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PREFACE 

Quaternary sediments and landforms in southwestern British Columbia will 
be examined on this excursion in order to document the recent geologic evo
lution and the sedimentary environments of this region. The field trip and 
this guidebook are concerned primarily with the Fraser Lowland, an area of 
low to moderate relief south and east of Vancouver, and with the lower parts 
of bordering mountain valleys. 

The organization of the guidebook is as follows. The first section 
following this introduction summarizes the physiography, geographic setting, 
and general geology of the Fraser Lowland. This is followed by a section on 
late Pleistocene history, sediments, and sedimentary environments of south
western British Columbia. The sedimentary environments and Holocene evo
lution of the Fraser River delta are reviewed in the next section. Site in
formation for all field trip stops (Days 1 through 3) is presented in the 
final section of the guidebook. 

PHYSIOGRAPHY AND GENERAL GEOLOGY 

The Fraser Lowland forms the southwestern corner of the British Columbia 
mainland and the adjoining northwestern corner of Washington State (Holland, 
1964). It is a triangular-shaped area of about 3000 km2 bounded on the west 
by the Strait of Georgia and Puget Sound, on the north by the Coast Mountains, 
and on the south and southeast by the Cascade Mountains (Fig. 1). The Coast 
and Cascade Mountains are major mountain systems with many peaks in excess of 
2500 m in southwestern British Columbia and northwestern Washington. In con
trast, the Fraser Lowland consists of flat-topped and gently rolling hills, 
most of which are below 150 m in elevation and which are separated by wide 
valleys. The largest of the valleys in the lowland is occupied by the Fraser 
River which drains most of the southern and central interior of British Colum
bia and which terminates in a large delta prograding westward into the Strait 
of Georgia. 

The Fraser Lowland is part of a major structural trough which has sub
sided repeatedly since late Cretaceous time and into which more than 4000 m 
of sediments, eroded from the adjacent mountains, have been deposited (Math
ews, 1972). The present physiography of the region was produced largely dur
ing late Tertiary and Quaternary time when rivers and glaciers dissected the 
Coast and Cascade Mountains, shedding detritus into the Georgia Depression, 
Puget Lowland, and Pacific Ocean (Mathews, 1972; Ryder, 1981). The lithology 
of Quaternary sediments in the Fraser Lowland relates closely to that of 
rocks outcropping in adjacent montane areas from which the sediments were de
rived. For example, sediments with a high content of quartz, feldspar, and 
granitic lithic fragments were transported south into the lowland from the 
southern Coast Mountains ~:.vhich are underlain dominantly by granitic rocks. 
In contrast, sediments rich in sedimentary, metasedimentary, volcanic, and 
metavolcanic material were transported west and northwest from the Cascade 
Mountains where these rock types are common at the surface. 



Figure 1. Laca ion of the Fraser Lowland (darkened cir
cle) in relati to the Cordilleran Ice Sheet at its Pleis-
tocene ma.ximum. CA, Cascade l'1:::Junta-Lns; CO Coast Mountains; 
SG, Strait of , .h;an de Fuca Strait; 0, Olympic 
Peninsula; 
indicate 
from Vlin 

Vancouver Island. 
of cier flow" 

Arrows 
Modified 



- 3 -

Quaternary deposits up to 300 m thick underlie most of the Fraser Low
land, with bedrock hills projecting through the Quaternary cover in only a 
few localities (Armstrong, 1977a, b). There is little or no relationship 
between the present land surface and the surface upon which the Quaternary 
sediments rest. Rather, the present surface is primarily a product of de
positional processes operative during final Pleistocene deglaciation of the 
area 11,000 to 13,500 years ago and, to a lesser extent, during Holocene 
time. 

The Quaternary succession in the Fraser Lowland consists of sediments 
deposited during alternating glacial and nonglacial intervals. The lowland 
was repeatedly invaded by glaciers from the adjacent high mountains during 
the Pleistocene Epoch. Thick complex drift sequences deposited in associa
tion with these glaciers ,,Jere eroded by overriding ice and by fluvial, 
marine, and mass-wasting processes operative during subsequent nonglacial 
intervals. As a result of these processes, the Quaternary fill in the 
Fraser Lowland consists of several drift packages separated by unconformities 
and by nonglacial deposits. 

Each major glaciation was accompanied by isostatic adjustments related 
to glacier build-up and subsequent decay. Combined with eustatic changes in 
sea level, these glacio-isostatic adjustments produced vertical fluctuations 
in shoreline positions of up to 200m in the Fraser Lowland (Mathews et al., 
1970). As a consequence, low-lying land areas were repeatedly transgressed 
and regressed by the sea during Pleistocene time, and marine, glaciomarine, 
and deltaic sediments were deposited in complex associations with glacial, 
glaciofluvial, and ice-contact materials. 

Little information is available on the early Quaternary history of the 
Fraser Lowland, but some of che deeply buried deposits probably date back to 
this time. In particular, the lower parts of some of the thick marine se~ 
quences which underlie large parts of the lowland and which are known only 
from deep drill holes perhaps record the transition from the Pliocene to the 
Pleistocene. A more complete record of late Pleistocene events is available 
locally. This record is reviewed in the following section of this guidebook. 
Holocene sediments and associated landforms, including deltas, floodplains, 
bogs, and landslides, are common. The sedimentary processes that created 
these landforms are operative today and contrast sharply with the generally 
higher energy processes that prevailed in the Fraser Lowland during Pleisto
cene glaciations. 

LATE PLEISTOCENE HISTORY AND SEDIMENTARY ENVIR01"'MENTS 

Pleistocene sedimen 
and in the Fraser Lowland, 
alternat and 

Introduction 

environments in British Columbia, 
in particular, have been controlled 

ial. in.ter·vals,. 
cene, global 
mountains of Eriti,3h Colurnbia ~ At the beg 

Repeatedly dur 
of glaciers 

of each major 

in general, 
primarily by 

the Pleisto
in the high 
cooling 
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episode, alpine glaciers advanced do"m mountain valleys. With continued 
cooling and perhaps increased precipitation, these glaciers coalesced to form 
piedmont complexes and small mountain ice sheets. Eventually, piedmont com
plexes from separate mountain source areas joined to cover most of the pro
vince (Davis and Mathews, 1944). 

As the Cordilleran glacier complex expanded, its nourishment and surface 
flow patterns became less controlled by ground-surface topography and more 
controlled by ice-sheet morphology. During major glaciations, the ice thick
ened sufficiently over interior British Columbia for an ice dome to exist, 
with surface flow radially away from its centre (Dawson, 1881; Kerr, 1934; 
Mathews, 1955; Wilson et aL, 1958; Fulton, 1967; Flint, 1971). This was 
accompanied by a reve.rsal of glacier flow in the Coast Mountains as the ice 
divide (the axis of outflow) shifted from the mountain crest eastward to a 
position over the Interior Plateau (Flint, 1971, p. 469). A comparable west
ward shift and reversal of flov.1 also occurred in the Rocky Mountains of east
ern British Columbia and western Alberta. At such times, glacier nourish
ment and surface flow were controlled by the ice sheet itself rather than by 
substrate topography et aL, 1968). During lesser glaciations, such 
an ice dome did not form. Instead, the Cordilleran Ice Sheet remained a com
plex of coalescent piedmont glaciers which covered lowland and plateau areas, 
but which was fed entirely from alpine centres. 

During the advance of each glaciation, the existing drainage system 
was disrupted and rearranged. Proglacial lakes formed in many parts of Bri
tish Columbia in front of the advancing glaciers, but eventually were over
riden by ice. Ice buildup also was accompanied by aggradation as outwash 
flooded into interior and coastal valleys from mountain areas. 

During each major glaciation, the Cordilleran Ice Sheet advanced south 
into Montana, Idaho and vJashington, north into Yukon Territory, east into 
Alberta, and west onto the British Columbia continental shelf (Fig. 1; Prest 
et al., 1968; Flint, 1971). Sediments deposited in advance of the growing ice 
sheet were, in part, eroded and redeposited as till and ice-contact sediments. 
In areas of concentrated ice flow, such as fjords glaciers scoured deep 
troughs and basins. 

Each glaciation terminated with rapid climatic amelioration, Deglacia-
tion was characterized complex frontal retreat in peripheral glaciated 
areas and by widespread ion accompanied by downwasting in areas of low 
and moderate relief in the British Columbia interior (Fulton, 1967; Tipper, 
197la, b)" In each r s appeared through the ice cover first, di
viding the ice sheet into a series of valley tongues that decayed in response 
to local conditions. Active ice became restricted to the major 
mountain systems, as exes, bat in most areas as valley 
glaciers. 

As during t:t·,e advance 
drainage changes occurred dur 
evolved as glaciers downwasted 

iation, aggradation and extensive 
iation. ial lakes formed and 

and retreated over the Interior Plateau (Math-
ews, 1944; Fulton, 19 Coastal lowlands, isostat essed the 
decaying ice sheet, e ed the became sites of iomarine 
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sedimentation (Armstrong and Brown, 1954; Armstrong, 1981). Floodplains ra
pidly aggraded because rivers and streams were unable to cope with the large 
volumes of sediment made available during deglaciation (Church and Ryder, 
1972). 

Glacial episodes like those described above occurred repeatedly during 
the Pleistocene and were separated by periods during which intermontane val
leys, basins, plateaus, and coastal lowlands were largely free of glacier ice, 
and during which a variety of sediments were deposited within a geomorphic 
framework similar to that of the present (Fulton, 1971, 1975a). Fluvial and 
organic sediments were deposited in the channels of small streams and on 
floodplains; soil and colluvium developed on slopes bordering floodplains; and 
marine sediments were deposited in offshore areas. Fans were built out into 
valleys, and deltas prograded into lakes and the sea. 

Most landforms and surface sediments in British Columbia are the products 
of the present interglaciation and the late Wisconsin (Fraser) glacial cycle 
(Fig. 2). Older sediments occur beneath Fraser Glaciation drift deposits and 
postglacial sediments in some interior valleys and locally along the coast. 
In these areas, there is sufficient exposure of deposits of the middle Wiscon
sin (Ol)~pia) nonglacial interval to allow a reconstruction to be made of sed
imentary environments, paleogeomorphology, and paleoclimates. Older glacial 
and nonglacial deposits are also present in these areas, but in general are 
not well exposed and have not been adequately studied. The little information 
that is available (e.g., Fyles, 1963; Fulton and Halstead, 1972; Armstrong, 
1975; Fulton, 1975a, b; Fulton and Smith, 1978; Hicock, 1980) suggests that 
these sediments were deposited under conditions similar to those prevailing 
during middle and late Wisconsin time. 

Olympia Nonglacial Interval 

The Olympia nonglacial interval is the time preceding the Fraser Glacia
tion when coastal and intermontane areas in British Columbia were largely free 
of glacier ice (Armstrong et al., 1965). 

Sedimentary Record 

Extensive deposits of Olympia age underlie the lowlands of the Strait of 
Georgia region, including the Fraser Lowland. These deposits, termed the Co
wichan Head Formation (Fig. 2), consist of fluvial, estuarine, and marine 
silt, sand, and gravel (Armstrong and Clague, 1977). A lower marine member, 
comprising mainly clayey silt and sand, is overlain by an upper estuarine and 
fluvial member consisting of gravel and sandy silt, in general rich in fossil 
plant remains. 

The Co·wichan Head Formation commonly is underlain by glaciomarine, gla
ciolacustrine, and glaciofluvial sediments, which in turn are underlain by 
till. The sequence appar is conformable and records the transition from 
glacial conditions of the penultimate glaciation to nonglacial conditions of 
the ial interval. As glaciers retreated out of the Georgia 
Depression at the close of the penultimate glaciation, glaciomarine 
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glaciolacustrine, and glaciofluvial sed:Lments were deposited on the isosta
tically depressed coastal lowlands. With the complete d:Lsappearance of gla
cier and drift ice from southwestern British Columbia, glacigene sedimenta
tion was succeeded by marine, estuarine, and fluvial sedimentation in a 
physiographic setting similar to that characterizing the area at present. 
Thus, rivers and streams flowed across the isostatically uplifted lowlands 
and into the sea. Channel and overbank sediments were d~~posited on flood
plains and stream courses; deltaic, estuarine, and beach sediments 
accumulated in coastal areas; and marine muds were deposited in offshore 
areas, 

These environments c spatially through time. For example, sea 
areas became progressively more restricted in the Georgia Depression as the 
Olympia nonglacia.l interval progressed due to isostatic and possibly diastro-
phic uplift and the influx of sediments into the basin from the adjacent 
mountains. Thus, marine sediments were overlain by estuarine and fluvial de
posits as terrestrial lowland areas expanded at the expense of the sea. The 
common occurrence of Olympia-age estuarine and fluvial silt and gravel over
lying marine mud and sand is the basis for the subdivision of the Cowichan 
Hea'd Formation into two members. 

Paleoclimate 

Published information on climatic conditions during the Olympia nongla
cial interval in coastal southwestern British Columbia and northwestern Wash
ington has been summarized by Clague (1978) and Alley (1979). Fyles (1963) 
concluded that eastern Vancouver Island was forested, at least in part, and 
that the climate during part of the Olympia interval was somewhat cooler than 
at present. Armstrong and Clague (1977) reported on fossil beetle and pollen 
assemb1ages from the Cowichan Head Formation and stated that the Olympia eli
mare was at times similar to, and at times cooler than, the present. Alley 
(1979) examined fossil pollen spectra of the Cowichan Head Formation on east
ern and southern Vancouver Island and concluded that lowland vegetation and 
climate from before 51,000 to about 29,000 years ago were broadly similar to 
the present. ln contrast, Gascoyne (1980) and Gascoyne et al. (1980, 1981) 
considered the Olympia climate to be cooler than that of the present. On the 
basis o£ oxygen-isotope fractionation in speleothems dated by uranium-series 
methods, they proposed that cave temperatures near Alberni on Vancouver Island 
decreased 4°C between about 64,000 and 28,000 years ago. This temperature de
crease was attributed to gradual climatic deterioration during the Ol:y'Tllpia 
nonglacial interval. 

Palynological data obtained from late Quaternary sediments in northwest
ern Washington State bear on the paleoclimatic conditions in nearby southwest
ern British Columbia. Florer (1972) and Heusser 972, 1977) modern 
and radiocarbon-dated fossil pollen assemblages on Olympic Peninsula and con
cluded that during the 0 0lympia interval average July temperatures near the 
coast \-Jere 8-l3°C, colder than at present. Heusser that the cli-
mate fluctuated within the interval; cold periods with temperatures 

e to those of the Fraser Glaciation maximum alter·nated ~vith periods 
of relative ~varmth which se of the 
Similar conclusions were :reached 974) on the basis 



.. EXISTING ICE FIElDS 

1111 25,000 YEARS BP 

Ul!!!HlmUJ 20,000 YEARS BP 
E==:J 15,000 YEARS BP 

0 50100 
l!iw l!illiii!i!i I 

Figure 3. Grm:vth of the Cordilleran Ice Sheet in southern British 
Columbia and northern Washington during the Fraser Glaciation. Approx
imate glacier margins at 25,000, 20,000, and 15,000 years BP are shown. 
These positions have been determined from available radiocarbon dates 
and physiography and should be considered first approximations, subject 
to revision as additional data become available. The 15,000 year old 
margin is, in part, from Crandell (1965) and Richmond et al. (1965) and 
is speculative off the west, north, and south coasts of Vancouver Is
land. Alpine glaciers in the Olympic and Cascade Mountains outside the 
15,000 year old boundary of the Cordilleran Ice Sheet and unglaciated 
areas within the confines of the ice sheet are not shown. From Clague 
(1981, his Fig. 3). 
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glaciolacustrine, and glaciofluvial sediments were deposited on the isosta
tically depressed coastal lowlands. With the complete disappearance of gla~ 
cier and drift ice from southwestern British Columbia, glacigene sedimenta
tion was succeeded by marine, estuarine, and fluvial sedimentation in a 
physiographic setting similar to that characterizing the area at present. 
Thus, rivers and streams flowed across the isostatically uplifted lowlands 
and into the se.a. Channel and overbank sediments were deposited on flood
plains and stream cou.rses; deltaic, estuarine, and beach sediments 
accumulated in coastal areas; and marine muds were deposited in offshore 
areas. 

These environments spatially through time. For example, sea 
areas became progressively mon: restricted in the Georgia Depression as the 
Olympia nonglaci<cl interval progressed due to isostatic and possibly diastro
phic uplift and ;::o the influx of sediments into the basin from the adjacent 
mountains. Thus, marine sediments were overlain by estuarine and fluvial de
posits as terrestrial lowland areas expanded at the expense of the sea. The 
common occurrence of Olympia-age estuarine and fluvial silt and gravel over
lyipg marine mud and sand is the basis for the subdivision of the Cowichan 
Head Formation into two members. 

Paleoclimate 

Published information on climatic conditions during the Olympia nongla
cial interval in coastal southwestern British Columbia and northwestern Wash
ington has been summarized by Clague (1978) and Alley (1979). Fyles (1963) 
concluded that eastern Vancouver Island was forested • at least in part, and 
that the climate during part of the Olympia interval was somewhat cooler than 
at present" Armstrong and Clague (1977) reported on fossil beetle and pollen 
assemblages from the Cowichan Head Formation and stated that the Olympia cli
mate was at times similar to, and at times cooler than, the present. Alley 

/9) examined fossil pollen spectra of the Cowichan Head Formation on east
ern and southern Vancouver Island and concluded that lowland vegetation and 
cllL'lat.e from bF:fore 51,000 to about 29,000 years ago were broadly similar to 
the present. In contrast, Gascoyne (1980) and Gascoyne et al. (1980, 1981) 
considered the Olympia climate to be cooler than that of the present. On the 
basis of oxygen-isotope fractionation in speleothems dated by uranium-series 
methods, they proposed that cave temperatures near A.lberni on Vancouver Island 
decreased 4°C between about 64,000 and 28,000 years ago. This temperature de
crease was attributed to gradual climatic deterioration during the Olympia 
nonglacial interval. 

Palynological data obtained from late Quaternary sediments in northwest
ern ttJashington State bear on the paleoclimatic conditions in nearby southwest~ 
ern British Columbia. Florer 972) and Heusser 972, 1977) modern 
and radiocarbon-dated fossil pollen assemblages on Olympic Peninsula and con-
cluded that during the Olympia interval average temperatures near the 
coast were 8-13°C, 2-7° colder than at present. Heusser argued that the cli-
mate fluctuated >•7ithin the ia interval; cold periods v7ith temperatures 

e to those of the Fraser Glaciation_ n1ax:Lm"Ln11 alternated ·with 
ive ,,,armth vlhich approached those of the 

Similar conclus:tcms vJere reached and Easterbrook (1974) on the basis 
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Figure 3. Grov7th of the Cordilleran Ice Sheet in southern British 
Columbia and northern Washington during the Fraser Glaciation. Approx
imate glacier margins at 25,000, 20,000, and 15,000 years BP are shown. 
These positions have been determined from available radiocarbon dates 
and physiography and should be considered first approximations, subject 
to revision as additional data become available. The 15,000 year old 
margin is, in part, from Crandell (1965) and Richmond et al. (1965) and 
is speculative off the west, north, and south coasts of Vancouver Is
land. Alpine glaciers in the Olympic and Cascade Mountains outside the 
15,000 year old boundary of the Cordilleran Ice Sheet and unglaciated 
areas vlithin the confines of the ice sheet are not shown. From Clague 
(1981, his Fig. 3). 
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of palynological investigations in the Puget Lowland east of the Olympic 
Mountains and south of the Georgia Depression. Hansen and Easterbrook (1974) 
and Easterbrook (1976a, b) also proposed that the Puget Lowland was occupied 
by glaciers during part of Olympia time. 

It is difficult to reconcile the above evidence for the existence of gla
cial climatic conditions during parts of the Olympia interval in northern 
Washington both with the palynological evidence that Olympia climates were 
similar to, or slightly cooler than, the present in the Georgia Depression and 
with the absence of coeval glacial events in lowland areas throughout southern 
British Columbia. It is possible that intervals of extreme cold were too 
brief to lead to significant glaciation in the Cordillera. However, there re
mains an incompatibility between the paleoclimatic interpretations based on 
palynostratigraphic studies in Washington and British Columbia. It seems pro
bable that the Olympia-age temperature reductions estimated by Heusser (1972, 
1977) and Hansen and Easterbrook (1974) are too large, and that the lithostra
tigraphic evidence for glaciation during the Olympia interval in the Puget 
Lowland is invalid (see also Fulton et al., 1976). 

Fraser Glaciation 

The Fraser Glaciation is the last major glaciation of British Columbia, 
during which ice covered most of the province (Armstrong et al., 1965). For 
purposes of discussion, the Fraser Glaciation may be subdivided into an ad
vance phase from the end of the Olympia interval until the glacial climax 
(Fig. 3), and a recessional phase from the glacial climax until approximately 
the beginning of the Holocene (Fig. 4). During both the advance and reces
sional phases, ice margins fluctuated in a complex manner, due probably to 
variations in global and regional climate and to local nonclimatic factors. 

Advance Phase 

Sedimen~ary Record. Climatic cooling and increased precipitation at the end 
of the Olympia nonglacial interval and the beginning of the Fraser Glaciation 
resulted in enhanced sediment production in the mountains of British Columbia. 
In response to this, streams and rivers aggraded their channels, and thick de
posits of alluvium and outwash accumulated in many valleys and lowland areas, 

In the Strait of Georgia region, climatic deterioration triggered the de
position of a body of sandy outwash up to 100 m thick. This prominent litho
stratigraphic unit, termed Quadra Sand by Clague (1976b, 1977) and Armstrong 
and Clague (1977), consists of well sorted, fine to medium sand characterized 
by horizontal and near-horizontal bedding and by large- and small-scale cross
stratification. Silt and gravel are minor constituents of the unit, occurring 
most corr~only as interbeds in its lower and upper parts, respectively. 

Quadra Sand has a wide, although patchy distribution in the Georgia De~ 
pression and Puget Lowland. 1 Large areas of the coastal lowland of eastern 

The unit is called Esperance Sand in Washington (Mullineaux et aL, 1965). 
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Figure 4. Decay of the Cordilleran Ice Sheet in southern British Co
lumbia and northern 1~ashington during the terminal phase of the Fraser 
Glaciation. Approxiffiate ier margins at 15,000, 12,500, and 10,000 
years BP are sho>m. These positions have been determined from available 
radiocarbon dates and physiography and should be considered first ap
proximations, subject to revision as additional data become available. 
The 15,000 year old margin is, in part, from Crandell (1965) and Rich-
mond et al. and is speculative off the '"est, north, and south 
coasts of Vancouver Island. Alpine glaciers in the and Cascade 
Mountains outside the 15,000 year old of the Cordilleran Ice 
Sheet and unglaciated areas within the confines of the ice sheet are not 
sho~n. From 981, his . 4 . 
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Vancouver Island, many islands in the Strait.of Georgia, and parts of the Fra
ser Lowland are underlain by Quadra Sand. The unit and correlative coarser 
sediments also occur in several upland valleys adjacent to the Georgia Depres~ 
sion, for example in Coquitlam Valley north of the Fraser Lowland. Although 
the unit presently consists of a series of relatively small isolated bodies, 
available evidence indicates that it was originally more extensive in distri
bution. Exposed Quadra beds are horizontal, uniform in character, and contin
uous over distances as great as 6 km. It is thought that the present patchy 
distribution of the unit is due largely to erosion of an originally more ex
tensive sediment body or group of bodies. 

The widespread occurrence of Quadra Sand to elevations up to 100 m on 
both sides of the Strait of Georgia and on islands within the strait suggests 
that large parts of the present marine basin were filled or nearly filled with 
sediment before being overriden by glaciers during the Fraser Glaciation. 
Continuous seismic profiles across the northern Strait of Georgia show that 
remnants of this fill are widespread in distribution, locally occurring to 
several hundred metres below sea level and exceeding 550 m in thickness (Fig. 
5; Clague, 1976a). The sediments forming these fill remnants are largely muds 
and are characterized by horizontal internal seismic reflectors that extend 
under Quadra Sand exposed on islands in the northern Strait of Georgia. Major 
unconformities occur within the sedimentary sequence, indicating that the fill 
accumulated during more than one depositional cycle. 

A 
HOlOCENE 
SEDIMENTS 

PlEISTOCENE 
SEDIMENTS 

0 BEDROCK 

Continuous seismic profile across a shallow bank underlain 
stratified Pleistocene sediments. These sediments predate Quadra 

Sand and remnants of a more extensive marine fill upon which 
at the of the Fraser Glaciation. 

A within e. From Clague 7, 
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Figure 6, Paleocurrent data Quadra Sand, Arrows are vector resul
tants based upon the axial orientation of trough cross-beds. At some 
sites vJhere samples were collected, paleoflow directions are in-
dicated by more than one arrow; each such arrow is the vector resultant 
of those which are statistically equivalent. Inset map sho>vs the 
regional flow tern from paleocurrent and mineralogic data. 
From Clague Fig. 11). 
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Paleocurrent data (Fig. 6), sand mineralogy, and radiocarbon dates (Fig. 
7, Table 1) show that Quadra Sand was deposited progressively from northwest 
to southeast down the Georgia Depression. The sand in most areas consists 
mainly of feldspar, quartz, amphibole, and magnetite derived from granitic 
rocks of mainland British Columbia north and northeast of the Georgia Depres
sion. The source area in the southern Coast Mountains is the region with the 
highest peaks and largest existing glaciers in southern and central British 
Columbia. 

Quadra Sand, in general, decreases in age from north to south in the 
Georgia Depression (Fig. 7). The oldest radiocarbon date that confidently can 
be assigned to the unit is 28,800±740 years BP (GSC-95). This date, obtained 
from the lower part of the sand near Comox in the northern Georgia Depression, 
indicates that there was enhanced glacial activity in the nearby Coast Moun
tains many thousands of years before glaciers finally occupied the coastal 
lowlands and intermontane plateaus. At the south end of the Georgia Depres
sion east of Vancouver, sub-till deposits associated with Quadra Sand have 
yielded three radiocarbon dates ranging from 18,300±170 to 18,700±170 years 
BP (GSC-2322 and GSC-2344, respectively). Finally, in the vicinity of Seat
tle, Washington near the southern limit of the outwash unit, stratified clay 
underlying Esperance Sand has yielded radiocarbon dates as young as 15,000±400 
years BP (W-1227). Because of its diachroneity, Quadra Sand overlaps in age 
the Cowichan Head Formation which it stratigraphically overlies. 

Table 1. Radiocarbon dates from the Fraser Lowland and adjacent valleys pertaining to the advance phase of the Fraser Glaciation 

Laboratory Date location £1 evati on 

dating no.a (years BP) Locality 
1 at. long. (m)b Dated material 

GSC-2297 17,800±150 Coquitlam Valley 49°20.2 I 122°46. 7' 214 Abies sp. 

GSC-2371 18,000±150 Coquitlam Valley 49°20.2' 122°46. 7' 156 Abies sp. 

GSC-1321 18,300±170 Port Moody 49°17.3' 122°52. 7' 61 Abies sp. 

GSC-2194 18,600±190 Mary Hi 11 49°14. 0' 122°47. 0' 61 Picea sp. 

GSC-2344 18, 700±170 flary Hill 49°14.0' 111°47. 0' 61 Taxus brevifolia. 

GSC-3305 11 ,300±150 Coquit1am Valley 49°19.8' 122°46.4' 116 Abies sp. 

SFU 65 21,400±140 Chilliwack Valley 49°05.6' 121°56.9' 76 mammoth tusk (collagen) 

GSC-2536 21 ,500±240 Coquit1am Valley 49°18. 7' 122°46.4' 125 Thuja plicata 

GSC-2203 21 ,600±200 Coquitlam Valley 49°19.8' 122°46.6' 190 Picea sp. 

SFU 61i 21,600±240 Chilliwack Valley 49°05.6' 121 °56.9' 70 marrrnoth tusk (collagen) 

GSC-2416 21, 700±130 Coquitlam Valley 49°19.8' 122°46.6' 130 Abies sp. 

GSC-2335 21, 700±240 Coquit1am Valley 49°19.8' 121°46.6' 105 Abies sp, 

GSC-2232 22, 700±320 Chilliwack 49°06.3' 111°55.3' 60 marrrnoth tusk (collagen) 

L-502 24,400'900 Spanish Bank 49°17' 123°13' 15 woodf 

GSC-108 24,500±500 Spanish Sank 49°17' 123°13' 15 woodf 

GSC-109 25,1 00±600 Point Grey 49°16' 123°15' peatf 

GSC-2273 25,800!310 Mary Hill 49°13. 9' 112°46.8' 50 Picea SP. 

GSC-1635 26,1 00±320 Point Grey 49°15. 9' 123°15.8 1 0. 3 Salix sp. 

alaboratories: GSC, Geologica1 Survey of Canada; L, Lamont; SFU, Simon Fraser University. 

bE1evations are a;Jproximate. Datum is mean sea level except where indicated otherwise. 

Depositional 

envl ronment 

glacio lacustrine 

glacio 1 acus trine 

forested slope 

forested slope 

forested slope 

glacio 1 acus trine 

glaciofluvial 

glacial 

glaciofluviale 

glaciofluvial 

glaciofluviale 

glaciofluviale 

glaciofluvial 

glaciofluviale 

glaciofluviale 

glaciofluviale 

fluvial?g 

glaciofluvia1e 

c"Maximum'' and "minimun;" refer w times at which glacier ice occupied the locality, not the beginning or end of the glaciation. 

dAlso Coquitlam minimum. 

0Quact\~& Sand, 

£Datum probably is higher high water (ca. 2.S m above mea:~ tide). 

gCowichan Head Formation. 

Coll11lentc 

Vashon maximumd 

Vashon maximumd 

Vashon maximumd 

Vashon maximumd 

Vashon maximumd 

Coquitlam maximum? 

Fraser ma.ximum 
Coquithm advance 

Coquitlam maximum 

Fraser maximum 

Coquitlam maximum 

Coquitlam maximum 

Fraser maximum 

Fraser maximum 

Fraser maximum 

Fraser maximum 

Coquitlam maximum 

Fraser maximum 
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Quadra Sand accumulated, in large part, on floodplains extending across 
or along the margins of what is now the Strait of Georgia (Fyles, 1963; 
Clague, 1976b, 1977). Laminated and thin-bedded silt, sandy silt, and silty 
sand, which occur locally near the base of the unit, probably were deposited 
in standing water, either local ponds or the sea. Localized deposition in 
standing water also is suggested by occurrences of thick, gently inclined, 
parallel-bedded Quadra Sand at a few sites near the margins of the Georgia 
Depression (for example, see Stop 1-2). Such sand likely was deposited, at 
least in part, as subaqueous outwash or deltaic sediments in the sea or in 
ponds trapped between advancing glaciers and higher ground. 

10 15 20 25 

RADIOCARBON 

30 

(x 

35 

years) 

40 45 

Figure 7. Age relationship of the Cowichan Head Formation and Quadra 
Sand, Radiocarbon dates from the Cmvichan Head Formation (Olympia non
glacial sediments in Hashing ton State) are shmm by dots; those from 
Quadra-Esperance Sand by circles. Triangles indicate dates from proba-
ble correlatives in adjacent to the Georgia De-
pression and from out1N"ash to the ice front in lowland 
areas. es indicate dates from s postdating Coquitlam 
Drift and predat Vashon Drift. The lined band marks the transition 
from ial to ial sedin1entation" Hodifi.ed from Clague 

0 1. 5) 0 



- 15 -

Quadra Sand was deposited at successive positions in front of and along 
the margins of glaciers moving from the Coast Mountains into the Georgia De
pression and Puget Lowland during late Wisconsin time. In the northern Strait 
of Georgia, the unit occurs as remnants near the centre of the depression as 
well as along the margins. This indicates that Quadra Sand likely was deposi
ted across the full width of the strait in this area. In the central and 
southern Strait of Georgia, remnants of the unit are restricted to the margins 
of the depression. Here, the sediments were deposited either as a basin-wide 
fill as in the northern strait, or as kame terraces and kame deltas along the 
sides of the trunk glacier advancing down the axis of the depression. 

Much of the sand may have been recycled repeatedly as glaciers expanded. 
Fyles (1963) partly attributed the erosion recorded by the unconformity be
tween Quadra Sand and overlying Vashon till to fluvial incision of the former 
before the area was overriden by ice. Evidence for fluvial erosion includes 
"broadly curved, steep scarps, 100 feet or more in height" (Fyles, 1963, p. 
39). The change from aggradation to degradation may have been caused by an 
increase in hydraulic energy without a corresponding increase in sediment sup
ply as glaciers approached the site. The eroded sand might then be transport
ed farther south to be redeposited as part of the sand unit. 

Fig. 8 summarizes diagrammatically the possible depositional models of 
Quadra Sand, One possible model (Fig. SA) shows the unit deposited as distal 
outwash on a subaerial or shallow marine platform of older sediments. Part of 
the sand was recycled as glaciers advanced down the Georgia Depression. In a 
variation of this model (Fig. 8B), sand was deposited as proximal outwash a
long the lowland margins while ice occupied the adjacent axis of the depres
sion. A third model (Fig. 8C) shows Quadra Sand deposited over the entire 
Georgia Depression before glaciers advanced far out of the fjords. The ab
sence of a decrease in mean grain size away from known source areas argues 
against this last model. 

In each of these models, the initiation of Quadra Sand deposition is cli
matically induced. This climatic change, which probably relates to the early 
alpine phase of the Fraser Glaciation, occurred about 29,000 years ago (Alley, 
1979). This is substantially earlier than glacier occupation of lowland areas 
throughout British Columbia, For example, Fraser Glaciation ice did not ex
tend beyond the front of the Rocky Mountains onto the British Columbia Inter
ior Plateau until after 22,000 years ago, and some lowland areas remained free 
of ice until about 17,000 years ago (Clague et al., 1980). This indicates 
that many thousand years intervened between the alpine and ice-sheet phases of 
the Fraser Glaciation. 

Additional information relating to the advance phase of the Fraser Glaci
ation in southwestern British Columbia has been provided by detailed strati
graphic studies in Coquit1am Valley and the adjacent Fraser Lowland (Armstrong 
and 1975, 1976; Hicock, 1976; Hicock and Armstrong, 1981; Hicock et 
al., in press). In these areas, tills and related glacial sediments deposited 
during ti<JO distinct Fraser Glaciation ice advances have been recognized. An 
older drift unit, termed Coquitlam Drift ~vas deposited by glaciers advancing 
out of the Coast Mountains and across the Fraser Lowland during the early part 
of the Fraser Glaciation. \vood from till has been dated 2l,500±2L;O 
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years BP (GSC-2536). This drift unit is overlain by Vashon Drift, deposited 
when glaciers advanced to their late Wisconsin climax positions. Radiocarbon 
dates ranging from 18,300±170 to 18,700±170 years BP (GSC-2322 and GSC-2344, 
respectively) on organic sediments beneath Vashon Drift and above Coquitlam 
Drift provide chronologie control on deglaciation of at least part of the 
Fraser Lowland prior to the climactic Vashon advance. 

At the time of the Coquitlam advance, piedmont glaciers probably already 
occupied large parts of the Georgia Depression (Clague et al., 1980). The 
evidence for this is that thick sediments of ice-contact, glaciofluvial, and 
glaciolacustrine origin in lower Coquitlam Valley apparently accumulated 
against, and likely were derived in part from, an ice barrier at the mouth of 
the valley (Fig. 9). The ice barrier was part of a complex of glaciers occu
pying much of the Fraser Lowland and flowing from the east and/or northwest. 
Following the Coquitlam advance, the western Fraser Lowland became deglacia-

c=J GLACIER ICE 

OUTWASH 

,4~ Ai'PROlUMATE L!I\IIIT, COQUITLI\i\11 DRIFT 

+ GLACiER FLOW DIRECTION 

--t> MElTWfttTER FLOW DIRECTION 

0 5 km 
L--........-... 
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PM- PORT MOODY 

Paleoenvironrnental reconst.):uction for late 
time, lower tlam Va.l and the acent Fraser Lowland 0 



ted, and vegetation became established there (Hicock et al., in press). 
Radiocarbon dates indicate that this occurred about 19,000 to 20,000 
years ago, The lov;land IIIias again buried ice about 18,000 years ago, and 
the mouth of Coquitlam Valley was blocked a second time (Clague et al., 1980; 
Hicock and Armstrong, 1981; see Stops 1"-2, 1-3, and 1-4). 

The full extent of Coquitlam Drift is as yet undetermined; it has been 
identified clearly at three sites over an area of 50 km2 • It possibly 
is correlative with the Evans Creek Drif of northwestern Washington State 
(Crandell, 1963; Armstrong et aL, which was deposited by valley gla
ciers extending from the Cascade Mountains to the edge of the Puget Lowland 
prior to the Vashon advance of the Cordilleran Ice Sheet across this lowland. 

The regional and climatic icance of recession following the Co-
quitlam advance also is unknowu. No stratigraphic evidence has been found of 
contemporaneous glacier recession in the Georgia Depression outside Coquitlam 
Valley and the adjacent Fraser LoTtdand the abundance of well studied 
exposures of sediments in the region. Rather, the record in-
dicates: but progressive of glaciers in the Coast 
Mountains; followed the advanee of down these valleys and 
into the Georgia , w:i.th occurring mainly on lowland 
outwash plains; and and coalescence of glaciers to 
form a large piedmont lobe that advanced southeast down the depression, out-
wash being deposited as aprons fronting the ad-
vancing ice. In such a scenario, Vashon Stade, defined by Armstrong et 
al. (1965, p, 327) as climatic episode during which drift was 
deposited continental 
British Columbia and northvtestern 
an early alpine stade 
probable that glacier 
to some extent dur the 
fluctuations, however, are 
cillations. 

the mountains of southwestern 
11 :ts not clearly separable from 

the above, it is 
Depression fluctuated 

of the Fraser Glaciation. Such 
a result of climatic os-

ical invest ions of sediments deposited during the 
advance of the Fraser Glaciation in the ia Depression have been 
conducted by , Hathewes Hicock et aL (in press). 
Alley examined Sand and related sediments on 
eastern and southern Vancouver Island and concluded that, between 29,000 and 
21,000 years ago, there was a deterioration in climate marked by the 
progressive t species with sub-
alpine and then al ;::, , Hathev1es found that pollen 
assemblages from 2~- Sand at Vancouver include sig-
nificant const:i.tuents, a colder climate 
than at present., Hicock and co-,v.JGI"kers exam:Lned plant macrofossils 

Drift at two sites in from ich 
the western Fraser Lowland 

1972 
l97L:.) alsc bav·e 

ye.a;: s ago, 
B. cold humid continental climate 

, 1972; Heusser, 
and Easterbrook, 

FTaser Glaciation e"'~Jents and 



- 19 -

paleoclimates in the Georgia Depression. On Olympic Peninsula, climatic de
terioration associated with the Fraser Glaciation is thought to have begun 
about 28,000 years ago. Between 28,000 and 22,000 years ago, tree line in 
this area fell, and the dominant plant community on the coastal lowlands 
changed from closed temperate forest to subalpine forest. Towards the end of 
this interval, nonarboreal species became dominant in lowland areas. Heusser 
(1977, p. 294) thought that this was due to incursion of tundra vegetation 
onto the coastal lowlands. Hansen and Easterbrook (1974, p. 598), however, 
have commented that fossil pollen assemblages dominated by nonarboreal pollen 
may also result from a lowering of sea level, with the resultant expansion of 
grasses, sedges, and herbs onto former sea floor exposed during marine re
gression. A less complete pollen record from the northern Puget Lowland 
suggests that, as on Olympic Peninsula, a cool moist climate prevailed during 
the early stages of the Fraser Glaciation. Between about 28,000 and 23,000 
years ago, an open forest containing both lowland and subalpine species was 
gradually replaced by what Hansen and Easterbrook interpreted to be tundra 
vegetation. 

Fraser Glaciation Climax 

Glacier ice did not completely cover the southern Georgia Depression un
til after about 17,000 years ago (Clague et al., 1980). As the piedmont gla
cier in the depression advanced south into Washington, it split into two 
lobes, one of which flowed south down the Puget Lowland and the other west
northwest along Juan de Fuca Strait towards the Pacific Ocean (Alley and 
Chatwin, 1979). The former reached its maximum extent between 14,460±200 and 
15,000±400 years BP (Y-2452 and W-1227, respectively), 80 km south of Seattle, 
Washington (280 km south of Vancouver). It has been assumed that the Juan de 
Fuca lobe terminated on the continental shelf off the west end of Juan de 
Fuca Strait, although a glacial limit has not been identified ther~. 

At the Fraser Glaciation climax according to Wilson et al. (1958), the 
ice surface was about 1800 m in elevation in the southern Coast Mountains and 
about 1200-1500 m in the mountains of southern Vancouver Island. Alley and 
Chatwin (1979), although arguing for somewhat greater thicknesses of ice, re
constructed an ice sheet similar to that proposed by Wilson et al. (1958). 
These authors, as well as most others who have written on the subject (Fyles, 
1963; Armstrong et al., 1965; Halstead, 1966), concluded that ice in the 
Georgia Depression spilled south and southwest through valleys and across 
ridge tops of the southern Vancouver Island Mountains during the late Wis
consin glacial maximum, This ice presumably merged with the Juan de Fuca 
lobe flowing west-northwest out of the Georgia Depression. 

Recessional Phase 

Shortly after reaching its maximum extent about 14,500-15,000 years ago 
the Puget lobe of the Cordilleran Ice Sheet began to recede. Northward re-
treat of this lobe Ttlas the formation of preglacial lakes on the 
isostatically d lowlands at the south end of Puget Sound and later, as 
Juan de Fuca Strait was 
the area 
Seattle 

the incursion cf marine waters into 
lobe had retreated to a position north of 

Radiocarbon dates from glaciomarine 
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Table 2. Radiocarbon dates from the Fraser lowland and adjacent valleys pertaining to the recessional phase of the Fraser Glaciation 

Laboratory 

dating no. a 

I-6967 

l-6820 

GSC-519 

GSC-185d 

L-331Ce 

I-5346 

L-221Eg 

I-6058 

I-5816 

GSC-2523 

GSC-227d,h 

GSC-3308 

GSC-1695e 

I-6057 

L-331A 

L-2210 

GSC-226 

GSC-1675g 

GSC-186 

GSC-2966 

GSC-2842 

L-3318 

GX-0904 

GSC-3306 

L-391C 

GSC-168 

GSC-2177 

GSC-74 

I-5960 

GSC-64 

GSC-2612 

l(GSC)-6 

l-5959 

GSC-2604 

I(GSC)-248i 

GSC-2193 

GSC-3124 

Date 

(years BP) 

10,340±155 

10,370±145 

10,430± 150 

10,690±180 

10, 950±200 

11,000± 170 

11,000±900 

11,140±260 

11,230±230 

11,300±100 

11,300± 190 

11,400± 140 

11,400±170 

11,430± 150 

11,450± 150 

11,500±1100 

11,590±280 

11,600±280 

11,680±180 

11,700•100 

11, 700±120 

11, 700± 150 

11,780±180 

11,900±120 

11, 900±300 

11,930±190 

12,000±100 

12,230±200 

12,350± 190 

12,460±170 

12,600±120 

12,625±450 

12,690±160 

12,700±150 

12,800± 175 

12,900±170 

13,500±220 

Locality 

Surprise Lake 

Marion Lake 

Nicomekl River flat 

Furry Creek 

Mission 

Pi nee rest Lake 

Mt. Lehman Road 

Squeah Lake 

Surprise Lake 

Cul tus Lake 

Furry Creek 

Slesse Creek 

Mission 

Pinecrest Lake 

Norri sh Creek 

Sumas Mountain 

Deas Island Highway 

Mt. Lehman Road 

County Line Overpass 

Slesse Creek 

Aldergrove 

Norri sh Creek 

Point Grey 

Slesse Creek 

Burnaby 

Fort Langley 

Coqui tl am 

Location 

lat. long. 

4g0 19.2' 

49°18. 7' 

49°05. 0' 

49°35' 

49"og. 5' 

49°29.5' 

49°06.3' 

49°29. 0' 

49°19.2' 

49°02.0' 

49°35' 

49°04.5' 

49°09. 8' 

49°29. 5' 

49°11. 7' 

49°04' 

49°02.5' 

49°06.3' 

49°06' 

49°04. 5' 

49°03.8' 

49°11.2' 

49°15.5' 

49°04. 5' 

49°16' 

49°09' 

49°17.6' 

Piper Avenue~ Burnaby 49°15 1 

122°33.6' 

122°32.8' 

122°47.8' 

123°13' 

122°15.3' 

121°26.0' 

122°22.8' 

121°24. 3' 

122°33.6' 

122°01.5' 

123°13' 

121°41.4' 

122°15.7' 

121°26.0' 

122°09.4' 

122°11.5' 

122°47. 0' 

122°22.8' 

122°30' 

121°41.4' 

122°28.2' 

122°09.2' 

123°12' 

121°41.4' 

122°56' 

122°36' 

122°47.2' 

122°56' 

122°32.8' 

122°55' 

122°48. 7' 

122°46.0' 

122°35.0' 

122°54.1' 

123°04.2' 

122°29.6' 

123°01. 5' 

Marion Lake 

North Delta 

Port Moody 

King George Highway 

Haney 

East Delta 

Boundary Bay 

Websters Corner 

Point Roberts 

49°18. 7' 

49°08 1 

49°16.3' 

49°01. 5' 

49°16.5' 

49°07.6' 

49°00. 3' 

49°14. 0' 

48°58.9' 

Elevation 

(m)b 

530 

291 

-32 

41 

98 

313 

75 

187 

529 

124 

41 

299 

99 

304 

160 

91 

58 

75 

95 

287 

87 

35 

82 

259 

134 

12 

69 

12 

290 

65 

91 

37 

107 

70 

48 

154 

53 

Dated material 

gyttja 

gyttja 

marine shells 

Picea sp. 
wood 

gyttja 

wood 

gyttja 

gyttja 

Tsuga heterophylla 

marine shells 

Pinus contorta 

Salix sp.? 

gyttja 

wood 

wood 

wood 

wood 
marine shells 

Abies sp. 

Pinus contorta 

wood 
peat 

Pinus contorta 

marine shells 

Macoma calcarea 

Saxidomus giganteus 

Chlamys Sp. 

gyttja 

Serpula Sp. 

Fusitron oregonensis 

marine shells 

Macoma sp. 

Clinocardium nuttalli 

marine shells 

Mya truncata, Mya sp. 
Chlamys rubida (Hinds) 

alaboratories: GSC, Geological Survey of Canada; GX, Geochron laboratories; I, Teledyne Isotopes; l, lamont. 

bElevations are approximate. Datum is mean sea level. 

Depositional 

environment 

lacustrine 

lacustrine 

marine 
deltaic 

glaciomarine 

lacustrine 

glacial 

lacustrine 

lacustrine 

glacial 

deltaic 

glaciofluvial 

glaciomarine 

lacustrine 

glaciomarine? 

glacial 

glaciomarine 

glacial 

glaciomarine 

deltaic 

glaciomarine 

glaciomarine? 

bog 

glaciolacustrine 
glaciomarine 
glaciomarine 

deltaic 

glaciomarine 
lacustrine 

glaciomarine 

glaciomarine 

glaciomarine 

glaciomari·ne 

glaciomarine 
glaciomarine 

deltaic 

glaciomarine 

c 11Maximum 11 and ~'minimum11 refer to times at which glacier ice occupied the locality, not the beginning or end of the glaciation. 

dGSC-185 (10,690±180 years BP) and GSC-227 (11,300;190 years BP) are from the same stratum. 

eDated material is overlain by Sumas till. L-331C (10,950±200 years BP) is suspect; superseded by GSC-1695 (11,400±170 years BP). 

t A 1 so Vashon minimum. 

gGSC-1675 (11,600±280 years BP) is a re-date of, and supersedes, L-221 E (11,000±900 years BP). 

Fraser minimum 

Fraser minimum 
Fraser minimum 

Fraser minimum 
Sumas maximume,f 

Fraser minimum 

Sumas advance 

Fraser minimum 

Fraser minimum 

Sumas advance 

Fraser minimum 

Fraser minimum 
Sumas maximumf 

Fraser minimum 
Sumas maximumf 

Sumas advance 

Fraser minimum 
Sumas advance 

Fraser minimum 

Fraser minimLII1 

Fraser minimum 
Sumas maximum£ 

Fraser minimum 

Fraser minimum 
Fraser minimum 

Fraser minimum 
Fraser minirum 

Fraser minimum 
Fraser minimum 

Fraser minimum 
Fraser minimum 

Fraser minimum 

Fraser minimum 

Fraser minimum 

Fraser minimum 

Fraser minimum 
Fraser minimum 

hThe following determinations were made: outer fraction (18-54% leach), 11,080±160 years 8P; inner fraction (55-100% leach), 11,300±190 years BP. 

iAnother date on the same sample is 12,600±170 years 8P (GSC-37). 
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sediments deposited on the lowlands of southeastern Vancouver Island and 
adjacent mainland British Columbia indicate that deglaciation was in pro
gress there about 13,000 years ago (Table 2; Clague, 1980; Armstrong, 1981). 
Deglaciation of the Fraser Lowland was complete by 11,000 years ago. 

Deglaciation of the Georgia Depression proceeded by downwasting and 
calving of a piedmont glacier complex in contact with the sea. Lowland areas 
presently above sea level but formerly depressed more than 200 m by the 
weight of the Cordilleran Ice Sheet became sites of glaciomarine deposition 
as the waning ice sheet receded north and east. The interrelationships of 
glaciomarine, deltaic, glaciofluvial, and glacial deposits in lowland areas 
provide a detailed record of sedimentary environments during the relatively 
short transitional interval between the Fraser Glaciation and postglacial 
time. 

Sedimentary Record. Sediments deposited in the Fraser Lowland during degla
ciation are included in three lithostratigraphic units, the Fort Langley For
mation, Capilano Sediments, and Sumas Drift (Fig. 2; Armstrong, 1981). The 
Fort Langley Formation, which occurs in the central and eastern Fraser Low
land, consists of a thick (100+ m in places) succession of interbedded gla
ciomarine, deltaic, littoral, glacial, and ice-contact deposits. The coeval 
Capilano Sediments, which occur in the western Fraser Lowland, are similar to 
the Fort Langley Formation except that: (1) Capilano Sediments do not in
clude till, ice-contact sediments, and subaqueous outwash; and (2) Capilano 
deposits are thin (generally <10 m) beneath uplands. 2 These differences re
late to the fact that the Fort Langley Formation was deposited in intimate 
association with an ice front that fluctuated in the central and eastern Fra
ser Lowland for almost 2000 years, whereas most of the Capilano Sediments 
were deposited in more distal environments with respect to the ice front. 
Sumas Drift comprises till, glaciofluvial, glaciolacustrine, deltaic, and 
ice-contact sediments that locally overlie the Fort Langley Formation and 
were deposited during a short-lived readvance at the close of the Fraser Gla
ciation. 

Several types of sediments occur in the Fort Langley Formation, Capilano 
Sediments, and Sumas Drift: (1) Much of the first two units consists of 
massive to stratified mud and stony mud deposited on the sea floor in water 
depths from a few metres to 200 m or more. Clayey and sandy silt with scat
tered pebbles and cobbles is the dominant sediment type; stone-free clayey 
silt and silty clay are also common (Fig. 10). Shells of marine mollusks, 
some of which are unbroken and articulated, are present locally in these 
sediments (Fig. 11). The fine-grained constituents are mainly feldspar, 
quartz, and lithic fragments carried to the sea by meltwater and also re
leased directly into the sea from melting ice (Armstrong, 1981). The larger 
particles, ranging from pebbles to large boulders and blocks, were dropped 
onto the sea floor from floating ice. They comprise a variety of granitic, 
metamorphic, sedimentary, and volcanic rock types derived from the Coast and 
Cascade Mountains and, in part, recycled from older unconsolidated deposits. 

2 
However, thick Capilano Sediments underlie some lowland areas. 
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Cascadian lithologies are dominant in stony muds in the central and eastern 
Fraser Lowland, but are subordinate in similar sediments on the southern 
flank of the Coast Mountains (Armstrong, 1981). 

(2) Another important constituent of the late glacial formations of the 
Fraser Lowland is stratified sand and gravel deposited in meltwat'er channels 
and on outwash plains, in marine deltas, and as subaqueous proglacial out
wash. These coarse deposits range from thin discontinuous beds to large 
bodies many square kilometres in area and 50 m or more thick. The deposits 
both directly underlie the present ground surface and are interbedded with 
stony mud and till. In general, the sediments are moderately to well sorted, 
although some of the glaciofluvial and subaqueous outwash deposits are poorly 
sorted. Stratification in deltaic sediments is parallel, with foreset beds 
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Figure 10. Particle-size distribution (<2 ~m) of representative 
samples of glaciomarine sediments in the Fraser Lowland. Typical till 
samples are included for comparison. The gravel fraction, not shown 
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Figure 11. Post-Vashon fossil shell localities in the Fraser Low
land. Modified from Armstrong (1981, his Fig. 22). 

inclined up to 30°. Trough and planar cross-beds also are present. The 
composition of the sand and gravel is similar to that of the stony muds 
described above; both are dominated by rock types outcropping in the Coast 
and Cascade Mountains north and east of the Fraser Lowland. Deltaic deposits 
of the Capilano Sediments were deposited from meltwater streams issuing from 
the Coast Mountains and thus are rich in granitic rock types which are dom
inant there. In contrast, deltaic and outwash deposits of the Fort Langley 
Formation and Sumas Drift were deposited from meltwater issuing from decaying 
glaciers in the central and eastern Fraser Lowland and consequently have 
abundant Cascadian rock types such as chert, pelitic sedimentary rocks, and 
sundry volcanics (Armstrong, 1981). 

The larger deltaic bodies exhibit areal and vertical variations in tex- , 
ture related to distance from issuing meltwater streams. Typically, the del-· 
taic sediments are finer at the base of a sequence than at the top, and are 
finer at the periphery of the deposit than near the source. The lowest and 
most distal sediments in most deltaic bodies are sand and silty sand inter
bedded with or overlying mud. In general, the sand coarsens and becomes in
creasingly gravelly both upwards through the deposit and laterally towards 
the source. 

(3) Discontinuous ribbons and irregular patches of sand and gravel, 
generally less than 2 m thick, occur locally on the flanks and crests of many 
upland areas in the Fraser Lowland. These deposits conform to and directly 
underlie the land surface, and overlie a variety of coarse drift deposits, 
chiefly till and outv.Yash, They commonly are associated with indistinct 
strandlines visible on aerial photographs. They accumulated in a marine 
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beach environment when the Fraser Lowland became emergent due to glacio
isostatic rebound (see section entitled "Sea-Level Changes during Degla
ciation"). 

(4) Tills and ice-contact sediments are interbedded with and overlie 
glaciomarine and deltaic sediments of the Fort Langley Formation. The tills 
are very poorly sorted, weakly stratified, and have high stone contents and 
silt-sand matrices. The ice-contact sediments also are poorly sorted and 
weakly stratified, but consist of gravel and minor sand that are locally 
folded and faulted. All of these sediments probably were deposited near or 
against glacier ice. The tills originated through lodgment, melt-out, and 
mass-movement processes. Sumas tills apparently were deposited by glaciers 
on land, because they are not overlain by marine sediments. In contrast, 
Fort Langley tills were deposited by glaciers which calved into the sea. 

Origin of Sediments. Sediments now included in the Fort Langley Formation 
and Capilano Sediments were first recognized as being of marine origin by 
Johnston (1921, 1923). The first detailed description and explanation of 
these sediments were provided by Armstrong and Brown (1954). They proposed 
that the sediments were deposited in the sea during and following decay of 
the Cordilleran Ice Sheet at the close of the last glaciation. They further 
suggested that the stones and some of the fine material in the stony muds 
were transported to the depositional site by shelf, berg, and sea ice, where
as most of the fine material was carried by glacial meltwater into the sea 
where it was deposited from suspension. Some of the glaciomarine sediments 
were redeposited as a result of submarine mass movements and turbidity cur
rents. 

Armstrong (1981) extended and modified his earlier ideas on late Pleis
tocene glaciomarine sedimentation in the Fraser Lowland by emphasizing the 
close association between the fluctuating ice front in the central and east
ern Fraser Lowland and sediment deposition on the sea floor to the west. The 
ice front calved into the sea to produce icebergs which, upon melting, re
leased stones to the sea floor. Thick sand and gravel were deposited in ma
rine deltas and kames on the seaward side of the calving ice margin. Shelf 
ice was now rejected by Armstrong as a significant agent of sediment trans
port for the following reasons: (1) the sea in the Fraser Lowland was too 
shallow for shelf ice; (2) some marine organisms known to have been present 
in the lowland during deglaciation on the basis of their fossil occurrences 
in stony muds require sunlight which could not penetrate thick shelf ice; (3) 
the assemblage of marine organisms in the Fort Langley Formation and Capilano 
Sediments is similar to that living today off the coast of southeastern Alas
ka, where glaciers calve into the sea but are not fronted by ice shelves; (4) 
palynological studies in the Fraser and Puget Lowlands and on Olympic Penin~ 
sula for the period 11,000-13,000 years ago suggest that temperatures were 
too warm for ice-shelf development. Armstrong also stated that, although 
most of the fine fraction of the stony muds was derived from the piedmont 
glacier occupying the central and eastern Fraser Lowland, some was supplied 
by alpine glaciers in the valleys and fjords of the Coast Mountains. 

Comparable Contemporary Sedimentary Environments. Additional insights into 
sedimentary environments in the Fraser Lowland during deglaciation may be 
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obtained from an examination of present-day glaciomarine environments. Un
fortunately, although there have been many studies of ancient glaciomarine 
environments (Frakes, 1979, and references therein), little attention has 
been devoted to their present-day counterparts. Most of the work that has 
been done on contemporary glaciomarine environments (i.e., under an ice 
shelf--Webb et al., 1979; Drewry and Cooper, 1981; in front of an ice shelf-
Warnke, 1970; Anderson, 1972; Chriss and Frakes, 1972; Fi1lon, 1975; Frakes 
and Crowell, 1975; Anderson et al., 1979, 1980; Kellogg et al., 1979; Kurtz 
and Anderson, 1979; Orheim and Elverh¢i, 1981; under sea ice--Marlowe, 1968; 
Naidu, 1974; Reinmitz et al., 1977; Sharma, 1979; Clark et al., 1980; and in 
the deep-sea iceberg zone--Griggs and Kulm, 1969; Hays, 1970; Kent et a1., 
1971; Cline and Hays, 1976) is from high latitudes and applies to situations 
quite different from that in the Fraser Lowland 11,000-13,000 years ago. In 
addition, most of these studies provide little information on how glaciers 
influence the environment and affect sedimentary processes in their vicinity. 

In these respects, perhaps the most useful study to date of present-day 
glaciomarine environments is that by Powell (1980, 1981) at Glacier Bay, 
Alaska. Powell conducted a detailed examination of sea-floor sediments and 
morphology in front of eleven grounded tidewater fjord glaciers at Glacier 
Bay, Sediment sampling, in conjunction with a review of oceanographic and 
glaciological data, permitted Powell to group sea-floor sediment types into 
facies associations, each attributable to a particular process or combination 
of processes. 

Sedimentation at Glacier Bay is controlled by several factors, the most 
important being sea-water characteristics, the position and discharge of 
meltwater streams, the distribution and abundance of sediment in tidewater 
glaciers, iceberg calving, and the rate of retreat of the ice front. Some of 
these factors are considered in more detail below: 

(1) Density contrasts between sea water and meltwater determine when 
and how overflows, interflows, and underflows occur as streams enter the sea. 
At Glacier Bay, meltwater discharge occurs most commonly as overflows -.v-hich 
spread large amounts of rock flour over a large area of the sea floor. Sub
glacial streams transport sand away from the calving ice front in interflows 
and underflows, a process also postulated for ancient subaqueous sand and 

deposits in other areas (Aario, 1972; Rust, 1977; Rust and Romanelli, 
1975), 

(2) Meltwater streams and icebergs introduce most of the coarse sedi
into the sea at Glacier Bay. Supraglacial debris is dumped close to the 

whereas englacial debris may be deposited by melting and rolling 
of far from the calving face. Bergs create turbulence within the 
watez· column close to the ice face, thus helping to maintain silt and clay in 
suspension, to winnow mud from the sea floor, and perhaps to initiate sub
aqueous mass movements. 

) The rate of ice retreat at Glacier is determined, in large 
ier regimen and the depth and width of the calving front. 

ice. retreat 
coarse sediments are 

water; in such areas, fine and 
over the fjord floor. Slow retreat 
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generally occurs in shallow water and/or at channel constrictions; there, 
coarse sediment accumulates close to the ice face. 

These factors operate to produce unique assemblages of sediment types, 
or lithofacies, at Glacier Bay (Powell, 1980, 1981): Facies Association I 
In areas of rapid retreat in deep water (>150m), lithofacies near the ice 
front include reworked subglacial till, sand and gravel deposited by sub
glacial streams, dumped supraglacial debris, and low ice-pushed moraines. 
Farther from the ice front, mud with berg-rafted stones accumulates and in
tertongues with sand deposited by underflows generated by subglacial streams. 
Facies Association II - In areas of slow retreat but active calving, as for 
example at a channel constriction, subaqueous banks of chaotic morainal and 
ice~contact sediments form against the ice face. Outwash fans are built onto 
these banks near subglacial stream outlets, and turbidity flows sweep the 
bank foreslopes to produce sand layers which intertongue with distal stony 
muds. Facies Association III -- In areas of slow retreat where the main 
ablation process is melting rather than calving, stony mud is the dominant 
sediment deposited close to the ice front, but away from streams, and in more 
distant locations on the fjord floor. Deltas and subaqueous fans of sand and 
gravel are constructed in ice-contact positions where meltwater streams enter 
the sea. Sand also is transported away from the ice face by underflows, in
terflows, and slumps to become interstratified with stony mud. Facies Asso
ciation IV_ - When the front of the glacier retreats from the sea to term
inate on land, large coarse deltas form. Glaciofluvial sand and gravel are 
deposited over £oreslope sediments as the delta progrades seaward. At the 
same time, mud with few or no stones is deposited in more distal areas. This 
mud may contain tongues of laminated silt and sand deposited from turbidity 
flows off the delta foreslope. Facies Association V -- In protected bays 
away from the ice front, mud, sand, and minor gravel accumulate on tidal 
flats. The coarser sediments include both beach and braided stream deposits. 

A hypothetical section showing the interrelationships of the facies as-j 
sociations described above is presented in Fig. 12. The diagram d'epicts the 
sequence of sediments deposited along the axis of a fjord during retreat of a 
tidewater glacier from point A to beyond point F. Between A and B, the ice 
front retreated rapidly in deep water by calving. Till deposited beneath the 
glacier was exposed to the sea and slightly reworked. Facies Association I 
was deposited in the basin between A and B. When the glacier front reached 
the channel constriction at B, it stabilized but continued to calve, and 
Facies Association II accumulated on top of Facies Association I. Eventually, 
the glacier retreated from this constriction and retreated rapidly in deep 
water between C and D. Facies Association I was again deposited. When the 
ice front reached the head of the Fjord (D-E), retreat slowed. At first, the 
front still calved to produce sediments of Facies Association II, but as sur
face melting became the dominant ablation process, sediments of Facies As
sociation III were deposited. Finally, at point F, the glacier was complete
ly terrestrial, and Facies Association IV was deposited on top of all other 
sediments. 

Sediments similar to those described above form much of the Fort Langley 
Formation and Capilano Sediments. Specifically, these two late Pleistocene 
units consist mainly of stony and non-stony muds containing large tabular-
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shaped bodies and sheets of sand and gravel. The stony muds comprise rock 
flour and berg-rafted stones, and are identical to some of the sediments in 
Powell's Facies Associations I, II, and III. Mud with few or no stones was 
deposited far from the calving ice front or during periods when calving was 
not an important ablation process, as for example when the piedmont glacier 
in the central and eastern Fraser Lowland ceased to terminate in the sea. 
Large sand and gravel bodies in the Fraser Lowland are deltas and subaqueous 
outwash fans assignable to Facies Associations II and III. Till and poorly 
sorted gravel associated with many of the deltaic and subaqueous outwash de
posits are Facies Association II sediments deposited against a calving ice 
front. Thin beds and laminae of sand in Fraser Lowland stony muds are simi
lar to those in Facies Associations I through IV, and were deposited by under
flows and turbidity currents. Intertidal mud and coarse beach deposits of 
Facies Association V occur locally in the Fraser Lowland as irregular and 
ribbon-shaped patches on top of older sediments. These materials accumulated 
as the lowland rebounded above sea level during deglaciation. 

Paleoecology of Fort Langley Formation and Capilano Sediments. The marine 
faunas of the Fort Langley Formation and Capilano Sediments have been report
ed by Johnston (1923), Crickmay (1925, 1929), Draycot (1951), Wagner (1959); 
Smith (1970), and Balzarini (1981). 

Wagner (1959) identified about 70 species of invertebrates from glacio
marine, deltaic, and beach deposits of late Pleistocene age at 73 sites in 
the Fraser Lowland. Mollusks are the dominant group, forming about 90% of 
all specimens collected by Wagner. All of the species with the probable ex
ception of one (Yoldia (Yoldiella) keenae n. sp.) are still living in the 
waters off the west coast of North America. The species are northward
ranging, cold-water forms exhibiting strong cool-temperate affinities. Col
lectively, they suggest a shallow marine environment (intertidal to 37 m 
depth), comparable in temperature to that presently prevailing in the north
ern Gulf of Alaska. 

Smith (1970) and Balzarini (1981) identified about 50 species of forami
nifera from the Fort Langley Formation and Capilano Sediments at a total of 
six sites in the Fraser Lowland. In general, microfossil assemblages are 
characterized by low species diversity and low faunal abundance. Elphidium 
clavatum Cushman is perhaps the most common species, occurring at all sample 
sites and constituting approximately 35-75% of the specimens identified by 
Smith. Species which are common at some sites, but which are rare or absent 
at others, include Buccella frigida Cushman, Buccella tenerrima (Bandy), Cas
sidulina barbara Buzas, Cassidulina islandica N~rvang, Cassidulina laevigata 
d'Orbigny, Cassidulina teretis Tappan, Cibicides lobatulus (Walker and Jacob), 
Nonion sp., and Protelphidium orbiculare (Brady). Paleoecological analyses of 
the foraminiferal assemblages in the Fraser Lowland indicate: (1) shallow 
water (intertidal to 60 m depth0 depending on the locality); (2) cold water 
(yearly temperature range, 0-15 C); (3) reduced to near-normal salinity (15-
35~oo, depending on the locality); (4) fluctuating salinity, probably due to 
variable meltwater inputs into a restricted marine embayment; and (5) high 
rates of sedimentation and rapid in situ burial. The sparsest assemblages 
and those indicating lowest salinities come from sites in the central and 
eastern Fraser Lowland, where nearby ice contributed large quantities of melt-
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11 

Figure 14. Published sea-level curves for the Fraser 
Lmvland for the period 11~000-13,000 years BP, and enve
lope of possible shoreline positions. 

is the presence in the Depression and Puget Lowland of radiocarbon-
dated fossiliferous iomarine sediments overlying post-Vashon "terrestrial" 
deposits. However, many of the sits thought to be terrestrial 
are now known to be marine or deltaic, thus weakening the argument for a 
second post-Vashon marine (CrovJell, 1980). Nevertheless, an 
organic horizon in situ stumps, one of which yielded a radiocarbon 
date of 11,455±125 years BP ), occurs between two late Pleistocene 
glaciomarine units the Nooksack River in the northern Puget Lowland 80 
km southeast of Vancouve.r erbrook, 1963; Powell, 1980). This provides 
reasonably good evidence for two and an intervening regression 
at the close of the Pleistocene in at least part of the Fraser Lowland, Un-
fortunately, no strat has been found north of the Interna-
tional Boundary some doubt on the existence of a second post-Vashon 
transgression there. 

The distribution of lad.al iocarbon dates in relation to elevation 
in the Fraser LovJland .s1sc, has been cited c.s evidence for two transgressions 
(Armstrong, 1981 , some o1der radiocarbon dates from the Fort 
Langley Forrna.t are from lower elevations than young~ 
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er dates, which might be explained by a rise in sea level during deglacia
tion. For example, marine shells at 37 m elevation in the western Fraser 
Lowland (Stop 1-10) yielded a radiocarbon date of 12,625±450 years BP 
(I(GSC)-6). The molluscan and benthonic foraminiferal assemblages at this 
site indicate '•later depths of less than 15 m at the time the organisms were 
living, suggesting that sea level was between 37 and 52 m elevation there 
about 12,600 years ago. Yet, much higher glaciomarine sediments in the cen
tral and eastern Fraser Lowland have yielded reliable radiocarbon dates as 
young as 11~400±170 years BP (GSC-1695). 

Although such data suggest 
Fraser Lowland were complex, 
line curves of Mathe~rJS et al. 
least three reasons for this: (1) 

late glacial sea-level changes in the 
not necessarily substantiate the shore
and Armstrong (1981). There are at 

Water depths in which most of the dated 
glaciomarine sediments were deposited are unknown or speculative, therefore 
it does not necessar follow that radiocarbon dates at low elevations are 
related to lmv sea-level positions (hmvever, the date site mentioned above 
(Stop does have water-depth control), (2) Laboratory and other 
errors associated \vith radiocarbon dates are of sufficient magnitude that no 
date can be assigned v-lith assurance to one of the submergent or emergent 
phases of Hathe1vs et al, (197 , because these phases are too closely spaced 
in time. According to these authors, only about 500 years separated the low 
stand of the first regression from the high stand of the second transgression. 
(3) The pattern and timing of sea-·.level fluctuations probably varied from 
site to site within the Fraser Lmdand during deglaciation. For example, 
sea-level changes at Vancouver likely differed from those at Mission City, 
and coeval shorelines in the t~,;ro areas may now be at different elevations due 
to differential isostatic rebound. If this indeed is the case, shoreline 
data from different parts of the lmvland should not be combined in a single 
sea-level curve, as has been done in the past, Instead, it ultimately will 
be necessary to construct a series of local sea-level curves for different 
parts of the Fraser Lm,!land" These local curves may or may not exhibit the 
complex directional changes proposed previous authors. 

In summary, available data are insufficient to warrant either acceptance 
or rejection of the late ial sea-level changes postulated Mathews et 
al, (197 and Armstrong It is l , however, that the pattern of 
shoreline changes in the Fraser Lo\vland varied from site to site in a manner 
that is still not These local differences, caused by spa-
tial variability in ice loads during deglaciation and by diachronous glacier 
retreat, may explain much of the existing shoreline data and obviate the need 
for a second major post-Vashon transgression the lowland" Limited 
resubmergence result from localized tectonic movements, complex isosta-
tic ustments, an increase in the rate of the eustatic rise during deglacia-
tion, or some combination of these three factors. 
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THE FRASER DELTA 

Introduction 

The sediments, sedimentary environments, and late Quaternary history of 
the Fraser Delta3 are summarized in this section of the guidebook. This re
view is based in part on a survey of available information bearing on the 
distribution, character, environment of deposition, and age of fluvial and 
deltaic sediments of the Fraser Delta and lower Fraser River valley, and in 
part on a study of the logs of over 1500 holes drilled in the course of 
foundation studies on the delta. 

We begin with a brief description of the setting of the Fraser Delta. 
This is followed by a review of present-day sedimentary environments and sur
face sediments. Earlier Holocene sedimentary environments and subsurface 
sediments are considered next, and a final section deals with the age and 
evolution of the delta. 

Setting 

The Fraser River, with a length of about 1370 km, a drainage basin area 
of over 234,000 km2 , and a mean discharge of 3400 m3/s, is the largest river 
reaching the west coast of Canada (Mathews and Shepard, 1962). The river 
presently is building a delta into the southern Strait of Georgia (Figs. 15 
and 16). From a narrow gap in the Pleistocene uplands at New Westminster, 
the subaerial portion of the Fraser Delta extends 15-23 km west and south at 
1.2-5.2 m above mean sea level to meet the sea along a perimeter of about 40 
km. Twenty seven kilometres of this perimeter, adjacent to the four main 
distributary channels of the Fraser River, face west onto the Strait of Geor
gia; about 13 km face south into Boundary Bay. These two sectors are sep
arated by Point Roberts Peninsula, an upland of Pleistocene sediments and 
formerly an island. Very gently sloping tidal flats extend up to 9 km from 
the landward edge of the Fraser Delta to the foreslope (Fig. 16). The west
ern foreslope is inclined 1-23° (average 1.5°) towards the marine basins of 
the Strait of Georgia, and terminates at about 300 m water depth, 5-10 km 
seaward of the tidal flats. The southern foreslope is ill-defined; it slopes 
more gently than the western foreslope and terminates in much shallower water 
(ca. 30m). 

Surface Sediments and Present-Day Sedimentary Environments 

Present sedimentary environments on the Fraser Delta include those asso
ciated with the prodelta (foreslope) and with the intradelta (tidal flat, 

3 
The Fraser Delta, is here defined to include not only the active foreslope 

and tidal flats, but also the nearly flat, dyked surface south and west of 
New Westminster. The latter surface is underlain by relatively thin fluvial 
and organic sediments which, in turn, overlie thick deltaic sediments. 
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Figure 15. Location map, Fraser Delta and surrounding region. Dotted 
line encloses the Fraser Delta. 

river channel, floodplain, and bog)4 (Fig. 17, Table 3). 

Prodelta environments are difficult to categorize because of the varia
ble effects of currents and waves on the delta foreslope. However, an envir
onment proximal to active distributary mouths, characterized by high sediment 
influx and by lateral and downslope movement of material by gravity and 
strong bottom currents, contrasts with a more distal, lower energy envir
onment in which finer sediment settles from suspension. Prodelta sediments 
are inclined parallel to the submarine slope and consist of fine sand and 
sandy to clayey silt. Sand and silty sand occur on the upper foreslope in 
the immediate vicinity of active distributary mouths and over most of the 
foreslope south of the Main Channel. Sand is widespread in the latter area, 
perhaps because this part of the Fraser Delta presently is sediment-starved 
and an area of nondeposition or erosion (Luternauer and Murray, 1973; Luter~ 
nauer, 1980). Alternatively, sand eroded from Point Roberts Peninsula and 

north currents may be accumulating on the southern portion of 
the western foreslope. West and north from the mouth of the Main Channel, 
slope sediments grade from sandy silt to clayey silt with increasing water 
depth and distance from the primary source and Murray, 1973; 
Pharo and Barnes, 1976; Luternauer et al., in prep.). 

The is cut ies, or sea valleys formed mass wasting 

4 
The is that of a delta below the effective depth of wave 

erosion gen do~Am to the floor of the basin in vJhich the delta is 
advanc intradelta includes the intertidal and of 
the delta land-vmrd of the es and Jack.son, 
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~ lulu Island 
~ 

16. The western front of the Fraser Delta. Cross
hatched areas on the foreslope define zones with well deve

'\¥ave-1ike bedforms, 
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Table 3. Sediments and depositional environments of the Fraser Delta 

Environment 

P1·ode1ta (foreslope) 

lntradelta 

tidal flats 

river channe 1 s 

floodplainf 

bog 

aProximal to source. 
bOistal to source. 

Sediments 

fine sand 9 a 

muda,b 

fine-medium sand,c 
mudd 

medium-coarse 
sand 

mud, peaty silt, 

sedge peat 

woody peat 

Sphagnum peat 

Sedimentary structures 

inclined stratification, 

cross-bedding, graded 
bedding, large channel 

fills, bioturbation 

structures, soft-sediment 
deformation 

horizontal stratification, 

cross-bedding, 

bioturbation structures 

cro~s-bedding 

horizontal stratification 

horizontal stratification 

cOccurs mainly on lower and middle tidal flats. 
dOccurs mainly on upper tidal flats. 

cCorrmon only in salt marsh" 

Position in 

sedimentary sequence 

between marine-basin and 
intertidal deposits 

between foreslope deposlts 

and floodplain or organic 

deposits 

truncates and interfingers 

with floodplain, intertidal, 

and organic deposits; 

overlies foreslope 

deposits 

above intertidal deposits 

overlies swamp and marsh 

deposits 

Shape of 

1 ithosome 

prism 

blanket 

shoestring 

blanket 

domed 
blanket 

Common po 11 en 

Alnus 9 Picea9 Pinus, 

Tsuga, reworked Tertiary 
pollen 

Alnus ,c 
c Tsuga, 

Picea ,c Pinus ,c 

Carex ,a Scirpus ,d 

Chenopodiaceaee 

Alnus, Picea, Pinus, 

Tsuga, reworked Tertiary 
pollen 

Alnus, Lysichitum, 

Picea 9 Pinus, 

Chenopodiaceae, 

Cyperaceae, Gramineae 

Alnus, Pinus, Sphagnumj 

Ericaceae 

flncludes freshwater marshes and swamps in which sedge and woody peats accumulate. Organic accumulation in these wetland environments culminates in 
raised bogs dominated by Sphagnum. 

w 
-..,J 
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or turbidity currents and maintained by the sliding of accumulated gully
bottom sediments and the flushing action of tidal currents (Mathews and She
pard, 1962; Scotton, 1977; Shepard and Milliman, 1978; Luternauer, 1980; 
Luternauer and Finn, in press). Also present locally on the foreslope are 
sand waves with heights up to 2 m and wavelengths of 30 m or more (Fig. 16; 
Luternauer et al., 1978; Luternauer, 1980). These bedforms are the result 
of strong tidal currents which sweep the foreslope. 

The Fraser Delta foreslope is bordered by tidal flats, the most seaward 
of the intradelta environments (Kellerhals and Murray, 1969; Luternauer and 
Murray, 1973; Medley and Luternauer, 1976; Medley, 1978; Moody, 1978; Swin
banks, 1979; Luternauer, 1980; Shepperd, 1981). The main part of the inter
tidal platform slopes about 0.05° and is mantled by flat-lying, fine to med
ium sand and minor mud. A discontinuous fringe of marsh, underlain primarily 
by muddy sediments, occurs at the landward edge of this zone. Sand swells 
with heights of 0.5 m and wavelengths from 50 to 100 m are common on the 
tidal flats of the western delta front, and result from the movement of sedi
ment by wind-generated waves and longshore and tidal currents (Medley and 
LU;ternauer, 1976; Luternauer, 1980). 

The tidal-flat sediments overlie foreslope deposits and can be distin
guished from them partly on the basis of sedimentary structures and micro
fossils (Table 3). Foreslope sediments are inclined and locally deformed by 
mass-movement processes; pollen in these sediments is mainly arboreal and 
river-transported. In contrast, tidal-flat sediments are flat-lying and non
deformed; they contain arboreal pollen (dominant in sands of the lower inter
tidal zone) and abundant Cyperaceae pollen (mainly in muds of the upper inter
tidal zone), The latter is derived from sedges and rushes forming both tus
socks between tidal channels and extensive dense stands of vegetation. This 
vegetation traps silt and clay carried to the delta front by the Fraser River 
and transported landward from lower in the intertidal zone by rising tides. 
Mud within the vegetated zone grades into very fine sand and silty sand which 
underlie adjacent low areas and tidal channels. 

Narrow marshes on the southern tidal flats bordering Boundary Bay differ 
from the more extensive marshes on the western flats adjacent to the distribu
taries of the Fraser River, The former are dominated by salt-tolerant plants 
of the Chenopodiaceae family, and the latter by brackish-water plants, mainly 
Cyperaceae. The sediments of these two marsh environments are similar in tex
ture, but can be discriminated on the basis of their constituent pollen. 

Inland of the tidal flats is the dyked portion of the intradelta. Part 
of this area is up to about 1 m below high tide level and, therefore, would 
experience periodic shallow inundation by the sea if not dyked. The uppermost 
sediments underlying much of the dyked intradelta are flat-lying to very 
slightly inclined (<1°), sandy to clayey silt of overbank and uppermost inter
tidal origin (Armstrong, 1956, 1957; Blunden, 1973, 1975; Hebda, 1977; Arm
strong and Hicocks 1980a, b)Q These sediments were deposited, in part 3 in 
brackish and freshwater marshes and swamps bordering existing and former dis

channels of the Fraser River. Much of the sediment accumulated dur
spring floods at times of very high tides. Historically on such occa-

sions, areas of the present subaerial delta surface have been inun-
dated .E. Armstrong, personal communication, 1981). 
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Clastic floodplain sediments overlie and grade seaward into tidal-flat 
deposits. The two are not easily distinguished on the basis of sedimentologic 
criteria, although cross-bedding and bioturbation structures are common in the 
tidal-flat sediments, but rare in overbank deposits. Sediments deposited in 
freshwater marshes and swamps commonly contain indicator pollen such as Alisma 
plantago-aquatica, Equisetum sp., Lysichitum americanum, and Menyanthes trifo
liata, all of which are rare or absent in tidal-flat sediments. 

Overbank and intertidal muds intertongue with, and are truncated by, 
coarser sediments associated with the principal distributary channels of the 
Fraser River. The distributary channels have been scoured to depths as great 
as 22 m below sea level and are floored by sand, generally medium to coarse 
and in places with scattered pebbles and gravel lenses (Mathews and Shepard, 
1962). 

As the top of the Fraser Delta is built up above sea level and becomes 
less susceptible to flooding, organic accumulation begins to dominate over 
clastic sedimentation in freshwater marshes and swamps. In these areas, the 
continued and prolonged growth of plants, first sedges, then shrubs and heath, 
and finally Sphagnum, further raises the delta surface and restricts clastic 
sedimentation, giving rise to large domed peat bogs (Stop 3-1; Johnston, 1921; 
Anrep, 1928; Hebda, 1977; Styan, 1981). Such bogs presently cover more than 
80 km2 of the eastern Fraser Delta. They have a maximum depth of 8 m and lie 
on a poorly drained substratum close to, and locally below, low tide level. 

The continuity of the large peat bogs on the eastern Fraser Delta attests 
to the stability of the river channels there during late Holocene time. At 
only one place is there a gap in the peat deposits not now occupied by an ac
tive distributary channel. This is on eastern Lulu Island, where a former 
river channel 1-2 km wide crosses organic terrain for about 7 km from the Main 
Channel to the North Arm of the Fraser River (Fig. 17). The relative stabili
ty of the distributary channels on this part of the Fraser Delta contrasts 
with the instability on the seaward part, where there have been marked shifts 
in channel positions historically (Fig. 18; Johnston, 1921). 

Subsurface Sediments and Past Sedimentary Environments 

Fraser Delta sediments probably average about 120 m in thickness (Mathews 
and Shepard, 1962). Although most drill holes sunk for foundation studies are 
too shallow to reach the base of the delta, they do indicate that deltaic and 
marine sediments are more than 90 m thick over a considerable area. The fol
lowing thicknesses of postglacial sediments have been penetrated at various 
localities near the edge of the Fraser Delta: (1) 101 m -- Roberts Bank Coal 
Port, 4.5 ~~west of the edge of Point Roberts Peninsula; (2) >123 m ~ Sea 
Island, 2 km south~,;rest of the edge of the Burrard upland; (3) 69 m - North 
Arm of the Fraser River south of I':fitchell Island, 1 km south of the edge of 
the Burrard upland; ) 101 rn --Lulu Island south of Mitchell Island, 1.5 km 
south of the edge of the Burrard upland; and (5 >90 m - southeast side of 
Annacis Island, 0.75 km northwest of the edge of the upland. One drill 
hole on the western part of the Fraser Delta is reported to have penetrated 
216 m of sand before reaching material, presumably of glacial origin 
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Figure 18. Changes in channel position at the mouth of the Main 
Channel, 1827 to present. Former channel positions have been ob
tained from old charts and maps. The present channel is indicated 
by a cross-hatched pattern. Land areas are stippled. 

(Johnston, 1921 . In contrast, gravel is present at very shallow depths (0-5 
m) adjacent to the Main Channel directly south and west of Annacis Island, up 
to 4 km from the edge of the Surrey upland. The origin and age of this gravel 
have not been established, therefore its significance is uncertain. A rough 
estimate of the total volume of the delta, assuming an average thickness of 
120 m in the intertidal and supratidal zones 570 km2 ) and 60 m on the fore
slope (415 km2 ), is 9 x 10 10 m3 (Hathews and Shepard, 1962). 

Numerous boreholes on the tidal flats to depths as great as 139 m indi
cate that the subsurface sediments there are mainly interbedded sand, silty 
sand, and and Lateral and vertical variations in the tex-
ture of these sediments are due to shifts in the positions of distri-
butary channel mouths, changes in current patterns, and sea-level fluctuations 
during Holocene time, 

Farther east, on the western portion of the 
ta, boreholes pass rnaterials that record 
in sedi.mentary e.rrvironments related to Holocene 

area of the Fraser Del-
systematic t 

of the delta, 
changes 

Over 
much of this pare: of the delta, a mantle of fine-textured floodplain and upper 
intertidal several n1etres thick, overlies sediments 
similar to those present tidal flats, Broad ribbons of channel 
sand interlens with and truncate the and tidal-flat sediments and~ 
in , extend more than 2 m below the surface. The f and 
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river-channel deposits have prograded over the intertidal sediments as the 
Fraser Delta front advanced seaward. The relatively coarse channel and in
tertidal deposits, in turn, overlie thick interbedded sandy and clayey silt 
and silty sand deposited in former delta-slope environments. These sedi
ments, like those on the present-day foreslope, exhibit pronounced lateral 
and vertical variations in texture related primarily to changes in the posi
tions of distributary channels. 

The sequence of sediments below the eastern portion of the dyked area is 
similar to that described above, except that: (1) peat up to 8 m thick di
rectly underlies the surface and overlies channel, floodplain, and intertidal 
deposits; and (2) delta-top beds tend to be thicker and extend to greater 
depths than farther west. These differences are thought to be due to the 
greater age of the eastern Fraser Delta and to changes in sea level during 
its formation. Thick peat is absent from the surface of the western delta, 
in part because of the relative youthfulness of this region. Likewise, thin
ning of floodplain and intertidal sediments towards the west may be due to 
the decreasing age of the delta platform in this direction. Deposition of 
these sediments commenced on the eastern Fraser Delta during early Holocene 
time when the sea was as much as 12 m lower relative to the land than at 
present (see section entitled "Evolution of the Lower Fraser River Valley and 
Delta"). Consequently, intertidal and floodplain sediments are up to 15m 
thick in this area. In contrast, similar sediments on the western intradelta 
were deposited after 5000 years ago when sea level was within a metre or two 
of its present position, and thus are generally less than 5 m thick. 

In summary, the succession of sedimentary environments recorded from 
bottom to top in boreholes is the same as the succession of present-day envi
ronments on the Fraser Delta, proceeding from foreslope through tidal flats 
to supratidal delta. Sediments at the base of the deltaic pile accumulated 
in environments presently found on the lower foreslope and in marine basins 
beyond. These are overlain successively by sediments deposited in upper 
foreslope, intertidal, river-channel, floodplain, and bog environments. 

Age of the Fraser Delta 

Johnston 921) the first worker to study the Fraser Delta in detail, 
proposed that it was built during the last 8000 years by the advance of the 
Fraser River south and west from the vicinity of New Westminster into rela
tively deep water of the Strait of Georgia~ Johnston made this age estimate 
by assuming that (1) the average rate of advance of the western delta front 
is 3 m/a; and (2) this rate of advance has prevailed ever since the river 
mouth was at New \,Vestminster about 24 .l.r krn upstream from the "seaward front" 

edge of tidal flats? of the delta. The first assumption was based 
on a comparison of seven spot soundings made in 1859 ~AJith soundings made in 
1919. The sparseness of the data and their restriction to a relatively small 
portion of the foreslope raise the possibil that the actual average rate 
of advance of the western delta front may be different from 3 m/a. The 
second as made Johnston es the effect of varying depth of 
water of front as the Fraser Delta •ems built forward. It also ig-
nores sediment to the front of the delta during and after 



La bora tory 

dating no.a 

GSC-3186 

I-11,764 

GSC-3012 

GSC- 3010 

GSC-3194 

GSC-3202 

GSC-3078 

GSC-3181 

l-9594 

GSC- 3084 

GX-0781 

l-7047 

GSC-3045 

l-7629 

I- 95 95 

GSC-3075 

GSC-3066 

WAT-369 

GSC-2714 

GSC-395 

S-99 

GSC-3099 

GSC-229 

GSC-225 

S-20 

GaK-1478 

S-17bi s 

S-19 

!-7791 

!-4053 

GaK-4866 

Date 

(years BP) 

320 ±70 

345±75 

530± 110 

810±160 

2600±60 

3130+50 

3730±90 

3910±60 

3960± 130c 

41 00±60 

4350± 100 

4645±95 

4650±80 

4935± 1 ooc 
5085± 100 

5120+70 

5510 cSO 

6400• 197'-

6600c90 

6790± 150 

7300± 120d 

771 0+80 

8290± 140 

8360• 170 

660± l.JO 

2170± 70 

2350±60 

2450± 160 

2970±90 

4310±110 

8150±250 
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Table 4. Fraser Delta radiocarbon dates 

Locality 

Boundary Bay 

Boundary Bay 

Fraser Delta slope 

Fraser Delta slope 

Boundary Bay 

Boundary Bay 

Boundary Bay 

Boundary Bay 

Burns Bog 

Boundary Bay 

3oundary Day 

Pitt Lake 

Wiggins Road 

Burns Bog 

Bur·ns Bog 

Colebrook Road 

Gilley Road 

Lu1u Island Bog 

Fraser Delta 

Beach Grove 

Port Mann 

Pitt Meadows Airport 

Pitt l~eadows Airport 

Sumas 

Stselax Village 

Beach Grove 

Mar pole 

~Jhalen site 

Musqueam Northeast 

St. Mungo Cannery 

Gl enros e Cannery 

Location 

!at. long. 

Geological and Botanical Dates 

49'03' 

49'03' 

49'00.7' 

49'02 .4' 

49'05' 

49'05' 

49'05 _5' 

49'05' 

49'07' 

49'03.2' 

49'04.5' 

49'21' 

49'11_9' 

49'06' 

49'08.5' 

49'05 .8' 

49'10.6' 

123'03' 

123'03' 

123'10 .2' 

123'15.7' 

122'55' 

122'55' 

122'54.8' 

122'55' 

122'58' 

123'02_7' 

122'55.0' 

122' 36' 

122'59.0' 

123'01' 

122'55.0' 

122'49_8' 

122'58.6' 

ca. 49'09' 123'01' 

49'16.8' 123'16.8' 

49'02' 123'04' 

49'13' 122'48' 

49'13.3' 122'42.9' 

49'13' 122'42' 

49'02' 122'16' 

Archaeological Datese 

123°12' 

123'rJ3.8' 

ca. 49'12' 123'08' 

49'oo· 12ro2' 

49'14.1' 123'11.8' 

49'09 A' 122'56 S 

ca 49'10' 122'56' 

Elevation 

(m)b 

0-1 

0-1 

-19 

-50 

ca. 

0--1 

-1 

0--1 

-6- -7 

1 

ca. 

ca. 

-2 

-2 

-1- -2 

-10 

-14 

-10 

-10 

-10 

-11 

f 

l- 2 

ca. 2 

r 
ca. 2 

Depth bel OW 

surface (m) 

0.3-0.35 

0.24 

2. 75 

2.03 

0 _14 

0.41-0.44 

1.0- 1.07 

0.12-0.14 

5.1- 5_3 

6- 7 

0 _6 

3_0- 3.1 

5.45 

6_8-7.0 

1. 75- 1 .85 

2.60-2.75 

2. 95 

15 

12.8 

11 .5 

11.9 

18.3 

1.5 
ca. 4 

1 .4- 1.6 

3.0-3.7 

ca. 2 

ca. 1. 8 

5.2 

Dated material 

organic-rich silt 

organic-rich sand 

Pecten (Patinopecten) 

Macoma brota 

peat 

peat 

peat 

peat 

organic-rich silt 

marine she 11 s 

peat 

wood 

peat 

organic-rich sand 

organic-rich silt 

peat 

peaty silt 

peaty silt 

Picea sp. 

marine shells 

peat 

peat 

peaty silt 

wood 

charcoa 1 

charcoa 1 

charcoal 

charcoal 

wood 

charcoal? 

charcoa 1 

alaboratories: GaK, Gakushuin University; GSC, Geological St.Arvey of Canada; GX, Geochron Laboratories; I, Teledyne Isotopes; 

S~ Sakatchewan; WAT, University of l~aterloo. 

boa tum is mean sea l eve 1 . 

cYounger radiocarbon dates have been obtained from higher in the same core. 

d.l\nothet date on the same sample is 7500±150 years BP (GSC-2). 

eDates from cultural deposits at the edge of Fraser Delta. Deposits occur on the surface of the delta and on adjacent upland slopes. 

The oldest published radiocarbon date at each site is listed; there are also younger dates at most of these sites. 

£Dated sample is within several metres of sea leve1, but exact elevation is unknown. 
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deglaciation due to stabilization of drift-covered slopes by vegetation, in
cision of unconsolidated sediments by the Fraser River and its tributaries, 
and postglacial climatic fluctuations. Because of these factors, the true 
age of the delta may differ considerably from the 8000 years estimated by 
Johnston. 

Mathews and Shepard (1962) reiterated Johnston's model of continuous 
deltaic progradation seaward from New Westminster during the Holocene, and 
showed that his estimate of the age of the Fraser Delta, although based on 
questionable premises and inadequate data, is consistent with other evidence 
and thus likely is approximately correct. They noted that, during deglacia
tion at the close of the Pleistocene, the sea was much higher relative to the 
land than at present, thus deltaic deposition by the Fraser River under mod
ern conditions was precluded. The sea continued to occupy parts of the 
present valleys of the Pitt and Fraser Rivers upstream from New Westminster 
until after 11,000 years ago, therefore deltaic sedimentation west of that 
municipality must have begun after that date. However, prior to 7300±120 
years BP (S-99, Table 4), the Fraser River had extended its floodplain west 
of Port Mann, which is only 7 km east of New Westminster. Thus, development 
of the modern Fraser Delta downstream from New Westminster has required more 
than 7300 years but less than 11,000 years. 

Mathews and Shepard further showed that a Holocene age for the Fraser 
Delta is consistent with their estimates of present rates of growth of the 
delta and with an assumed total volume of deltaic sediments of 9 x 1010 m3 . 
They presented evidence that the Fraser Delta grew at a rate of about 1.3 x 
107 m3/a between 1929 and 1959. If this figure is correct and if present 
growth rates have prevailed in the past, the Fraser Delta could have formed 
in about 7000 years. The estimate of delta growth by Mathews and Shepard 
was based upon comparison of 1929 and 1959 hydrographic charts of the western 
foreslope near the mouth of the Main Channel. It takes into account not only 
upstream losses of sediment due to dredging of the river channel, but also 
reduction in porosity which occurs as initially loose, water-saturated sedi
ment compacts and dewaters during burial. However, the estimate does not in
clude sediment added to the Fraser Delta front adjacent to the North and Mid
dle Arms of the Fraser River. 

The value of 1.3 x 107 m3/a proposed by Mathews and Shepard is slightly 
larger than estimates of average annual sediment discharge of the Fraser 
River at Hope, approximately 160 km upstream from the river mouth: 1,68 x 
107 tonnes/a, or 1.1 x 107 m3/a for the three year period 1950-1952 (Kidd, 
1953); and 1.84 x 107 tonnes/a, or 1.2 x 107 m3/a for the six year period 
1967-1972 (Milliman, 1980). 5 Very little sediment is added below Hope to the 
Fraser River by its tributaries and by bank erosion. In fact, some material, 
estimated by Mathews and Shepard to be 3 x 10 5 m3/a, is lost by sedimentation 
on the channel floor and floodplain of the Fraser River. Bedload, which is 
less than 5% of the total sediment discharge at Hope (Milliman, 1980), is not 

5 
Volumes reported here vJere determined assuming the same porosities and 

densities used by Nathews and Shepard (1962). 
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included in the values cited above because it does not reach the mouth of 
the Fraser River, but rather is deposited between Hope and Mission City. 
Taking into account these considerations, sediment discharge at Hope pro
bably is nearly the same as at the Fraser River mouth (dredged sediment in
cluded). If the rates of delta growth based on total sediment discharge at 
Hope are extrapolated back in time and a total volume of deltaic sediments of 
9 x 101 0 m3 again is assumed, the age of the Fraser Delta is calculated as 
7600-8300 years, remarkably close to Johnston's original estimate. 

However, the age estimates based on sediment discharge at Hope are too 
low because a large amount of sediment carried in suspension by the Fraser 
River is not deposited on the Fraser Delta foreslope, but rather in deep 
basins of the Strait of Georgia (Tiffin, 1969; Pharo and Barnes, 1976; Luter
nauer et al., in prep.). Although no quantitative estimate of the proportion 
of river-transported sediment lost to the Fraser Delta system may be made 
with available data, the presence of areally extensive, thick Holocene basin 
fills in the central Strait of Georgia suggests that this proportion is by no 
means insignificant. Therefore, the true age of the Fraser Delta may be 
closer to the maximum possible age of about 11,000 years than to the 8000 
years estimated by earlier workers. 

Evolution of the Lower Fraser River Valley and Delta 

At the close of the last glaciation, the piedmont glacier which covered 
the Fraser Lowland downwasted and receded towards the north and east. As 
lowland areas were freed of their ice cover, they were invaded by the sea. 
Large deltas and subaqueous outwash fans were constructed as sediment-charged 
meltwater poured into the sea from decaying glaciers (for example, see Stops 
1-6 and 1-9). 

By shortly before 11,000 years ago, much of the Fraser Lowland had emer
ged from the sea, and marine waters became restricted to relatively narrow 
arms in the low valleys now occupied by the Fraser River and its tributaries 
(Fig. 19). At the same time, large amounts of meltwater and sediment were 
funnelled into the Fraser River valley from the snout of the piedmont glacier, 
which at that time was located in the Mission City area. Coarse sediment 
transported by this meltwater was deposited on the shallow submerged floor of 
the valley, and an outwash train, probably in part ice-contact and graded to 
sea levels 10-20 m higher than present, rapidly prograded westward. Remnants 
of this outwash train occur as terraces underlain by deltaic and glaciofluv
ial sediments in the Fraser River valley between Pitt Meadows and Glen Valley 
(Stop 1-5). Apparently, outwash did not accumulate in the valley west or 
east of these localities. The Pitt Meadows area probably corresponds to the 
delta front of the outwash train when it became inactive due to glacier re
cession or when sea level fell below about 10 m elevation. Glen Valley may 
have been near the snout of the piedmont glacier when the outwash train was 
active or near a large mass of residual stagnant ice separate from the main 
piedmont In fact, many isolated masses of stagnant ice may have 
persisted west of the active ice front until almost 11,000 years ago, giving 
rise to the ic distribution of outwash between Pitt Meadows and Glen 
Valley, 
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About 11,000-11,300 years ago, glacier ice disappeared from the eastern 
Fraser Lowland and from the Fraser Canyon to the northeast (Mathewes et al., 
1972; Clague, 1981). The valley between Mission City and Pitt Meadows, which 
formerly carried meltwater from the Fraser Lowland piedmont glacier, now was 
occupied by the Fraser River, which drained part of the rapidly deglaciating 
interior of British Columbia. A more direct drainage route down Sumas Valley 
to Bellingham Bay via the Nooksack River in northwestern Washington might 
have been occupied by the Fraser River at this time had sea level been only 
about 25 m higher when Sumas Valley became ice-free. An arm of the sea would 
then have extended from Bellingham Bay through Sumas Valley into the eastern 
Fraser Lowland and meltwater streams might have followed this route rather 
than the present Fraser River valley. However, Sumas Valley is underlain 

lacustrine, marine, and glaciomarine sediments (Armstrong, 1980a). 
absence of significant fluvial sediments there indicates that 

the Fraser River did not flow into Bellingham Bay at the close of the Pleis
tocene" Instead, residual ice probably persisted in Sumas Valley until the 
sea t,vas near its present level, and the Fraser River was forced into the 
meltwater channel in which it now flows (Armstrong, 1981). 

As the sea continued to fall relative to the land, large settling basins 
vacated glacier ice .g., the lowland west of Matsqui) were filled with 
fluvial and deltaic sediments, and the outwash train between Glen Valley and 
Pitt Meadm,;rs was incised. As a result, a floodplain extended itself westward 
down the Fraser River valley at approximately the present elevation of the 
Fraser River. When the sea attained its present level 11,000 years ago, or 
shortly thereafter, the active delta front of this floodplain probably was 
east of Pitt Meadmvs, The delta of the Fraser River southwest of New Westmin
ster was not in existence at this time; instead, the area was part of the 
Strait of Georgia. Point Roberts Peninsula was an island, and the sea was in 
direct contact with the Surrey and Burrard uplands in the vicinity of New 
Westminster. The sea also extended east of New Westminster through a narrow 
gap in the s into a fjord novJ occupied by Pitt Lake and the Pitt River 

' 19). 

Stagnating and disintegrating remnants of the Cordilleran Ice Sheet sup~ 
plied meltwater and sediment to the Fraser River until perhaps as late as 
10,000 years ago, viben ice completely disappeared from lowland valleys and 

in the British Columbia interior (Fulton, 1971). During deglacia
tion, prodigious ities of sediment were transported by meltwater streams 
and rivers as unvegetated drift~covered slopes were eroded (Church and Ryder, 
1972 , Init most river systems aggraded their floodplains because of 
their inabil to transport the sediment supplied to them. However, the 

of sediment soon decreased as slopes were stabilized by vegetation. 
Rivers then incised their earlier deposits, to attain grade with the 
sea ~tJhich was fall relative to the lend at this time, and partly in re~ 
spouse to ic regime due to the reduction in sediment supply. 
As a result of these factors, the Fraser River much larger 
an10U11ts of sedirnent to the Frase.r Lowland at tb.e close of the Pleistocene 
than it does at p:resent ~ and the F~rase.r ~Ri\Yer 

\vest-~Iard ® 

10 500 years ago the Fraser River f '117as continuous 
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east of Pitt Meadows (Fig. 19). All of the glacially eroded basins on the 
floor of the valley to the east now were completely filled with sediment, and 
the Fraser River emptied into a fjord extending northeast to present Pitt 
Lake. A delta then was built across and up Pitt fjord, isolating Pitt Lake 
from the sea. Shortly thereafter, the Fraser River extended its floodplain 
westward to New Westminster and began to empty into the Strait of Georgia 
proper. 

While these events were occurring, the level of the sea continued to 
fall relative to the land, as it had done during previous millenia. By about 
8000 years ago, when the sea was at or near its lowest position relative to 
the land, the front of the Fraser Delta probably was far to the southwest of 
New Westminster. The main evidence for both lower sea levels and the posi
tion of the Fraser Delta front during early Holocene time is the presence of 
terrestrial organic and fluvial sediments below present sea level beneath the 
floodplain of the Fraser River and its tributaries (Mathews et al., 1970; 
Clague et al., 1982). Five radiocarbon dates on peat at about -10 to-11m 
elevation in this area range from 7300±120 to 8360±170 years BP (S-99 and 
GSC-225, respectively). The peat represents organic accumulations on anal
luvial surface graded to sea level in the Strait of Georgia at least 12 m 
lower than at present. 6 This alluvial surface probably was similar in form 
to the present Fraser River floodplain and extended downstream at least as 
far as Port Mann, and probably much farther. 

Although direct evidence of this buried alluvial surface has not been 
found west of Port Mann, a radiocarbon date of 6400±197 years BP (WAT-369) on 
intertidal sediments at -1 to -2 m elevation on Lulu Island indicates that 
the outer edge of the tidal flats was more than 15 km southwest of New West
minster 6400 radiocarbon years ago, and that a substantial subaerial proto
delta was in existence prior to this time. Other evidence for a fairly ex
tensive Fraser Delta during early to middle Holocene time includes the pre
sence of: 6600 year old Mazama tephra at shallow depth beneath eastern 
Lulu Island (Blunden, 1973, 1975); (2) 6790±135 BP (GSC-395) marine shells, 
15 m below the surface of the delta, 6 km south of Ladner; and (3) 6600±90 
BP (GSC-2714) wood, 3m below the sea floor on the western foreslope (?), 2 
km northwest of Point Grey. Unfortunately, the latter two sites are only 
300m and 2 k~, respectively, from the edges of Pleistocene uplands, Thus, 
the dated sediments possibly are not deltaic deposits sensu stricto, but 
rather may be littoral materials deposited on a shallow eroded platform 
fringing the 

Sediment eroded from the valley walls and floodplain of the Fraser River 

6 
The difference between high tide level, which is the controlling datum for 

of this peat, and mean sea level is 2.5 m at Vancouver. The position 
of the peat at -10 to ~11 m elevation is not the result of compaction of un

sediments after ca. 7300 years BP. Slightly younger (ca. 5000+ BP) 
sediments occur ·within a metre or t1>m of present mean sea level be-

neath the surface of the Fraser Delta, that there has been little 
or no subsidence of this area due to compaction of deltaic and floodplain 
sedi1nents dur late Holocene time. 
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as a result of the late Pleistocene- early Holocene fall in sea level was 
carried downstream to contribute to the growth of the Fraser Delta. The del
ta continued to grow after sea level stabilized at a position 12 m or more 
below present some time between about 7300 and 8400 radiocarbon years ago. 

This period of low sea levels was followed by a marine transgression 
which commenced about 7000-7500 years ago. Rising seas triggered aggradation 
of the Fraser River floodplain and caused a marine incursion onto part of the 
Fraser proto~delta. At Pitt Meadows Airport, peat occurring at -10 m eleva
tion and dated 7710±80 years BP (GSC-3099) is overlain by 11.5 m of silt and 
sand (Fig. 20). The clastic sediments above the peat contain fresh- and 
brackish-water diatoms (S. Lichti-Federovich, personal communication, 1981), 
and probably were deposited in an estuarine environment in response to a rise 
in the level of the sea relative to the land. A 2 em thick bed of Mazama 
tephra is interbedded with silt 5 m above the peat, indicating that the sea 
probably rose about 5 m relative to the land between 7700 and 6600 years BP. 

This relatively rapid sea-level rise continued until about 5000-5500 
years BP, at which time the Fraser River floodplain again became stable, and 
organic sedimentation commenced over nearly the entire eastern portion of the 
Fraser Delta. Sediments from the base (0-2 m below mean sea level) of the 
large peat bogs that cover most of the eastern delta have yielded radiocarbon 
dates ranging from 4650±80 to 5510±80 years BP (GSC-3045 and GSC-3066, re
spectively). Paleoecological analyses have demonstrated that these basal 

fi§;"ffii:::£i PiE A T 
~ AlLUVIUM 

CLAYEY SILT 

Figure 20. Stratigraphy of a core at Pitt Meadows Airport. This 
site is on the Fraser River floodplain 14 lr'"!! upstream from the apex 
of the Fraser Delta. Sediments above the peat are estuarine and fluv
ial in origin and "rere deposited in response to a relative rise in 
sea level which caused a ion of the Fraser proto-delta, 
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sediments likely were deposited in the intertidal zone at about the same ele
vation as similar sediments being deposited today at the mouth of the Fraser 
River (Hebda, 1977), This suggests that the sea rose to within 2 m of its 
present level in this area before 5000 years ago, The data also indicate 
that the entire eastern portion of the Fraser Delta became emergent about 
5000-5500 years ago, and that an intradelta platform extending at least 15 
km south and west of New Westminster formed prior to this time. The seaward 
edge of this platform about 5000 years ago was west of Burns and Lulu Island 
Bogs. Most or all of the southern delta front at Boundary Bay already was in 
existence at this time, In fact, the Fraser River did not enter the eastern 
half of Boundary Bay after 5000 years BP, as evidenced by the absence of 
river sediments in the continuous late Holocene organic sequence at Burns 
Bog, located directly between Boundary Bay and the Fraser River. However, it 
is possible that a distributary of the Fraser River, passing west of Burns 
Bog, entered westernmost Boundary Bay some time after 5000 years BP. 

Westward progradation of the Fraser Delta during the last 5000 years has 
been accompanied by comparatively stable sea levels. The sea probably has 
risen 1-2 m relative to the land during this period, but at no time was it 
higher than at present. As the Fraser Delta front advanced, there undoubted
ly were major changes in channel patterns comparable to those of historic 
time documented by Johnston (1921). Much of the channel instability in the 
historic past has occurred near the mouth of the Fraser River. Channels on 
the inner portion of the Fraser Delta have remained relatively fixed in posi
tion for hundreds or thousands of years, as shown by the absence of inter
calated channel deposits in the central portions of the large bogs southwest 
of New 'ifJestminster, However, there is evidence for one major prehistoric 
channel change on the inner part of the delta. An abandoned channel, com
parable in size to the present Main Channel, crosses eastern Lulu Island from 
the vicinity of Annacis Island on the southeast to Mitchell Island on the 
nortlnvest (Fig. 17). This channel at one time carried much of the flow of 
the Fraser River to the north edge of the delta, but was abandoned and silted 
in some time vdthin the last fe\'11 thousand years. The main discharge route of 
the Fraser River after this abandonment was to the southwest, more or less 
along the course of the Hain Channel. Avulsion occurred when the 
resistance to northward flov.J across Lulu Island became so great that flood~ 
waters were able to cut across organic or mineral deposits located to the 
west and flow a shorter path to the sea. 

The Fraser River continues to its delta westward into the 
Strait of Georgia,. although normal patterns of sedimentation have been pro
foundly modified since the late 1800' . the distributary chan
nels and at the land>vard edge of the tidal flats protect farm land and com-
munities from inundation catastrophic floods and extreme high tides, but 
also accretion of overbank sits, a natural prehistoric phenome
non. In addition, all large on the Fraser Delta have been extensively 
altered due to peat removal and burial fill, Dredg of the Fraser 
River distributaries in order to maintain 
amount of sed:Lment 
decreased the lik~lihood of future channel shif 
tures th"e tidal flats, sueh as causeways a.rK1 

channels has reduced the 
ta, and channelization has 

, man~made struc~ 
facilities have 

a.lte·red natural sediraent patterns at the Fraser Delta front. 
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Figure 22. Generalized surficial geology of the Fraser Lowland. Adapted, in part, from Arm-
strong (1980a, and Armstrong and Hicock (1980a, b). 
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FIELD TRIP 

Introduction 

The field excursion commences in Vancouver and terminates at the Tsaw
wassen Ferry Terminal on the Fraser Delta. The main part of the excursion 
is in the Fraser Lowland, with side trips into two bordering montane river 
valleys (Figs. 21 and 22). 

The evolution of sedimentary environments in southwestern British Colum
bia during late Quaternary time will be traced by examining: (1) late Pleis
tocene glacial, glaciomarine, glaciofluvial, ice-contact, and deltaic depo
sits in the Fraser Lowland and in contiguous valleys; and (2) Holocene del
taic, fluvial, and organic deposits of the Fraser River. Aspects of the late 
Quaternary sea-level history of southwestern British Columbia, man's adapta
tion to the local geologic setting, and his impact on present coastal sedi
mentary processes will be highlighted. Field activities will include exami
nation and interpretation of Pleistocene sediments exposed in selected gravel 
pits, road cuts, and natural exposures; coring of a Holocene bog on the Fra
ser Delta; and investigation of the sediments and morphologic features on the 
Fraser Delta tidal flats. 

The excursion is organized as follows. During the first day, sediments 
deposited during the Fraser Glaciation will be examined in the Fraser Lowland 
and lower Coquitlam Valley. Emphasis will be on landforms, sediments, and 
sedimentary environments which formed during the advance phase of the Fraser 
Glaciation and during deglaciation at the close of the Pleistocene. The Qua
ternary geology and geomorphology of Chilliwack Valley, a typical British 
Columbia mountain valley, will be the focus of the second day of the excur
sion. During the final day, present-day sedimentary environments of the Fra
ser River delta will be examined, and evidence bearing on the Holocene evolu
tion of the delta will be presented. 

Day 1. The Fraser Lowland and Coquitlam Valley 

p L PoiNT GR Sea cliffs at the north end of the University of 
British Columbia. 
15.5 1 ~11 long. 

0 1 0 9 km v.rest of downtown Vancouver. 49 16.3 N lat., 123 

Quadra Sand overlain by thin till, glaciomarine stony mud, and beach 
gravel, is exposed in sea cliffs in the vicinity of Point Grey (Fig. 23). 
Quadra Sand here consists of up to 62 m of well sorted sand and minor gravel 
and silt. Silt is restricted to the lower part of the unit below 18 m ele- · 
vation, and occurs as horizontal beds and laminae within sand. Plant remains 
also are common within the lower part of the unit and, in the vicinity of 
Point Grey, have yielded four radiocarbon dates ranging from 24,400±900 to 
26,100±320 years BP and GSC-1635, respect 

The sand is horizontally and cross-stratified, the result of deposition 
HJ. the channels of braided rivers. Detailed analysis of the axial orienta~ 
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b<>A\f&:~ TILL, BEACH GRAVEL 

[:·-":::-·.'.§~J SAND 

1-::-:-...:.-... /1 INTERBEDDED SILT AND SAND 

25,100 :!:600 RADIOCARBON DATE 
(YEARS BP); SEE TABLE 1 

26,100 ± 320 

Stratigraphic section, Stop 1-1. 

tion of trough cross-beds in Quadra Sand was undertaken at this and other 
sites in the Strait of Georgia region in order to determine flow directions 
during deposition of the unit. Vector resultants of samples of cross-beds 
throughout the Georgia Depression and at Point Grey are shown, respectively., 
in Figs. 6 and 24. The data at Point Grey indicate that Quadra Sand was de
posited by streams flowing from the west, northwest, and north, and that the 
flmv direction shifted repeatedly during deposition, Flow indicators from 
the lower, silt-rich portion of the unit are more southerly directed than 
those from the upper part. 

The lower part of the unit at Point Grey also differs mineralogically 
from the upper part (Fig, 25), Sand above 18m elevation consists almost en
tirely of feldspar (mainly plagioclase), quartz, and minor lithic fragments 
derived from granitic rocks of the Coast Mountains; the main heavy minerals 
are hornblende, biotite, chlorite, magnetite, and hematite, In contrast, 
sediment below 18 m elevation contains abundant volcanic rock fragments (in
cluding glass), and hypersthene is the dominant heavy mineraL The prove
nance of this volcanic detritus is the Mount Garibaldi area located about 
70 km north of Vancouver, The change in mineralogy at 18 m elevation coin
cides not only with a textural change (i.e., silt beds below, but not above), 
but also ,,Jith the change in orientation of cross-beds noted above, These ob
servations indicate that the lower part of Quadra Sand at this site was de

streams flmving south-·southeast down Howe Sound from the Mount 
Garibaldi area, and that there was a shift about 24,500 years ago (the age of 
the uppermost silt bed) to flow towards the east and southeast, coinciding 
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Figure 24. Quadra Sand paleocurrent 
data, Stop 1-1. Vector resultants 
show the variation in flow direction 
vertically through the unit. North
south lines are parallel to the eleva
tion axis (vertical). From Clague 
(1977, his Fig. 12). 

Figure 25. Percent of volcanic rock 
fragments (including glass) in light 
mineral fraction of Quadra Sand at 
Stop 1-1. Volcanic detritus, largely 
of Mount Garibaldi provenance, is more 
common in the lower part of the unit 
(mean and standard deviation = 55% and 
11%, respectively) than in the upper 
part (31% and 9%). From Clague (1977, 
his Fig. 14). 
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Table 5. List of pollen and spores identified at Stop 1-L giving percentage abundance 

based on sum of total pollen, grains seen in scanning but not in sum (+), 

and sunmary data (from Mathewes 1979, his Table 1) 

Samp 1 e number 

Arboreal pollen 

Ahles 

Alnus 

Betula 

Cupressaceae 

Picea 

Pinus contorta- type 

Pinus albicaulis/P. monticola 

Tsr:.ga heterophylla 

Tsuga mertensiana 

Shrubs 

Corylus 

Ericaceae 

salix 

Shephe.zdia ca..t'ladensis 

Montane, subalpine, or bon:!al taxa 

0.2 

1.1 

3.2 

4.5 

0.2 

0.2 

1.6 

Bistorta bistortoidesjB. vivipa.ra 0.4 

Botrychium cf. B. lunaria 

Botrychium mul tifidum 

Cryptogra/J'l.ma ~r ispa 

Gentiana 

Lycopoilium annotinum 

Lycopodium undi ff. 

Polemoni:~m caeruleum 

Pol ygonum kellogg i i- type 

Saussurea 

Thalictrum 

Valeriana sitchensis 

Predominantly upland heliophytes 

Ambrosia- type 

Artemisia 

Caryophy11 aceae 

Chenopodi i neae 

Gramineae 
Li gu l ifl orae 

Polygonum (Avicularia- type; 

Selaginella densa./5. wallacei 

Tubul ifl m·ae undiff. 

Ecologically ambiguous taxn 

l!nthoceros 

Cr·uci ferae 

Polypodiaceae WH::!iff. 

Rosaceae undiff. 

Predominant'ly wetland taxa 

Cyperaceae 

Epilobiwn undiff. 

Epilobiulil cf. E. palust.re 

Equisetr.zm 

Heracleum sphor.dylium 

Lysichi ton americanum 

Plantago cL P. rr.acroca.rpa 

Potentilla palustJ:is- type 

Sanguisor.ba 

Aquatics 

Potarrogeton 

Sparganium type 

Unkncwn 

0.8 

0.2 

0.2 

1.6 

0.4 

0.5 

2.9 

0.5 

27.2 

3.7 

1.3 

48.7 

0.4 

1.4 

0.2 

0.9 

1.2 

0.3 

4. 3 

4.6 

1.2 

0.2 

0.3 

0.9 

0. 2 

0.5 

1.5 

0.2 

0.8 

5.1 

1.2 

0.2 

30.6 

14.8 

0. 6 

2.4 

27.5 

0.2 

0.2 

0.3 

0.2 

0.1 

0.9 

0.9 

0.4 

0. 7 

0.1 

0.3 

!.4 

0.6 

0.1 

0. 7 

3.8 

0. 6 

0.1 

0.3 

87.9 

0.3 

Do 7 

Tota1 AP 9.4 12.7 3.1i. 

Total i'tJ.P 90.6 87.3 96.5 

~blhu ~ m ~ 

Pollen Sl.!m 626 670 708 

Po11er< +spore cor.centratioi'l (grains/ml} 76,500 47,500 121.500 

1.6 
0.6 

0.2 

2.8 

1.9 

0.2 

3.6 

0.2 

0.1 

2.0 

!6.2 

0.2 

70.0 

Oo4 

0.4 

0.2 

+ 
1.1 

0.4 

0.2 

0.4 

1.1 

0.2 

0.5 

!.1 

1.1 

0.2 

1.3 

4.2 

12.7 

0.2 

1.5 

0.2 

Oo5 

69.9 

0.2 

3.5 

0.2 

0.2 

1.3 

0.4 

Zo 1 

!.3 

0.3 

1.0 

Oo3 

0.3 

1.5 
0.2 

0.2 

10.3 

0.2 

0. 9 

0.2 

78.4 

0. 3 

0.3 

0.2 

0. 2 

0.3 

7.3 3.9 5.6 

9207 96.! 94o4 

25 24 31 

o42 574 679 

77,500 61,500 129,000 
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ition of ic detritus dmm the axis of the Georgia 

Mathewes 97 examined plant microfossils from stringers of peaty silt 
about 16-18 m above sea level at this site. Nonarboreal pollen, especially 
Cyperaceae and Gramineae are dominant 5). Analysis of "indicator 
pollen" indicated i::),TO floristic elements: a local wetland component 
dominated , but including other wetland indicator species such 
as Epilo_bium cf. E. palustre PotentiLia palustris-type, and Plantago cf. P. 
macrocarpa; and (2) a montane to ine component characterized by a diverse 
assemblage cf indicators such as Pol_ygonum bistoEtoides, Polemonium, Caryo

' Umbel1iferae 'l'halictrum and Gentiana o The results of this 
the evidence that Quadra Sand 1>ms deposited in a 

river env:Lronment under a cooler macroclimate than exists at present. 
High concentrations of in the peat stringers, however, are incompati-
ble \<Jith tundra conditions. Rather, an intermediate climatic condition, mon-
tane to :Lne in character, is indicated at 24,500 years BP. 

D s PIT: Old borrow pit south of Route 7A 
of Port . 49°17.3' N lat .• 122° 

Many of the hills and areas in the Fraser Lowland are composite 
in nature, consist parts of one or more older hills that are now buried 
and wh.ich :::-epresenc former landscapes (Armstrong and Hicock, 
1975). Each such ancient landscape is delineated an unconformity truncat-
ing older sediments and overlain materials deposited during one or more 

Such results from cyclic 
erosion ition, the former due to fluvial erosion and mass wasting 
during intervals to scour, and the latter to aggrada-
tion as ice encroached upon and receded from the area. 

at the Port Hoody disposal pit illustrates the con-
cept of landscapes and the stratigraphic com-

sediments und Lowland. Up to about 
SO m of sediments, :into several distinct units, are exposed in an ex-
cavated face on the east side the pi Most of the exposed 
sediment is sand h occurs in tvJG units a thin drift layer 

15 south. Strata in the lower sand unit are truncated by this 
The -u.ppe~., sand ·unit also is truncated drift v·eneering the 

The sand urd.ts ar.·e similar textur'"' and composition. Both consist 
of fine to rr:ed:Lum sa:Ld conUiiD s;,'attered isolated and cobbles and 

lenses,_ Gra·"Iel ts r~1.0S in the uppe:r part of each unit.:. The 

ments a 
quartz and ic rock frag-

volcanic detritus. 

stratifi·
Stratification in the 

dominates 
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Figure 26. Stratigraphic section, Stop 1-2. Modified from 
Hicock 6, his Fig. 11) and Armstrong (1977a, his Fig. 5). 

over other forms, and thin-bedded silty fine sand, in places ~lith ripple
drift structure, occurs near the base. The gently dipping parallel beds in 
the lower sand unit occur in sets up to several metres thick. These sets 
are delineated by minor differences in the orientation of constituent beds. 
Boundaries between sets probably represent short hiatuses during deposition 
of the sand. 

Irregular-shaped masses of gravel, diamicton, and stony silt and sand 
up to several metres across occur within the lower sand unit. These sedi
ments are complexly mixed and folded, and appear to have been remobilized 
and transported to their present depositional site, probably by mass
movement processes. Also present in the lower sand unit are high-angle 
faults which likely were produced by deposition of sediment in contact with 
ice or by subsequent glacier overriding. 

The two sand units v1ere deposited adjacent to glaciers moving across the 
Fraser Lowland during the advance phase of the Fraser Glaciation. Much or 
all of the lm.Jer unit, and perhaps the upper unit as well, probably formed 
when melt,JJater streams deposited their loads in standing water, either the 
sea or, more likely, ponds trapped betr~Jeen ice and ground to the 
south. Paleocurrent analysis indicates that the sand in both units was 
transported from the west or northwest from a piedmont glacier advancing 
across the western Fraser Lowland. 

The drift layer between the t\vO sand units consists of up to 3 m of 
poor sorted 
tic rock. 

, till, and stony silt and sand, all rich in grani
of Coast Mountains provenance~ These sediments accumulated in 

, and. aciolacust:rine environments when the site vms 
and y d iated during the pre-Vashon 

Co event, 

the sou::h end of the e?s::pos1.1re the upper sand UTlit is 
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underlain by a southward-thickening wedge of laminated to thin-bedded silt 
and sandy silt, probably deposited in standing water ponded by glacier ice. 
These fine-grained sediments onlap the buried drift layer to the north and 
attain a maximum exposed thickness of 4 m. The silt grades upward into silty 
sand of the upper sand unit and is directly underlain by about 60 em of in
terstratified peat and organic-rich clayey silt and sand. The latter sedi
ments contain abundant woody material, seeds, conifer needles, and possible 
in situ stumps, and probably were deposited on a slope adjacent to a stream. 
Pollen and plant macrofossils indicate that Abies lasiocarpa- Picea engleman
nii forest and parkland grew in this area under cold humid climatic condi
tions about 18,300±170 years BP (GSC-2322), which is the radiocarbon age of 
Abies wood collected from these sediments (Hicock et al., in press). This 
and similar dates from the Port Coquitlam area 10 km to the southeast and 
from Coquitlam Valley 10 km to the northwest provide evidence for at least 
local recession of Fraser Glaciation ice prior to the climactic Vashon event. 

The uppermost sediment unit at this site is a discontinuous sandy lodg
ment till up to 2 m thick that slopes north in conformity with the present 
topography. This till interfingers with the upper sand unit, but unconfor
mably overlies both the lower sand unit and the older drift complex. On the 
basis of the single radiocarbon date at this site, the surface till is known 
to have been deposited during the Vashon advance. The age of both the lower 
sand unit and lower drift are not directly known, although the stratigraphic 
relationships exhibited here suggest that both are deposits of the Fraser 
Glaciation (Hicock and Armstrong, 1981). 

STOP l-3J (OQUITLAM VALLEY GRAVEL PITS I: Adjacent gravel pits 
(S and S pit, Cewe pit) on west side of Pipeline Road, 5-6 km north
northwest of Port Coquitlam. 49°18.6'-18.7' N lat., 122°46.1'-46.5' W 
lortg. 

Thick Quaternary fills occur in many mountain valleys adjacent to the 
Fraser Lowland. These fills accumulated, in large part, in ice-marginal en
vironments during the advance and recessional phases of various Pleistocene 
glaciations. Representative sections through the sediment fill of one of 
these valleys are exposed at Stops 1-3 and 1-4. 

Coquitlam Valley, located 25 km east of Vancouver, extends south from 
the Coast Mountains to the north edge of the Fraser Lowland. In excess of 
200 m of Quaternary sediments, deeply incised by the Coquitlam River, occur 
along the sides of the lower part of this valley. At the now-connected S 
'and S and Cewe pits, a thick sequence of Fraser Glaciation drift overlies 
sediments predating the last glaciation (Fig. 27). 

In detail, in the S and S pit, sediments deposited during the Fraser 
Glaciation consist of more than 50 m of interlensing gravel, sand, stony 
silt, and till. Most of these sediments are very poorly sorted, internally 
deformed, and exhibit pronounced lateral and vertical facies variations. 
Most strata are laterally discontinuous. Gravel occurs both as beds and dis
continuous lenses with weak stratification and poor sorting. Sand occurs as 
horizontally and cross-stratified beds and massive layers containing scatter-
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ed stones, The sand comprises mainly feldspar, quartz, and grarntlc lithic 
fragments of Coast Mountains provenance, The gravel also consists almost en
tirely of rock types outcropping in the Coast Mountains, including a small 
proportion of Garibaldi volcanic stones, In contrast, at least one till 
layer in the Fraser Glaciation drift sequence contains abundant quartzite and 
pelitic sedimentary rocks of eastern provenance, 

The lowest and laterally most continuous till in this drift sequence is 
<1 to 3 m thick and has a silt-sand matrix and faceted striated stones, It 
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can be traced from the S and S pit north into the Cewe pit where it pinches 
out. Wood recovered from this till in the S and S pit has yielded a radio
carbon date of 21,500±240 years BP (GSC-2536), indicating that both the till 
and the overlying drift complex were deposited during the Fraser Glaciation. 
Although the sediments above the till have not been dated in the S and S pit, 
presumably correlative sand and gravel in the Cewe pit have yielded three 
radiocarbon dates of 21,600±200, 21,700±130, and 21,700±240 years BP (GSC-
2203, GSC-2416, and GSC-2335, respectively). These dates collectively indi
cate an advance of glacier ice about 21,500-22,000 years ago, accompanied by 
rapid aggradation at the margins of glaciers occupying Coquitlam Valley and 
the adjacent Fraser Lowland (Fig. 9). 

The sand and gravel which constitute the bulk of the drift sequence were 
deposited in part in an ice-marginal glaciofluvial setting, in part in lakes 
trapped between glaciers and nearby mountain slopes, and possibly in part in 
the sea. ~he presence of till and very poorly sorted gravel within the drift 
complex indicates that glacier ice was very close to the depositional site. 
Glaciers flowing west and perhaps southeast across the Fraser Lowland ob
structed the mouth of Coquitlam Valley causing deposition of drift up to 200 
m above local base level in the lowland. The orientation of cross-strata in 
sandy parts of the drift sequence indicates that much of the sediment was 
transported into Coquitlam Valley by meltwater streams flowing off the Fra
ser Lowland piedmont glacier. 

Glaciers in Coquitlam Valley and the Fraser Lowland probably coalesced 
about 21,000-21,500 years ago. However, after this but before 18,700±170 
years BP (GSC-2344), these glaciers disengaged and part of the Fraser Low
land was deglaciated (Fig. 9). A second invasion of the Port Moody- Port 
Coquitlam area by glaciers, heralded by renewed outwash deposition at the 
Port Moody disposal pit (Stop 1-2) and at the Mary Hill gravel pit, Port Co
quitlam (Armstrong and Hicock, 1975; Hicock and Armstrong, 1981), occurred 
shortly after 18,300±170 years BP (GSC-2322). Upper slopes of Coquitlam 
Valley were not overwhelmed by this ice until after 17,800±150 years BP (GSC-
2297) which is a radiocarbon date on wood from glaciolacustrine sediments 
overlain by till about 3 km north of the S and S pit. 

At the S and S and Cewe pits, up to about 24 m of horizontally bedded 
sand, gravel, and minor silt underlie the drift sequence described above. 
Although finer in the Cewe pit than in the S and S pit, these sediments gra
dually coarsen upwards towards the 21,500 year old till. In the S and S pit, 
the sediments grade from silty and pebbly sand at the base to very poorly 
sorted, bouldery gravel directly below the till. Sand near the base of the 
unit has ripple-drift cross-lamination indicating flow northeast into Coquit
lam Valley, opposite the present drainage direction. The upward coarsening 
of the unit perhaps is due to a change in stream regimen related to a build
up of glacier ice in the r In support of this, the poorly sorted gra
vel at the top of the sequence has a gradational contact with the overlying 
till. These observations suggest that the sand and gravel unit below this 
till records the first pulse of Fraser Glaciation sedimentation in Coquitlam 
Valley, apparently from meltwater entering the lower part of this valley from 

iers in the Georgia Depression to the west. However, there is about 1-2 
m of silt and sand at the base of the unit which contains wood dated >49,000 



- 61 -

years BP (GSC-2092-2). This radiocarbon date suggests that the enclosing 
sediments were deposited either during or before the Olympia nonglacial in
terval. It further suggests that there is an unconformity above the dated 
horizon but below the 21,500 year old till, most likely just above the dated 
silt. Alternatively, but less likely, the dated piece of wood may have been 
recycled form an older unit and thus is older than the enclosing sediments. 

The lowest sediment unit exposed in the S and S and Cewe pits consists 
of compact, poorly sorted, pebble-cobble gravel with a silt-sand matrix. 
This gravel, which is stable in vertical faces and nearly impervious, 
possesses weak near-horizontal stratification. Imbrication and crude cross
bedding indicate deposition from a south-flowing stream, as do the upvalley 
coarsening of the unit and its granitic provenance. The gravel is of glacio
fluvial or ice~contact origin and was deposited during a glaciation prior to 
the Olympia nonglacial interval. 

In su1nmary, sedimentary deposits of two major glaciations are exposed 
in the S and S and Cewe pits. Deposits of the Fraser Glaciation, here com
prising varied sediments laid down along the margins of glaciers occupying 
Coquitlam Valley and the Fraser Lowland, are separated from early Wisconsin 
or older outwash by thin silt and silty sand that were possibly deposited 
during the Olympia nonglacial interval. It seems likely that the lengthy 
mid-Wisconsin nonglacial interval in Coquitlam Valley was characterized by 
erosion of pre-existing deposits; thus its sedimentary record is negligible 
in comparison to that of the Fraser Glaciation. 

STOP 1-4... ITLAM VALLEY GRAVEL PITS I I: Allard gravel pit 7 on 
the west side of Pipeline Road, 7 km north-northwest of Port Coquitlam. 
49°19.5'-19.7' N lat., 122°46.4'-46.5' W long. 

Exposed in this pit is a thick sequence of horizontally stratified silt 
and sand sharply overlying compact, poorly sorted gravel (Fig. 27). The lat
ter can be subdivided into two units, an upper unit, 0-5 m thick, of very 
coarse, extremely poorly sorted, cobble-boulder gravel, and a lower unit, at 
least 26 m thick comprising poorly sorted, pebble-cobble gravel. The con
tact between the two units is locally delineated by a till layer, but else
where is indistinct. Diamicton lenses (flowtill?) are common within the 
gravels suggesting an ice-contact origin for the sediments. The lower gra
vel is correlative vlith, although somewhat coarser than, the basal gravel in 
the S and S and Cewe pits to the south. It thus was deposited during a gla
ciation predating the Olympia intervaL The upper gravel perhaps was also 
deposited during the same glaciation; alternatively, it may be outwash of 
early Fraser Glaciation age related to the 21,500 year old till in the S and 
S piL 

The upper gravel is sharply overlain by wood-bearing interstratified 

7 
The name "Allard 

to another 
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sand and silt of glaciolacustrine origin. In places, the contact between the 
t·wo units is marked by a boulder pavement. The glaciolacustrine sediments, 
which are up to 43 m thick at this site, gradually coarsen upwards and con
tain scattered dropstones of Coast Mountains provenance (including Garibaldi 
volcanic stones). A tree branch within fine sand 11m above the base of the 
unit yielded a radiocarbon date of 21,300±250 years BP (GSC-3305). The unit 
thus correlates with the much coarser drift overlying the 21,500 year old 
till in the S and S and Cewe pits to the south. The former is finer than the 
latter by virtue of having been deposited more distally with respect to the 
main sediment source-the piedmont lobe blocking the mouth of Coquitlam Val
ley. 

The uppermost exposed sediment in the Allard pit is diamicton, mainly 
rnassive to stratified, very stony sand. This diamicton, which possi-
bly is a melt-out till, was deposited when glacier ice advanced 
into the lake basin in "\vhich the underlying glaciolacustrine sediments were 

sited. Additional thick sediments occur stratigraphically above this 
diamicton, but are not exposed. 

p of 
the intersection of 
Langley; access from 

UE L PIT: Gravel pit directly southeast 
88th Avenue and 252nd Street, 4.5 km east of Fort 
88th Avenue. 49°09,5 1 N lat., 122°31.2 1 W long. 

to 9 m of sand and pebble-cobble gravel, locally overlain by 
a maximum of 4 m of very fine to medium sand, are exposed in this gravel pit. 
Inclined beds dipping up to 15° and occurring in sets a few metres 
thick are comi1lon; channel cut-and-fill structures are also present. The 
paleoflow direction inferred from cross-bed orientation is towards the west
northwest. Stones in the gravel are largely of eastern provenance and in
clude abundant quartzite, volcanic, sedimentary, and metasedimentary rock 
types. 

The sediments in this underlie a low terrace within the valley of 
the Fraser River. Other terrace remnants at about the same elevation 
20 m) occur in the same valley between Pitt Neadows and Glen Valley. These 
terraces are underlain deltaic and glaciofluvial or ice-contact sediments 

sit:ed when the sea had fallen relative to the land to about 15 rn eleva-
tion dur emergence of the Fraser Lo\.vland at the close of the Pleistocene. 
The se.diments 
the acent 
coarser than the 

ciers in. the vic 

sits of the Fort Langley Formation which underlie 
but predate Fraser River alluvium, They are much 

bed material of the Fraser River in this area, 
sited meltwater streams issuing from decaying gla
of Mission C about 11,300 years ago (Fig. 19). It 
isolated masses of dead 1ce existed in the Fraser 

Pitt Neadows and at the time the sand and 
This is not proven, by 

distr tion of the sediments, -v1hich may be due to 
eros1cn the Fraser 

of the sediments 
(e.g , fcreset-bedded sand at one site, F at another). 
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STOP 1-6, RE G L PIT: Gravel pit on the east side of 
256th Street, 0.6 km south of 84th Avenue and 5 km east-southeast of Fort 

0 0 Langley. 49 08.9' N lat., 122 30.7' W long. 

In this gravel pit, glaciomarine 
taic or subaqueous outwash sediments. 
follows (Fig. 28): 

mud both overlies and underlies del
The section from top to bottom is as 

About l m of silt, fine to very fine sand, and minor massive 
clayey silt containing scattered stones. This unit occurs at the top of the 
pit and directly underlies the upland surface to the south. The sediments 
are horizontally stratified, individual layers consisting of laminae and 
beds up to several centimetres thick which are locally deformed into complex 
folds. The contact with the underlying unit is sharp in places and marked · 
by a concentration of and cobbles; elsewhere, however, the two units 
intertongue. 

) Five metres of massive 
shells of 

wide variety of 

s t 

stratified stony mud with uncommon 
fossa (Baird)). Stones up to 

1% or less of the unit, and are of a 
Cascadian provenance. Discontinuous 

GRA\IEl, MINOR SAND 

GRAVEllY S.C.ND 
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AND SAND 

STONY MUD (CONTAINS 
MARINE SHELLS) 

MUD (CONTAiNS RARE STONES 
;l,ND MARINE SHEllS) 

section, Stop 1-6. 
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stringers of fine to very fine sand occur within the mud. The contact be
tween this unit and underlying sediments is sharp and horizontal. 

(3) Up to 1 m of fine to coarse sand and minor gravel. Slight differ
ences in grain size within the sand define subhorizontal planar stratifica
tion. In places, there is a concentration of pebbles and cobbles near the 
contact with underlying sediments. 

(4) Twelve metres of pebble-cobble gravel with sand interbeds. This 
unit fines downward with a decrease in clast size and an increase in the 
amount of sand. Although some sand beds are inclined, stratification is 
dominantly subhorizontal and planar. Trough cross-bedding is common in 
parts of this unit. The gravel exhibits a gradational contact with under
lying sediments. 

(5) About 7 m of pebbly sand and minor sandy pebble graveL Gravel 
beds are restricted to the uppermost 1-2 m. Like the overlying gravel, the 
sediments of this unit fine downward. The lowest sediments consist of fine 
to medium sand and sandy silt. Strata in this unit are inclined to the west
northwest from less than 5° to 25°. Deformation in the form of high-angle 
normal faults and complex folds is common in the lower part of the unit. 
Most of the fault planes strike east-northeast and dip north-northwest and 
south-southeast. The contact between this unit and underlying sediments is 
gradational. 

Ten to fourteen metres of interbedded fine to very fine sand and 
mud containing scattered stones. Stratification in this unit is subhorizon
tal, but the sediments are highly deformed. Discontinuous mud layers, which 
range from laminae to beds 1.5 m thick, are broken and contorted. Fold 
axes appear to be preferentially oriented in an east-west direction. The 
contact between this and the underlying unit is sharp, irregular, and local
ly steep (>30°). 

) Up to 7 m of mud with rare stones and marine molluscan shells. The 
mud contains seams of very fine sand and sandy silt, but is otherwise 
massive. 

Units (1) and (2) are typical glaciomarine sediments of the Fort Langley 
Formation. Although thin here, these sediments attain thicknesses in excess 
of 100m in parts of the central Fraser Lowland. Unit (1) may have been de~ 
posited in a shallow marine or intertidal environment. Sparse foraminifera 
in unit ) indicate cold, shallow (<15 marine waters with greatly re-
duced salinity (about 20~25%o) (Balzarini, 1981). The microfossil assem-
blage is dominated Elphidium clavatum Cushman, but also includes Cassidu-
lina islandica , Cassidulina teretis Tappan, Quinqueloculina arctica 
Cushman, Quinqueloculina stalkeri Loeblich and Tappan, and Robertina arctica 
d'Orb 

Unit ) also is marine in or It differs from unit (2) in having 
fewer stones, but may have formed under similar conditions. Its age is un~ 

is part of the Fort Langley Formation, its irregu-
unconformable upper surface indicates that an older age is 
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possible. 

Units (5) and (6), and possibly units (3) and (4), were deposited below 
sea level as part of a large proglacial delta or subaqueous outwash fan. 
The lowermost and finest sediments in the depositional continuum represented 
by these four units were deposited in deeper water and/or farther from the 
sediment source than the uppermost sediments. Deformation in unit (6) and 
the lower part of unit (5) possibly resulted from deposition against stagnant 
glacier ice infilling the adjacent Fraser River valley. Foreset bedding and 
foraminifera in the middle part of the sequence clearly indicate a marine en
vironment of deposition for unit (5). There is no direct evidence that the 
overlying sand and gravel (units (3) and (4)) also were deposited in the sea~ 
and these units conceivably may be subaerial glaciofluvial deposits. If so, 
there was a rise in the level of the sea relative to the land subsequent to 
the deposition of unit ), submerging the delta top and triggering deposi
tion of the stony mud of unit ). No such rise in sea level is required, 
however, if units (3) and ) were deposited subaqueously. 

Relevant to this issue of sea-level change is the nature of the contact 
between units (2) and (3). The contact is extremely sharp, and there appears 
to have been little or no reworking of unit (3) prior to the deposition of 
unit (2), as might be expected if the sea were to transgress over a delta 
top. In addition, there are no gradual changes in sediment texture near the 
contact that might result from an increase in water depth. These problems 
are less severe if units (3) and (4) accumulated below sea level and if the 
change from coarse, subaqueous outwash deposition to mud deposition occurred 
as a result of a sudden cessation in the supply of sand and gravel to the 
site, perhaps due to a shift in the position of a subglacial or englacial 
stream. However, despite the attractiveness of such an explanation, the 
mechanism for depositing thick, extensive, nearly flat sheets of sand and 
gravel below sea level is not immediately obvious. 

The sand and gravel exposed in this pit occur over an area of several 
square kilometres southeast of Fort Langley. In the immediate vicinity of 
Stop 1-6, the surface separating these sediments from the overlying stony mud 
slopes gently upward towards the east or southeast, and is about 5-10 m below 
ground level (Fig, 2 Farther west, apparently correlative sand and gravel 
are not overlain glaciomarine stony mud, but rather directly underlie 
nearly flat terrain at about 55 m elevation. This surface drops off abruptly 
to the west to lower terrain underlain by thick marine and glaciomarine mud, 
Near its eastern and southern limits, the sand and gravel body is complexly 
interstratified with diamicton, silt, and clay. This may be the position of 
the ice front at the time the sand and gravel were being deposited to the 
north and west, 

In summary, a large body of stratified sand and gravel, representing 
part of the Fort Langley Formation, prograded north and west of an active ice 
front near the close of the Pleistocene. This lithosome is either: (1) an ; 
ice-contact delta a sea-level position about 55 m higher than at 
present; or (2) a out ... ..vash fan. deposited \Vhen sea level was higher 
than 55 m elevation. The first possibil 
tive rise in sea level after the sand and 

necessitates a substantial rela
were deposited, No such 
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rise is required, nor ruled out, if the sediments accumulated below sea 
level. 

SUMAS VALLEY GRAVEL PIT: Gravel pit on the north side of 
Avenue), 0.8 km west of Highway 11 and 1.7 km north-
49001.01 N lat., 122°16.5' W long. 

Huntingdon Road (8th 
west of Huntingdon. 

Exposed in this gravel pit are approximately 34 m of gravel and sand 
overlain by up to 3 m of lodgment till and 2 m of eolian sand and silt (Fig. 
30). Records from drill holes near this pit indicate that the gravel and 
sand extend below sea level and irregularly overlie marine or glaciomarine 
clayey silt. In a drill hole only 250m north-northeast of the pit, the con
tact between the two units is 65 m below sea level. 

The gravel is poorly sorted and consists of clasts of pebble and cobble 
size in a matrix of sand and silt. The stones are well rounded and consist 
mainly of rock types derived from the Cascade Mountains to the east. Sand 
and gravelly sand occur as interbeds in the gravel, as do a few lenses of 
diamicton, possibly flowtill. Stratification is horizontal but indistinct; 
channel cut-and-fill structures are common. The paleoflow direction, al
though difficult to ascertain because of the variability in the orientation 
of cross-beds, appears to be mainly towards the southwest and west. 
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Till overlying the gravel-sand unit is massive, very stony, and has a 
sand-silt matrix. Stones in the till are rounded to subrounded like those 
in the underlying gravel, and likely were eroded from that unit by glacier 
ice. The contact between the till and underlying stratified sediments is 
sharp in places and gradational in others. 

The till is overlain by massive, fine to very fine sand, silty sand, 
and sandy silt of eolian origin. Similar sediments are widespread in the 
Abbotsford region (Armstrong, 1980a), and probably were blown from nearby 
outwash plains during deglaciation. 

The sediments at this site have been assigned by Armstrong (1977a, b) to 
the Sumas DrifL If this correlation is correct, they were deposited during 
a readvance of the piedmont glacier in the eastern Fraser Lowland about 
11,500 years ago. At this site, however, neither the till nor the underlying 
outwash has been radiocarbon dated, thus the assignment of these units to the 
Sumas Drift must be considered tentative. 

Notwithstanding the uncertainty as to their age, the gravel and sand 
clearly were deposited adjacent to a tongue of ice flowing down Sumas Valley 
into Washington. Shortly after deposition, the outwash was overriden by the 
advancing ice. 

Sumas Valley, which borders this gravel pit, is a flat-floored trough 
extending in a southwest direction from the Fraser River into Washington. 
The Canadian portion of this valley is 6-8 km wide and is below 10 m eleva
tion. During part of the Pleistocene, Sumas Valley was an arm of the sea. 
In the Holocene, it was occupied by a shallow lake (Sumas Lake) which formed 
behind a large alluvial fan deposited by Chilliwack River. This lake exist
ed until 1926, 1i7hen it vJas drained to create farmland in Sumas Valley. 
Sumas Lake deposits, in general, are less than 5 m thick, except beneath 
spits, bars, and beaches where they are up to about 10 m thick. The lacus
trine sediments overlie up to 300 m of mainly fine-grained marine and glacio
marine deposits. 

STOP ; FEUVRE BORROW PITS: Borrow pits ca. 0.5 km south 
and southeast of the intersection of Huntingdon Road (8th Avenue) and 
Lefeuvre Road (280th Street), and 1 km north of the Canada- United States 
boundary; access from both Lefeuvre and Huntingdon Roads. 49°00.6'-00.8' 
N lat., 122°26.3'-26.8' W long. 

This stop is in hummocky kame-and-kettle terrain near the head of the 
melt1t~ater channel leading to the late Pleistocene Campbell River delta (Figs. 
31 and Sediments exposed in borrow pits in this area \'Jere deposited on 
and against ice which filled the valley to the south and east, and which sup
plied melt•.vater to the growing Campbell River delta located 16 km to the 
west. These sediments consist of sand and pebble-cobble gravel of Cascadian 
provenance. Diamicton up to 3 m thick forms a discontinuous surface veneer 

and intertonguing with the sand and gravel. Sorting in the sand~ 
gravel unit is variable, and stratification is irregular. Beds are locally 

inclined, folded, and cut numerous normal and reverse faults, the 
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Figure 31. Landforms in the vicinity of Stop 1-8. Kettled ice
contact terrain at Stop 1-8 is bordered on the south and southeast 
by an outwash plain (indicated by a full black arrow), and on the 
north by a deep meltwater channel (open arrow). The gently sloping 
outwash surface at 290-330 ft elevation (88-100 m) is part of the 
meltwater channel leading to the Campbell River delta (compare with 
Fig. 32). The location of the large erratic block described in the 
text is indicated by the letter E. Topographic contour interval is 
10ft (3m). 



eLANGLEY 

122°40' 122°35' 

- 70 -
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f(·::.:.::.J ICE-CONTACT GRAVEL AND SAND (ON TOP OF DEAD ICE) 

~ ACTIVE GLACIER ICE 

~SEA 

~ MELTWATER CHANNEL 

DIRECTION OF MELTWATER FLOW 
0 1km 
[____J 

®ALDERGROVE 

122°30' 

Figure 32. Paleoenvironmental reconstruction at about 11,500 
years BP showing the relationships of the Campbell River delta 
and its feeder channel to glacier ice filling Sumas Valley and to 
associated ice-contact sediments. Sea level at this time was 
about 40 m higher relative to the land than at present. 

result of collapse during melting of associated stagnant ice. The uppermost 
beds generally are oriented parallel to the irregular land surface. 

Kame-and-kettle terrain extends 5 km northeast of this stop and about 4 
km southwest into Washington as an arcuate band 0.5-1,5 km wide. It is 
bounded on its concave northwest side by deep meltwater channels. These 
channels incise, and therefore are younger than, both the ice-contact terrain 
and the meltwater channel that fed the Campbell River delta (Figs. 31 and 
32). They carried meltwater after the Campbell River delta became inactive, 
but while glacier ice still covered Abbotsford to the northeast. The floor 
of the lowest channel is nearly 40 m below the adjacent Campbell River melt
water channel, and probably was graded to a shoreline well below 30 m eleva
tion. 

Just west of Lefeuvre Road, 0.75 km north of the Canada -United States 
boundary (Lf9°00. 5 1 N lat., 122°26,8 1 W long.), is a large erratic resting on 
ice-contact deposits similar to those exposed in the borrow pits at Stop 1-8. 
This erratic, which is about 400m3 in volume (ca. 1000 tonnes), is a block 
of polymictic te derived from the Fraser Canyon north of Hope, more 
than 85 krn to the northeast of this site. The erratic probably <;.;as rafted on 
the surface of the ier f down the Fraser Canyon and across the Fra
ser Lowland. 
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STOP 1-9_, ANDERSON CREEK SAND PIT: Borrow pit on the northeast side 
of Anderson Creek, 1.3 km south of Nicomekl River; access from 192nd 
Street. 49°05.0 1 N lat., 122°41.8' W long. 

This pit exposes sandy deltaic sediments at the outer edge of the late 
Pleistocene Campbell River delta (Figs. 32 and 33). The sediments are divi
sible into three units of a classical delta (Gilbert, 1885)--topset, foreset, 
and bottomset beds. 

The topset unit, up to 3m thick, consists of subhorizontally bedded 
fine to very coarse pebbly sand. Stratification is parallel except locally 
near the base of the unit where there are low-angle shallow cross-beds. The 
pebbles are mainly volcanic, sedimentary, and metasedimentary rock types of 
Cascadian provenance. 

The foreset unit, about 16 m thick, consists of fine to coarse sand and 
minor gravelly sand. A few discontinuous silt and sandy silt beds up to 
about 10 em thick are present in the lower part of the unit. Stratification 
is dominantly parallel and is inclined from less than 10° towards the north
west in the lower part of the unit to 25° northwest in the upper part. There 
are, however, some cross-beds and channels within the unit. The channels, 
which are up to about 2 m deep and 10 m or more wide, represent delta fore-
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Figure 33. Stratigraphic section, Stop 1-9. 



slope troughs formed by strong bottom currents or subaqueous mass movements. 

Sediments within the most steeply dipping part of the foreset unit are 
complexly folded. Fold axes strike northeast-southwest, perpendicular to 
the direction of sediment transport. The limbs of some folds are overturned 
and, locally, are themselves folded. Severe deformation occurs in pockets 
bounded by essent undisturbed strata, indicating that deformation was 
penecontemporaneous with deposition. The coincidence of the deformed zones 
with the most steeply d foreset beds suggests that masses of bedded, 
water saturated sand crept or slid down the active delta foreslope. 

Stones in this unit are identical in lithology to those in the overlying 
topset unit and likewise are of Cascadian provenance. In addition, there 
are abundant clasts silt eroded from Pleistocene uplands to the 
east. 

The bottomset unit, up to 5 m is in gradational contact with 
overlying sediments, It comprises horizontally bedded fine to medium sand, 
silt, and sLL Sand constitutes the bulk of the unit and occurs as 
laminae and beds wh:Lch are graded and range up to a few tens of 
centimetres in thickness. Thia lenses and clasts of silt occur within 
the sand. Interstratified with the sand are beds of silt and clayey silt up 
to 25 em thick, These beds, in places are broken and faulted. The bottom-
set unit is lel-bedded, although low-angle cross-stratification 
is present 

The base of the ttomset unit is not exposed in this pit. Records from 
nearby drill holes indicate that these sediments grade downward into sandy 
and clayey silt of iomarine or 

Stop 1-9 is aL the northwest of the Campbell River delta. The delta 
from 40 m elevation here to 54 m at the top rises gr southeast 

apex, an average 
24 km2 in the vicinity 
on the east ar:.d south 

The delta extends over an area of about 
River and Anderson Creek. It is bordered 

s underlain by till, ice-contact sand and gra-
iomarine stony mud, To the north and \.Vest is lm-ver terrain un

iomarine sediments over which the Campbell River 
delta ed at close of the Pleistocene. The edge of the delta in 
this area is delineated a conspicuous break in slope \,rhere the delta top 

off to the old sea floor at angles up to 

Sediment at 
at 1~ , are 
apex of the delta where 
sediments were transpcrted 
present 

vicini 

The 1 R1v d 

of the Campbell River delta, as for example 
Ho•;vever, the sediments coarsen towards the 

i 

pebble-cobble gravel. All of these 
a meltwater stream flowing along the 

32). The meltwater channel in which 
feature and can easily be traced 

to the ice-contact zone in the 
is 0. 3-1. 2 km ·;,vide and has an 

of 24 km, 8 

feeder channel relate a sea-level posi-



40l 
39~ 

E 38~ z 
0 

37j 
1-
<! 
> 
i.U 
...J 
i.U I 

I 
I 

-l 

I 
i 

35_1 

SAND 

STONY SILTY SAND 

STONY SANDY MUD 
(CONTAINS MARINE SHELLS) 

12,625 ! 450 RADIOCARBON DATE 
(YEARS BP ); SEE TABLE 2 

12,625 :!: 450 

e 34. Stratigraphic section, Stop 1-10. 

tion to a glacier terminus; this is one of only a few cases in the Fraser 
Lowland where such a relationship can be demonstrated. In this instance, 
the sea stood at 40 m elevation when glacier ice extended southwest of 
Abbotsford across th" Canada -United States boundary, probably about 11,500 
years ago. 

STOP I~ J KI !\lG EORGE HIG Drainage 
way 99A, 50 m northwest of the intersection of 

ditch at the side of High
High~·my 99A and 16!f th 

0 
States boundary. 49 01.5 1 Street, north of the Canada -United 

N lat., 1 

At this stop, 2.5 m of massive, shell-bearing stony sandy mud are over-
lain successively 0.5 m of stony s sand and 1.5 m of fine to medium 
sand . 3q. The base of the fossiliferous stony mud is not exposed here, 
but Vashon t:ill whi_ch underlies these sediments is within 10 m of the surface 
over much of the surround upland. Shells collected from the lowest ex
posed uni_t at this site have been radiocarbon dated at 12,625±450 years BP 
(I(GSC)-6), 

The contact between the upper and middle units is gradational; that be
tween the middle and lower units is sharp in places and gradational in 
others, Stones :Ln the lov1er and middle units are mainly of pebble and cobble 
size and are 1/lell rounded to ; many are faceted and striated. They 

steeper 
\VeSt~ 

channel bordering the ice-contact zone has a much 
) than the main part of the channel farther 
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comprise a wide variety of lithologies, including sundry volcanic, granitic, 
and metasedimentary rock types. 

The stony mud contains an unusually abundant fossil fauna, including 31 
species of marine invertebrates and 11 species of foraminifera (Table 6). 
The presence of unbroken barnacles on some stones and articulated valves in 
the mud indicates that the sediment is not till, but rather formed by deposi
tion of material on the sea floor from suspension and from melting and 
rolling of icebergs. Both the macrofossils, which were examined by Wagner 
(1959), and the microfossils, examined by Smith (1970) and Balzarini (1981), 
indicate a shallow (<15m?), cold marine environment with water of reduced 
salinity (25-30°ho). These environmental conditions are comparable to those 
existing today in coastal fjords of southeastern Alaska about 1600 km to the 
northwest. 

The sedimentary succession exposed in this ditch is interpreted to have 
formed in a shoaling sea. The lower unit was deposited in a sublittoral en
vironment, and the upper unit in the intertidal zone. The transitional mid
dle unit probably was deposited in the uppermost sublittoral zone. The de
crease in water depth indicated by the sediments resulted from glacio-

Table 6. Fauna identified at Stop l-10; after Wagner (1959), Smith (1970), and Balzarini (1981) 

Pelecypoda Gastropoda 
Chlamys (Chlamys) rubida hindsii (Carpenter) 
Chlamys sp. 
Clinocardium blandum (Gould) 
Clinocardium ciliatum (Fabricius) 
Clinocardium fucanum (Dall) 

Clinocardium sp. 
Hiatella arctica (Linne) 
Macoma calcarea (Gmelin) 
Macoma incongrua (Martens) 
Macoma inquinata (Deshayes) 
Macoma nasuta (Conrad) 
Macoma sp. 
Mya truncata Linne 
Mytilus edulis Linne 
Nucula tenuis (Montagu) 
Nucula sp. 
Nuculana fossa (Baird) 
Nuculana minuta (Fabricius) 

Psephidia sp. 
Saxidomus giganteus (Des hayes) 
Serripes groenlandicus (Bruguiere) 
Trachycardium sp. 

aldentified as Islandiella teretis (Tappan) by Smith (1970). 

Buccinium plectrum Stimpson 
Natica aleutica Dall 
Neptunea lyrata (Gmelin) 
Polinices pallidus (Broderip and Sowerby) 
Polinices Sp. 

Trichotropis cance.llata Hinds 

Annelida 

Serpula vermicularis (Linne) 

Cirripedia 
Balanus Sp. 

Foraminifera 
Buccella frigida (Cushman) 
Buccella tenerrima (Bandy) 
Cassidulina teretis Tappana 
Discorbis spp. 
Elphidium clavatum Cushman 
Elphidium incertum (Williamson) 
Elphidium spp. 
Protelphidium orbiculare (Brady) 
(?) Protelphidium pauciloculum (Cushman) 
Quinqueloculina stalkeri Loeblich and Tappan 
Triloculina inornata d'Orbigny 
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isostatic rebound and consequent emergence of the Fraser Lowland at the close 
of the Pleistocene. Emergence of the Hhite Rock upland, on •h'hich this site 
is located, is evidenced by flights of strandlines and associated intertidal 
sand and beach gravel on the upland flanks. 

Although \N"ater depths during deposition of the fossiliferous sediments 
at Stop 1-10 have been interpreted to be less than 15 m, the site is about 
160 m below the late glacial marine limit in the Fraser Lowland, and thus 
likely was covered relatively deep water earlier during deglaciation. 

2. Chilli1-vack Valley 

STOP L ILLI KRI G LPIT: Gravelpitonthenorth 
side of Chillivmck l.ake Road, 1. 5 km south-southeast of Vedder Crossing. 
49°05.6 1 N lat., 121°56.9 

Sediments exposed in this gravel pit, like those in the S and S, Cewe, 
and Allard pits in tlam s l-3 and 1-4), were deposited in 
response to the of glaciers during the advance phase of the Fraser 
Glaciation. This pit i notable not only for its excellent stratigraphy, 
but also for the abundant fossil proboscidean remains (probably mammoths) 
in the basal gravel unit et al., 1982). Proboscidean remains also 
have been found in similar, although somewhat younger, stratified sediments 
(Saanichton gravel) und Vashon till on southeastern Vancouver Island 
(Herington, 1975; Keddie, 1979). 

The Chilliwack River pit exposes thick Pleistocene sediments 
covering bedrock Vedder Crossing (Fig. 35). The lowest unit 
in the pit is gravel containing lenses of fine to coarse 
sand. This unit which has a maximum exposed thickness of 50 m, is charac-
terized subhorizontal stratification and local planar and trough cross-
bedding. The orientation of cross-beds and imbricated stones indicates west-
ward flo·w down Chilliwack during deposition of the unit, Three mam-
moth (?) tusks have been recovered from the upper part of the gravel; of 
these, two have been radiocarbon assayed, and dates of 21,400±240 and 
21,600±240 years BP obtained SFU-65 and SFU-66, respectively). 

The gravel is overlain 14 m of clayey silt containing scattered drop-
stones and lenses of sand and minor gravel. Some silt beds are contorted and 
convoluted. the top of the silt unit is up to 2 m of poorly sort-
ed sandy blocks of silt up to 2 m across. 

The silt and sorted gravel are overlain successively by: (1) 
about 16 m of cross-bedded, cobbly pebble gravel; (2) about 10 m of interbed-
ded silt, sand, .and ; a.nd 3) up to 3 m of sandy diamicton, probably 
til . The first of these three units differs from the thick gravel 
at the base of the 3equenee L1 finer, more strongly cross-bedded, and 

south\,,Testerl irec paleoflm·J indicators. The second unit is rela-
fine in comparison both the horizon bedded gravel in the lower 

part of the pit and the cross-bedded above the silt. It comprises 
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Figure 35. Stratigraphic section, Stop 2-1. 

cross-bedded gravel, cross-bedded sand with local ripple-drift structures, 
diamicton, and horizontally bedded stony sand and silt. 

Stones from all the sediments at this site are mainly sedimentary, meta
sedimentary, and volcanic lithologies derived entirely from the Cascade Moun
tains to the east, southeast, and northeast. 

The basal gravel unit and the overlying silt extend east at least 10 km 
up ChillivJack Valley. The former also occurs northeast of the Chilliwack 
River pit along the southeast edge of the Fraser Lowland. For example, in 
the Bailey sanitary landfill 2.5 km northeast of this stop, horizontal and 
cross-bedded sandy and gravelly sand overlie marine mud and are over-
lain by till (Armstrong, 1977a, b). A mammoth (?) tusk at the base of the 
sand and gravel sequence at this site yielded a radiocarbon date of 22,700± 
320 years BP , showing that these sediments correlate with the 
basal gravel at the Chilliwack River piL 

The scidean-bearing gravels probably were deposited by braided 
rivers on 
ciers advancing 

in front of, and possibly along the margins of, gla
southwest across the Fraser Lowland and ~o1est down Chilliwack 

the Fraser Glaciationo Outwash deposition apparently 
about 22,000-23,000 years ago in this area. With the continued 

Valley 
com_menced 
grov1th of 
the mouth of 
reaches 

iers, the lobe in the Fraser Lowland advanced across 
Ch-~llirJJack ~Jalley a lake in the valley's lower 

et al ~ j 1982). silt overlying the basal gravel in the 



- 77 -

Chilliwack River pit was deposited in this lake. Thin interbeds of sand and 
gravel within the silt sequence may have formed as a result of mass move
ments from the sides of the lake or from the glacier dam at the mouth of 
Chilliwack Valley, or may have been deposited subaerially during short-lived 
emptyings of the lake. 

Obliteration of this lake due to the continued advance and eventual coa
lescence of glaciers flowing down Chilliwack Valley and across the Fraser 
Lowland was accompanied by deposition of gravel and sand on top of glacio
lacustrine silt near the mouth of Chilliwack Valley. The depositional envi
ronment of the former sediments is somewhat uncertain. They are either gla
ciofluvial deposits, proximal subaqueous outwash, or some combination of the 
two. The presence of bedded silts beneath the surface till, but above the 
main glaciolacustrine unit suggests that ponded-water conditions persisted 
along the valley margins as the ice thickened. 

The till at the top of the exposure is present over much of the surface 
of the Ryder Lake upland east of this site, and probably was deposited at 
the climax of the Fraser Glaciation when upland areas were covered by ice. 

P 2 ; S SSE CREEK: Bluff on the north side of Slesse Creek, 1.5 
km southeast of the confluence of Slesse Creek and Chilliwack River; 
access via Slesse Creek logging road. 49°04.3' N lat., 121°41.4' W long. 

Glaciolacustrine, glaciofluvial, and deltaic sediments of late Pleisto
cene age are exposed in a bluff that is being actively eroded by Slesse 
Creek. The sediments underlie the leading edge of a well defined, relict 
valley train that extends 20 km east to Chilliwack Lake, rising from about 
300m to 600 m elevation over this distance (Fig. 36). What appear to be 
small erosional remnants of this outwash surface are also present west of 
the mouth of Slesse Creek for about 3 km, but are absent farther west in 
lowermost Chilliwack Valley. The present floor of Chilliwack Valley at 
Slesse Creek is 180 m in elevation, approximately 120 m below the valley 
train surface directly to the east. 

The sediments exposed at Stop 2-2 include the following, from top to 
bottom . 37): ) Nine metres of inter lensing sand, gravel, and lamina-
ted to thin-bedded stony silt" These sediments are subhorizontally strati-

--PROFILE OF PRESENT LAND SURFACE 
WEST -- PROFlLE OF PLEISTOCENE LAND SURFACE EAST 

e 6~ e of late Pleistocene train extending from 
Post Creek to the vic of Slesse Creek. 
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fied and crop out at the top of the bluff directly below the surface of the 
outwash plain, Gravel, which occurs as discontinuous beds and lenses in 
sand, is moderately to poorly sorted and includes clasts up to boulder size. 
The majority of stones in this unit are granitic, and the sand consists main
ly of feldspar and quartz. A radiocarbon date of 11,400±140 years BP (GSC-
3308) was obtained on the outermost 30 annual rings of an upright stump 
buried in silt and sand 5 m below the top of this unit. Forest litter, in
cluding conifer needles and cones, is common in the vicinity of the root 
collar of this stump, indicat that the stump is rooted and has not been 
transported. 

(2) Six metres of subhorizontally stratified, locally graded, fine to 
medium, quartzo-feldspathic sand. This unit is conformable with overlying 
and underlying sediments. 

(3) T>vo and one--half metres of poorly sorted, subhorizontal, pebble-
cobble gravel dominated dark volcanic and fine-grained sedimentary and 
metased rock types. 

(4) One~half me.tre of subhorizontally stratified silt and very fine 
sand cor. scattered stones and plant detritus. Wood from this unit 
yielded a radiocarbon date of 11,700±100 years BP (GSC-2966). The boundaries 
of this unit are conformable. 

(5) Ten to thirty metres of 
Stra ificat is and inclined 

gravel, sand, and minor silty 
towards the west and north-



west. Most sand beds are graded. Dark volcanic, sedimentary, and meta
sedimentary lithologies dominate over granitic rock types, as in unit (3)o 
The contact between this unit and underlying sediments is very irregular, 
varying up to 20 m vertically over a lateral distance of about 100 m. In 
places, the contact is steeply inclined and silty clay from the underlying 
unit diapirically intrudes the sand and gravel. 

(6) Up to 25 m of deformed laminated silt and clay containing scatter
ed stones and minor sand. The sediments are complexly folded, and some 
strata are overturned. The intense deformation is attributed to rapid load-
ing of lake-,floor muds by coarser overlying sediments. A single 
piece of wood from this unit yielded a radiocarbon date of 11,900±120 years 
BP (GSC-33 In unction with the other two dates at this site, this 
shows that the entire sedimentary sequence was deposited during a very short 
period of time near the close of the Pleistocene. 

All of these units with the exception of unit (6), probably were de
posited near the front of a valley train built out into a glacier-dammed 
lake in lower Chillhvack Valley. Although there is some uncertainty about 
the exact environment of sition of the sediments underlying the valley 
train surface at this site, it is our opinion that at least some of them 
were deposited at the front of a delta fed by high-energy melt-
water streams. Evidence for this includes graded bedding in sandy portions 
of the sequence; laniinated stony silt in units (1), (4), and (5); and possi
ble foreset bedding in unit (5). In addition, it is known that lacustrine 

unquest 

at this site just before the sand and gravel of unit 
because unit (6), which is about 11,900 years old, is 

lake sit 

If the lake in 1d:ich these sediments were deposited was unstable and 
subject to periodic emp and refilling, as is common for present-day 
glacier-dammed lakesc parts of the delta top and foreslope could have been 
subaer exposed t various times, and iofluvial sediments thus de-
posited in associat: with subaqueous deltaic material. This may account 
for the d1anoell and complex interlens of sand and gravel prevalent in 
parts of the section, However, these features also may have been produced 

frequent shlft of the channels of braided meltwater streams at 
the delta front 

Units ) and ) are of different provenance from units 3) and (5). 
The former have a relatively high proportion of granitic rock types which 
crop out in the upper parts of the Chilliwack River and Slesse Creek drainage 
basins" In contrast, the latter are dominated by rock types common in the 
ChillhJack River basin "est of Chilliwack Lake and in lm:ver Slesse Creek 

, sediments of u.nits ( ) and (5) were transported down 
and Chillhnck ·~Jhen ier termini extended 

west and northwest the granitic source areas in the upper parts of 
these basins, contrast, sediments of units ) and (2) were deposited 
after ey into ic sou-cce areas, Freshly de-

in these areas then vms eroded and redeposi-

ted as 0\J_tY.iJ'ash streams, 
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The lake in which most of the sediments at Stop 2-2 c::ccumulated was 
dammed by ice in the lower part of Chilliwack Valley (Fig. 38). Like the 
lake that formed about 10,000 years earlier during the advance phase of the 
Fraser Glaciation (see Stop 2-1), this lake was impounded by a piedmont gla
cier flowing west and southwest across the eastern Fraser Lowland. A lobe 
of this glacier bulged up into lower Chilliwack Valley, and another extended 
southwest dow~ the narrow valley now occupied by Cultus Lake. A prominent 
ice-contact face at the southwest end of Cultus Lake, 10 km from Vedder 
Crossing, delineates a major stillstand position of the latter lobe. 

The glacier,-dammed lake probably grew in size as the Chilliwack Valley 
glacier receded east into the mountains. This glacier eventually receded to 
Chillhvack Lake where it stabilized or readvanced to form a moraine (Stop 
2-4). A valley train rapidly prograded westward from the glacier snout at 
Chillhvack Lake and reached the vicinity of Slesse Creek before ice in the 
lower part of Chilliwack Valley decayed and the lake drained. 

The radiocarbon dates at this site indicate that Chilliwack Valley in 
the vicinity of Slesse Creek was continuously ice-free after about 11,900 
years BP, and that a glacier-dammed lake existed in this area from about 
that time unti1 after 11,400 years BP. During this interval, a glacier 
blocked the mouth of Chilliwack Valley and probably terminated at the ice
contact face at the southwest end of Cultus Lake. Towards the end of the 
interval, the Chillhvack Valley glacier terminated at the west end of Chilli
wack Lake. A radiocarbon date of 11,300±100 years BP (GSC-2523) from till 
at the southwest end of Cultus Lake indicates that ice may have continued to 
impound a lake in lmver Chilliwack Valley untiJ after 11,300 years ago. 

years B:J? 

@CHILLIWACK 

GLACIOFLUVIAL GRAVEL AND SAND 

CJ GLACIER ICE 

~LAKE 

~ MELTWATER FLOW 
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38, Pale~; environmental reconstruction at about 11,500-12,000 
the ;~elat the val train and ice-damirred 

Chilli~-:ra,ck \/alJ 
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STOP 2-3~ LARSONS BENCH: Road cut, Chilliwack Lake Road, 0.7 km east 
of the bridge over Slesse Creek. 49°04.8' N lat., 121°41.9' W long. 

Up to 15 m of deltaic and glaciofluvial sediments underlying the Chilli
wack Valley outwash train are exposed in this road cut and small borrow pit. 
The sediments are similar in character and origin to those at the top of the 
bluff at Stop 2-2, but may be more easily examined here. 

The sediments comprise horizontally bedded, fine to coarse sand and 
minor gravel. Laminated silt is present in nearby exposures to the south. 
The uppermost 1-3.5 m of sediments at Stop 2-3 are poorly sorted sandy gra
vel. This gravel overlies sand with graded bedding and minor pebble-cobble 
lenses. Isolated, rounded to subrounded stones up to 3 m across are present 
in the sediments at this site. Most of the large stones are granitic; in 
contrast, cobble- and pebble-size material consists mainly of metasedimentary 
and volcanic rock types. 

The poorly sorted gravel at the top of the exposure may be subaerial 
outwash deposited on top of deltaic sediments. Gravel interbeds lower in 
the section perhaps were deposited subaerially on the delta surface during 
periods of low lake level or when the lake temporarily emptied during jokulh
laups. The origin of the large isolated boulders is problematic. They may 
have been transported across the lake on icebergs derived from calving gla
ciers, or alternatively may have been carried down Chilliwack Valley by 
meltwater floods (either as bedload or on rafted ice blocks). If the latter 
explanation is correct, extremely large water discharges are indicated (see 
Stop 2-4). 

STOP 2-4 1 POST CREEK: Road cut6 Chilliwack Lake Road, 0. 3 km east of 
Post Creek. 49°05.8' N lat., 121 27.3' W long. 

Chilliwack Lake is impounded by a plug of coarse bouldery debris, the 
core of which probably is an end moraine of the late Pleistocene Chilliwack 
Valley glacier. However, the surface of this debris plug slopes gently down
ward across Chilliwack Valley and towards Chilliwack Lake (Fig. 39). The 
surface is inclined only about 0.7°, except along its southeast margin where 
it drops at angles of 5-30° to the edge of Chilliwack Lake. 

The road cut at Stop 2-4 exposes up to 15 m of sediments typical of 
those forming the Chilliwack Lake debris plug. The material consists of ex
tremely poorly sorted and crudely stratified gravel and rubble. About 80-90% 
of the stones are less than 1 m across, but some approach 8 m in maximum dia
meter (ca. 100m3 in volume). Many of the stones have sharp edges and ob
viously have not been transported far; others, however, are reasonably well 
rounded. The uppermost 1-4 m of sediments exposed in this road cut are finer 
(i.e., pebble-cobble gravel with scattered boulders), better sorted, and 
better stratified than the underlying debris. Crude imbrication and strati
fication in these uppermost sediments indicate flow from the northwest out of 
Post Creek valley. All of the stones in the debris are granitic rocks and 
associated mafic-rich dyke rocks of local provenance. 
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The west side of the debris plug south of this exposure has been trun
cated by erosion. Several arcuate scarps, concave towards the northwest, 
separate the debris plug from the valley train surface to the west (Fig. 
39). The morphology of the scarps indicates that they were eroded by water 
flowing out of Post Creek valley, with discharges far in excess of present
day Post Creek discharges. These flows initially deposited gravel on the 
surface of the debris plug, thus giving rise to its cross-valley gradient. 
At the southeast edge of the plug, gravel was deposited either against the 
snout of the Chilliwack Valley glacier or in a pond fronting the glacier. 
Following this short-lived depositional phase, the flows cut deeply into the 
debris plug, spreading a fan of coarse debris many kilometres downvalley 
from Post Creek. Chilliwack Lake Road west of Post Creek is bordered by 
boulders and blocks transported these floodwaters. 

The source of the enormous water discharges that entered Chilliwack Val
ley from Post Creek becomes apparent when it is realized that Post Creek is 
located in a deep meltwater channel connecting Chilliwack Valley and Silver
hope Valley, the next major mountain valley to the northwest (Fig. 39). The 
floor of the Post Creek channel is several hundred metres higher than Silver
hope Valley, thus the channel could transport water only when ice, a lake, or 
some combination of the two partially filled Silverhope Valley. For example, 
ice covering the floor of the valley might have directed meltwater into the 
Post Creek channel. Alternatively, a lake may have formed in the middle part 
of Silverhope Valley between ice dams located in its lower and upper reaches. 
The lowest outlet for such a lake, assuming that drainage did not occur 
through or under one of the ice dams, would be the Post Creek channel. Cata
strophic discharges, vlhich seem to be required to transport the large blocks 
downstream from the Chilliwack Lake debris plug, might result if glacier ice 
in Silverhope Valley blocked the mouth of the Post Creek channel, raising the 
level of the lake above the channel floor. Subsequent failure of ice at the 
channel mouth might then send an enormous surge of water, or jokulhlaup, down 
Post Creek into Chillivmck Valley. 

Chilliwack Lake, which has a maxiJTtum depth of about 114 m, formed when 
the Chilliwack ier receded from its end moraine about 11,000 years 
ago. Init , the lake was about 25 m higher than at present, as indicated 

the presence of a veneer of beach or shallow lacustrine sand on the south-
east slope of the debris facing Chillhvack Lake. However, Chilliwack 
River soon incised the debris and lowered the lake to its present level. 
Terraces along Chillhvack River up to 0, 5 km downstream of the outlet of 
Chilliwack Lake were cut as the level of the lake dropped. These terraces 
are covered by enormous blocks eroded from the debris plug. 
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strate the character of a typical raised peat bog, and will discuss the suc-
cession of types through time, The organic sequence at this site, 
from the surface do1-m, consists of well preserved Sphagnum peat with charcoal 
horizons, woody heath peat with sedge remains, and dark brown sedge peat. 
The sedge peat overlies Scirpus-bearing, blue-gray silt which grades downward 
into silty fine to very fine sand containing black organic streaks. The 
uppermost unit in the organic sequence formed in a Sphagnum bog; the woody 
peat 1-ms deposited in an earlier shrubland environment; the sedge peat indi
cates a still earlier sedge swamp containing some wetland grasses; and the 
basal mineral sediments accumulated near the front of the proto-delta of the 
Fraser River, at least in part in the intertidal zone. Additional details 
are provided below. 

Burns is a large domed peat bog covering approximately 40 krn2 of the 
eastern Fraser Delta south of the Main Channel of the Fraser River (Fig. 40). 
This bog is the largest of several which cover most of the eastern part of 
the delta and which developed 1-1hen sea level stabilized near its present po
sition about 5000-5500 years ago. 

The present vegetation cover of the large central portion of Burns Bog 
is dominated Ericaceae (mainly Ledum groenlandicum) and Sphagnum, forming 
an open heathland with no significant tree canopy, but with abundant Pinus 
contorta. The outer portion of the bog, in general, is tree-covered; the 
main arboreal species differ from area to area but include l1cer circinatum, 
Alnus rubra, Betula occidentaiis, Malus fusca, Picea sitchensis, Pinus con-
torta, Rhamnus , Salix lasiandra, Thuja plica ta, and Tsuga hetero-
phylla. There also is a vJide variety of shrubs, herbs, and bryophytes in 
this outer zone. The natural vegetation cover of Burns Bog has been modified 
extensiv due to clearing and construction along the bog margins and to 
peat extracU.on. 

The paleoecology of Burns Bog has been determined by Hebda (1977), who 
analyses on three cores and studied the present-day 

of selected '\vetland environments, Hebda showed that 
a series of developmental stages related in part to 

surface above sea level, and in part to the effects of elevation of the 
vegetation on vvater retention and acidity. 

Prior to 5000 years ago, well after the present forests of southwestern 
British Columbia had become established (Mathewes, 1973), pioneering aqua
tics such as and Carex began to colonize the muds and sands of the 
intertidal zone of the Fraser Delta in the vic of present-day Burns Bog. 
The sediments this colonization period comprise silty sand 

silt~ 

accumulation r ed silt deposition in this area, 
swamp with wetland grasses on the surface of the 
flood of this \vetland surface the Fraser River, abun-

drainage all conditions limiting orga-
nic and peat accumulation. At t~e western end of 

:Lon of pea ;;;as br ust before 4125± 
27 an incursion of sea \vater into the swamp and de-
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position of peaty silt and sand in what Hebda interpreted to be a salt-marsh 
environment. This possibly was caused by a reduction in fresh~vater input to 
the edge of the swamp, due either to a northward shift in the main distribu
tary channel of the Fraser River or to attachment of the tidal flats of the 
Fraser Delta to Point Roberts. Alternatively, the salt-marsh sediments may 
record a small rise in the level of the sea relative to the land. 

The sedge swamp phase, which was transient in the eastern part of Burns 
Bog, but which probably lasted several hundred years elsewhere, was followed 
by a shrub phase during which thickets of Myrica and Spiraea appeared in the 
central and eastern parts of the bog, and Ledum groenlandicum in the western 
part. The change from sedge wetlands to shrubland may have resulted from one 
or a combination of the following: (1) organic acid accumulation; (2) de
creased nutrient availability from mineral sediments beneath the sedge peats; 
and (3) increased elevation and drying as a result of the accumulation of the 
sedge peats. 

The shrub phase marks the first appearance of Sphagnum. Increased 
acid resulting from the decomposition of coarse 1voody peat favoured Sphag-
num growth and led to the replacement of the shrubland by a Sphagnum bog 
characterized by vegetation similar to that existing today in Burns Bog. 
Once the mosses became established, the water-storage capacity of the bog in
creased markedly. This created conditions favourable for continued Sphagnum 
growth and accumulation and led to the formation of a dome-shaped bog, the 
centre of which is now up to 5 m higher than the adjacent delta surface. In 
the centre of Burns Bog, the Sphagnum phase began about 2925±85 years BP 
(I-9593). At the eastern edge of the bog, this phase did not commence until 
very recently, foll01:ving an extended shrubby swamp interval which probably 
was maintained by runoff from the nearby Surrey upland. 

The data assembled by Hebda (1977) also bear on the position of the dis
tributary channels of the Fraser River during the last 5000 years. The ap
parent continuity of organic deposits and absence of channel fills in Burns 
Bog indicate that the Fraser River probably has not passed through the area 
of the bog, and thus has not emptied into eastern Boundary Bay, during the 
last half of the Holocene. Blunden (1973, 1975) suggested that the Main 
Channel was established after 2500 years BP when the Fraser River, which pre
viously had flm,Ted to the northwest of a large organic complex comprising 
Greater Lulu Island and Burns Bogs, breached this complex and flowed more di
rectly to the Strait of Georgia, Such a southerly diversion probably would 
have caused an increase in the rain of Alnus rubra pollen into Burns Bog, be
cause this pionee1·ing species would have colonized newly established banks of 
the river much closer to the bog. Significant increases in alder pollen in
deed do occur at about 2.5 m depth in two of the three cores examined by 
Hebda. These increases may be related to the channel avulsion postulated by 
Blunden, al the evidence is inconclusive. 
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At this stop, we will: (1) examine the sedimen environments, mor-
phology, and patterns of sediment circulation v1hich have been established on 
northern Sturgeon Bank as a consequence of the construction of a causeway 
and jetty, dumping of dredge spoil, and discharge of sewage; and (2) discuss 
the impact of development on the local ecosystem (Figs. 41 and 42). 

The North Arm jetty had been extended almost to its present length by 
1935. Apparently, minor extension and raising of the jetty took place be
tween 1949 and 1953 (Public Works Canada, 1949; Levings, 1980). The Iona 
Island Sewage Treatment Plant and outfall channel, which were completed in 
1963, discharge approximately 300,000 m3/d of waste water subjected to pri
mary treatment into the Strait of Georgia (Hoos and Packman, 1974). Depend
ing on location along the structure, tidal stage, and river runoff, water 
can spill over the jet but not the causeway (Levings, 1980). 

The causeway wa:~ erected to prevent dispersal of effluent to Vancouver 
beaches before it could be diluted by Strait of Georgia waters. A local dis
tributary McDonald Slough), which extended to the now relict river chan
nel on the south side of the causeway, was dyked off to prevent back-flow of 
sewage into the North Arm on flooding tides. 

Waste matter discharged from the sewage plant which is not confined to 
the outfall channel and sediment carried in suspension from the Middle Arm 
accumulate on the part of the tidal flats bounded by the inner part of the 
causeway and northern Sea Island. This has led to the gradual growth of a 
mud pool in this area (Luternauer, 1980; C.D. Levings, personal communica
tion, 1981). Dendritic drainage channels have developed on the mud pool sur
face. As the outfall channel has not required redredging since it was exca
vated, it can be assumed that there is only minimal northward sediment drift 
across the sandy outer flats, and/or ebb tidal flows coupled with outfall 
discharge are adequate to maintain a dynamic sediment equilibrium within the 
channel. 

The area to the north of the causevJay, which is blanketed mainly with 
sand, has a gently undulating surface reflecting the presence of broad fields 
of parallel sand swells (Luternauer, 198 One field on the outer-central 
part of the flats has swells oriented parallel to the break in slope at the 
delta front. T\vo other fields acent to the jetty and causeway have swells 
oriented generally parallel to these structures. These swell fields contain 
spoil derived either from North Arm dredging operations or from the excava
tion of the outfall channeL Photogrammetric surveys performed in conjunction 
with the British Columbia Institute of Technology reveal that the size and 
position of the outer and jetty swell fields are remarkably stable (Fig. 42). 
Levings 980 has noted, ho1vever, that elevations of individual swells in 
that part of the field adjacent to of the j can vary as 
much as 30 em within a three month period er 1978 ·- February 1979). 
In the swell field acent to the causeway, the original spoil heaps appear 
to have coalesced into e swells. New swells are gradually being 
accreted to the northern margin of this field, and inshore swells have as-
sumed an orientation at a 
centre of the causeway 
evident in the sws11 field) 

to the causeway than swells near the 
~ess well defined, pattern is 

In addition, the at the west end of 
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Figure 41. Northern Sturgeon Bank. Morphologic features, sediment 
distribution, and circulation patterns adjacent to a causeway, jetty, 
and sewage outfall. Sandstone concretions were dredged from outer 
outfall channel site. 
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the causeway is extending at a rate of approximately 20 m/a. 

The strongest winds to which this area is exposed and which have the 
longest fetch (ca. 100 km) approach the flats from the northwest. Waves 
generated by such winds at first are refracted so that they cross the flats 
parallel to the delta front. However, as they continue across the flats, 
the waves are further refracted and approach the jetty and causeway oriented 
almost parallel to the structures (Western Canada Hydraulics Laboratories, 
1974). 

Luternauer (1980) listed the local conditions which, when coupled with 
this pattern of wave refraction, probably contribute to the formation of the 
local swell fields (1) a broad, low-gradient, coastal platform blanketed 
with sand; (2) repeatedly breaking and reforming waves and standing waves; 
(3) variable wave heights; and (4) high tidal range. 

Gradual extension of the spit at the west end of the causeway suggests 
that longshore and tidal currents also have helped shape the swells adjacent 
to the structures. The oblique orientation of the inshore swells suggests 
that longshore currents along the jetty and causeway meet at the junction of 
the structures before their waters are discharged across the centre of the 
flats, possibly along a broad shallow channel (Medley and Luternauer, 1976; 
Luternauer, 1980). A circulation pattern such as this, in fact, has been 
documented for a similar V-shaped area on southern Roberts Bank bounded by 
the Tsawwassen Ferry Terminal causeway and Point Roberts Peninsula (Daniel 
and LeBlond, 1977; Daniel, 1978). Broadening of the causeway swell field 
suggests that sediment from the centre of the area between the jetty and the 
causeway is being cannibalized to feed the margins. This process may be gra
dually deepening the central part of this area, into which there is only 
limited, or no, sand movement. 

Harrison (1981) documented the changes over one year in the sandy crest 
and trough sediments of a swell at the base of the inner part of the cause
way. The following observations were made: (1) There was almost no dilu
tion of crest sand by mud at any time of the year. (2) During April and 
May, the proportion of mud in the trough approached 50%. Harrison attributed 
this to deposition of suspended matter during what he described as calmer 
conditions prevailing at this time of the year. It is during this period, 
however, that strong northwesterly winds can drive high waves onto this part 
of the flats. (3) During June and July, the proportion of mud decreased to 
approximately 20% in response, according to Harrison, to biogenic reworking 
by increased populations of polychaetes and to incorporation of fine sedi-
ment into their tubes. During August and September, the proportion of 
mud approached 65% as a consequence, according to Harrison, of the accumula
tion of suspended matter discharged during the freshet (which peaks in June
July). (5) From October through March, the proportion of mud decreased to 
6%, probably, as Harrison suggested, because of resuspension by storm waves 
and transfer of sand from adjacent crests. 

Sandstone concretions found 
to the causeway are lag sits 
fall channelo Garrison et ~' CLL o 

on the surface of the outer flats adjacent 
of the dredge spoil excavated from the out-
969) have described them and suggested a 
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possible or1.g1n (p. 27): "Modern terrigenous sediments cemented by low
magnesian calcite are found in distributary channels and adjacent shallow
water marine localities at the front of the Fraser River delta. These per
manently submerged areas are usually covered by sea water, including sea 
water intruded upstream along bottoms of river channels. The cemented sedi
ments occur as irregular to platy nodular masses at or near the sediment
water interface, where they are frequently encountered during dredging. The 
cement consists of small crystals arranged in fibrous rims and other aggre
gates around and between sand grains. Processes leading to cementation are 
not yet known, but may include dissolution of calcareous shells by pore 
waters in buried sediments, followed by precipitation of calcite at higher 
levels from these fluids as they are expelled upward during compaction." 

Environmental impacts of man's activities in this area have been docu
mented or may be anticipated. Dredge spoil dumping and construction have 
obliterated much of the original marsh at the junction of the causeway and 
jetty (Mathews and Murray, 1966). Recolonization of the brackish marsh has 
been inhibited by isolation of this area from adjacent marshes, instability 
of the local substrate, and diversion of North Arm flow (C.D. Levings, per
sonal communication, 1981). Discharge of sewage onto the tidal flats has 
led to the accumulation of anomalously high concentrations of certain metal
lic ions in invertebrates and sediments (Parsons et al., 1973; Grieve and 
Fletcher, 1976). Alteration of the morphology and, hence, elevation and 
sediment character of the flats may affect the abundance and distribution of 
organisms which constitute part of the diet of local commercial and other 
fish populations (Levings, 1980). Deflection of brackish water from parts 
of the tidal flat by jetties and causeways may deny juvenile salmonids on the 
flats the epibenthic, or "drift", organisms present in these waters (Levings, 
1980). Conversely, deflection of brackish water encourages growth of algae 
which favour less turbid and more stable saline conditions (Levings and 
Coustalin, 1975; Levings, 1980). Jetties and causeways also may shelter ben
thic invertebrate habitats from river current scour (Levings, 1980). Deflec
tion of river flow by the North Arm jetty and the lana Island causeway pro
bably enhance conditions for sand-swell formation, because deposition of silt 
and clay and river wash appear to inhibit the development of large bedforms 
in the intertidal zone (Luternauer, 1980). 

STOP 3-3) CBC BROADCASTING TOWERS BOARDWALK: Boardwalk at end of 
Williams Road in Richmond, western Lulu Island. 49°08.4' N lat., 123° 
11.6' W long. 

As we proceed across the boardwalk, we will view the sedimentary and 
morphologic character of high, intermediate, and low marsh communities (Fig. 
43). Those who wish to proceed from the boardwalk onto the tidal flats may 
examine: (1) the manner in which a pioneer marsh species colonizes and sta
bilizes the bare intertidal substrate; and (2) a rapidly migrating dendritic 
creek system which is deeply incising the surface of a mud pool accumulating 
between a sand-swell field and the leading edge of the marsh. 

Marsh communities lie in bands roughly paralleling the dyke. The main 
plants within, and approximate elevation range (mean sea level datum) of, 
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Figure Lf3. Southern Sturgeon Bank. Well developed brackish marsh 
cornmunities (Moody and Luternauer, in prep.) and a rapidly eroding 
dendritic drainage system developing on a mud pool between sand-swell 
fields and the leading edge of the marsh. The extent of the dendritic 
drainage system and marsh in 1962 and 1971 is compared (National Air 
Photo Roll No./Exp, Al7729/75-76; Province of British Columbia 

188-189). 
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each community in the vicinity of the boardwalk have been defined by Burgess 
(1970), Moody (1978), and Moody and Luternauer (in prep.): (1) upper- 0.35-
0.75 m, Carex lyngbyei, Agrostis exarata, and Potentilla pacifica; (2) inter
mediate - 0.00-0.35 m, Carex lyngbyei and Triglochin maritima; (3) lower -
-0.10-0.00 m, Scirpus americanus, Scirpus maritimus, and Scirpus validus. 

Moody (1978) and Moody and Luternauer (in prep.) have examined the in
terplay of factors which shape the sedimentary and morphologic character of 
Fraser Delta marshes and have made the following observations: (1) Pioneer
ing species tolerate frequent inundation, highly variable salinity, and a 
mobile substrate. (2) Once pioneer species have become established, they 
alter the original environment by baffling the flow of silt-charged waters 
and inducing accumulation of fine sediment, thus elevating the substrate sur
face. Organic detritus from the plants accumulates with the mud and probably 
attenuates temperature extremes and inhibits rapid evaporation. (3) Unvege
tated muddy intertidal surfaces, such as that adjacent to the marsh at this 
stop, are commonly colonized by Scirpus maritimus which occurs in sparse 
monotypic stands or "clumps". Sandy substrates are colonized by the more 
dense monotypic clumps of Scirpus americanus. Cores reveal that Scirpus 
americanus corr~unities may be replaced by Scirpus maritimus, which has a 
high salinity tolerance, after mud has accumulated on the original sand sur
face. (4) Scirpus validus may thrive alongside Scirpus americanus after a 
sand substrate has been blanketed with mud, although its establishment and 
maintenance appear to be equally dependent on low salinities, as is the case 
for Typha latifolia. (5) Triglochin maritima is an anomaly among the marsh 
plants, as it produces hummocks within Scirpus maritimus stands. These hum
mocks gradually coalesce and eliminate Scirpus maritimus which favours longer 
periods of submergence. Mound building is largely due to a prodigious pro
duction of roots in the surface sediment layers. (6) Vertical accretion of 
the marsh surface is dependent mainly on the accumulation of terrigenous 
matter in the lower marsh, but almost exclusively on the deposition of orga
nic detritus of probably local derivation in the higher marsh. As the peak 
in the seasonal growth of marsh vegetation occurs about mid-July near the 
peak of the river freshet, it is at this time that terrigenous sediment pro~ 
bably accumulates most rapidly on the lower flats. 

The potential threat that rapid headward erosion of a creek network on 
the central tidal flats appeared to present to the marsh adjacent to this 
boardwalk prompted the Geological Survey of Canada to sponsor a study to 
identify the mechanisms promoting creek extension and to predict its future 
impact en the marsh. Field and laboratory investigations (Medley and Luter
nauer, 1976; Hedley, 1978; Luternauer, 1980) were coupled with rigorous pho
togra~uetric surveys performed at the British Columbia Institute of Techno
logy to define the pattern and long-term rate of creek extension (Fig. 43). 
Medley 8) estimated that the creek system began to evolve early in this 
century and that the nickpoint of a cluster of creeks can advance towards 
the shore at rates as high as 1 m/month. He established that extension of 
the creek network is promoted sheet\vash from the topographically higher 
marsh and bioturbation (with regard to the latter, note the dense piping 
on the creek channel walls and the abundance of dead bivalves on the channel 
floors). Observations of the pactern of marsh plant colonization adjacent 
to smaller creeks at the southern limits of the network suggest that the den-
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dritic drainage network may eventually promote marsh expansion. As the net
work creeks become integrated with creeks within the established marsh, the 
sheetwash "moat" at the seaward edge of the marsh will cease to exist because 
flow will be concentrated in the creeks. Resultant regular exposure of the 
mud-pool surface should encourage rhizome extension, which appears to pro
ceed more vigorously where the substrate is not continuously saturated (A.I. 
Moody, personal communication, 1981). 

The swell fields bounding the mud pool may have developed, in part, from 
dredged sands dumped early in this century north of the partially completed 
Steveston North jetty. These sands were dispersed to the north by a small 
distributary of the Main Channel on the north side of the jetty and by long
shore currents. Currents, in concert with onshore waves, appear to be driv
ing sand swells into the marsh north of the dendritic creek system. 
Northwest-southeast trending features within the field probably have been 
superimposed on the generally north-south oriented swells by escaping ebb
tidal flows (Luternauer, 1980). 

SToP 3-4~ RoBERTS BANK CoAL PoRT CAUSEWAY AND TsAWWASSEN FERRY 
TERMINAL CAUSEWAY: Two causeways on Roberts Bank, southwestern Fraser 
Delta. Roberts Bank Coal Port causeway is located at the end of 28th 

0 0 
Avenue, 5 km southwest of Ladner; 49 03.1' N lat., 123 07.3' W long. 
Tsawwassen Ferry Terminal causeway is located at the mainland terminus of 
Highway 17, 7 km south-southeast of Ladner; 49°01.5 1 N lat., 123°06.0' W 
long. 

As we proceed first along the Roberts Bank Coal Port causeway and then 
along the Tsawwassen Ferry Terminal causeway (Figs. 44 and 45), we will exam
ine: (1) the succession of biosedimentological zones on southern Roberts 
Bank, the only part of the tidal platform on the western delta front with a 
naturally established, dominantly marine regime; and (2) the impact of cause
ways on littoral sediment circulation. 

The presence of an extensive salt marsh between the two causeways indi
cates that southern Roberts Bank has long been influenced more by sea water 
of the Strait of Georgia than by fresh and brackish water of the Fraser 
River. The marine character of the area probably formed in response to: (1) 
the apparent net northerly circulation of sea water along the delta front 
(Luternauer, 1980); and (2) deposition of large volumes of sand on the tidal 
flats beyond Brunswick Point, forming a topographic high that tends to de
flect freshwater away from southern Roberts Bank (Moody, 1978; Swinbanks, 
1979). Erection of the ferry terminal and coal port causeways in 1960 and 
1970, respectively, has further isolated the southern part of the bank from 
freshwater influence. The higher salinity regime9 south of Brunswick Point 
is reflected not only by a vegetation change, but also by the presence of 
higher numbers of benthic species and abundant cumaceans (Levings and Cousta
lin, 1975). 

9 
Swinbanks (1979) observed inshore surface substrate salinities as high as 

27°ho on the north side of the coal port causeway. 
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Geological Survey of Canada- supported studies of the sedimentology and 
related biology of southern Roberts Bank have defined and described the ele
vation-dependent biosedimentological zones between Brunswick Point and the 
ferry terminal causeway (Swinbanks, 1979; Swinbanks et al., in prep): 

(1) Salt-marsh zone. To the south of the coal port causeway, the salt 
marsh is broad and creased by deep tidal channels. The sediments of this 
zone are laminated silts riddled with rootlets. Much of the area is covered 
by a dense growth of halophytic vegetation (including Distichlis spicata, 
Atriplex patula, Salicornia virginica, and Grindelia integrifolia) fringed 
by Triglochin maritima (Moody and Luternauer, in prep.). North of the cause
way, the marsh is much narrower but contains the same principal plant forms. 

(2) Algal mat zone. Sediments within this zone are muds and muddy 
sands. The proportion of mud decreases seaward from about 90% to 20% of the 
sediment. The surface of the algal mat zone is dissected by an extremely 
dense network of dendritic tidal channels that drain water from the largely 
impermeable muds. These channels, which terminate abruptly at the boundary 
between the algal mat and sand-flat zones, are up to 1 m deep and are lined 
with sand and shell deposits (e.g., Mya arenaria). 

South of the coal port causeway, blue-green algal mats (mainly Phormi
dium sp. and minor Oscillatoria sp. and Spirulina sp.) bloom in summer on 
plateaus between channels. Algal mats in the upper half of the zone crack 
and curl during the summer. Crabs (Hemigrapsus oregonensis) occupy the 
cracks and undermine the algal mats to such an extent that "cakes" can be 
peeled from the substrate. The crabs burrow up into the cakes from below. 
In winter, a film of mud and very fine sand, washed in by storms, buries the 
algal mats and fills the cracks and crab burrows. Thus, the plateaus be
tween tidal channels are underlain by sediments comprising alternating mud 
laminae and black organic-·rich laminae cross-cut by cracks and crab burrows. 
Tidal pools are present in depressions on these plateaus. Filamentous green 
algae (mainly Rhizoc.Ionium sp. and minor Enteromorpha sp.) bloom at the 
moist edges of the pools in summer, while the polychaete worm Abarenicola 
pacifica and spionid polychaetes are abundant in the pools themselves, In 
the lower algal mat zone, blue-green algal mats become patchy in distribu
tion, and the dominant algal form is a brown film of diatoms (Plurosigma sp., 
Gyrosigma sp., Navicula sp., and Nitzchia sp.). 

North of the coal port causeway, filamentous green algae (mostly Rhizo
clonium sp.) are dominant, and blue-green algae (Oscillatoria sp.) are of 
secondary importance. The filamentous algal mats are coated with a brown 
film of diatoms. Green algae are dominant north of the causeway probably be
cause they are more tolerant of reduced light availability and varying sali-

associated 1ATith turbid river water (H .M. Pomeroy, personal communica
tion, 1981). Mounds between the two causeways rise higher above the sur
rounding tidal flat surface than do those north of the coal port causeway, 
and thus are more susceptible to dessication which inhibits the growth of 
filamentous green algae. 

zone. This zone is flat and generally lacking in tidal 
~::.c:;..:..:...=c.. • ..-..:::.::---

channels. The sediments are mainly fine to very fine sands, although muddy 
sediments occur at the substrate surface acent to the inner part of the 
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struction of the coal port in 1969. Hawley (1979) calculated that the shore
ward advance of the upper limit of the eelgrass zone northeast of the borrow 
pit is about 30m/a and that channel extension ranges from 8.5 to 49.4 m/a. 
Northwest of the coal port causeway, the upper limit of the eelgrass zone 
veers off to the west and southwest towards the low water mark, and the eel
grass cover becomes more patchy. 

(5) Causeway zone. The sediments within this largely man-made zone 
have been derived, in part, from the sand fill used in causeway construction. 
They are coarser than sediments in adjacent areas and contain less mud. Sand 
bars are present, and the "beach" profile is much steeper than elsewhere. 
The highest densities of Callianassa on the Fraser Delta were recorded from 
the causeway zone next to the ferry terminal (ca. 180 shrimp/m2). 

Swinbanks (1979) calculated that the estimated 100 million Callianassa 
in the inter-causeway area turn over almost 200,000 m3 of sand during the 
three month summer period. It has also been suggested that the muddy patch 
within the sand-flat zone along transect A (Fig. 46) may have developed as 
burrowing shrimp extracted mud from the underlying mud layer (a relict 
marsh?) and incorporated it into the surface sediments (Swinbanks et al., in 
prep.). 

The gravel spit that extends north from the ferry terminal causeway 
along the southern part of the Tsawwassen salt marsh was formed by longshore 
currents which carry sediment eroded from Point Roberts Peninsula (Medley 
and Luternauer, 1976). These flows have been interrupted by the ferry termi
nal causeway, and sediment now accumulates against this structure (Gaspard, 
1979). The suggestion also has been made (A. Hodge, personal communication, 
1981) that net erosion of beaches at the base of the Point Roberts cliffs 
north of the Canada- United States boundary documented by Gaspard (1979) has 
been promoted, at least in part, by the presence of the ferry terminal cause
way. This structure has sheltered beaches from southeasterly directed waves 
which probably supplied sand to the Point Roberts shoreline and mitigated 
the erosive impact of the northerly longshore drift in this area. 
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