Vashon 
submergence; lithologically similar to those of the 
second submergence but appear to contain a smaller 
percentage of glaciomarine and marine deposits 

Meltwater channel 

~ 

-------

------------------------- -

VASHON DRIFT 

~ Lodgment till with sandy loam matrix, glaciofluvial 
l.:'_~ gravel and sand. At least two or more local ice 

advances identified 

MIDDLE WISCONSIN AND EARLIER 
PRE-VASHON SEDIMENTS 

JTTTTTll Middle and older Wisconsin deposits consisting of 

1
illllli glacial and nonglacial deposits, including marine 

and glaciomarine sediments 

TERTIARY AND OLDER 

~===~~ Bedrock 
UNDIFFERENTIATED 

~ Deposi!s laid down in an area occupied by sea from 
~ pre-Vashon to post-Sumas time . No attempt has been 

made to show possible configuration of this marine 
embayment. Deposits mainly consist of fine grained 
marine and glaciomarine sediments interrupted in 
places by drift deposits 

Metres 
300 

200 

100 

0 

N 

APPROXIMATELY 20 KILOMETRES 

GSC 

Figure 24. Hypot het ica l sect ion , cent r al Fraser Low land, showing stratigraphic re lations of Su mas Drift, 

Fort Langley Form at i on, and Vashon Drift . 

First, when sea leve l was 10 m or more higher t han th a t a t 
present, that is f rom 11000 to 13 000 BP, the eastern part of 
the Fraser Lowland was occupi ed by Sumas and For t Lang ley 
ice and no F raser R ive r ex ist ed as such. Second, whe n the 
ic e f inall y le ft the area, th e la nd was as high as or h igher 
than a t pr esent and m e ltwater ri ve rs had es t abl ished a 
channe l to the north w hich later was occupied by Fraser 
Riv e r. 

Fraser R iver did not e nt e r the Fraser Lo wland unt il 
t he Sumas ice had disappeared c omple t e ly. Dur ing i t s f ina l 
stages of decay a block of Su m as ice occupied Sumas Va l ley 
aft er the ma in body of t he Sumas glacier had retreated eas t 
of Ch i lli wac l:, and at th is t im e , probabl y about 11 000 yea r s 
ago, mel twater ri vers f lowing from th e Sumas ice r e ma inin g 
east of C hi lliwack form ed the ances tra l val ley now occupied 
by Fraser River from Chil l iwack to the Fraser Del ta. If the 
Sumas Va l ley ice bloc k had not exist ed, th e natural course of 
the Sumas mel twater ri ve r s wou ld have bee n southwest dow n 
Sumas Valle y. 

From about 10 800 to 5000 years BP sea level was up 
to 12 m lower tha n at present, pe r mitting F r as e r R ive r t o 
estab l ish i tself in the o ld m eltwate r c ha nne l. F r om my 

eva lu a tion of all the da t es ass igned to the commencement of 
the formation of the Fraser De l ta, the period between 9000 
a nd 10 000 year s BP best fits t he evide nce. 

Radiocarbon dates 

Table 6 lists the rad iocarbon da tes obta ined on she l ls a nd 
wood from the Fort La ng ley, Capi la no and Sum as formation s 
as well as dates obta ined from postglac ial peat bogs and 
gytt ja deposits. (Locat ions of the samples used for rad io­
car bon dat ing a r e given in F ig ure 25 .) Probably many of the 
dates on the latter a r e postglacial on ly at the sample si te, 
a nd glac ial ice was nea rb y. It is my be li e f tha t the de­
position of sedimen t s dur ing Fraser deg laciation spanned 
about 200 0 radiocarbon yea rs, that is, a pproxim a t e ly from 
13 000 to 11 000 years BP. Although thi s co nc lusion see ms 
reasonable, '3 study of th e dates illustra t es severa l major 
discrepanci es a nd err ors of more tha n 1000 year s might 
ex ist. These e rrors cou ld be du e to labo rator y procedu r es, 
cont amination of spec imens, the di ff ic ul t y in obtaining 
r eli able dates on s he lls and the discrepancy be tween rad io­
ca rbon dates obta ined on she lls a nd wood from the same 
sect ion. 
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The major discre pancies are as follows: 

l. Dates obtained on s hells and wood from the same 
strata are in compatibl e . Samples GSC - 227 (s hells) a nd 
GSC-185 (wood), which yield ed dates of 11 300 ± 190 a nd 
10 690 ± 180 yea rs, a re from the same bed. Samples 
I(GSC)- 6, 12 625 ± 450 years (s he l ls) and GSC - 226, 11 590 ± 
280 years (wood ) are from the same sedime nt s. Because the 
shell s a r e autochthonous a nd the wood al lochthonous, the 
wood should be older. 

2. Dates obtained on shell specim ens from various 
elevat ions a nd thou ght to be of diffe rent strat igraphi c ages 
give approximately the same radiocar bon age. For example, 
compare t he fo llowi ng spec imens: GSC-2177 , elevat ion 
68 m, 12 ODD ± 100 yea rs; L-391C, e levat ion 134 m, 11 900 · 
± 300 years; GSC -1 68, e leva tion 12 m, 11 930 ± 190 years. 
All three sites a re beli eved to r e present shallow wa t er s of 
less than 40 m. 

3. Some of the radi ocarbon dates obtained on post-
glacia l pea t and gytt ja samples are older than dates on 
sa mples from Fraser deglaciation sediments. For examp le, 
the oldest postglacial date on gytt ja from a lake a t 297 m is 
12 350 ± 190 yea rs 0-5097); she lls in Fort Langl ey c layey 
silt on the sa me hillside at 107 m elevation dated 12 690 ± 
190 yea rs 0 - 5959). This anachronism may result from the 
inaccura te dates . However, ice appa ren tly remained in the 
easte rn part of the F raser Low la nd after mo st of the 
waste rn part had risen above sea leve l and forests were 
growing on so me mounta in s lopes abo ve inundated areas 
(Ma thewes, 1973; Blunden, 1971 ). These co nditions m'ght 
exp la in some of the a noma lous dates. 

Not wit hstanding t he above discrepanc ies t he sample 
dates on wh ich the ages of the strat igraph ic un its lai d down 
during Fraser deglaciation (post -Vashon) are base d a re shown 
in T ab le 6. The post-Vas hon s tratigrap hy a nd radiocarbon 
dates are summar ized in Table 7. 

Correlation. The correlat ions sugges t ed in Ta ble 8 between 
the Pacific Northwest and the Great Lakes regions ma y be 
illusor y as a r esult of the d iffi cul ty encountered in ter pret in g 
r ad iocarbon dates, th e relatively short time spa n in vo lved in 
the deglac iat ion, a nd the vari at ions in local climate. An 
example of the climatic factor may be seen locally by 
contrasting the climate on the coastal s ide of t he Coast 
Mou ntains wi th t hat lOO km northeas t on the int erior s ide of 
the same mountai ns. The Fraser Lo wla nd, whi ch has a 
maritime climate, averages abou t 1500 mm of precipitation 
a yea r a nd rarely has temperatures be low minus l0°C; the 

inter ior aver ages 300 mm a year and fr equently has tem­
peratures below minus 20°C. Undoubtedly du ring degla ­
ci a tion the contrasts we re somewhat similar and even 
greater in the case of t emperature. The contrast ing 
climat ic conditions wou ld produce different degla ciat i on 
hi stories. 

Consequently worldw ide corre lations would seem to be 
valid only if a broad time spa n is considered. The las t maj or 
ice adva nce in t he Pleistocene appa rently fa lls be tween 
29 ODD to 10 ODD years BP throughout the northe rn hemi­
sphe re. The max imum a dvan ce is thought to have been 
18 ODD year s BP; however, in the P acific Northwest of the 
United St a tes the Vashon Stade reached its maximum 
between 15 ODD and 13 500 years BP (Mullineau x e t al., 
1965). Porter (1976) concl ud ed t hat the Vashon reached its 
maximum about 14 ODD years ago in the Norther n Cascade 
Range of the United States. It is my belief that the Vashon 
reached it s maximum in the Fraser Lowland between 15 ODD 
and 15 500 years BP (see Fig. 2) . 

Table 7. Post- Vashon strat igraph ic units and their ages 

F or mation 

Sa lish Sed iments 
basal pea t bog a nd gytt ja deposit s 

Sumas Drift 
wood in t ill (max imum age) 

Fort Lang ley F ormation 
she lls in g lac iomarine a nd marine 
sedim e nts 

Capi lano Sed iments (equivalent to Sumas 
plus F ort La ngley 
Formation) 

she lls in glaciomarine and ma rine 
sed iment s 

>­

"' ..... ..... 
~ 

N S 

Radiocarbon 
years BP 

present 
to 

12 350 ± 190 

11400 ± 170 
to 

11 700 ± 150 

11680 ± 180 
to 

12900±170 

11 300 ± 190 
to 

13 500 .:!: 200 

Figure 25. Distribution of post-Vashon radiocarbon dates in the Fraser Lowland. 
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Table B. Suggested corre lat ions of post-Vashon strat igraph ic units 

I Pacific Northwest Great Lakes 

Years FRASER PUGET NORTHERN EASTERN GREAT LAKES - LAKE MICHIGAN 
B.P. LOWLAND LOWLAND CASCADE ST. LA\VRENCE REGION (Evenson and 
(x103) (This paper) (Hansen and Range, U.S.A. (Dreimanis and Dreimanis, 1967) 

Easterbrook, 1974) (Porter, 1976) Karrow, 1972) 

HOLOCENE 

10 t--------- ~ 
c.? 

SUMAS NORTH BAY 
.,; 
H 

"' POSTGLACIAL <:Q 
TILL INTERSTADE :::> 

"' 
1------- ~ 

~ ---- HYAK MEMBER ~ ll_ 
H .-1 r-------

"' LAKE DALE 
~ 

~ H H DRIFT .,; 
~ ~ 

"' p 
~ 

EVERSON c.? STADE -----
"' f--------H INTERSTADE z z 
~ 0 (!) 

H ... 
H H 0 
p 

~ 
0: 

z~ ~ 

12- "' ... o;2~ 0 0 INTERSTADE 0 ~ ;:>:~H 

~ 0 ~'-<i:Ji2 :>< ;3 
.-1 ~..., u::o 
H .-1 "' :;;: c.? "' 

~(!)~ u "" "' .-1 ::l <ll PORT HURON PORT HURON .--l"Q 
H u «l 
~ 10..., STADE STADE 0 ·r-1 U) 
~~ 

13 r-------
MACKINAH CARY-

INTERSTADE PORT HURON 
1--- ----- ~ r-l_NI_E~~D~ _ 

c.? 

DOMERIE MEMBER PORT BRUCE 
.,; 
H CARY STADE 
"' <:Q 

LAKE DALE STADE :::> 

"' 14 -
DRIFT z 

.,; 
VASHON VASHON H 

p 
~ 

DRIFT STADE c. f. VAS ON 0 
ERIE ~ 

STADE p 
0 

(at Sea t tl e) INTERSTADE 0 
::>: 

1--------
15 (extends to 

18 000) 

16 
NISSOURI STADE 

(extends to 

23 000) 

17 -

18 

31 



CONCLUSIONS 

The late Wiscons in Fraser Glac ia ti on in southwes te rn Briti sh 
Columbi a rea c hed i ts climax a bout 15 ODD years BP during 
the Va shon Stade, when t he land was isos t a ti ca lly depressed 
at leas t 300 m and sea level ha d bee n e ustati cally lowe re d 
a bou t 100 m. Vashon ice wi t hdrew rapidl y a nd by about 
13 ODD years BP most of t he centr a l a nd western Fraser 
Lo wland was invaded by the sea; thi s occupat ion lasted until 
a bout 11 ODD year s BP. Isos t a t ic , e ust a t ic and tec tonic 
adjustments be t wee n the withdrawal of Vashon ice a nd t he 
withdrawal of th e sea were not unifor m fo r the whol e of th e 
Fraser Lo wl<:md. Also during thi s t ime interva l t he eastern 
part of the Frase r Lowla nd appare ntl y was occ upi ed by a 
pi edmont gl ac ie r (or g lac ie rs) tha t at various t imes adva nced 
into t he cent r al part of t he Frase r Low land probab ly by 
surgin g; a t o t he r times it stood s till or ret reated. In some 
pla ces th e base of thi s glacie r was suba qu eo us and in othe r 
pia ces subareal. 

The pi edmont glac ie r (or glacier s) term inated in the 
se a fo r much of it s hi s t or y, probably in a manne r s imil ar to 
the glacie rs of Yakuta t Bay a rea of Alaska today . 
Throughout th e period mainly g lacio marin e, marin e, g lacio­
flu vial and gla ci a l sed iments we re de pos ite d. 

These sed ime nts c ompri se t hr ee post-Vash on strata­
t ypes: F ar t La ngley Format ion, Capi !a na Sed iments a nd 
Sumas Drift. The Fort Langley Formation consis t s of int e r­
bedded glaciomarine, marine, glac ioflu via l a nd glac ial sed i­
ment s bounded by Vas hon Drift at t he base a nd Sumas Drif t 
a t th e t op. Th ey were deposited duri ng the per iod of 
de glacia tion tha t f ollowed th e max imum adva nce of Vashon 
ic e. De pos iti on s ta rted a bout 13 ODD years BP a nd e nded 
with th e adva nce of Sumas ice abou t 11 400 BP. 

Capi !ana Sed ime nts c ons ist of a t hi ck success ion of 
glacioflu vial , g laciomari ne and marin e sed iments lying to 
the west of the F ort Langley F orma tion a nd Sumas Drift. 
Capilano Sediment s a re bou nde d a t t he base by Vasho n Drift 
a nd at t he t op by Sa li sh Se diments. Capilano Sed in1e nts 
corr e la t e gener all y wi t h t he F a r t Langley Format ion. This 
corre la tion is support ed by the f act tha t bot h f orma ti ons 
wer e laid down in a pos t-Vas hon peri od that began whe n th e 
a rea was invaded by t he s ea a nd e nded, f or the Fort La ngle y 
Format ion, wit h the advance of Sumas ice and, for t he 
Ca pi la no Sedim e nts, wi t h th e wit hdrawal of t he sea to 
appr ox ima t e ly it s present pos ition. 

Sumas Dr ift c ons ists of till dia m ic t ons, adva nce and 
recess iona l glac io fluv ia l depos its, and g lac iolacustr in e sed ­
ime nts that were depos ited during the fin a l g lac ia l occu­
pation of th e eastern F raser L ow la nd. Sumas Dri ft is 
bounded by For t Langley Forma tion at the base a nd Sa li sh 
Sed im ent s at the t op. It r epresent s t he last ic e advance in 
th e Fraser Low land, c omme nc ing when sea lev e l was w ithin 
50 m of prese nt and end ing w ith the w ithdrawa l of the sea 
to approx im ate ly its present leve l. 

The glac io mari ne sed ime nt s tha t make up a la rge part 
of both the F or t Lang ley Fo rmat ion a nd Cap ilano Sed ime nts 
owe the ir orig in to fl oat ing ice, ma inly in th e fo r m of bergs 
and sm alle r pieces of g lac ie r ice, a nd to a mu ch lesser 
extent to sea ice dropping pebb les, la rge c la st s and a mi nor 
qu a nti ty of sand and f ine r sedi me nts in to sea fl oor mu ds, 
whi c h probab ly were deposited la rge ly by melt water 
stre ams. fvla crofo ssil and micro fossil she ll s foun d in th e 
g laci omarin e depos its ind icate that t he sea in wh ic h they 
Ji ved was r elat ive ly sha ll ow, probab ly less tha n 60 m at s ites 
whe re the fossil s we re fou nd. Othe r ev idence suggests tha t 
a t no t ime be twee n 13 ODD a nd 11 ODD year s BP was the sea 
more th an 300 m deep and norm all y it was muc h less. The 
fo ssil s a lso ind icate that sa linities we re 15 to 35 pe r cent 
(nor mal is 30 to 35 per cent ). S im ilar foss il assemb lages a re 
found today in t he Cook Inlet a rea of A !ask a (60 ° -61 "N) 
more th a n 1600 k m northwest of the F raser Low la nd. 

P a lynolog ical stu d ies ind icate that whe n the uplands of 
th e Vanc ouver area were ice fr ee a nd above sea leve l, 
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pi ed mont ic e and th e sea occupied the Fraser Lowland east 
of Lang ley Valley. At th e same time the mountain slopes 
ad joining th e c entr a l and easte rn Fraser Low land were free 
of ic e above 200 m e levation. 

Between 13 ODD and 11 ODD years BP the Fraser 
Low land und erwent isostati c, e ustatic and tec tonic changes 
in relat ive sea level. A s implifi e d ver s ion of the se changes 
is as foll ows: A ma jor sub merg enc e of more t ha n 200 m 
followed th e r e tr eat of Va shon ice a nd th e in vasion of the 
la nd by t he sea about 13 ODD year s BP. This wa s follo wed by 
a rap id e merg e nce of a t least 150 m by about 12 ODD year s 
BP. Thi s e mergence wa s f ollowed by a second submerg e nce 
of app arently more t han lOO m during the next 500 years, 
t ha t is up to about 11 500 ye ars BP , when th e Sumas ice 
adva nc e co mme nc ed. During and follow ing the Sumas 
advanc e t he land ag a in e merg ed a nd sea leve l wa s w ithin 
15 m of t he present leve l. Based on t he present state of 
kno wledge, t he r e la tive s ignific anc e and timing of isostatic, 
eusta t ic and t ec t oni c move ments are only specula ti ve. Once 
t hese are under stood full y, the post ulated sec ond ma jor 
sub mergence may not be the most log ical expla na tion of sea 
level cha nges. 

No r ecord of Fraser R iver is found in t he Frase r 
Low la nd in pre -Vashon time. The ri ver appare nt ly c ame into 
ex ist ence during pos t-Vashon t ime when Sumas ice finally 
mel ted and ic e c le ar ed out of t he Fraser canyon. 
Ap pare nt ly the Fraser est abli shed itse lf in a Sumas ice 
meltwate r cha nn e l from Chilli wack west, probably about 
11 ODD years BP. 
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