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ABSTRACT 

Significant changes in terrestrial and marine environments of Baffin Bay occurred throughout the late Pliocene to 
Holocene. Upper Pliocene and lowermost Pleistocene sediments contain abundant pollen and spores, which indicates 
the existence of open, coniferous, boreal forest to forest tundra in areas surrounding Baffin Bay. The late Pliocene-earli­
est Pleistocene also is characterized by relatively rich, dinoflagellate cyst and acritarch assemblages of boreal character, 
in which the dominance of Cymatiosphaera and Peridiniaceae may indicate neritic influx of sediments. In contrast, the 
late-early Pleistocene to Holocene interval is marked by a sparse terrestrial and marine palynoflora, with rare produc­
tive intervals. The general paucity of the Pleistocene palynoflora suggests low primary productivity, both on land and 
offshore, probably caused by cold, dry, high arctic conditions. 

INTRODUCTION 

Baffin Bay is a small, deep oceanic basin surrounded by the 
Canadian Arctic Archipelago, Greenland, and Baffin Island 
(Fig. 1). This bay forms a "transitional" basin between the Arc­
tic Ocean and the Labrador Sea, which is a northwestern exten­
sion of the North Atlantic Ocean. At present, surface-water cir­
culation in Baffin Bay consists of a large counterclockwise gyre 
having two main components: (1) the subarctic West Greenland 
Current, which flows northward through the Davis Strait, and 
(2) the Baffin Land Current, which flows southward and is fed 
by the overflow from the Arctic Ocean through the Canadian 
Archipelago channels. Baffin Bay is a strategic location for 
studying paleoclimatic, paleoceanographic, and glacial fluctua­
tions that occurred in the high latitudes of the Northern Hemi­
sphere during the late Cenozoic. The onset of ice-rafting, which 
is indicative of glacial activity, occurred at least 2.5 m.y. ago, 
and probably as early as 3.4 m.y. ago (Srivastava, Arthur, et al., 
1987). 

Late Pliocene to Holocene sediments recovered in Hole 645B 
(70°27'43"N, 64°39'26"W; in a water depth of 2001 m) were 
sampled at approximately 1.5-m intervals for palynological anal­
ysis to reconstruct changes in surface-water conditions from the 
dinocyst record and to reconstruct the evolution of the terres­
trial vegetation from the pollen and spore record. 

METHODS 
Samples were prepared for palynological analysis using the follow­

ing techniques: 

1. Measuring the sample volume (usually 5 to 10 cm3) by immersion 
in a graduated cylinder. 

2. Spiking the sample with an aliquot volume (1.00 mL) of a cali­
brated Eucalyptus globulus suspension to provide quantitative estimates 
of palynomorph concentrations. 

3. Sieving at 10 and 125 fim with distilled water to eliminate fine 
and coarse particles. 

4. Treating with cold 10% HC1 (until visible reaction ceased) to re­
move carbonates. 
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5. Dissolving silicate minerals by repeated hot 48% HF treatment (1 
to 12 hr). 

6. Eliminating fluorosilicates formed during the HF treatment by 
hot 10% HC1 treatment (15 min). 

7. Washing with distilled water and sieving at 10 /xm to clean the 
preparation. 

8. Mounting the residual sample in glycerine gel on microscope 
slides. 

Palynomophs were counted systematically for most samples. How­
ever, scanning without counts was done for several samples in the ~ 170-
0-mbsf interval, which is almost barren of nonreworked palynomorphs. 
Concentrations (Table 1) were evaluated on the basis of the exotic marker-
grain method (Matthews, 1969). The suspension of Eucalyptus globulus 
(used as the source of marker grains) was calibrated by counting with a 
hemacytometer. The marker-grain method yields accurate results to ap­
proximately 10%-12% for a 0.95 confidence interval (de Vernal et al., 
1987). 

Lentin and Williams (1985) provided the dinoflagellate cyst nomen­
clature. We also refer to de Vernal and Mudie's study (this volume) that 
describes the Pliocene-Pleistocene palynostratigraphy of Labrador Sea 
Sites 646 and 647 and that reports systematic descriptions for dinocysts 
and acritarchs also found in Baffin Bay samples. 

LITHOSTRATIGRAPHY A N D 
CHRONOSTRATIGRAPHY OF HOLE 645B 

Sediments at Site 645 were drilled with some difficulty, with 
an average percentage of sediment recovery of 60.2% at Hole 
645B. The unusual firmness and coarseness of the sediments 
and the frequent occurrence of dropstones may account partly 
for this poor recovery. In general, upper Pliocene and Pleisto­
cene sediments from Hole 645B are highly terrigenous, poorly 
sorted, rich in sand and gravel, and are characterized by poorly 
developed primary sedimentary structures. Two main lithologic 
units were distinguished (Srivastava, Arthur, et al., 1987). 

Unit I (168.1-0 mbsf) consists of alternating beds of calcare­
ous muddy sand and silty mud with dropstones. This unit is 
characterized by a high calcium carbonate content of detrital 
origin (10%-50%). Sedimentation probably was controlled by 
ice-rafting, with transportation and outwash deposition from 
surrounding ice sheets also significant. 

Unit II (320.4-168.1 mbsf) consists of silty mud, clayey silt, 
and silty clays with sparse dropstones. The carbonate content, 
all of detrital origin, varies from 5% to 20%. We interpreted 
sedimentation and detrital supply as resulting from ice rafting 
and weak bottom currents. 

Marine microfossils are sparse in sediments from Hole 645B: 
diatoms, radiolarians, and calcareous nannofossils are generally 
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Figure 1. Location of ODP Sites 645, 646, and 647 in Baffin Bay and the Labrador Sea. To­
day's surface-water circulation is indicated by arrows: NAD = North Atlantic Drift; EG = 
East Greenland Current; WG = West Greenland Current; L = Labrador Current; BL = 
Baffin Land Current. 

absent; foraminifers and dinoflagellate cysts are rare. The pau­
city of the marine thanatocoenoses, in addition to possible re­
working, made it difficult to establish a firm biostratigraphy. 
Moreover, the poor sediment recovery limits the usefulness of 
magnetostratigraphy. Nevertheless, a few paleomagnetic and bio­
stratigraphic data suggest that the early/late Pleistocene and Pli­
ocene/Pleistocene transitions are located at 94 and about 220 
mbsf, respectively (Srivastava, Arthur, et al., 1987), with refer­

ence to the Berggren et al. (1985) time scale. High sedimenta­
tion rates of about 13 cm/k.y. were estimated for Hole 645B. 

PALYNOLOGY 
Moderately well-preserved palynomorphs were observed in 

all samples analyzed. The palynomorph assemblages contain 
marine (dinocysts and acritarchs), terrestrial (pollen and Pteri-
dophyte spores) and pre-Neogene reworked components. The 
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Table 1. Palynomorph concentrations in analyzed samples from Hole 645B. 

LATE PLIOCENE TO HOLOCENE PALYNOSTRATIGRAPHY 

Lab no. 

UQP-00/1 
UQP-01/1 
UQP-41/3 
UQP-01/2 
UQP-41/5 
UQP-01/3 
UQP-41/6 
UQP-00/2 
UQP-42/3 
UQP-01/4 
UQP-01/5 
UQP-42/5 
UQP-01/6 
UQP-43/2 
UQP-00/3 
UQP-43/5 
UQP-01/7 
UQP-44/2 
UQP-00/4 
UQP-01/8 
UQP-44/6 
UQP-02/1 
UQP-45/4 
UQP-02/2 
UQP-45/6 
UQP-00/5 
UQP-00/6 
UQP-46/3 
UQP-00/7 
UQP-46/5 
UQP-02/3 
UQP-47/1 
UQP-47/3 
UQP-00/8 
UQP-48/2 
UQP-02/4 
UQP-48/5 
UQP-02/5 
UQP-59/2 
UQP-02/6 
UQP-50/5 
UQP-50/6 
UQP-51/1 
UQP-51/2 
UQP-51/4 
UQP-02/7 
UQP-51/5 
UQP-51/6 
UQP-52/1 
UQP-52/2 
UQP-52/3 
UQP-52/4 
UQP-02/8 
UQP-52/5 
UQP-56/2 
UQP-53/1 
UQP-53/2 
UQP-53/3 
UQP-53/4 
UQP-53/5 
UQP-03/1 
UQP-53/6 
UQP-54/1 
UQP-54/2 
UQP-54/3 
UQP-54/4 
UQP-54/5 
UQP-00/9 
UQP-54/6 
UQP-55/1 
UQP-52/2 
UQP-55/3 
UQP-00/10 
UQP-56/1 
UQP-56/2 
UQP-56/3 
UQP-56/4 

Core-
section 

IX, CC 
2X.CC 
3X-2 
3X.CC 
4X-1 
4X.CC 
5X-1 
5X.CC 
6X-1 
6X.CC 
7X.CC 
8X-2 
8X.CC 
9X-2 
9X, CC 
10X-2 
10X, CC 
11X-2 
11X, CC 
12X, CC 
13X-3 
13X, CC 
14X-3 
14X, CC 
15X-1 
15X, CC 
16X, CC 
17X-3 
17X, CC 
18X, 1 
18X, CC 
19X-2 
19X-4 
19X, CC 
20X-3 
20X, CC 
21X-2 
21X, CC 
22X-4 
22X, CC 
23X-1 
23X-2 
23X-3 
23X-4 
23X-6 
23X, CC 
24X-1 
24X-2 
24X-3 
24X-4 
24X-5 
24X-6 
24X.CC 
26X-1 
26X-2 
26X-3 
26X-4 
26X-5 
26X-6 
26X-7 
26X, CC 
27X-1 
27X-2 
27X-3 
27X-5 
27X-6 
27X-7 
27X, CC 
28X-1 
28X-2 
28X-3 
28X-4 
28X, CC 
29X-1 
29X-2 
29X-3 
29X-4 

Depth 
(cm) 

40-43 

18-20 

85-88 

35-38 

59-62 

27-30 

06-12 

43-48 

17-23 

25-31 

30-36 

18-22 

50-54 

40-45 
38-43 

19-24 

118-123 

29-35 
29-35 
29-35 
29-35 
27-32 

24-29 
24-29 
24-29 
24-29 
24-29 
06-11 

56-61 
62-67 
57-62 
44-49 

114-119 
31-36 
37-41 

48-53 
48-53 
48-53 
48-53 
48-53 
34-40 

55-60 
55-60 
41-46 
41-46 

45-51 
41-46 
41-46 
39-44 

Total 
dinocysts 

47 
38 

128 
25 
48 
19 
60 

— 
— 
— 

43 
— 

71 
111 
18 

271 
— 
— 

24 
24 

3079 
88 
30 
11 
82 
41 

244 
184 
30 

— 
132 
387 
277 
662 
846 
44 

1232 
123 
165 
36 

— 
26 

1810 
463 

10 
30 

252 
2390 

540 
4109 
6699 
1195 
591 
516 

2243 
430 
629 
387 

4560 
455 
226 
726 
395 
262 

87 
200 
63 

127 
682 
546 
496 
687 

1175 
3124 
513 

1634 
218 

Peridiniaceae 

77 
25 
36 
25 
48 

9 
52 
— 
— 
— 
32 
— 
47 
83 
3 

271 
— 
— 
— 
12 

— 
66 
10 
— 
82 
30 

192 
184 
12 
— 
96 
39 
79 

621 
521 
22 
18 
— 
141 
12 
— 
— 
16 

379 
— 
— 
23 

165 
180 
118 
969 
124 
— 

430 
41 

352 
364 
194 
282 
— 
25 

134 
158 
175 
44 
— 
32 

102 
218 
372 
271 
500 
212 
500 
233 
132 
55 

Acritarchs 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

12 
— 

13 
— 
— 
— 
— 

12 
— 
— 
— 
— 
— 

2 
— 
— 

6 
— 

12 
— 
— 
— 
33 

— 
250 
— 
— 
— 
— 
— 

79 
— 
— 
— 
92 

— 
— 

59 
1534 
536 
— 
86 
82 
20 

— 
97 

1090 
379 

38 
376 

79 
58 

— 
— 
32 

— 
55 
25 
90 

125 
53 

687 
187 
527 
164 

Pollen 

516 
75 

489 
38 

115 
21 
17 

— 
— 

37 
54 

184 
106 
167 
18 

— 
32 
75 
38 
99 
33 
44 

149 
75 
66 
18 
14 
0 

30 
29 
72 

232 
1344 

152 
1334 
842 
714 

1813 
756 
536 

1187 
1352 
1079 
1895 
492 
332 

1856 
8902 

13242 
4695 

15334 
3503 

15514 
8350 
3507 
1467 
2119 

20435 
5125 
6229 
992 

4786 
3083 
2504 
1566 
8216 
2223 
3543 
2373 
2010 
5276 
8306 
4921 
9998 
1867 
1871 
1910 

Spores 

47 
— 
145 
13 
19 

— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

10 
— 
_ 

2 
9 

61 
12 

— 
— 

77 
711 
100 
358 
241 
196 
563 
449 
107 
170 
182 
683 
421 
115 
52 

665 
3544 
7477 
2348 
4681 
2091 
7126 
6715 
1794 
567 

1490 
29152 

1291 
3722 

163 
1479 
949 
553 
935 

6946 
2508 
3683 
1500 
1439 
4058 
6245 
1606 
2874 
653 
791 
927 

Terrestrial 
reworked 

palynomorphs 

534 
502 
507 
277 
278 
579 
26 

142 
356 
337 
671 

1587 
710 

2014 
700 
271 
816 
489 
318 
632 
106 
943 
636 
846 

1220 
622 
776 

3321 
622 
983 

1473 
1666 
2095 
1292 
3103 
2274 
2092 
1320 
2457 
3178 
2228 
988 
207 

2106 
826 
406 

1260 
412 
360 
176 
485 
371 
378 
430 
245 
587 

2317 
387 
161 
683 
439 
887 

3558 
1630 
870 
534 
413 
356 
327 
224 
721 

1124 
787 

1249 
1493 
791 

1146 

Marine 
reworked 

palynomorphs 

55 
13 

127 
38 
29 
37 
43 
35 
— 
22 
22 

185 
— 

426 
65 
— 

318 
38 

204 
84 
41 
33 

169 
23 
49 

113 
36 

369 
30 

202 
96 

232 
514 
154 
74 

394 
155 
123 
236 
265 
145 
338 
111 
547 
105 
66 

138 
82 
— 
— 
162 
— 
— 
— 
— 
59 
66 
— 
40 
— 
38 

161 
158 
262 
218 
334 
95 
51 
__ 
— 

271 
— 
42 

250 
233 
105 
164 

Pediastrum 

6 
— 
18 

— 
— 
— 
— 
— 
—-
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
40 
— 
— 
— 
— 
18 
— 
— 
— 
— 
— 
— 
— 
— 
92 
82 

360 
— 
81 
— 
— 
— 
82 
— 
— 
97 
40 
76 
— 
— 
— 
— 
— 
67 
— 
102 
— 
50 
— 
62 
11 

— 
— 
— 
— 

Tasmanideae 

_ 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 

3 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
24 
— 
— 
— 
— 
— 
— 
— 
23 
— 
— 
— 
— 
— 
— 
172 
— 
— 
— 
— 
— 
— 
— 
— 
— 
29 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
— 
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Table 1 (continued). 

Lab no. 

UQP-56/5 
UQP-56/6 
UQP-03/2 
UQP-57/1 
UQP-57/2 
UQP-57/3 
UQP-57/4 
UQP-57/5 
UQP-57/6 
UQP-58/1 
UQP-03/3 
UQP-58/2 
UQP-58/3 
UQP-58/4 
UQP-58/5 
UQP-58/6 
UQP-03/4 
UQP-59/2 
UQP-59/3 
UQP-59/5 
UQP-03/5 

Core-
section 

29X-5 
29X-6 
29X, CC 
30X-1 
30X-2 
30X-3 
30X-4 
30X-5 
3-0X-6 
30X-7 
30X, CC 
31X-1 
31X-2 
31X-3 
31X-4 
31X-5 
31X, CC 
32X-1 
32X-3 
32X-5 
32X, CC 

Depth 
(cm) 

38-43 
85-10 

42-46 
20-24 

131-135 
32-37 
34-39 
34-39 
30-35 

40-45 
40-45 
40-45 
40-45 
40-45 

105-110 
105-110 
105-110 

Total 
dinocysts 

364 
1106 
1763 
987 

1067 
3903 
4658 
4792 
2346 
1173 
1531 
130 
782 

9181 
25 
9 

34 
2864 
1790 
184 

— 

Peridiniaceae 

46 
369 
43 
73 
— 
149 
161 
80 

164 
51 
— 
— 
103 
116 
13 
9 

— 
15 
— 
I l l 
— 

Acritarchs 

182 
184 
559 
585 
278 

2920 
3759 
1198 
1146 
663 
265 

8 
26 

5811 
— 
204 
— 
121 
— 
— 
— 

Pollen 

5834 
16972 
7009 

10638 
2041 
2086 
4174 
7867 

11566 
7191 
1870 

187 
447 
449 
530 
48 

104 
558 
293 
479 
103 

Spores 

4785 
12636 
3354 
4167 

394 
983 

2583 
4113 
6056 
5049 
692 
49 
77 
98 

101 
48 
35 

196 
163 
111 

— 

Terrestrial 
reworked 

palynomorphs 

1231 
737 
817 
146 
23 
89 

323 
— 

164 
151 
88 
65 

301 
176 
378 
485 
470 

30 
33 

553 
615 

Marine 
reworked 

palynomorphs 

137 
— 
43 
73 
— 
— 
46 
40 
55 
51 
— 
24 
26 
20 

177 
— 
34 
— 
33 
37 

114 

Pediastrum Tasmanideae 

— 
— — 
43 — 
— — 
— — 
— — 
46 — 
— — 
55 — 
51 — 
— — 
— — 
— — 
— — 
— — 
— 
— — 
— — 
— — 
— — 
— — 

Note: "Total dynocysts" includes dinoflagellate cysts and acritarchs. 

concentrations of these components vary considerably through­
out the sequence (Fig. 2 and Table 1) and permit the delimita­
tion of three intervals: 

1. The lowermost interval (about 300-220 mbsf), of late Pli­
ocene age, is characterized by an abundant terrestrial palynoflora 
(1,000 to 50,000 pollen grains and spores per cubic centimeter), 
frequently high concentrations of marine palynomorphs (0 to 
9000 dinocysts and acritarchs per cubic centimeter), and com­
mon reworked palynomorphs (O-3500/cm3). This interval, marked 
by relatively high pollen and spore influxes (about 10-650/cm2/ 
yr), apparently corresponds to a period during which produc­
tion of vegetation in terrestrial regions surrounding Baffin Bay 
was much higher than at present. 

2. The interval from about 220 to 170 mbsf, interpreted as 
early Pleistocene, is characterized by abundant reworked paly­
nomorphs (> 2000/cm3) with moderate numbers of pollen and 
spores (<2500/cm3) and low dinocyst concentrations (<1500/ 
cm3). The dominance of reworked palynomorphs in this interval 
requires that biostratigraphic and paleoenvironmental interpre­
tations be made with care. 

3. The uppermost interval (about 170-0 mbsf) is of Pleisto­
cene age and is characterized by a sparse Quaternary palynoflora 
and by common occurrences of reworked pre-Neogene palyno­
morphs (about 500-2000/cm3). This interval reflects low pri­
mary productivity for arctic island vegetation and surface-water 
masses (Mudie and Short, 1985). 

Marine Palynoflora 

Dinocyst and Acritarch Stratigraphy 
The dinoflagellate cyst and acritarch assemblages of the en­

tire late Pliocene to Holocene interval are characterized by a low 
diversity (Fig. 3), especially when compared with those of the 
Labrador Sea Sites 646 and 647 (de Vernal and Mudie, this vol­
ume). Despite the general paucity of dinocyst and acritarch as­
semblages, a few biostratigraphic considerations should be noted. 

1. The approximate Pliocene/Pleistocene transition is char­
acterized by a decrease in the marine palynofloral diversity and, 
particularly, by the last common appearance of Cymatiosphaera 

sp. I, Batiacasphaera sp., and Operculodinium cf. crassum. In 
addition to these taxa, Brigantedinium sp., Tectatodinium sp. I, 
and Filisphera filifera show maximum abundances in the upper 
Pliocene sediments. 

2. The lower part of the early Pleistocene is marked by the 
last occurrence of Filisphaera filifera (at about 150 mbsf). The 
last appearance of F. filifera, which is also recorded in lower 
Pleistocene sediments from other high latitude regions such as 
the Bering Sea (Bujak, 1984), Norwegian Sea (Mudie, in press), 
central North Atlantic (Mudie, 1986) and the Labrador Sea (de 
Vernal and Mudie, this volume), appears to be a good strati­
graphic datum. 

3. The upper part of the early Pleistocene through Holocene 
dinocyst assemblages consists of species that are common in 
modern sediments of Baffin Bay (Mudie and Short, 1985). The 
main taxa are Brigantedinium simplex, Operculodinium centro­
carpum, Spiniferites elongatus, and Multispinula minuta. 

Paleoen vironmental Interpretation 
As shown in Figure 3, the vertical distribution and abun­

dance of dinocyst and acritarch taxa are highly discontinuous. 
Some taxa, such as ICordosphaeridium sp. I, Impagidinium ja­
ponicum, and Achomosphaera ramulifera are common in only 
one or a few samples. The intermittent occurrence of dinocyst 
and acritarch taxa suggests frequently changing paleoenviron­
mental conditions in surface waters throughout the late Plio­
cene to Holocene. The epicontinental and relatively isolated lo­
cation of Baffin Bay probably accounts for strong regional envi­
ronmental responses to changes in climate or hydrologic regimes. 
Indeed, the much lower dinocyst diversity recorded in Baffin 
Bay sediments, compared with Labrador Sea sediments, points 
to more rigorous environmental conditions in Baffin Bay and to 
very limited exchanges between both basins during the late Plio­
cene to Holocene interval. A similar low diversity palynoflora 
also can be seen in upper Pliocene and Pleistocene sediments of 
the Norwegian Sea, which is partially isolated from the North 
Atlantic by the Iceland-Faroes Ridge (Mudie, in press). 

The relatively high concentrations of dinocysts and acritarchs 
in the Pliocene sediments of Baffin Bay indicate a significant, 
although variable, meroplanktonic productivity that may reflect 
changes in phytoplankton production. Dinocysts represent the 

390 



LATE PLIOCENE TO HOLOCENE PALYNOSTRATIGRAPHY 

AGE Dep th 
s u b - b o t t o m 

(m) 

POLLEN AND SPORE 
CONCENTRATION 

MARINE 
PALYNOMORPH 

CONCENTRATION 
REWORKED 

PALYNOMORPH 
CONCENTRATION 

LATE 

PLEISTOCENE 

EARLY 

PLEISTOCENE 

LATE 

PLIOCENE 

49 600 

I I I ' ' ' ' 1 I ' ' ' 

20000.cm" 3 0 10000.cm 3 

Figure 2. Palynomorph concentrations vs. depth at Hole 645B. Marine palynomorphs include dinocysts and acri­
tarchs. Chronostratigraphy after Srivastava, Arthur, et al., (1987). 

dormant stage before the reproduction of certain dinoflagellates 
(e.g., Wall and Dale, 1968) and the acritarch Cymatiosphaera 
probably constitutes the phycoma of Prasinophytae algae 
(Boalche and Parke, 1971; Tappan, 1980); hence, concentrations 
of dinoflagellate cysts and Cymatiosphaera are related to phyto-
planktonic production. According to ecological considerations 
by Tappan (1980) and some fossil records (e.g., Takahashi, 1971; 
Wall et al., 1973; Al-Ameri, 1986), Cymatiosphaera may be as­
sociated with neritic environments. The common occurrence of 
Peridinioid cysts, such as Brigantedinium sp., also suggests a 
neritic influence in the surface-water layer (e.g., Harland, 1983; 
Mudie and Short, 1985), and/or abundant dissolved nutrients 
(Duffield and Stein, 1986). The epicontinental character of the 
Baffin Bay basin probably favored high biogenic terrestrial in­
fluxes and, therefore, high nutrient influxes, which may explain 
neritic-type productivity despite relatively deep water masses. 
The species composition of the Pliocene dinocyst assemblages 
show a boreal character, which suggests the existence of subarc­
tic or warmer conditions in surface waters. Filisphaera filifera, 
which generally dominates the assemblage, is a taxon reported 
exclusively from high-latitude regions, including the Arctic Ocean 
(Aksu and Mudie, 1985). However, surface-water conditions in 
Baffin Bay were probably episodically cool-temperate, as sug­

gested by intermittent occurrence of taxa such as Achomos­
phaera ramulifera, Operculodinium cf. crassum, and Tectatodi­
nium pellitum. 

Most of the Pleistocene samples are characterized by low di­
nocyst concentrations, which indicates low meroplanktonic pro­
ductivity compared to the Pliocene. The absence of diatoms 
and nannofossils in most Pleistocene samples (Srivastava, Ar­
thur, et al., 1987) strongly suggests a low primary productivity 
in addition to high sedimentation rates. Rigorous environmental 
conditions similar to today's High Arctic (Mudie and Short, 
1985) and the existence of an extensive sea-ice cover probably re­
stricted the primary productivity during most of the Pleisto­
cene. However, brief episodes of higher productivity are indi­
cated by concentration curves, notably in high-resolution re­
cords (Mudie and Aksu, 1984; Mudie and Short, 1985; de 
Vernal et al., 1987; Hillaire-Marcel et al., this volume). These 
episodes are marked either by subarctic dinocyst assemblages 
dominated by Operculodinium centrocarpum and Spiniferites 
elongatus or by arctic assemblages dominated by Multispinula 
minuta and Brigantedinium simplex. The subarctic assemblages 
are associated with conditions similar to today's in central Baf­
fin Bay and probably reflect the penetration of subarctic North 
Atlantic water through Davis Strait. The Multispinula minuta 
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Figure 3. Stratigraphic range of dinoflagellate cysts and acritarchs in upper Pliocene to Holocene sediments of Site 645, includ­
ing data from the high-resolution record in upper Pleistocene sediments (Hillaire-Marcel et al., this volume). 

and Brigantedinium simplex assemblages are associated with 
Arctic Ocean margin conditions (Harland et al., 1980; Mudie 
and Mathiessen, 1988) and indicate relatively low salinity in sur­
face waters (~30%o; Mudie and Short, 1985). Such assemblages 
probably reflect significant dilution of surface waters from melt-
water discharges. The dinocyst stratigraphy of Baffin Bay sug­
gests that harsh, arctic-type conditions prevailed during most of 
the Pleistocene, with scattered brief warmer episodes marked ei­
ther by the penetration of North Atlantic water or by large vol­
umes of meltwater discharge. 

Terrestrial Palynoflora 
The lower part of the sequence in Hole 645B, and especially 

the upper Pliocene sediments, is characterized by abundant pol­
len and spores, with concentrations varying from 1,000 to 50,000 
grains/cm3. These are unusually high concentrations compared 

to other high latitude deep-sea sediments (e.g., Mudie, 1982), 
and they clearly indicate the epicontinental nature of the Baffin 
Bay basin. Within the -300-175 mbsf interval, the richness of 
the terrestrial palynomorphs allowed us to count more than 100 
pollen and spores in most slides, which resulted in the percent­
age diagram illustrated in Figure 4. Lower counts in Pleistocene 
samples were considered unsuitable for meaningful interpreta­
tion of percentage diagrams, although some late Pleistocene-
Holocene pollen diagrams were previously published (Mudie and 
Aksu, 1984; Mudie and Short, 1985; de Vernal et al., 1987). 

Although a long time interval ( > 2 Ma) is represented in the 
diagram of Figure 4, the pollen and spore assemblages appear 
relatively uniform in composition. The assemblages are largely 
dominated by Pinus, which is over-represented in deep-sea sedi­
ments off eastern Canada (Mudie, 1982) because its morphol­
ogy is favorable for long-distance atmospheric and hydrologic 
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Figure 4. Summary diagram of pollen and spore percentages from upper Pliocene and lowermost Pleistocene sediments of Site 645. Percentages are 
based on sums that include all the pollen grains and spores counted. The spectra reported in this diagram consist of sums higher than 100 individuals, 
in most cases; spectra with sums lower than 50 individuals are not reported. Because of the low diversity, 100 individuals may be considered statisti­
cally representative (Mudie, 1982). Here the genus Betula probably represents a shrub taxa, according to the small diameter (< 25 pm) of pollen grains 
(Richard, 1970; Usinger, 1975). Several taxa are grouped into genera or families to simplify the results: Lycopodium spores include mainly L. an-
notinum, L. selago-type, and L. clavatum-type; Alnus is mainly represented by A. crispa, although A. rugosa was occasionally observed. Other taxa 
are grouped into genera because of the uncertainty of the species identification. 

transportation. Picea is moderately well represented among the 
tree taxa. The small percentages of Abies is highly significant, 
notably in the lowest part of the diagram: Abies is a tree that is 
under-represented by its pollen, even within the fir-forest do­
main (Richard, 1968), and generally not represented in surface 
marine sediments north of the Grand Banks (Mudie, 1982; Mu­
die and Short, 1985). Shrub pollen percentages, notably those 
of Betula, Alnus, and Ericaceae, are high. Herb pollen percent­
ages are low but show a slight increase above the Pliocene/Pleis­
tocene boundary at about 220 mbsf). Lycopodium, Selaginella, 
Polypodiaceae, and abundant Sphagnum spores are characteris­
tic of the terrestrial palynomorph assemblages. These assem­
blages reflect influxes from relatively dense coniferous boreal 
forest to forest tundra vegetation. In addition, the high Sphag­
num percentages indicate the existence of extensive peatlands in 
the source area. Such a vegetational cover may be associated 
with the existence of very humid, cool-temperate to subarctic 
climate. The high pollen concentrations indicate influxes from a 
nearby source, which strongly suggests that forested vegetation 
extended over Baffin Island and probably Greenland (Funder et 
al., 1985) during the late Pliocene and perhaps the earliest Pleis­
tocene. 

Despite the uniformity of the pollen and spore assemblage 
composition, fluctuations of percentages were recorded. These 
fluctuations may have been caused by changes in the vegetation, 
such as variations in the density of forest cover. The significant 
percentages of Abies in the lower one-half of the diagram strongly 
suggests the presence of fir in the forest community, confirming 
the existence of a cool-temperate climate for the arctic islands. 
The decrease of Abies and slight increase of herb percentages in 
the upper part of the diagram suggest an impoverishment of the 
vegetation, accompanied by opening of the forest cover. This 
change in the vegetation was probably related to a climatic cool­
ing, from cool-temperate to subarctic conditions. Furthermore, 
the drastic decrease in palynomorph concentrations in the low­
ermost Pleistocene sediments suggests both a decrease in the 
vegetation density and increased aerial transport distance as a 
consequence of more remote forested-vegetation sources arising 
from a southward-migrating tree line in early Pleistocene. 

The low pollen and spore concentrations recorded through­
out most of the Pleistocene indicate low influxes, probably re­
lated to sparse vegetation cover or barren terrestrial areas sur­
rounding Baffin Bay. Note, however, that the high-resolution re­
cord of upper Pleistocene sediments from Site 645 suggests that 
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shrub tundra vegetation existed around Baffin Bay during an in­
terglacial episode, which probably corresponds to the isotopic 
substage 5e (Hillaire-Marcel et al., this volume). 

Reworked Palynoflora 
A conspicuous feature of the Baffin Bay samples is the abun­

dance of pre-Neogene reworked palynomorphs, which consist 
of both terrestrial (pollen and spore) and marine (dinocyst, acri­
tarch) taxa. 

The terrestrial palynoflora generally dominates. Trilete spores 
and bisaccate pollen grains are particularly abundant; angio-
sperm pollen grains also occur in low concentrations in most 
samples. The reworked terrestrial palynomorphs are character­
ized by a high degree of compression and a dark yellow to 
brownish color. The diagenetic alteration of the sporopollenin 
also can be distinguished by fluorescent microscopy. Because of 
this strong alteration, the structures of the exine or sporoderm 
are often indistinct; for example, the alveolar structure of gym-
nosperm saccae is faint. This strong alteration makes taxonomic 
identification difficult, particularly for trilete spores and bisac­
cate pollen grains. Cretaceous spores of the genera Cicatricosis-
porites, Appendicisporites, and Camarozonosporites were iden­
tified in several samples. Among the angiosperm reworked pollen 
grains, Triporopollenites is frequent; Tiliaepollenites, Caryapol-
lenites, Alnipollenites, and Extratriporopollenites were occasion­
ally observed. 

Reworked dinocysts and acritarchs, notably Veryhachium, 
are present in most samples. Deflandrea spp., notably D. phos-
phoritica and Wetzeliella articulata, are frequent, which indi­
cates some reworking from Paleogene strata; a few specimens of 
Phelodinium magnificum, Dinogymnium acuminatum, Chatan-
giella granulifera, Odontochitina sp., and Thalassiphora pelag­
ica were also identified. 

The reworked palynoflora generally reveals the erosion of 
Paleogene, Cretaceous, and older strata, which no doubt origi­
nate from the Canadian Arctic Achipelago, where sedimentary 
formations dominate. Glacial erosion and subsequent transpor­
tation by meltwater discharge or ice rafting are probably respon­
sible for a large part of the reworked palynomorph content in 
sediments. 

The reworked palynomorph concentrations vary in the low­
est part of the Hole 645B record, possibly indicating fluctua­
tions in the erosional intensity and glacial activity over arctic 
areas during the late Pliocene. Reworked palynomorphs are most 
abundant in the lowermost Pleistocene deposits, which suggests 
that erosion and/or glacial activity was very intense over arctic 
areas during this interval. In upper Pleistocene sediments, the 
concentrations of reworked palynomorphs remain high, although 
a slight decrease may distinguish the late Pleistocene. This trend 
may reflect a reduction of glacial activity in the arctic region 
throughout the Pleistocene. This interpretation is supported by 
the stratigraphy of Banks Island, which indicates that the most 
intense glaciation took place during the Matuyama paleomag­
netic event (Vincent et al., 1984). 

DISCUSSION A N D CONCLUSIONS 
The palynoflora of Hole 645B reveals that large changes took 

place both in the surface waters and in terrestrial environments 
of the Baffin Bay region during the late Pliocene to Holocene. 

Throughout the late Pliocene, a moderately high meroplank-
tonic productivity is indicated by variable dinocyst and acri­
tarch concentrations. The dinocyst assemblages reflect boreal, 
cool-temperate to subarctic conditions, while the dominance of 
Cymatiosphaera and Peridinioid dinocysts indicates a neritic 
marine influence and/or high nutrient influx. 

Pollen and spore concentrations of the upper Pliocene sedi­
ments indicate relatively high primary production in continental 

areas surrounding the Baffin Bay. The assemblages probably re­
flect the presence of relatively dense coniferous boreal forest 
and extensive peatlands, suggesting humid, cool-temperate to 
subarctic climatic conditions. During this same interval, deposi­
tion of ice-rafted debris shows that glaciation occurred in areas 
adjacent to Baffin Bay. Episodic glacial activity on the Cana­
dian Arctic islands also may be indicated by the occurrence of 
reworked terrestrial palynomorphs, which may result from gla­
cial erosion of the northern Canadian Arctic islands or from in­
creased fluvial erosion during periods of high rainfall. 

Although debatable, the existence of subarctic, or even cool-
temperate, conditions in the Baffin Bay region is not incompati­
ble with continental ice growth elsewhere in the arctic high­
lands. Indeed, the continental palynostratigraphy of southeast­
ern Canada shows that such climatic conditions prevailed at the 
margin of the Laurentide ice-sheet during the middle Wiscon­
sinan episode (de Vernal et al., 1986; de Vernal and Hillaire-
Marcel, 1986). Furthermore, ice growth in the Arctic strongly 
depends on the transportation of humid air masses to highest 
latitudes, which is favored by the existence of cool-temperate 
open water areas in ocean basins, such as Baffin Bay. The exist­
ence of a humid and cool-temperate climate in subpolar regions 
probably contributed to high precipitation and possibly to ice 
accumulation in the arctic highlands during the late Pliocene. 
The large fluctuations of dinocyst, pollen, and reworked paly­
nomorph concentrations in the upper Pliocene deposits may re­
flect cyclic glacial activity in the Canadian Arctic Archipelago, 
comparable to those recorded in southeastern Canada during 
the late Pleistocene. 

Large-scale paleoenvironmental changes apparently occurred 
during the earliest Pleistocene. Decreases in the marine pa­
lynoflora diversity and concentrations suggest a decrease in pri­
mary productivity and probably reflect a change to more rigor­
ous paleoenvironmental conditions. At the same time, the de­
crease in pollen concentrations, the decline of Abies, and the 
increase in percentage of herb pollens indicate an impoverish­
ment of the regional vegetation and strongly suggest a south­
ward displacement of the forest limits. Furthermore, the abun­
dance of reworked palynomorphs indicates maximum erosion, 
probably from widespread glacial activity in the eastern Cana­
dian Arctic. 

Throughout the middle-early Pleistocene to Holocene inter­
val, the sparse palynoflora suggests low primary productivity, 
both in surface water masses and in continental areas. With the 
exception of a few brief interglacial episodes, very harsh cli­
matic conditions and extensive sea-ice cover probably prevailed 
over Baffin Bay. 

SYSTEMATIC DESCRIPTIONS 
Note: all palynological preparations and reference slides are 

housed at the Universite du Quebec a Montreal. 

Division PYRRHOPHYTA Pascher 1914 
Class DINOPHYCEAE Fritsch 1929 
Order PERIDINIALES Haeckel 1894 

Genus ACHOMOSPHAERA Evitt 1963 
Achomosphaera ramulifera (Deflandre) Evitt, 1963 

Genus BATIACASPHAERA Drugg 1970 
Batiacasphaera sp. 

Description. Cysts of Batiacasphaera sp. observed in sediments 
from Site 645 are spherical to subspherical and relatively small (~ 25 to 
40 ^m). When clearly seen, the apical archeopyle corresponds to the dis­
placement of paraplates 1' to 3 ' . Because of the usual poor preserva­
tion of the cysts from Hole 645B, we did not attempt to speciate the ge­
nus. Some of the cysts may be referable to B. sphaerica Stover 1977 (see 
de Vernal and Mudie, this volume). 
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Genus BITECTATODINIUM Wilson 1973 
Bitectadodinium tepikiense Wilson, 1973 

Genus BRIGANTEDINIUM Reid 1977 
Brigantedinium simplex (Wall, 1965) Reid, 1977 

Brigantedinium sp. 
Remarks. The archeopyle sutures cannot be distinguished on many 

cysts of Brigantedinium because of poor preservation, orientation, or 
folding. Thus, we often found it difficult to speciate the genus. Here, 
Brigantedinium sp. includes all round, brown Brigantedinium-type cysts, 
excluding B. simplex. 

Genus CORDOSPHAERIDIUM Cookson and Eisenack 1969 
Cordosphaeridium sp. I 

(Pl. 1, Figs. 1-5) 
Description. The cysts provisionally called ? Cordosphaeridium sp. I 

are subspherical (40 to 48 urn in diameter; N = 4) with short (3 to 5 /*m 
high), broad, fibrous intratabular processes. Between processes, the 
periphragm is variably ornamented and fibrous (see Pl. 1, Figs. 2 and 
5). In the optical section, the fibrous processes are crenulate (Pl. 1, Fig. 
4). The cingular processes are often imperfectly developed and may be 
difficult to observe when the periphragm is coarsely ornamented. The 
precingular archeopyle of type P (3") is free. 

Genus CORRUDINIUM Stover and Evitt 1978 
?Corrudinium sp. II of de Vernal and Mudie (this volume) 

Description. The cysts are small (about 25 /im in diameter), sub-
spherical and characterized by a dense network of undulating crests that 
make it impossible to distinguish the paratabulation. The archeopyle is 
precingular, and the operculum is free. The field areas between crests 
are smooth. The taxonomic affinity of these cysts with the genus Corru­
dinium is uncertain since the accessory crests cannot be distinguished 
from the parasutural ones: the only clearly delineated parasutural fea­
ture is the paracingulum. 

Genus FILISPHAERA Bujak 1984 
Filisphaera filifera Bujak, 1984 

(Pl. 1, Fig. 8) 

Genus IMPAGIDINIUM Stover and Evitt 1978 
Impagidinium japonicum Matsuoka, 1983 

Impagidinium cf. pallidum Bujak, 1984 
(Pl. 2, Figs. 1 and 2) 

Description. The specimens from Baffin Bay and Labrador Sea sedi­
ments (de Vernal and Mudie, this volume) are similar to /. pallidum 
(Bujak, 1984) with respect to the thinness and transparency of the wall, 
the smoothness of the parasutural crest, and the frequent folding. Well-
preserved specimens from Holocene Labrador Sea sediments appear to 
have the following paratabulation: 3 ' , 6", 4c, 4 ' " or 5' ", 1" ". The 
parasulcal region is clearly outlined by parasutural septa, but no sulcal 
paratabulation can be distinguished. The archeopyle is reduced, pre­
cingular, and formed by the loss of paraplate 3". The height of the para­
sutural septa is variable; the longest sutures exhibit the widest septa. 
The length of the polar axis varies from 58 to 78 jan, and the crest 
height ranges from 3 to 7 ji*m (N = 14). In this paper, Impagidimium cf. 
pallidum includes all morphotypes ranging from the common form to /. 
pallidum Bujak to more clearly tabulated Pleistocene-Holocene cyst-
form. 

Genus IMPLETOSPHAERIDIUM Morgenroth 1966 
Impletosphaeridium sp. I 

(Pl. 1, Fig. 6) 
Remarks. Specimens of Impletosphaeridium sp. I observed in Baffin 

Bay and Labrador Sea sediments (de Vernal and Mudie, this volume), 
appears similar to Impletosphaeridium sp. I of Manum (1976). Accord­
ing to Matsuoka (1983), Impletosphaeridium sp. I Manum could belong 
to the species Reticulatosphaera stellata, which is characterized by intra­
tabular processes with trifucate distal ends, apparently twiglike and con­
nected by trabeculae. Specimens of Impletosphaeridium sp. I observed 
in Pliocene sediments from the Labrador Sea and Baffin Bay apparently 
cannot be attributed to Reticulatosphaera stellata Matsuoka, 1983 be­
cause of the lack of trabeculae joining the processes. 

Genus LEJEUNECYSTA Artzner and Dorhofer 1978 
Lejeunecysta cf. fallax (Morgenroth, 1966) Artzner and Dorhofer 1978 

Remarks. The dinocysts attributed to Lejeunecysta cf. fallax show 
variations in the length of their equatorial and polar axis. 

Genus LINGULODINIUM Wall 1967 
Lingulodinium machaerophorum (Deflandre and Cookson, 1955) Wall, 

1967 
Occurrence. Appearance of this taxon in late Pliocene-Pleistocene 

sediments of Baffin Bay is very rare and may be due to reworking. 

Genus MULTISPINULA Bradford 1975 
Multispinula minuta Harland and Reid in Harland et al., 1980 

Genus NEMATOSPHAEROPSIS Deflandre and Cookson, 1955 
Nematosphaeropsis labyrinthea (Ostenfeld, 1903) Reid, 1974 

Genus OPERCULODINIUM Wall 1967 
Operculodinium centrocarpum (Deflandre and Cookson, 1955) 

Wall, 1967 
Operculodinium cf. crassum Harland, 1979 

(Pl. 1, Fig. 7) 
Remarks. Dinocysts assigned to Operculodinium cf. crassum are 

characterized by a relatively thick wall and short processes with bifid or 
flared tips. However, the cysts from Baffin Bay are very small ( — 35 /im) 
and usually bear very short and thin processes. They appear much more 
fragile than Operculodinium crassum Harland 1979. Thus, the species 
assignment is uncertain. 

Operculodinium sp. I (de Vernal and Mudie, this volume) 
Description. The cysts are subspherical, have no processes, and are 

characterized by microgranular ornamentation. The microgranules form 
an irregular and nontabular reticulation. The archeopyle is precingular 
of type P and constitutes the only expression of the paratabulation. 

Genus SELENOPEMPHIX Benedek 1972 
Selenopemphix nephroides Benedek, 1972, emend. Bujak, 1980 

Selenopemphix cf. armata Bujak et al., 1980 
Remarks. We included in this category the Selenopemphix cysts 

bearing spines, although these spines may have a variable morphology. 

Genus SPINIFERITES Mantell 1850 
Spiniferites elongatus Reid, 1974 

Remarks. This taxon includes morphotypes of both Spiniferites 
elongatus and Spiniferites frigidus (Harland and Reid in Harland et al., 
1980) and intergrades between these two species. 

Genus TECTATODINIUM VJ&U 1967 
Tectatodinium pellitum Wall 1967 

Tectatodinium sp. I of de Vernal and Mudie (this volume) 
(Pl. 1, Figs. 9-11) 

Description. Tectatodinium sp. I is a spherical cyst characterized by 
a thick wall (2.5-3.0 jtm). The thin periphragm is supported by baculae 
forming a coarsely punctuated surface. The diameter varies from 36 to 
45 /xm (N = 4). Tectatodinium sp. I could be a morphotype of Tectato­
dinium pellitum. 

Division CHLOROPHYTA Pascher 1914 
Class CHLOROPHYCEAE Kiitzing 1843 

Order CHLOROCHOCALES Pascher 1915 
Family HYDRODICTYACEAE Dumortier 1829 

Genus PEDIASTRUM Meyen 1829 
(Pl. 2, Fig. 12) 

Occurrence. Colonies of the algae Pediastrum are frequently re­
corded in Pliocene-Pleistocene sediments of Baffin Bay (see Table 1). 
Most of them belong to the species Pediastrum boryanum (Turpin) 
Meneghini 1840, which is anubiquitous freshwater form (e.g., Prescott, 
1953; Prescott and Vinyard, 1965). In deep-sea sediments, the occur­
rence of Pediastrum boryanum is probably related to fluvial or glacio-
fluvial runoff. 
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Division PRASINOPHYTA Round 1971 
Order PTEROSPERMALES Schiller 1925 
Family TASMANIDACEAE Sommer 1956 

Undifferentiated tasmanides are occasionally observed in sediments 
from Baffin Bay (see Table 1). 

INCERTAE SEDIS 
Group ACRITARCHA Evitt 1963 

Subgroup PTEROSPERMOPSIS Downie 1973 
Genus CYMATIOSPHAERA (Wetzel) Deflandre 1954 

Cymatiosphaera sp. I 
(Pl. 2; Figs 6 and 7 and 10 and 11) 

Remarks. In the Pliocene sediments of Baffin Bay, Cymatiosphaera 
sp. I is common and often dominates the marine palynomorph assem­
blages. Large variations in the overall size of the cysts (12 to 30 pm) and 
the height of intersecting crests (2 to 7 ^m) were observed, which sug­
gests that several species or morphotypes may be present. 

According to phycologists, the fossil Cymatiosphaera represents the 
cyst stage or phycoma of green algae (Boalch and Parke, 1971; Tappan, 
1980) that belong to the division Prasinophyta Round 1971, order Speros-
phermatales Schiller 1925, and family Cymatiosphaeraceae Madler 1963. 

Incertae sedis I 
(Pl. 2, Figs 8 and 9) 

Description. This taxon designates small acritarchs (12 to 25 jtm) 
with a Pterospermopsis-typt of wall, i.e., with a surface divided into 
fields by a reticulum of intersecting crests (Downie, 1973). Incertae sedis 
I is characterized by the presence of a few large fields and by wide (up to 
6 fim), thick, massive crests. The crests are striate; in the optical section, 
the crest margins are straight to undulating or even spiny. The intersec­
tions between crests are nodal. A pylome with a subrectangular outline 
is sometimes present. According to its morphology, Incertae sedis I 
could be included in the genus Cymatiosphaera, although we prefer to 
retain it in a separate category here, because of its distinctive ornament. 
If this taxon is a species of Cymatiospaera, it probably represents the 
cyst stage of a Prasinophyte. 

Incertae sedis II 
(Pl. 2; Figs. 4 and 5) 

Description. This taxon is probably a Pterospermopsis-typt of acri­
tarch. It is small (15 to 25 /*m) and characterized by a dense network of 
broad cones and/or spines that are apparently connected along crests. A 
pylome with a subrectangular outline is frequently present. 

Group UNKNOWN 
Genus HALODINIUM Bujak 1984 

(Pl. 2, Fig. 3) 
Description. Specimens of Halodinium are relatively large (about 50 

to 75 fim in total diameter). They have a discoidal, thin, brownish endo­
phragm with a semitransparent, smooth, irregular periphragm. Central 
pylome (15 to 20 ^m in diameter) is always free. The taxonomic affinity 
of Halodinium is unknown. 
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A. DE VERNAL, P. J. MUDIE 

Plate 1. (All magnifications x 650; photographs taken in normal transmitted light on a Leitz Orthoplan microscope; UQP is the "Universite du Que­
bec a Montreal" reference number; the last alphanumeric code is the England Finder coordinate.) 1-3. ICordosphaeridium sp. I: (1) left lateral 
view with archeopyle in position 3" , (2) right lateral surface, (3) optical section, Sample UQP-56/1' , 105-645B-29X-1, 45-51 cm, P39/3. 4, 5. 
ICordosphaeridium sp. I: (4) optical section, (3) surface view, Sample UQP-56/1", 105-645B-29X-1, 45-51 cm, T51/1. 6. Impletosphaeridium sp. 
I: Sample UQP-56/1' , 105-645B-29X-1, 45-51 cm, T25/3. 7. Operculodinium cf. crassum: optical section, Sample UQP-53/4', 105-645B-26X-6, 
31-36 cm, P46/4. 9-11. Tectatodinium sp. I: (9) lateral view, (10) tangential surface, (11) optical section, Sample UQP-03/3", 105-645B-30X, CC, 
P45 /0 . 
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10 11 12 
Plate 2. (All magnifications x 650; photographs taken in normal transmitted light on a Leitz Orthoplan microscope; UQP is the "Universite du Que­
bec a Montreal" reference number; the last alphanumeric code is the England Finder coordinate.) 1, 2. Impagidinium cf. pallidum: (1) right lateral 
surface, (2) left lateral view, Sample UQP-58/3', 105-645B-31X-2, 40-45 cm, H40/3. 3. Halodinium sp.: Sample 54/6 ' , 105-645B-28X-1, 55-60 
cm, U31/1. 4, 5. Incertae sedis II: Sample UQP57/4, 105-645B-30X-4, 32-37 cm, P33/3. 6, 7. Cymatiosphaera sp. I, small specimen: Sample 
UQP57/4' , 105-645B-30X-4, 32-37 cm, X56/4. 8, 9. Incertae sedis I: Sample UQP-108/5', 105-646B-31X-4, 27-32 cm, W24/1. 10, 11. Cyma­
tiosphaera Sp. I, robust specimen: Sample UQP-58/4', 105-645B-31X-3, 40-45 cm, K34/1. 12. Pediastrum boryanum: Sample UQP-56/1' , 105-
645B-29X-1, 45-51 cm, V30/3. 


