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Abstract Coring of Late Quaternary sediments in the Georgia Basin has revealed stratigraphic and
micropal eontological evidence of an outburst flood that deposited aclay layer over much of the seafloor of
the Strait of Georgia. Theflood originated inthe Fraser Valley or the British Columbiainterior during degla-
ciation when an ice-dammed lake or lakes drained catastrophically. A reworked pollen assemblage con-
tained within the clay unit has asourcein the Fraser Valey or the British Columbiainterior. The clay unit
containsacharacteristic grain-size signature, sedimentary structures, and aradiocarbon chronology consis-
tent with a rapidly deposited unit emplaced by a flood event. Diatom assemblages show that a markedly
lower salinity of surface waters accompanied deposition. Radiocarbon dating indicates that the flood
occurred between 9160 and 9800 radiocarbon years BP. The unit correlates well with a somewhat thicker
deposit found at Ocean Drilling Program drilling sitesin Saanich Inlet.

Résumé Le carottage des sédiments du Quaternaire supérieur du bassin de Georgia a permis de
recueillir des preuves stratigraphiques et micropal éontol ogiques qu’ une inondation catastrophique avait
déposé une couche d’argile sur une bonne partie du fond marin du détroit de Georgia. L’ inondation a
commencé dans la vallée du Fraser ou a I'intérieur de la Colombie-Britannique durant la déglaciation
lorsqu’ au moinsunlac debarrage glaciaire s est vidé d’ une fagon catastrophique. L’ assemblage pollinique
remanié contenu dans I'unité argileuse provient de la vallée du Fraser ou de I'intérieur de la
Colombie-Britannique. La signature granulométrique caractéristique de I’ unité argileuse, les structures
sédimentaires et lachronol ogie par radiocarbone permettent en effet de conclure qu’ une unité a été déposée
rapidement par suite d’ une inondation. Les assemblages de diatomées montrent que la salinité des eaux de
surface était nettement plusfaible au moment delasédimentation. Ladatation par radiocarboneindique que
I"inondation s est produite il y a entre 9160 et 9800 BP. |l existe une corrélation évidente entre I’ unité
argileuse et un dépot passablement plus épais rencontré dans les sites de forage du Programme de sondage
des fonds marins dans|’inlet Saanich.
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INTRODUCTION

Outburst floods are rel atively common occurrencesin glacial
landscapes. They can recur on an annual basis, tied to melting
icedamsin glacialy fed lakes. In Washington State, Glacial
L ake Missoulaemptied catastrophically at the end of the last
glaciation and released meltwater floods about 40 times
(Waitt and Richard, 1980) over a 2500 year period. Clague
and Evans (1994) review examples of late Holocene outburst
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floods in several areas of the Canadian Cordillera that are
relatedto glacial retreat or lifting of aglacier terminus damm-
ing alake. The drainage of much larger lakes such as Glacial
LakeAgassiz at theclose of thelast Laurentide glaciation has
been tied to melting ice dams changing outflow drainage pat-
ternsand dischargerates (Broecker et al., 1989). Themassive
volumes of water released during outburst floods can be of
great significance to the environment both localy and globaly.
Millennial-scale climatic oscillations such as the Younger
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Figure 1. Corelocationsin Strait of Georgia and ODP sitesin Saanich Inlet.



Dryas cold interval have been linked to meltwater floods of
this type by the effect that very large volumes of freshwater
input have on thermohaline oceanographic circulation
(Broecker, 1998). The present study documents the subma-
rine geological evidence for an outburst flood at the close of
the Fraser Glaciation that affected most or al of the Strait of
Georgia (Fig.1).

METHODS

A suiteof coreswascollected using a1000 kg split piston cor-
ing system during regional surveys of the Georgia Basin in
1992 and 1997 (Barrie and Conway, 1999). The three cores
used in this study were split, photographed, and visually
logged prior to subsampling for grain-size analysis,
microfaunal analyses (including diatoms (Lapointe, 1999),
foraminifera, and pollen), and radiocarbon dating (Lawrence
Livermore National Laboratory). Radiocarbon dates on shell
material were corrected for an 800 year reservoir affect
(Southon et a., 1990) and ages are here reported in radio-
carbon years BP. Granulometry was done at the Pacific Geo-
science Centre using a Micromeritics Sedigraph 5000D for
mud fractions and a settling tube for sand fractions. Samples
were taken for pollen analysis at 25 levelsin al three cores.
Selected samples from core TUL97B041 were subjected to
pollen analysis using standard techniques (Faegri and
Iversen, 1989; Hebdaand Whitlock, 1997) togaininsight into
the mode, environment, and timing of deposition of the clay
layer. Palynomorph concentrations in the same core were
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also determined to detect possible changesin the rate of sedi-
ment accumulation (Stockmarr, 1972). Samplesweretaken at
2to3cmresolution adjacent toandintheclay zoneand at 5to
10 cm resol ution above and below it to locate clearly any dif-
ferences in the pollen and spore assemblage. A particular
focus was placed on pollen reworked or recycled from older
deposits, a recognized indicator of water transport, in part
from sources outside the region (see Hebda, 1977, for criteria).

RESULTS

Stratigraphic correlation of the coreswasaccomplished using
the sedimentological character of the recovered sequences
including colour, texture, and sedimentary structures as well
as contained pollen and diatom assemblages and radiocarbon
ages (Fig.2). At the base of the sequence, the glaciomarine
sediments are roughly divisible into ice-proximal and
ice-distal units. The gradational change to the overlying
Holocene unit isindicated by anincreasing silt and sand con-
tent expressed as overall coarsening-upward, grey to dark
olive-grey colour change, and an absence of ice-rafted debris.
A well defined clay bed up to 22 cm thick is found near the
base of the Holocene sequence. Radiocarbon chronology is
shown in Figure 2 and two dates closely bracket the clay
layer. An age on wood of 9110 £ 60 radiocarbon years BP
found 10 cm above the unit in core TUL92A058 and a cor-
rected age of 9810 + 50 radiocarbon years BP on paired
bivalve shells (Nuculana fossa) located 20 cm bel ow the unit
incoreTUL97B032 constrainthetiming of theevent (Fig. 2).

Grain-size
distribution

Figure 2.

Core types, radiocarbon ages, and correla-
tion diagram. Grain-size distribution
of subsamples is illustrated for core
TUL97B032.
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DESCRIPTION OF CLAY BED

The massive grey to dark grey (Munsell 5Y 5/1 to 5Y 4/1)
clay bed contrasts in colour to the enclosing olive to dark
olive-grey (Munsell 5Y 4/1to 5Y 3/2) Holocene mud, above
and below. The texture of the 10 to 22 cm thick bed is finer
than that of the enclosing massive sediments. Analyzed
subsamples of the clay unit contained less than 1% sand and
more than 50% clay compared with 5% to 10% sand and 35%
clay inthe Holocene mud (Fig. 2). A sharp basal contact and a
gradational upper contact define the lower and upper bound-
aries of the bed. In core Tul92A058, the contacts have been
somewhat distorted and mixed by bioturbation. Asaresult the
clay unit and adjacent sediments contain well preserved trace
fossils.

DIATOM ASSEMBLAGES

Diatom assemblages contained 56 diatom speciesin 35 gen-
erain core TUL92A058 and 51 speciesin 31 generain core
TUL97B032 (M. Lapointe, unpub. rept., 1999). Mean diatom
concentrations were up to 3.8 million frustules/g of dry sedi-
ment in the Holocene mud. A brackish-water event of low-
ered salinity wasidentified at 138 cm in core Tul92a058 and
at 224 cm in core TUL97B032 (M. Lapointe, unpub. rept.,
1999), both within the clay bed. Brackish-water species
recovered from these levels are planktonic and include
Aulacosiera granulata and Cyclotella stelligerina. The
enclosing Holocene sediments contained a flora of marine
planktonic and benthic species consistent with Holocene
environmental conditions. The appearance of Fragilariopsis
cyclindrus at 356 cm in core TUL92A058 suggests lower
water temperatures during deposition of the glaciomarine
unit. Thelower part of core TUL92A058 below 514 cm con-
tained no diatoms, which probably indicates a glacial envi-
ronment (M. Lapointe, unpub. rept., 1999).

Pollen and spore
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Figure3. Pollen and spore per centages and concentr ati on of
major types for core TUL97B041.

POLLEN ANALYSES

The pollen and spore assemblages of the closely sampled
interval of coreTUL97B041 can be divided in to three zones
(Fig. 3). Zone TUL97B041-1 (111-96 cm depth) is domi-
nated by pine pollen (54-60%) and Pteridium (bracken fern)
spores (9-20%), with a notable component of alder pollen
(10-22%). Thereis almost no reworked pollen (Fig. 3).

Zone TUL97B041-2 (95-87 cm depth), corresponds to
the clay bed, and ischaracterized by abundant pine (21-34%)
and alder (14-30%) pollen as well as a high proportion of
reworked types (15-18%). Significantly, the reworked types
include conifer grains as well as several deciduous taxa such
as Carya (hickory), Ulmus (elm), and Juglans (walnut),
which havenot beenindigenousto British Columbiasincethe
Tertiary. Pteridium values (5-11%) are lower in this zone
thanin TUL97B041-1 although they increase slightly toward
the top of the zone.

Inzone TUL97B041-3 (87—70 cm depth), pinevaluesand
especially Pteridium values recover to and even exceeded
those in TUL97B041-1 whereas reworked pollen disappears
from the assemblage. Values for ader vary in the range of
those of both zones 1 and 2.

The concentration of palynomorphs changes markedly in
the three zoneswith TUL97B041-2 exhibiting very low con-
centrations especially near the base of the zone and zones 1
and 3 having similar relatively high concentrations. The sam-
ple at 94 cm has exceptionally low palynomorph concentra-
tions particularly if reworked types are excluded from the
total (Fig. 3). The concentration drops sharply from 41.7 x
103 palynomorphs/cm3 to 0.8 x 103 palynomorphs/cm3, a
changethat impliesasudden supply of additional sediment. A
gradual increase in pollen and spore concentrations suggests
areturnto normal sedimentation between 88 and 86 cminthe
core.

DISCUSSION

The three cores recovered from central Strait of Georgia
allow acorrelation of aregional clay unit through the sampled
area(Fig. 1). The sediment grain size of the grey to dark grey
bed is predominately clay, which contrasts sharply with the
dominant sandy silt texture of the enclosing olive to
olive-grey Holocenedeposits(Fig. 2). Thebediscovered by a
greater thickness of sediments toward the south, which is
unsurprising considering the modern depositional regime of
the strait that is dominated by the Fraser River (Hart et a.,
1998). The bounding contacts of the clay unit suggest arapid
onset of deposition, indicated by asharp lower contact, and a
more gradual return to typical marine conditions of deposi-
tion, indicated by a gradational upper contact. One of the
cores (TUL92A058) shows well preserved bioturbation
structures at the contact of the clay unit with the underlying
mud (Fig. 2). These possibly represent traces of invertebrate
escape structures created in response to increased sedimenta-
tion rates during deposition of the clay unit.



The pollen assemblage of zone TUL97B041-2 clearly
reveals a change in sedimentation characteristics and sedi-
ment origins (Fig. 3). Themarked increasein ader pollenand
the sudden and persistent occurrence of reworked pollen
clearly indicate that the clay layer is associated with distur-
bance. The composition of the reworked pollen assemblage,
especialy Tertiary deciduous taxa such as hickory, elm, and
walnut, suggests that the disturbance and the sediments gen-
erated by it originated on mainland British Columbiabecause
no Tertiary sedimentsare known from thevicinity of the core
source area. The source of the reworked pollen may have
been Fraser River deltatopset sediments, which, at leastinthe
modern condition, contain notable quantities of reworked
pollen (Hebda, 1977). Alternatively, the reworked pollen
may have originated directly from Tertiary deposits such as
occur in southwestern British Columbiaor even farther inthe
interior of British Columbia. The assemblage of zone
TUL97B041-2 clearly reveals a change in sedimentation
characteristics and sediment origins. Theregiona pollensig-
nal remains as before, indicated by the abundance of pineand
Pteridium. Anidentical pollen assemblage hasbeenfoundin
aclay unit near the base of the thick Holocene section in the
ODPdrill sitesin Saanich Inlet (Blais-Stevenset al., in press)
and will be discussed further.

The predominant nonreworked pollen types, pine,
Pteridium, and alder, clearly place all the assemblagesin the
late Pleistocene to early Holocene interval (Hebda, 1995;
Allen, 1995; Brown. 2000). Notable are the exceptionally
high percentages of Pteridiumnever seen beforein sediments
of equivalent age. Thisassemblage suggestsavery open, dry
landscape onshore and also strongly suggests that the shore-
line must have been nearby. From limited studies to date,
Pteridium spores are not known to be transported by air in
great quantities from the originating vegetation (Hebda,
1977; Allen et al., 1999). Of note, too, isthe occurrence of a
few (<0.5%) pollen grains of Douglas fir that suggest that
early Holocene warming may have aready taken place, or
was taking place, at the time of deposition of the sediments.
Reconnaissance-level analyses of cores TUL92A058 and
TUL97B032 reveal a similar peak in the abundance of
reworked conifer and Tertiary deciduous pollen types associ-
ated with the clay layer. The pollen assemblages of the more
typical marine sediments above and below it are dominated
by pine, alder, and Pteridium. Onthe basisof pollen analyses,
the clay layer appearsto be of the same age and origins at all
three sites.

Thepresenceof awell devel oped brackish-water signal in
the diatom assemblage (M. Lapointe, unpub. rept., 1999)
withintheclay layer indicatesthat freshwater may havemade
surface waters brackish acrossthe Strait of Georgiafor along
enough period of timeto develop an associated diatom flora.
Alternatively, the contained diatom assemblage could possi-
bly have the same source as the reworked pollen grains,
which were transported with the floodwaters. The source of
the brackish fauna could have been the Fraser River estuary,
although the estuary and floodplain would have been much
smaller at 10 000 BP when theriver deltawas only starting to
develop and the river debouched into the Strait of Georgia
near New Westminster (Clagueet al., 1983). Thefact that the
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brackish species are planktonic would also suggest that a
floraof planktonic brackish-water diatomsexisted in the sur-
face waters during and possibly after the flood. Furthermore,
the excellent preservation of the diatoms does not suggest
highly turbulent transport by floodwaters but rather in situ
deposition (M. Lapointe, written comm., 2000). Brackish-
water conditions in the strait lasted long enough to have a
large impact on the diatom flora. Consequently this would
argue for a period of decreased surface-water salinity that
lasted some weeks or even months.

The clay layer from the Georgia Basin cores correlates
very well with deposits cored in Saanich Inlet during Ocean
Drilling Program (ODP) Leg 169S that are situated 90 km
south of core TUL97B032 (Fig.1 and 4). At the Saanich Inlet
sites, up 50 cmof clay, interpreted asrepresenting an outburst
flood deposit, is found at the base of the Holocene sequence
(Blais-Stevenset al, in press). Theclay bedsin Strait of Geor-
gia and Saanich Inlet deposits show essentially identical
lithological unit, colour, and physical sedimentary structures
— especidly the nature of the bounding contacts. Further-
more, the stratigraphic position and palynological assem-
blagearguefor the clay bedsbeing the samedeposit. Theclay
unit in Saanich Inlet is found near the base of a Holocene
seguence up to 75 m thick. The best estimate of timing for
emplacement of the flood event from the Saanich Inlet ODP
coresis sometime shortly after 10 110+ 50 radiocarbon years
BP (Blais-Stevens et al., in press). In the Strait of Georgia
cores, the estimate is sometime after 9810 + 50 radiocarbon
yearsBP. Thischronology indicatesavery close concordance
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Figure 4. Generalized lithology of ODP drill sites 1033 and
1034 after Blais-Stevens et al. (in press). The distinctive clay
horizon is found near the base of the olive laminated mud.
Note that chronology shown on axesisin calendar years BP
and that the best estimate for deposition of the clay bed is
shortly after 10 110 50 radiocarbon years BP
(Blais-Stevens et al., in press).
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in timing for the events. The strata immediately below the
flood deposits in the Strait of Georgia and Saanich Inlet are
dated to within 300 = 100 radiocarbon years of one another.
The sharp contact found in the Strait of Georgia cores occurs
only onceat thebase of the clay bed in each core. Themassive
character of the unit above the sharp lower contact indicates
continuous deposition from suspension. This suggests that
the ice dam or dams that impounded meltwater in the Fraser
Valley did not drain cyclicaly or seasonally, but were
breached once.

CONCLUSIONS

1. About 10 000 radiocarbon years BP, a catastrophic
release of impounded glacial lake water and meltwater
flooded the Fraser Valley and the Strait of Georgia.

2. Theflood dramatically changed the salinity and turbidity
of the surface watersthroughout the Strait of Georgiaand
left aclay layer covering much of the floor of the strait.

3. The clay unit correlates in sedimentology, micropal eon-
tology and geochronology with asimilar unit discovered
by the ODP Leg 169S in Saanich Inlet, which recovered
up to 50 cm of clay buried beneath over 50 m of Holocene
sediment.
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