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FORAMINIFERAL BIOFACIES SUCCESSION IN THE LATE QUATERNARY 
FRASER RIVER DELTA, BRITISH COLUMBIA 

R. TIMOTHY PATTERSON’ AND BRUCE E. B. CAMERON~ 

ABSTRACT 

Three foraminiferal biofacies indicating distinct de- 
positional environments were identified in cores 
FD87A1 and FD88A1 from the Fraser River delta. The 
Cassidulina- Islandiella biofacies, in the basal portion 
of Core FD87A1 (347.5-367 m), was probably depos- 
ited in about 100-200 m of normal-salinity, cold water 
during the penultimate glaciation (Late Wisconsinan 
or older). The Cribroelphidium bartletti biofacies, iden- 
tified in Core FD87A1 (197-256 m), may have been 
deposited in water depths of less than 150 m during 
the Everson Interstade. The Cribroelphidium excava- 
rum biofacies, found in both Core FD87A1 (64-182.7 
m) and Core FD88A1 (76.2-122.3 m) is associated with 
ancestral Strait of Georgia Holocene prodelta and delta 
slope sediments that accumulated in water depths of 
less than 200 m. The high frequency of Cribroefphi- 
dium excavatum in these sediments indicates depressed 
salinities during deposition (6 and 12 ka). Similar con- 
ditions are found today in the Strait of Georgia where 
the salinity range is 27-310/00. 

INTRODUCTION 

The highly urbanized Fraser Delta is located in one 
of the most seismically active zones of North America 
(Milne and others, 1978). This seismic setting, coupled 
with the incipiently unstable, thick late Quaternary 
deposits of the delta, provides considerable threat of 
a devastating earthquake to the inhabitants of met- 
ropolitan Vancouver (Luternauer, 1 988; McKenna and 
Luternauer, 1987). Unfortunately, an exact determi- 
nation of the seismic risk has been impossible because 
the depositional history of the delta is incompletely 
known. To increase this knowledge the Geological Sur- 
vey of Canada has recently begun acquiring both sub- 
surface seismic data and continuous cores from the 
Fraser Delta (Fig. 1). 

Analysis of foraminiferal distribution patterns has 
proven indispensable in interpreting late Quaternary 
marine and glaciomarine deposits worldwide (e.& 
Feyling-Hanssen, 1954, 1964, 198 1; Feyling-Hanssen 
and others, 1971; Knudsen, 1976; Osterman, 1984; 
Rodriguez and Richard, 1986; Hald and Vorren, 1987; 
Patterson and others, 1990). The purpose of this study 
is to document the distribution of foraminifera in two 
cores obtained from the delta, as well as to recognize 
various foraminiferal biofacies within the cores. In 
conjunction with sedimentologic information from the 
cores, these paleontological data will be used to deter- 
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mine paleoenvironments during deposition of the del- 
ta. 

PREVIOUS WORK 
Few published studies on Recent shelf foraminifera 

(Cushman, 1925; Cushman and Todd, 1947; Cock- 
bain, 1963; Phleger, 1967; Scott, 1974; McCulloch, 
1977; Gallagher, 1979; Jones and Ross, 1979; Wil- 
liams, 1989; Patterson, in press, 1990) and only three 
studies of Pleistocene foraminifera (Smith, 1970, 1978; 
Patterson, in press) have been camed out along the 
coast of British Columbia or from adjacent Washing- 
ton state waters. Of most interest to the present re- 
search, Cockbain (1 963) conducted a distributional 
study of foraminifera found at depths ranging from 
112 to 293 meters in the Strait of Georgia. The most 
recent foraminiferal studies from the region have been 
detailed analyses of marsh foraminiferal biofacies from 
the Fraser Delta (Williams, 1989; Patterson, 1990). 

DELTA PHYSIOGRAPHY 
Formed by sediments discharging from the Fraser 

River into the Strait of Georgia, the Fraser Delta is 
triangular, with a surface area of more than 1,000 km2 
(Fig. 1). The delta is bounded on the west by the Strait 
of Georgia, on the north by the Coast Mountains, and 
on the south and southeast by the Cascade Mountains 
(Clague and others, 1983). The delta runs from a nar- 
row gap in the Pleistocene uplands at New Westminster 
and meets the sea along a 40-km perimeter. 

Sediment discharged on the Fraser Delta is predom- 
inantly used (Clague and others, 1983). This is partic- 
ularly true during the river freshet, when the Fraser’s 
plume extends across the Strait of Georgia. During the 
river freshet there is also an increase in the deposition 
of continentally derived material such as plant debris, 
megaspores, and so forth. River sedimentation during 
the remainder of the year, when discharge decreases, 
consists primarily of slit and clay (Milliman, 1980). 
The maximum tidal range on the delta is five m (me- 
sotidal) at the mouth of the river, decreasing landward 
and seasonally in connection with increasing river flow 
(Ages and Woolard, 1976). 

Active sedimentation, consisting primarily of fine to 
medium sand, currently occurs on Sturgeon and Rob- 
ert’s Banks. The delta progrades on the order of 5 m/yr 
along the active western margin and on the order of 
8.6 m/yr near the river mouth (Hutchinson, 1990; Tas- 
sone, 1990). Between 1984 and 1988 accretion rates 
in the western marshes were measured at 18 mm/yr 
(Hutchinson, 1990). Due to a combination of north- 
ward-oriented longshore drift and the Coriolis effect, 
sedimentation rates tend to be higher on Sturgeon Bank 
than on Robert’s Bank. The Fraser River has not en- 
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tered the inactive Boundary Bay portion of the delta 
for 5,000 years, as evidenced by the lack of river sed- 
iments in the continuous late Holocene organic se- 
quence in Bums Bog, between Boundary Bay and the 
Fraser River (Clague and others, 1983). 

COASTAL HYDROGRAPHY 
The inside waterways of British Columbia and 

Washington occupy a relatively young and narrow 
coastal trough known as the Georgia-Hecate Depres- 
sion. The Strait of Georgia (Fig. I ) ,  found within the 
depression, is of particular interest to this study be- 
cause of its proximity to the Fraser River Delta. It is 
linked to the Pacific Ocean to the north via several 
narrow but relatively long channels, notably Discovery 
Passage and Johnstone Strait, and the broader Queen 
Charlotte Strait. To the south, the Strait of Georgia is 
linked to the ocean via Juan de Fuca Strait and a few 
wide channels between the San Juan and Gulf islands 
(Thompson, 198 1). 

The most important influences on currents in the 
Strait ofGeorgia are tidal streams; other factors include 
river flow, wind, the Coriolis effect, centrifugal forces, 
and channel bathymetry. Large rivers such as the Skee- 
na, Nass, and Fraser, emptying into the Georgia-Hec- 
ate depression from glacier-carved valleys, have a pro- 
found effect on the structure and circulation of coastal 
waters. Freshwater input into the larger mainland in- 
lets reaches its peak during the freshet, or snowmelt 
period, beginning each May. During this period the 
volume of water discharged by these rivers can exceed 
the corresponding discharge rate for the late fall to early 
spring period by a factor of 10, or more. The Fraser 
River, in particular, influences the currents throughout 
the entire Strait of Georgia from the entrance of Juan 
de Fuca Strait to the entrance ofQueen Charlotte Sound. 
With a mean discharge of 3,400 m3/sec, the Fraser 
River is the largest river reaching the west coast of 
Canada (Mathews and Shepard, 1962). 

Water depths within the Georgia-Hecate Depression 
are generally shallower than 400 m. The average depth 
within the Strait of Georgia is 155 m (Thompson, 198 1). 
Strong vertical mixing due to upwelling in southern 
tidal passes like Haro Strait and Active Pass keeps the 
surface temperature in the southern Strait of Georgia 
below 10°C year round. Surface (top 10-20 m) water 
temperatures over most ofthe strait are more variable, 
falling to as low as 56°C in February and March and 
warming to around 20°C by mid July. Bottom tem- 
peratures in the Strait of Georgia remain a relatively 
constant 8-10°C year round. In addition, surface tem- 
peratures in inlets with rivers at their heads generally 
remain cool throughout the summer as snow melt has 
little opportunity to warm during the journey seaward. 
Surface temperatures off the mouth of the Fraser River 
are cooler than in most other parts of the Strait of 
Georgia for this reason. 

Salinity within the Strait of Georgia has a marked 
two-layer structure. In deeper waters of the strait sa- 
linity values range from 29.59& at 50 m to 3 1 7 ~  at the 
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FIGURE I .  Locality map of the Fraser Delta area showing drill 
sites of Core FD87A1 and Core FD88A1. 

bottom (> 150 m) throughout the year. Salinity values 
within the top 50 m are less, ranging from 27-28760 at 
the surface to 29.57~ at 50 m. This two-layer salinity 
structure is due to the influence of freshwater river flow 
into the strait, particularly from the Fraser River. The 
Fraser River forms what is known as a “salt-wedge 
estuary,” sending a plume of less dense low salinity 
water out over the surface of the strait. This phenom- 
enon probably explains the paucity of planktonic fo- 
raminifera in the area. During summer freshet, fresh- 
water discharge from the Fraser River forms a thin, 
one- to 1 0-m, relatively low salinity (1 7 7 3  layer over 
much of the strait. Due to the large volumes of fresh 
water produced by the Fraser River, the entire south- 
western passage from the entrance of Juan de Fuca 
Strait to the entrance of Queen Charlotte Strait may 
be considered part of the Fraser River, as 60 percent 
of the dilution of these waters can be attributed to this 
one river. 

LATE QUATERNARY HISTORY OF THE 
LOWER FRASER DELTA 

The late Quaternary in British Columbia is subdi- 
vided into three major units: the Olympia non-glacial 
interval (or Olympia Interglacial), the Fraser Glacia- 
tion, and post-glacial deposits. These late Quaternary 
sediments overlay older Semiahmoo Drift and Dash- 
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wood Drift; sediments deposited during the penulti- 
mate glacial event in British Columbia (Clague, 198 1). 

The age of the penultimate glacial deposits, which 
are typically glaciolacustrine and glaciofluvial, is not 
well defined. The overlying Olympia non-glacial in- 
terval deposits began accumulating more than 59 ka 
(Clague, 198 1). This sequence from glacial to non-gla- 
cia1 sediments is apparently conformable. Cowichan 
Head Formation sediments deposited during the 
Olympia non-glacial interval are similar to those being 
deposited today. Rivers and streams flowed across the 
isostatically uplifted lowland and into the sea, and 
channel and overbank sediments were deposited on 
floodplains and along stream courses. Deltaic, lagoon- 
al, and littoral sediments accumulated in coastal areas, 
while marine muds were deposited offshore (Clague, 
198 I ) .  

About 29 ka, a climatic deterioration resulted in the 
buildup of “Fraser Glaciation” glacial ice in the Coast 
Mountains. This deterioration initially manifested it- 
self by deposition of the “Quadra Sand” along the 
coast. These well-sorted sands were deposited as distal 
outwash aprons in front of or along the margins of 
glaciers moving from the Coast Mountains. Quadra 
Sand deposits are diachronous as deposition began 
more than 29 ka at the north end of the Strait of Geor- 
gia and no earlier than 15 ka at the south end of Puget 
Sound (Clague, 198 1). 

The Fraser Glaciation Cordilleran ice sheet reached 
its maximum extent in the Puget Lowland between 
14.5 t 0.2 ka and 15.0 -+ 0.4 ka. The Everson Inter- 
stade in coastal northwestern Washington and south- 
western British Columbia spans the interval between 
the Fraser Glaciation maximum and the Sumas glacial 
re-advance about 1 1.3 ka (Armstrong and others, 1965; 
Armstrong, 1981). Marine waters invaded the area 
during this interval. A variety of sediments including 
glacio-marine diamicton, marine silt and clay, sub- 
aqueous outwash, and deltaic sand and gravel was de- 
posited on the isostatically depressed coastal lowland. 
Everson Interstade deposits exhibit complex facies 
changes due to differences in sediment supply and the 
rate and nature of glacial recession within the area. 
These deposits are known both as the Fort Langley 
Formation and Capilano sediments (Armstrong and 
Brown, 1953; Fyles, 1963; Armstrong, 198 1). 

The Everson Interstade ended in the eastern Fraser 
Lowlands with the readvance of glaciers. This read- 
vance was triggered by a climatic episode known as 
the Sumas Stade. This glacial episode was very short 
as I4C dates from the Fraser Canyon indicate that the 
Fraser Lowlands contained little or no ice after 1 1  ka 
(Clague, 198 I ) .  Deposits resulting from this glacial ad- 
vance are in the form of outwash deposits. 

The postglacial interval includes the period follow- 
ing the disappearance of Fraser Glaciation ice. These 
deposits formed in response to processes that remain 
active in the region today, although present erosion 
and sedimentation rates are much slower than during 
late glacial and early post-glacial time (Clague, 198 1). 
Along the Vancouver Island and mainland coasts, rel- 

ative sealevels were high during deglaciation due to 
glacio-isostatic depression of the crust. The maximum 
marine limit was reached in the Fraser Delta area 
around 12.9 2 0.2 ka when sea level reached 200 m 
above present levels (Lowdon and others, 1977; Clague, 
198 1). Subsequent isostatic uplift resulted in a rapid 
fall in sea level relative to the land. Present day sea 
levels were reached in the Fraser Lowland between 
10,000 and 1 1,000 years ago. There have not been any 
significant sea-level fluctuations in the last 5,500 years, 
although sea levels on the inner coast may have been 
a few meters below the present level during much of 
this interval (Hebda, 1977). Sea level is currently rising 
relative to the land on the mainland coast at a rate of 
1 5-30 cm per century (de Jong and Siebenhuener, 1972; 
Mathews and others, 1970). This depression ofthe land 
is likely the result of tectonic movements (Riddihough, 
1979) rather than from sediment loading on the Fraser 
Delta. 

METHODS AND MATERIALS 

One-hundred and two approximately 1 0-cc samples 
were taken from two Fraser delta cores (FD87A1 and 
FD88A1) that were obtained using a Tri-Core rotary 
drilling rig. Sixty-five samples are from a 367.3-m core 
(FD87A1) recovered from the northeast comer of the 
intersection of 28th Ave and 56th St., in the Munici- 
pality of Delta, (latitude 49’3.25”; longitude 123’ 
3.95’W; Fig. 1). The remaining 37 samples are from a 
122.4-m core (FD88A1) recovered on the dyke at the 
west end of Blundel Road in the Municipality of Rich- 
mond (Fig. 1; latitude 49’9.35”; longitude 123’ 
1 1.70’W). 

All samples examined by RTP were boiled with soda 
ash to cleanse the foraminiferal tests. Samples were 
then wet-sieved through mesh with 500-pm screen 
openings to retain coarse material and 63-pm screen 
openings to retain the foraminifera. Samples contain- 
ing large amounts of sand were dried, and the fora- 
minifera separated from the sand by flotation in so- 
dium polytungstate (specific gravity 2.28). All residues 
were then examined under a stereo-microscope (gen- 
erally at 40 x ) to identify and quantify the foraminif- 
era. 

All samples obtained by BEBC for this study were 
dried and then disintegrated in a mild “Quaternary 0” 
surfactant. The resultant mixtures were then rinsed 
through 1-mm sieves for recovery of the coarser ma- 
terial and 75-pm sieves to recover the finer microfauna. 
The finer material was cleaned of any remaining clay 
material by ultrasonic vibration. The residues from 
both fractions were then examined and a representa- 
tive portion of all microfauna and other organic and 
inorganic materials deemed to have relevance to the 
paleoenvironmental interpretation were extracted and 
identified. The relative frequencies observed by each 
author were then recorded (Tables 1, 2). 

Only 29 of the 78 samples examined by RTP con- 
tained foraminifera, and of these only 1 1  contained 
statistically or marginally significant populations (i.e., 
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TABLE 1. Foraminiferal occurrences in samples from Core FD87A1. Sample numbers preceded by a “P“ were quantitatively analyzed by 
RTP and are recorded as percent occurrences. An “X” indicates that a particular taxa made up < 1 percent of the fauna in a sample. Sample 
numbers preceded by a “C“ were qualitatively analyzed by BEBC and are recorded as abundant (A = >20 specimens), common (C = 6-20 
specimens), rare (R = 2-5 specimen), or as very rare (VR = 1 specimen). Biofacies designations followed by a “?” indicate a probable biofacies 
assignment, as the population of a sample was either not statistically significant or was qualitatively assessed and thus not always well known. 
The uncertainty ( ?) associated with percent occurrence of dominant indicator taxa is listed. 

P1!6 PI117 y; PlJO C4 PI12 C5 PI14 C6 C7 PIIS C8 
I I I? I I 1 I 1 I I 

Sample 
25 - 725 - - 1283 - 5 

Biofacres 
I I 

- 26 
No. of Spmes 3 3 3 

2 Total Indrvid. 3 12 
Depth in Core (m) 64 823 829 1128 1134 137 1401 1436 1477 153.8 155 1618 

Buccella frigida 33.3 3.9 A 2.3 C 5.4 A 
Uncertainty? 54.4 7.6 1 . 1  1.3 

I 
5 14 17 8 19 - 

Cribroe1ph;dium bartletti 
Uncertainty* 
Cribroelphidium excavatum 
Uncertainty? 
Elphidiella nitida 
Uncertainty ? 
Cassiduhna renrforme 
Uncertainty? 
Islandiella norcrossi 
Uncertainty ? 
Nonionella stella 
Uncertainty? 
Angulogerina angulosa 
Angulogerina jluens 
Astrononion gallowayi 
Bolivina decussata 
Bohvinellina pacifica 
Buccella tenerrima 
Buliminella elegantissima 
Cribroelphidium fiigidum 
Cribroelphidium groenlandicum 
Cribroelphidium microgranulosum 
Cribroelphidium tumidum 
Cornuspira involvens 
Dyocibicides biserialis 
Epistomi nella pacifica 
Epistorninella vitrea 
Favulina melo 
Fissurina sp. A 
Fissurina sp. B 
Fissurina labiata 
Glandulina laevigata 
Globigerina bulloides 
Globigerina quinqueloba 
Globobulimina auriculata 
Globocassidulina crassa 
Homalohedra apiopleura 
Homalohedra borealis 
Laevidentahna sp. 
Lagena gracillima 
Lagena semilineata 
Lagena substriata 
Lagena spicata 
Lagena striata 
Lobatula jletcheri 
Neogloboquadrina pachyderma 
Nonion sp. 
Nonionella turgida 
Nonionellina labradoricum 
Parafisurina sublata 
Procerolagena distoma 
Pyrgo sp. 
Pullenia subcarinata 
Quinqueloculina akneriana 
Quinqueloculina seminulum 
Siphonaperta stalkeri 
Rosahna columbiensis 
Sestronophora arnoldi 
Scutuloris tegminis 
Stainforthia complanata 
Triloculina trinonula 

X 
X 

A 83.4 
2.1 

A I .6 
0.7 
X 
X 

33.3 VR 61.5 A 
54.4 3.5 
33.3 66.7 C 100.0 C 26.9 A 
54.4 27.2 0.0 17.4 

66. I 
3.5 
1.7 
1 

A 

A 

R 

A 

R 

A 7.9 A 8.3 VR 
15.9 

23.2 
3.1 

A 

X 

X 

3.9 1.1  
R 

X 
R 

VR 

R 

X X 

VR 

C 

VR 
R 

25.0 X 
X 
X 

R 
R X 

X 

X X VR 
VR 
VR 

X 

VR 

X 

X 

R X 

VR 

VR VR 

R 
C 

R 

R 1.1 R 
VR 
VR 
VR 
VR 

X 
X 

R 

C 

C 
R R 

3.9 

X 

X 

R 

VR 
X 
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TABLE 1. Continued. 

C9 CIO PI18 PI19 CII PlZl CIZ PI23 PI26 CIS 

Buccella frigida 
Uncertainty? 
Cribroelphidium barthti 
Uncertainty? 
Cribroelphidium excavatum 
Uncertainty? 
Elphidiella nitida 
Uncertainty? 
Cassidulina renlforme 
Uncertainty? 
Islandiella norcrossi 
Uncertainty? 
Nonionella stella 
Uncertainty? 
Angulogerina angulosa 
Angulogerina jluens 
Astrononion gallowayi 
Bolivina decussata 
Bolivinellina pacijica 
Buccella tenerrima 
Bubminella elegantissima 
Cribroelphidium frigidum 
Cribroelphidium groenlandicum 
Cribroelphidium microgranulosum 
Cribroelphidium tumidum 
Cornuspira involvens 
Dyocibicides biseriabs 
Epistominella pac$ca 
Epistominella vitrea 
Favulina melo 
Rssurina sp. A 
Fissurina sp. B 
Fissurina labiata 
Glandulina laevigata 
Globigerina bulloides 
Globigerina quinqueloba 
Globobulimina auriculata 
Globocassidulina crassa 
Homalohedra apiopleura 
Homalohedra borealis 
Laevidentalina sp. 
Lagena gracillima 
Lagena semilineata 
Lagena substriata 
Lagena spicata 
Lagena striata 
Lobatula jletcheri 
Neogloboquadrina pachyderma 
Nonion sp. 
Nonionella turgida 
Nonionellina labradoricum 
Parafissurina sublata 
Procerolagena distoma 
Pyrgo sp. 
Pullenia subcarinata 
Quinqueloculina akneriana 
Quinqueloculina seminulum 
Siphonaperta stalkeri 
Rosalina columbiensis 
Sestronophora arnoldi 
Scutuloris tegminis 
Stainforthia complanata 
Triloculina trigonula 

13.6 22.2 A A 1 1 . 1  30.8 C 
6.8 19.6 1.4 18.1 

X 60.0 66.7 100.0 
X 43.8 54.4 0.0 

77.1 38.9 A A 64.9 30.8 C VR VR 
8.2 23.0 2.2 18.1 
4.9 33.3 A A 18.4 30.8 A 20.0 33.3 
4.3 22.2 1.8 18.1 35.8 54.4 

R VR X 
X 
X R 
X 

4.9 A C  X VR 
4.3 

X 

X 1.7 
X VR R 1.5 

VR 
R 

1.1 

VR 
R X 
R 

VR 

R VR 

VR 

R R  

VR 

X C VR X 
VR 

R 

VR 

C 
2.9 5.6 VR X 

VR R 

20.0 

VR 
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TABLE 1. Continued. 

Biofacies 2 2" 5' ?' > 
Sample 

233 

PI28 P!30 C!6 CAP P!!7 Pl?9 C22 PI41 PI42 C23 C24 3 PI43 3 

I 2 1 4 
I I :, 

3 39 
5 I 

No. of Species .= ! 7 7  - 2 
I ,  - - - J3 

2 5 4 8  2;6 2666  347 3 i 7 5  3 G . s  355.4 3i9.1 3ai.s 363.6 2667 367 
Total Indivld. 
Depth In Core (m) 

Buccella frigida 
Uncertainty? 
Cribroebhidium bartletti 94.3 100.0 
Uncertainty ? 
Cribroelphidium excavatum 
Uncertainty? 
Elphidiella nitida 
Uncertainty? 
Cassidulina reniforme 
Uncertainty? 
Islandiella norcrossi 
Uncertainty? 
Nonionella stella 
Uncertainty? 
Angulogerina angulosa 
Angulogerina fluens 
Asirononion ga//owayi 
Bolivina decussata 
Bolivinellina pacifica 
Buccella tenerrima 
Buliminella elegantissima 
Cribroelphidium frigidum 
Cribroelphidium groenlandicum 
Cribroelphidiurn microgranulosum 
Cribroelphidium tumidum 
Cornuspira involvens 
Dyocibicides biserialis 
Epistominella pacifica 
Epistominella vitrea 
Favuhna melo 
Fissurina sp. A 
Fissurina sp. B 
Fissurina labiata 
Glandulina laevigala 
Globigerina bulloides 
Globigerina quinqueloba 
Globobulimina auriculata 
Globocassidulina crassa 
Homalohedra apioplewa 
Homalohedra borealis 
Laevidentalina sp. 
Lagena gracillima 
Lagena semilineata 
Lagena substriata 
Lagena spicata 
Lagena striata 
Lobatula jletcheri 
Neogloboquadrina pachyderma 

Nonionella turgida 
Nonionellina labradoricum 
Parafissurina sublata 
Procerolagena distoma 
Pyrgo sp. 
Pullenia subcarinata 
Quinqueloculina akneriana 
Quinqueloculina seminuhm 
Siphonaperta stalkm 
Rosalina columbiensis 
Sestronophora arnoldi 
Scutuloris tegminis 
Stainforthia complanata 
Triloculina trigonula 

Nonion SQ. 

7.8 
5.1 R 
7.8 

VR 4.5 
8.8 

100.0 68.2 
0.0 19.9 

R 22.7 
17.9 

4.5 

VR 

A 71.4 
34.2 

R 28.6 
34.2 

R A 76.1 
10.1 

A 14.1 
8.3 

A 
1.4 

VR 

R 

2.8 
R 1.4 

VR 

100.0 
C 2.8 
R 

VR 

R C 
1.4 

VR 

VR 
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TABLE 2. Foraminiferal occurrences in samples from Core FD88Al. Sample numbers preceded by a “ P  were quantitatively analyzed by 
RTP and are recorded as percent occurrences. Biofacies designations followed by a “?’ indicate a probable biofacies assignment, as the 
population of the sample was not statistically significant. The uncertainty ( 5 )  associated with percent occurrence of dominant indicator taxa 
is listed. 

Sample P35 I P324 p3;7 P3:8 P3:O P331 P332 P333 P334 
Biofacia I I?  I I I I ?  I I I?  
N o  of Species 4 I 2 2 2 2 5 6 4 
Total Individ. 4 17 16 13 2 6 34 78 14 
Depth in Core (m) 76 2 91 4 91 68 91 73 106 8 121 9 I22 122. I 122.3 

Astrononion gallowayi 25.0 

Buccella frigida 25.0 5.2 5.9 6.4 7.1 
Uncertai nty ? 43.3 1 1 . 1  8. I 5.5 13.7 
Bubrninella elezantissirna 2.9 1.3 

Uncertainty? 43.3 

- 
Uncertainty+ 
Cribroelphrdi urn exca vat urn 
Uncertainty ? 
Cribroelphidiurn turnidurn 
Uncertainty? 
Elphidiella nitida 
Uncertainty? 
Nonionella stella 
Uncertainty f 
Cibicides sp. 
Uncertai nt y f 

5.8 2.6 
25.0 100.0 94.8 92.3 50.0 83.3 85.3 79.5 71.4 
43.3 0.0 11.1 14.8 70.7 30.5 12.1 9.1 24.2 

1.3 
2.6 

7.7 2.9 2.6 7.1 
14.8 5.8 3.6 13.7 

50.0 16.7 2.9 9.0 14.3 
70.7 30.5 5.8 6.5 18.7 

25.0 
43.3 

samples P112, P119, P128, P139, and P332; Patterson 
and Fishbein, 1989). The standard error associated 
with the percent abundances of dominant species found 
in each quantitatively tallied sample is listed in Tables 
1 and 2. In addition, only 16 of the 24 samples semi- 
quantitatively examined by BEBC contained forami- 
nifera. Because of the generally meager foraminiferal 
recovery from these samples and the different tallying 
methods employed by the authors, biofacies were de- 
termined on the basis of dominant taxa rather than by 
multivariate analysis. Biofacies configurations were 
defined on the basis of the dominant species present 
in samples containing statistically significant or mar- 
ginally significant populations of foraminifera. Using 
these samples as a baseline, biofacies were extrapolated 
to samples with similar yet statistically indeterminate 
(the semi-quantitatively tallied data of BEBC) or sta- 
tistically insignificant populations (Tables 1, 2). 

AGE 
Fourteen I4C radiocarbon dates were obtained from 

wood and shells recovered from core FD87A1 by the 
Isotrace Laboratory at the University of Toronto (Ta- 
ble 3; Fig. 2). The results were the average of two 
machine-ready targets measured on different occa- 
sions. The wood samples were corrected for natural, 
preparation, and sputtering fractionation to a base of 
613C = -25%. The shell samples were first pre-leached 
to remove the outer 2040% of the shell. Shell samples 
were corrected to a base of 6I3C = Oo/w, equivalent to 
a reservoir correction of 4 10 years. The ages are quoted 
in uncalibrated radiocarbon years using the Libby I4C 
mean life of 8,033 years. The errors represent 68.3% 
confidence limits. 

Radiocarbon dates above 185 m (5.82 k 0.06 to 
1 1.92 k 0.09 ka) are considered to accurately represent 
the age of the respective sampling intervals. However, 

dates below 185 m depth (0.02 k 0.46 to 46.43 k 0.80 
ka) are in a jumbled chronological order and thus ap- 
parently do not accurately reflect the age of the en- 
closing sediments. 

RESULTS 

Fifty-six species of benthic and planktonic forami- 
nifera were identified from 45 samples. The 11 quan- 
titatively examined samples containing statistically 
significant or marginally significant numbers of fora- 
minifera were used to define biofacies (Tables 1, 2), 
based on the proportions of the dominant species found 
in individual samples. 

Biofacies 3 occurs between 347.5 m and 367 m in 
core FD87A 1 but was not found in core FD88A 1 (Fig. 
2; Table 1). This biofacies is characterized by a high 
proportion of Cassidulina reniforme Norvang (68.2- 
76. lolo), and Islandiella norcrossi (Cushman) (14.1- 

TABLE 3. Radiocarbon dates obtained from shell and wood ma- 
terial from Core FD87A1. 

Depth (m) Lab no. Matenal Aee 

39.94 TO-777 wood 5,820 2 60 
66.14 TO-778 shell 6,420 2 60 

wood 6,250 2 80 
143.89 TO-780 wood 7,470 f 60 

shell 8,310 f 70 
170.36 TO-782 shell 9,150 f 70 

TO-783 shell 9,410 f 70 171.64 
178.77 TO-784 shell 9,950 k 80 
184.66 TO- 1094 shell 11,920 2 90 
202.38 TO-785 wood 37,460 k 660 
219.73 TO- 1095 shell 46,430 f 880 
221.63 TO-786 shell 26,880 k 200 
247.34 TO-787 wood 33,490 f 270 
267.44 TO-788 wood 24,460 2 160 

99.5 TO-779 

158.34 TO-78 1 
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FIGURE 2. Stratigraphic section of Core FD87A I showing lithology. I4C radiocarbon dates, foraminiferal biofacies, depositional environ- 
ments, and climatic events. 

22.7%). It spans two lithologic units, a diamicton from 
347 to 358.6 m, and a silty clay from 358.6 m to the 
base of the hole at 367 m. Species diversity in samples 
containing this biofacies is low, with the 12 species 
found in sample C24 being the most diverse fauna. 
Sample P143, with 7 1 specimens, has the largest num- 
ber of foraminifera. 

Biofacies 2 occurs between 192.9 m and 256 m in 
core FD87Al but was not observed in Core FD88A1 

(Fig. 2; Table I ) .  It is dominated by Cribroelphidium 
bartletti (Cushman): 94.3% in sample PI 28, the only 
Biofacies 2 sample with a statistically significant pop- 
ulation, and 60-100% in other samples (Table 1 ) .  This 
biofacies spans two lithologic units: one comprising 
silt and clay (1 92.9-1 97 m), and another consisting of 
silt, clay, and sand couplets and triplets (197-256 m). 
Diversity in samples containing this biofacies is low 
with a maximum ofthree species in sample P 12 1. Total 
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FIGURE 3. Stratigraphic section of Core FD88A1 showing lithology, foraminiferal biofacies, depositional environments, and climatic events. 

abundances are also low with the 35 specimens from 
sample P128 being the largest fauna. 

Biofacies 1 occurs in both FD87A1 (64-181.4 m) 
and core FD88A1 (76.2-122.3 m) (Figs. 2, 3; Tables 
1 ,  2). In core FD87A 1 ,  Cribroelphidium excavatum 
(Terquem) is the most abundant species in Biofacies 
1 ,  ranging in frequency from 30.8-83.4% of the fauna. 
Other species are also characteristic of this biofacies, 
although their frequencies vary considerably: Elphi- 
diella nitida Cushman ( 1.6-30.8%); Buccella frigida 
(Cushman) (2.3-30.8%); Nonionella stella Cushman 
and Moyer (0.0-23.2%). Biofacies 1 spans two lithol- 
ogies in Core FD87A 1 ,  a sandy unit from 64.0-1 32.8 
m, and a siltklay unit from 132.8-1 8 1.4 m. Total num- 
bers of foraminifera generally decrease upward and are 
lowest in the sandy unit. Samples of this biofacies in 
core FD87A1 have both the highest diversity (19 spe- 
cies in sample P 1 1 5) and the highest abundances ( 1,969 
specimens in sample P 1 18) of any samples from these 
cores. 

Similarly, samples of Biofacies 1 in core FD88Al 
are dominated by Cribroelphidium excavatum (79.5- 
85.3%). The major accessory species are generally less 
abundant than in Core FD87A1: Elphidiella nitida (2.6- 
2.9%); Nonionella stella (2.9-9 .O%); Buccella frigida 
(5.9-6.4%). The entire Biofacies 1 interval in Core 
FD88A 1 is lithologically uniform, consisting primarily 
of silts and clays. Foraminiferal diversity and abun- 
dance are low in this core. The most diverse and abun- 
dant fauna was found in sample P333, with six species 
and a total of 78 specimens. 

There are several units barren of foraminifera in 
both drill holes. In core FD87A 1 these include the sand 
interval from 13.0 to 64 m, a silt/clay unit containing 
a thin diamicton layer between 181.4 and 192.9 m, a 
lengthy interval of silt/clay/sand couplets between 266.6 
and 347 m, and the underlying diamicton unit (347- 
358.5 m). In core FD88A1 sand between 7.6 and 76.2 
m lacked foraminifera. 

DISCUSSION 

It is difficult to compare the Biofacies 3 (Fig. 2; Table 
1 )  with modem cold-water shelf assemblages. This is 
because there has been a tremendous decline in the 
proportion of Cassidulina reniforme present in high 
latitude environments from as much as 40-50% of the 
fauna in the late Pleistocene to as little as 0 . 5 4 %  in 
late Holocene sediments (Patterson, in press). The only 
modem fauna known to be dominated by Cassidulina 
reniforme (identified as Cassidufina crassa) was found 
adjacent to a subpolar grounded glacier in the inner 
basin of Kongsfjorden, Spitsbergen Island (Elverhoi 
and others, 1980). 

However, similar Pleistocene and early Holocene 
cassidulinid faunas have been reported from other high 
latitude localities. Based on modem and fossil ana- 
logues, Rodriguez and Richard ( 1  986) determined that 
the presence of a Cassidulina-Islandiella dominated 
biofacies in samples from the late Quaternary Cham- 
plain Sea of eastern Canada indicated salinities of 30- 
340/00. Similarly, Guilbault ( 1  980, 1989) concluded that 
faunas dominated by Cassidulina reniforme and Islan- 
dieffa norcrossi probably inhabited the deeper portions 
of the Champlain Sea where salinities were relatively 
high (27-330/00). Osterman ( 1  984) suggested that the 
presence of a cassidulinid dominated fauna in a late 
Quaternary core from Frobisher Bay, Northwest Ter- 
ritories may be indicative of a proximal glaciomarine 
environment. Bahnson and others ( 1  974) also con- 
cluded that a depauperate fauna dominated by cassi- 
dulinids is indicative of a position near a glacier front. 
Sejrup and Guilbault ( 1980) determined that abundant 
occurrences of Cassidulina reniforme are almost ex- 
clusively restricted to biofacies strongly influenced by 
glacial conditions. Scott and others (1989) also re- 
ported this fauna from glacial sections of cores ob- 
tained all along the eastern coast of Canada. Although 
finding no evidence of local glaciation, Patterson 



(1 990b) has identified Cassidulina reniforme domi- 
nated faunas from core intervals dated at I O  to 12 ka 
in Queen Charlotte Sound and southern Hecate Strait. 
This fauna inhabited waters as deep as 200 m and 
seems to indicate the influx of very cold water onto 
the shelf, perhaps related to the Younger Dryas Event 
of eastern North America and Europe. 

The present-day and paleo-distribution of the major 
foraminiferal species in the Cassidulina-Islandiella 
biofacies, as well as evidence provided by raised ma- 
rine terraces in the Fraser lowlands (Clague, 1981), 
indicates deposition in marine waters of normal salin- 
ity at depths of approximately 100-200 m. However, 
this fauna has been reported from much shallower wa- 
ters on the east coast of Canada (Scott and Medioli, 
1980). No 14C dates are available for the siltlclay and 
diamicton facies in the core interval spanned by the 
Cassidulina-Islandiella biofacies. However, on the ba- 
sis of stratigraphic position (the unit is overlain by a 
glacial till, J. Clague, written communication, 1990) 
and from evidence provided by the foraminifera, it is 
likely that the silt/clay unit and lower diamicton in 
core FD87Al are the equivalent of the Semiahmoo 
Drift which was deposited in southwestern British Co- 
lumbia during the penultimate glaciation, or an even 
older Wisconsinan glacial episode. The trace amount 
of pollen from this interval (R. Mathewes, written 
communication, 1990) provides additional evidence 
of glacial conditions. 

The overlying diamicton between 3 10 and 350 m in 
Core FD87A 1 was barren of foraminifera as would be 
expected if the unit were deposited as a glacial till (Fig. 
2). The presence of the Cassidulina-Islandiella bio- 
facies in the basal-most part of this unit may be due 
to reworking of the older silts and clays. 

Several I4C dates have been obtained on wood and 
shell collected from the silt/clay/sand couplet interval 
and the siltlclay unit between 185 and 3 I O  m in core 
FD87A 1. These range from 24.46 k 0.16 to 46.43 +- 
0.88 ka (Fig. 2). In view of the lack of stratigraphic 
order in these ages, the dated material probably has 
been largely reworked from older units. Alternatively, 
as many of the dates are near the practical resolvable 
limit for 14C dating, a shortage of radiogenic daughter 
atoms (the half-life of carbon is only 5,730 years) may 
be partially responsible for the jumbled results (Faure, 
1986). Sediments below 256 m are barren, making a 
paleoenvironmental interpretation based on forami- 
nifera impossible. 

The part of core FD87A1 spanned by biofacies 2 
(192.9 and 256 m) consists of silt/clay/sand couplets 
and triplets (1 97-256 m) and silt and clay (1 92.9-1 97 
m). The former are lithologically continuous with the 
barren sediments found below (Fig. 2; Table 1). Jum- 
bled 14C dates indicate that reworking of microfossils 
is a major concern when interpreting the environment 
of this interval. However, Cribroelphidium bartletti 
dominates the fauna of the Biofacies 2 and is found 
nowhere else in the core. Therefore, a paleoenviron- 
mental interpretation based on the presence of this 
species is considered reliable. In addition to the prob- 
lematic radiocarbon dates, this interval is difficult to 

237 LATE QUATERNARY FORAMINIFERA FROM BRITISH COLUMBIA 

interpret because the ecology of the dominant species, 
Cribroelphidiurn bartletti, is not well known. Cribroel- 
phidium bartletti has been recorded from generally 
shallow, high-latitude localities: for example Frobisher 
Bay (24 to 55 m depth); off western Greenland (25-82 
m depth); off northern Greenland (1 3-3 1 m depth); 
and in the Gulf of Alaska at depths shallower than 150 
m (Loeblich and Tappan, 1953; Todd and Low, 1967; 
Bergen and O’Neil, 1979; Smith, 1970). 

R. Mathewes (written communication, 1990) has de- 
veloped two alternative depositional hypotheses for 
this interval based on the distribution of pollen. Two 
pollen zones, FD-2 (the Alnus-Filicales Zone, 2 10-250 
m) and FD-3 (the Picea-Abies-Sphagnum Zone, 180- 
210 m) span the interval where the Cribroelphidium 
bartletti biofacies was recovered. In option 1 Mathewes 
interprets the interval spanned by the FD-2 Zone as 
being deposited during the Fort Langley time interval 
(Everson Interstade; 13-1 1.4 ka). The interval spanned 
by the overlaying FD-3 Zone, which includes a non- 
foraminifera bearing diamicton at 185 m, is interpreted 
to be a Late Glacial deposit, possibly Sumas Till (1 1.4- 
I O  ka; possibly correlative to the Younger Dryas event 
of eastern North America and Europe). In option 2 
Mathewes suggests that the interval delineated by the 
FD-2 Zone is correlative to Coquitlam Drift (Evans 
Creek Stade and late Quadra Sand, 23-18 ka). The 
overlaying FD-3 Zone is interpreted in option 2 as 
indicative of Vashon Stade and Late Glacial Deposits 
(Vashon Till; 18-1 0 ka). The presence of Cribroelphi- 
dium bartletti in a Weichselian age fauna from Skae- 
rumhed in Vendsyssel, Denmark, has been taken as 
evidence of interglacial conditions (Bahnson and oth- 
ers, 1974) so Mathewes’ option 1 may be more con- 
sistent with the foraminiferal data. However, it is im- 
possible to determine whether the limited glacial 
recession represented by the Everson Interstade would 
have warmed the marine environment sufficiently for 
this fauna to develop. Further analysis of Cribroelphi- 
dium bartletti distribution is required to determine 
whether this species fills the same paleoecological niche 
in Pleistocene localities from the west coast of North 
America. Based on the limited west coast distribu- 
tional data available for Cribroelphidium bartletti, wa- 
ter depths are tentatively interpreted as being less than 
150 m during deposition of the Cribroelphidium bart- 
letti biofacies. 

Biofacies 1, dominated by Cribroelphidium exca- 
vatum, occurs in core FD87A1 between 64.0 and 185 
m and in core FD88A1 between 76.2 and 122.3 m 
(Figs. 2,3; Tables 1,2). This species is presently widely 
distributed in shallow, temperate and polar seas (Phle- 
ger, 1952; Loeblich and Tappan, 1953; Miller and oth- 
ers, 1982) and is also common in Pleistocene marine 
sections where it is often associated with near glacial 
conditions (Osterman, 1984). Hald and Vorren (1 987) 
reported that occurrences of Cribroelphidium excava- 
turn in warmer waters, such as nearshore North Sea 
and coastal North America, are indicative of salinities 
lower than 35%~. 

Although several ecophenotypic variants of Cribro- 
elphidium excavatum exist, only the “clavatum” phe- 
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notype of this species was found in these samples. This 
particular variant is indicative of either cold, normal 
marine waters (sometimes described as a “warm ice 
margin fauna”; Scott and others, 1989), or of waters 
characterized by slightly reduced salinities (Miller and 
others, 1982). 

Although Cribroelphidium excavatum is an impor- 
tant component of modem foraminiferal faunas in the 
oceans surrounding North America, commonly com- 
prising more than 30% of the fauna (Cockbain, 1963; 
Vilks and others, 1979; Miller and others, 1982), its 
representation is generally reduced from late Pleisto- 
cene-early Holocene occurrences where it often con- 
stitutes 50-8O0/o of the foraminiferal fauna (Feyling- 
Hanssen, 1976; Knudsen, 1976; Osterman, 1984; Hald 
and Vorren, 1987; Rodriguez and Richard, 1986; Pat- 
terson, 1990b). Similarly, the frequency of Cribroel- 
phidium excavatum (Biofacies 1 ) in early Holocene 
samples from cores FD87A1 and FD88A ranges up to 
85.3%. Osterman (1984) suggests that the dramatic 
reduction in the percent frequency of Cribroelphidium 
excavatum in modern oceans is related to the retreat 
of glaciers and an associated reduction in suitable en- 
vironments for this species. During the Holocene the 
ecospace utilized by this species has become reduced. 
Patterson (1 990b) observed a similar reduction in the 
proportions of this species in late Pleistocene to mod- 
ern samples in cores from Queen Charlotte Sound and 
southern Hecate Strait. 

In the Strait of Georgia Cribroelphidium excavatum 
presently comprises no more than 24% of the fauna, 
primarily in Cockbain’s ( 1963) “Elphidium-Elphidiel- 
la” biofacies and occurs in water depths averaging be- 
tween 50 and 200 m. Buccella frigida, Elphidiella ni- 
tida, and Nonionella stella, common in the 
Cribroelphidium excavatum biofacies, are found in 
shallow waters and all along the west coast of North 
America including the Strait of Georgia (Culver and 
Buzas, 1985). Williams ( 1  989) reports an apparently 
similar fauna (there are some taxonomic inconsisten- 
cies) to a maximum of 152 m on the present Fraser 
delta foreslope, although as Cockbain reported, ele- 
ments of the fauna are present at greater depths else- 
where in the Strait of Georgia. Taking the Holocene 
decline of Cribroelphidium excavatum into account, 
the foraminiferal fauna of the Cribroelphidium exca- 
vatum biofacies in cores FD87A 1 and FD88A 1 is most 
similar to that presently found in the Strait of Georgia 
(Cockbain, 1963). Therefore, the siltlclay unit bearing 
the Cribroelphidium excavatum biofacies in both cores 

is interpreted to be ancestral Strait of Georgia prodelta 
deposits. 

Based on an analysis of paleo-marsh deposits, Wil- 
liams and Roberts (1 989) estimate that there has been 
a relative sea-level rise of about 13 m in the region 
during the last 9,000 years. Considering only sediment 
thickness, without taking subsidence into account, wa- 
ter depths at the core FD87A1 locality were on the 
order of 150 m, 9,000 years ago during ancestral Strait 
of Georgia deposition (silt/clay interval). This paleo- 
depth estimate is well within the range presently oc- 
cupied by this biofacies in the modern Strait of Geor- 
gia. Therefore, based on sedimentological data and the 
present distribution of the Cribroelphidium excavatum 
biofacies in the Strait of Georgia, the depth of depo- 
sition for the siltlclay interval was probably between 
150 and 200 m. Several radiocarbon dates from core 
FD87A1 indicate that the silt/clay interval was de- 
posited between about 12 and 6 ka. Because of fresh- 
water dilution by the Fraser River, salinities were prob- 
ably similar to the relatively low values of 27-310/00 
presently found in the strait. The presence of the “cla- 
vatum” phenotype of Cribroelphidium excavatum in 
this case is probably indicative of depressed salinities 
rather than particularly cold temperatures. 

The facies change from silt and clay to sand at 132.8 
m in core FD87A1 and at 76.2 m in core FD88A1 is 
interpreted as resulting from progradation of Fraser 
Delta foreset deposits over the floor of the Strait of 
Georgia. However, a much reduced Cribroelphidium 
excavatum biofacies foraminiferal fauna persists well 
into the sand interval in core FD87A1. The continued 
shallowing and freshening of the water due to progra- 
dation of delta sediments resulted in the eventual dis- 
appearance of the foraminifera from this locality around 
6 ka (Fig. 2). 

Examination of the foraminiferal faunas from these 
cores has resulted in the identification and character- 
ization of depositional environments not readily rec- 
ognizable by sedimentologic methods alone. Further 
analysis of foraminiferal faunas from the Fraser delta 
will be invaluable not only in providing information 
on past depositional environments but also in facili- 
tating the interpretation and correlation of lithologi- 
cally enigmatic cores. 

FAUNAL REFERENCE LIST 

On the abbreviated list of species given below, brack- 
eted names indicate the original generic designations. 

-. 
PLATE 1 

1 Cribroelphidium excavatum (Terquem). Side view of“clavata” phenotype hypotype (GSC 100754). sample 114, core FD87A1, x 297. 2, 
3 Cribroelphidium bartletti (Cushman). 2 Apertural view of hypotype (GSC 100755) showing concentration of pustules on apertural face, 
sample 128, core FD87A1, x 235. 3 Side view of same hypotype showing concentration of pustules in umbilical region, ~ 2 3 0 .  4 4  Buccella 
frigida Cushman. 4 Spiral view of hypotype (GSC 100756) showing slightly lobulate periphery, sample 1 14, core FD87A1, x 289.5 Umbilical 
view of same hypotype showing typical concentration of pustules along sutures, x 28 I .  6 Edge view of same hypotype showing slightly inflated 
chambers, ~ 3 3 9 .  7 Cassidulina reniforme Nsrvang. Side view of hypotype (GSC 100757) showing typical broad lip almost filling aperture 
and finely perforate test, sample 143, core FD87A1, x 21 5. 8 Islandiella norcrossi (Cushman). Side view of hypotype (GCS 100758) showing 
toothplate protruding from aperture, sample 139, core FD87A1, x 15 1. 
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Original references are cited in the Catalogue of Fo- 
raminifera (Ellis and Messina, 1940 and supplements). 
Plate and figure numbers refer to taxa illustrated here. 

Order Foraminiferida 

Angulogerina angulosa (Williamson), 1858. [ Uvigerina]. 
Angulogerinafluens TODD (in Cushman and McCulloch), 1948. 
Asirononion gallowayi LOEBLICH and TAPPAN, 1953. 
Bolivina decussata BRADY, I88 1. 
Brizalina pacrfrca (Cushman and McCulloch), 1942, [Bolivina ac- 

Buccella frigida (Cushman), 1922, [Pulvinulina], (PI. 1, Figs. 4-6). 
Buccella tenerrima (Bandy), 1950, [Rotalia]. 
Buhminella elegantissima (d'orbigny), 1839 (a), [Bulimina]. 
Cassidulina renlforme NORVANG, 1945, [Cassidulina crassa $Or- 

Cibicides sp. 
Cornuspira involvens (Reus), 1850, [Operculina]. 
Cribroelphidium bartletti(Cushman), 1933, [Elphidium], (Pl. 1 ,  Figs. 

Cibroelphidium excavatum (Terquem), 1876, [Polystornella], (Pl. 1 ,  

Cibroelphidiunz frigidum (Cushman), 1933, [Elphidium]. 
Cibroelphidium groenlandica (Cushman), 1933. [Elphidiurn]. 
Cribroelphidiurn microgranulosum (Galloway and Wissler), 1927b, 

Cribroelphidium tumidum (Natland), 1938, [Elphidium]. 
D.vocibicides brserialis CUSHMAN and VALENTINE, 1930. 
Elphidiella nitida CUSHMAN, 1941, (Pl. 2, Figs. 4, 5). 
Epistominella paciJca (Cushman), 1927, [Pulvinulina]. 
Epistominella vitrea PARKER (in Parker. Phleger, and Peirson), 

1953. 
Favuhna melo (d'orbigny), 1839 (a), [Oolina]. 
Fissurina sp. A. 
Fissurina sp. B. 
Fissurina labiata (Buchner), 1940, [Lagena Iaevigata var.]. 
Glandulina laevigata (d'orbigny), 1826, [Nodosaria (Clanduline)]. 
Globigerina bulloides D'ORBIGNY, ( 1  826). 
Globigerina quinqueloba NATLAND, 1938. 
Globocassidulina crassa (d'orbigny), 1 839, [Cassidulina]. 
Globobulimina auriculata (Bailey), 185 1 ,  [Bulminia]. 
Homalohedra apioplara (Loeblich and Tappan), 1953, [Lagena]. 
Homalohedra borealis (Loeblich and Tappan), 1954, [Oolina]. 
Islandiella norcrossi (Cushman), 1933, [Cassidulina], (PI. I ,  Fig. 8). 
Laevidentalina sp. 
Lagena gracillima (Seguenza), 1862, [Amphorina]. 
Lagena semilineata WRIGHT, 1886. 
Lagena spicata CUSHMAN and McCULLOCH, 1950, [Lagena sul- 

cata (Walker and Jacob) var.]. 
Lagena striata (d'orbigny), 1839 (a), [Oolina]. 
Lugenu substriata WILLIAMSON, 1848. 
Lobatulafletcheri (Galloway and Wissler), 1927a, [Cibicides], (Pl. 2. 

Neogloboquadrina pachyderma (Ehrenberg), I86 1, [Aristerospira]. 
Nonionellastella CUSHMAN and MOYER, 1930, [Nonionella mio- 

Nonionella turgida WILLIAMSON, 1858. 
Nonionellina labrudoricum (Dawson), 1870, [Nonionina scapha var.]. 

erosa Cushman var.]. 

bigny var.], (Pl. I ,  Fig. 7). 

2. 3). 

Fig. I). 

[Themeon]. 

Figs. 6-8). 

cenica Cushman var.], (Pl. 2, Figs. 1-3). 

Parajssurrna sublata PARR, 1950. 
Procerolagena distoma (Parker and Jones in Brady), 1864, [Lagena]. 
Pullenia subcarinara (d'orbigny), 1839a, [Nonionina]. 
P.vrgo SP. 
Quinqueloculina akneriana D'ORBIGNY, 1846. 
Quinqueloculina seminulum (Link), 1758, [Serpula]. 
Siphonaperta stalkeri (Loeblich and Tappan), 1953, [Quinquelocu- 

Rosalina columbiensis (Cushman), 1925, [Discorbis]. 
Scutuloris tegminis LOEBLICH and TAPPAN, 1953. 
Sestronophora arnoldi LOEBLICH and TAPPAN, 1957. 
Stainforthia complanata (Egger), 1895, [ Mrgulina schreibersiana 

Trrloculina trigonula (Terquem), 1876, [Quinqueloculina]. 

Iina]. 

Czjzek var.]. 
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