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MARGIN, SITES 959, 960, 961, AND 9621

E. Masure,2 R. Rauscher,3 J. Dejax,4 M. Schuler,3 and B. Ferré5

ABSTRACT

A set of 204 Cretaceous and Paleocene samples from Holes 959D, 960A, 960C, 961A, 961B, 962B, 962C (barren), and
962D of the Côte d’Ivoire-Ghana Transform Margin (Leg 159) were palynologically analyzed. Three main types of palynofa-
cies were distinguished. The first type indicates strong terrestrial depositional conditions and characterizes lithologic Unit V of
Hole 959D, Subunit VB and most samples of Subunit VA of Hole 960A, and Unit III of Holes 961A and 961B. The presence of
some stratigraphically significant spores and pollen grains indicates a late Barremian–middle Albian age for Unit V of Holes
959D and 960A, and a middle Albian age for Unit III of Holes 961A and 961B. The second type of palynofacies reveals mixed
terrestrial and marine depositional conditions. This type was observed in Subunit IIC of Hole 962B and Unit III of Hole 962D.
The occurrence of stratigraphically significant spore, pollen grain, and dinoflagellate cyst species argues for a Cenomanian age
for these units in Holes 962B and 962C. The third type of palynofacies indicates clearly marine environmental conditions. This
type is found in Subunit IVA and Unit III of Hole 959D, where highly diversified dinocyst assemblages (73 species, among
them the following three new ones: Spiniferites bejuii n. sp., Spiniferites sp. G, and Xenascus ghanaensis n. sp.) were identified.
Based on the presence of several Late Cretaceous and Paleocene markers, precise age determinations are possible for this part
of Hole 959D: Subunit IVA and the lowermost cores of Unit III are probably early Coniacian in age; subsequent cores of Unit
III are Santonian, Campanian, Maastrichtian, Danian and, at the top, late Thanetian in age.
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INTRODUCTION

Ocean Drilling Program (ODP) Leg 159 was devoted to the analy-
sis of the Côte d’Ivoire-Ghana Transform Margin located in the e
ern equatorial Atlantic Ocean (Fig. 1). The main evolutionary pha
of such a transform margin were described by Mascle and Bla
(1987), Basile et al. (1992, 1993), and Mascle, Lohmann, Clift, e
(1996). Dating of the events that participated in the margin’s c
struction requires accurate stratigraphic studies of the cored s
ments. Preliminary biostratigraphic results, mainly by the identifi
tion of calcareous nannofossils, planktonic foraminifers, and ra
olarians and secondarily by silicoflagellates and palynology, indic
that the transform margin sediment covers an age ranging from
late Albian to the Pleistocene. Our palynological analyses are pa
ularly concerned with the lowermost deposits (Cretaceous and P
ocene) of the transform margin. This study had two main purpo
(1) to date by palynomorphs (dinoflagellate cysts, spores, and po
grains) the first events that marked the transform margin const
tion, and (2) to specify some environmental characteristics (terres
and/or marine influences; thermal alteration) of the first stages
margin evolution.

MATERIALS AND METHODS

Four distinct sites were drilled during Leg 159 (Fig. 1). Resu
were published in the Leg 159 Initial Reports volume (Mascle,
Lohmann, Clift, et al., 1996).

1Mascle, J., Lohmann, G.P., and Moullade, M. (Eds.), 1998. Proc. ODP, Sci.
Results, 159: College Station, TX (Ocean Drilling Program).

2Département de Géologie Sédimentaire, Laboratoire de Micropaléontologie, U
CNRS 1761, Université P. et M. Curie, case 104, 4 place Jussieu, 75252 Paris Ced
France. edmasure@ccr.jussieu.fr

3Centre de Géochimie de la Surface (CNRS), 1 rue Blessig, 67084 Strasb
Cedex, France.

4Laboratoire de Paléontologie, Museum National d’Histoire Naturelle, 8 rue B
fon, 75005 Paris, France.

5Laboratoire de Géologie, Université d’Angers, 2 boulevard Lavoisier, 490
Angers Cedex, France.
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Site 959 is located on the southern edge of the Deep Ivorian B
just north of the top of the Côte d’Ivoire-Ghana marginal ridge. F
holes (959A–959D) were drilled. Only Hole 959D was sampled
palynological analyses. This hole is subdivided into five litholo
units. Our study concerns, from bottom to top, Unit V (interval 1
959D-78R-CC, 20 cm, to 71R-1, 0 cm), which is dominated by s
stones embedded with fine-grained clay-rich sediments conside
be late Albian in age; Subunit IVB (interval 159-959D-70R-1, 43 
to 69R-1, 0 cm), consisting of limestone and dolomitic limeston
unknown age (no sample from this interval was analyzed); Su
IVA (interval 159-959D-68R-CC, 15 cm, to 67R-1, 0 cm) consis
of beds of sandy dolomite and sandy limestone and calcareous
stone, early Turonian to early Coniacian in age; and Unit III (inte
159-959D-66R-CC, 38 cm, to 43R-1, 0 cm), consisting of black c
stones and dated from early Coniacian to late Paleocene, with
mediate stage boundaries unknown. Biostratigraphic control
provided by shipboard analyses of calcareous nannoplankton, p
tonic foraminifers, silicoflagellates, and palynomorphs (Shipbo
Scientific Party, 1996a). According to the Shipboard Scientific P
hiatuses may be present in the Cretaceous, and a hiatus is pr
also present in the Paleocene (Danian).

Site 960 is located 3 mi south of Site 959, near the summit o
Côte d’Ivoire-Ghana marginal ridge. Two holes, Holes 960A 
960C, were palynologically analyzed. In Hole 960A, our sam
came from lithologic Subunit VB (interval 159-960A-61R-CC, 4 c
to 54R-1, 0 cm), which is comprised of a succession of silty s
stone, sandy siltstone, clayey siltstone, and silty claystone, and
Subunit VA (interval 159-960A-53R-CC, 23 cm, to 37R-1, 45 c
characterized by claystone and sandstone. The ages of these 
unknown. In Hole 960C, only two samples were analyzed. They 
taken from Subunit IVB (interval 159-960C-26X-CC, 23 cm, to 24
1, 0 cm), which is Turonian to Coniacian in age.

Site 961 is located on the last significant morphologic express
of the Côte d’Ivoire-Ghana marginal ridge just before its bu
toward the west. Holes 961A and 961B were analyzed. Samples
from lithologic Unit III (interval 159-961A-35R-CC, 45 cm, to 21
2, 34 cm, and 159-961B-20R-CC, 26 cm, to 1R-1, 0 cm), which i
tirely siliciclastic. The age of this interval is uncertain (Bajocian
Maastrichtian).
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Site 962 is located on a small topographic bench thad extends
southwest in the same direction as the Côte d’Ivoire-Ghana marg
ridge southern slope. Samples from Hole 962B belong to Subunit
(interval 159-962B-13H-CC, 18 cm, to 8H-4, 90 cm), which com
prises biosiliceous sediments, cherts, and porcellanites and is d
from the late Albian to Cenomanian. Two samples from Hole 96
were also analyzed. They belong to Subunit IIB (interval 159-962
1R-1, 0 cm, to 1R-CC, 11 cm) of unknown age. In Hole 962D, sa
ples were taken from Unit III (interval 159-962D-37R-CC, 10 cm, 
6R-1, 7 cm), which contains siliciclastic sandstones, siltstones, 
claystones intermixed with limestones, and is considered to be 
Albian in age.

The complete listing of all samples that were palynologically a
alyzed is detailed in Appendix Table 1.

From previous studies it became clear that most samples w
more or less precisely assigned to the Cretaceous, some (Hole 9
to the Paleocene. Therefore, it was of interest to confirm or to de
mine, by means of palynological analyses, the preliminary str
graphical attributions.

Samples, all of the same volume (20 mL), were processed follo
ing the standard processing technique used in palynological labor
ries. The main steps are as follows: first, following crushing if nec
sary, carbonates are dissolved with HCl 10%, and the silicates
moved with HF 70% and HCl 10%. After this demineralizatio
phase, the volume of the organic residue is measured (Tables −4)
and a slide for palynofacies analysis is mounted. Second, the org
residue is oxidized with NO3H 50%, which breaks up the amorphou
organic matter and brightens the palynomorphs. Following centrifu
ing and 20 µm of sieving, two palynological slides were mounted
glycerine jelly.

RESULTS

Biostratigraphy and Microfloral Provinces

The age assignment using dinoflagellate cysts is based on spe
previously reported from Senegal (Jain and Millepied, 1973, 197
Gabon (Boltenhagen, 1977), Nigeria (Jan du Chêne and Adedi
1985; Jan du Chêne, 1988) and Egypt (Schrank, 1987; Schrank
Ibrahim, 1995), as well as from northwest Europe and North Amer
for worldwide species.

Concerning spores and pollen grains, the characteristics of e
palynological assemblage from the different holes of Leg 159 fit w
with the concept of the “Albian–Cenomanian Elaterates Provinc
defined by Herngreen et al. (1996), each palynological assemb
254
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according to its stratigraphical span. Indeed, this phytogeograph
zone is characterized by the presence of elater-bearing species an
lated forms, a variety of polyplicate species, an often high frequen
of Afropollis, a high morphological diversification of the angiosper
mous pollen grains, the absence (or very low occurrence) of mono
trisaccate gymnospermous pollen grains, and, finally, the scarcity
fern spores. The elater-bearing species and related forms are qua
tively and quantitatively well represented in the axial zone, which e
tends from northeastern Brazil to West Africa and is close to the 
leoequator. The Leg 159 sites are located in this axial zone and
above quoted feature is the case among the palynological assemb
es from Holes 961A, 961B, and 962D. The two other provinces th
overlap more or less partially the same span of time are the “Ea
Cretaceous Cerebropollenites Province” and the “Early Cretaceous–
Cenomanian Trisaccates Province,” whose characteristics are v
different. The “Albian–Cenomanian Elaterates Province” is the co
tinuation of the “Pre-Albian West Early Cretaceous Dicheiropollis
etruscus/Afropollis Province” defined by the same authors, in whic

Table 1. Total organic matter content of samples, Hole 959D.

Note: TOM = total organic matter.

Core, section, 
interval (cm)

Depth 
(mbsf)

TOM
 (mL/10 mL sample)

159-959D-
44R-6, 83-85 828.93 0.25
45R-1, 11-16 831.71 0.40
46R-1, 95-100 842.25 0.40
47R-1, 79-82 851.69 0.83
48R-1, 8-11 860.68 1.50
49R-1, 139-142 871.59 0.75
50R-6, 2-5 886.92 1.67
51R-3, 10-13 892.30 1.00
52R-3, 129-132 903.09 1.39
53R-3, 68-71 910.97 1.50
54R-2, 1-3 919.61 1.20
55R-4, 94-97 932.00 1.80
56R-1, 101-103 938.41 2.20
57R-1, 131-134 948.41 1.75
58R-3, 123-126 960.33 1.80
59R-4, 118-123 972.18 1.50
60R-2, 8-11 977.68 1.25
60R-4, 16-19 980.76 1.00
62R-3, 65-70 999.05 2.00
63R-2, 89-91 1007.39 1.40
64R-4, 89-92 1020.09 1.80
65R-4, 8-11 1028.68 4.40
66R-1, 33-37 1034.03 4.40
67R-2, 91-95 1045.71 1.90
72R-2, 85-90 1093.55 2.50
75R-1, 20-24 1120.40 1.70
76R-2, 13-16 1131.43 1.50
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some genera as Afropollis took root. The characteristics of this older
province are strongly peculiar and reveal a different flora, through the
predominance of gymnospermous pollen such as Classopollis, the
average occurrence of spores, and the appearance of angiospermous
pollen.

Hole 959D

The distribution of the 73 dinoflagellate cyst taxa identified in
Hole 959D is given in Figure 2. Full citations for all taxa are given in
the “Taxonomy” section below. No figure is given for rare spores
pollen grains.

Unit V (Interval 159-959D-78R-CC, 20 cm, to 71R-1, 0 cm)

Dinoflagellate Cysts

The six samples located in Unit V are devoid of dinoflagel
cysts.

Table 2. Total organic matter content of samples, Holes 960A and 960C.

Note: TOM = total organic matter.

Core, section, 
interval (cm)

Depth 
(mbsf)

TOM 
(mL/10 mL sample)

159-960A-
38R-2, 139-142 341.09 0.80
40R-2, 44-47 350.24 1.20
41R-2, 9-12 352.59 1.40
42R-1, 137-140 354.87 1.00
43R-1, 55-59 358.05 1.00
45R-1, 4-7 367.24 0.60
45R-3, 20-24 370.40 0.60
47R-2, 25-29 378.55 0.60
47R-CC, 3-8 379.21 0.60
50R-3, 110-114 395.20 1.60
53R-1, 90-93 404.20 2.40
56R-1, 102-106 423.82 0.80
57R-1, 47-51 427.87 0.40
58R-1, 104-107 433.44 1.40
59R-2, 129-133 439.55 1.00

159-960C-
26X-2, 44-49 345.14 4.80

Table 3. Total organic matter content of samples, Holes 961A and 961B.

Note: TOM = total organic matter.

Core, section, 
interval (cm)

Depth 
(mbsf)

TOM (mL/10 mL 
sample)

159-961A-
22R-2, 17-20 198.07 0.20
23R-1, 60-64 206.70 0.40
24R-1, 110-113 216.80 0.40
25R-2, 8-11 227.08 0.40
26R-1, 13-15 235.73 0.50
28R-1, 1-3 255.31 0.50
29R-2, 52-56 266.92 0.40
30R-2, 36-40 276.36 0.32
31R-1, 34-38 284.54 0.40
32R-1, 96-99 294.76 0.40
34R-2, 82-87 305.82 0.40
35R-1, 3-6 308.23 0.40

159-961B-
2R-1, 120-123 227.20 0.40
3R-1, 100-103 237.00 0.40
4R-2, 100-104 262.40 0.40
6R-2, 112-115 277.12 0.20
7R-2, 29-31 285.99 0.25
8R-2, 25-28 295.55 0.20
9R-1, 15-18 303.65 0.40
10R-3, 117-122 317.37 0.40
11R-1, 9-12 317.49 0.40
12R-1, 87-90 323.27 0.40
13R-CC, 9-12 335.30 0.38
15R-1, 57-59 351.97 0.30
16R-2, 117-120 358.37 0.30
17R-1, 12-16 360.82 0.30
nd

te

Spores and Pollen Grains

The lowermost samples in Cores 159-959D-76R and 75R are
most barren. Only some rare Classopollis sp. and one specimen of
Cicatricosisporites sp. were identified. Precise age determinatio
cannot be inferred from such long-ranging forms. Samples in C
159-959D-72R yielded poorly to moderately preserved spore a
pollen assemblages, essentially characterized by Afropollis Doyle et
al. (1982). This genus is an important guide-form, particularly f
two of the above-quoted provinces, where its geographical and st
graphical distribution has been mostly defined as the “Pre-Albia
Early Cretaceous Dicheiropollis etruscus/Afropollis Province” and
the “Albian–Cenomanian Elaterates Province.” Afropollis appeared
in the former, during the late Barremian-early Aptian, close to t
Barremian-Aptian boundary (around the transition between zone
VI and C VII of Société Nationale Elf-Aquitaine [Production]), mor
or less simultaneously in West Africa (Doyle et al., 1982) and Bra
(Regali, 1987); the genus disappeared during the (middle?) Ceno
nian (Doyle et al., 1982). The scarcity and rather bad preservation
these Afropollis grains forbid their assignment at the specific leve
hence do not allow us to determine a more accurate age within
stratigraphical range; nevertheless, the absence of some other g
forms, which “usually” co-exist with Afropollis from the middle Al-
bian forward, suggests that lithologic Unit V probably ranges b
tween the late Barremian and middle Albian (all the more that th
guide forms, which are—among others—the elater-bearing spo
and related forms, occur together with Afropollis elsewhere at other
sites of Leg 159, under a presumably rather similar palaeoenvir
ment).

Unit IV (Interval 159-959D-70R-1, 43 cm, to 67R-1, 0 cm)

Subunit IVB

(Interval 159-959D-70R-1, 43 cm, to 69R-1, 0 cm); no samp
from this interval was analyzed.

Subunit IVA

(Interval 159-959D-68R-CC, 15 cm, to 67R-1, 0 cm). Two sa
ples were studied.

Table 4. Total organic matter content of samples, Holes 962B and 962D.

Note: TOM = total organic matter.

Core, section, 
interval (cm)

Depth 
(mbsf)

TOM 
(mL/10 mL sample)

159-962B-
8H-5, 44-49 70.94 0.17
9H-4, 65-70 79.15 1.50

159-962D-
9R-5, 95-99 159.35 3.40
10R-2, 74-77 164.24 2.40
12R-5, 68-71 187.98 2.40
13R-2, 78-82 193.28 4.00
16R-3, 95-98 223.95 1.50
18R-2, 66-70 241.26 0.40
19R-2, 39-42 250.69 1.00
20R-3, 8-14 261.48 1.00
21R-2, 3-6 269.35 2.00
23R-1, 50-53 287.80 1.75
24R-2, 119-123 299.69 1.25
25R-1, 33-37 302.33 0.80
26R-2, 120-124 309.30 1.60
27R-1, 40-44 311.70 1.00
28R-1, 8-10 316.38 1.00
29R-2, 37-40 327.87 2.33
30R-1, 40-42 336.00 0.67
31R-2, 28-31 347.08 0.75
33R-CC, 0-3 366.83 1.00
34R-2, 70-73 371.50 2.00
35R-1, 134-137 375.64 1.20
36R-2, 19-22 385.59 3.20
37R-4, 49-52 393.49 1.60
255
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11 C. oceanica
12 Spiniferites sp. G

18 I. acuminatum

31
32 S. laevigatum
33 D. laminaspinosum

49 T. drugii

53 K. lophophora

58 F. annetorpense
59 I. celineae
60 L. abdounensis
61 T. xanthiopyxides

72 A. multispinosum
73 C. inodes

22 O. porosum

64 A. bianii
65 F. bipolaris
66 F. radiata
67 K. yorubaense
68 K. pachycerata
69 S. cornutus ssp. cornutus
70 S. hyalospinosus

63 M. densigranulosum

51 D. vozzhenikovae
52 S. tripus

44R45R46R47R

830

840

850

860

06010201

DEPTH (meters)

AGE

CORE

SECTION

RECOVERY RATE

1 X. gochtii
2 F. resex
3 D. cretaceum
4 O. dividuum
5 S. bejuii n. sp. 

7 P. infusorioides
8 S. cheit
9 H. pulchrum ssp. densispinum

10 A. triangulata

13 A. verdierii
14 X. alatum
15 D. denticulatum

17 S. ramosus ssp. ramosus
16 F. radiculata

O. pulcherrimum20
19 U. grande

24 P. magnificum
23 A. mauthei ssp. punctata

6 C. deconinckii

26 A. mauthei ssp. mauthei
27 A. rhomboides
28 O. operculata

30 C. granulostriatum
29 S. multibrevis

25 T. castanea ssp. bifurcatum

34 A. ivoirensis
35 X. ghanaensis n. sp.
36 A. varium
37 K. loffrense
38 A. gabonensis

40 C. diebelii
39 A. senonensis

42 P. australinum
43 P. cingulatum ssp. cingulatum 
44 A. volata
45 S. fluens

41 C. leptodermum

46 C. cf. inodes
47 S. pseudofurcatus
48 G. wilsonii

50 C. varians

54 A. coronata
55 D. californica
56 F. axialis
57 E. bifidum

62 T. rugulosum

71 P. pannosum

TH.

LITHOLOGICAL UNITS

21 H. cf. ramoides

O. porifera
?
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Figure 2. Distribution of dinoflagellate cysts in Hole 959D. TH = Thanetian.
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Dinoflagellate Cysts

The first occurrence of dinoflagellate cyst association is located in
Sample 159-959D-67R-2, 57–61 cm. The 10 species (Fig. 2) 
some evidence for Senonian age determination. Xenascus gochtii is
known to appear during Senonian (Corradini, 1973), more precis
according to Kirsch (1991), Coniacian–Santonian times. The basal
occurrences of other species are located earlier, in the late Albian
(Palaeohystrichophora infusorioides) or late Cenomanian–early
Turonian (Dinogymnium Group) and are not significant. A Coniacia
age is tentatively proposed for Subunit IVA.

Spores and Pollen Grains

In samples of Core 159-959D-67R, the first dinoflagellate cy
are associated with spores and pollen grains such as Ephedripites zak-
linskaiae and Gemmatricolpites chmurae. E. zaklinskaiae was first
described from Albian to Turonian deposits of Gabon (Azéma 
Boltenhagen, 1974), and G. (= Ilexpollenites) chmurae from early
Senonian sediments of Gabon (Boltenhagen, 1976). Rece
Schrank and Ibrahim (1995) observed similar smaller forms, wh
they described as G. cf. chmurae in middle Cenomanian to lower Tu
ronian well samples from Egypt. Palynological observations co
thus slightly lower the preliminary age determinations of Subu
IVA, extending it downwards (middle Cenomanian to early Con
cian).

Unit III (Interval 159-959D-66R-CC, 38 cm, to 43R-1, 0 cm)

Forty-eight samples were collected from Unit III.

Dinoflagellate Cysts

This interval contains well-preserved dinoflagellate assembla
composed of 73 species, some of which are stratigraphically sig
cant.

Isabelidinium acuminatum, Sample 159-959D-65R-2, 27−30 cm,
is used to tentatively suggest a Santonian age on the basis 
worldwide range chart (Williams and Bujak, 1985, p. 901, fig. 1
number 214). The first occurrence of Unipontidinium grande is
located in Section 159-959D-65R-2. The age of U. grande was pre-
viously given as probably Campanian (Davey, 1975). Offshore C
d’Ivoire and Ghana, U. grande seems to be restricted to the Sant
nian.

Members of the Andalusiella group and Trichodinium castanea
ssp. bifidum appear in Section 159-959D-60R-4. The first occurren
of these taxa suggests a Campanian age. The Andalusiella Group is
recorded from the Campanian of Gabon (Boltenhagen, 1977,
106−111 as the Svalbardella Group) and Egypt (Schrank, 1987). Tri-
chodinium castanea ssp. bifidum, originally described by Jain and
Millepied (1975, p. 140), from Maastrichtian sediments of Sene
is present as early as Campanian in Egypt (Schrank, 1987), an
Hole 959D. The most conspicuous element of Sections 159-95
60R-4 through 58R-3 is formed by very diversified peridinioid sp
cies such as Andalusiella spp, Cerodinium granulostriatum, Phelo-
dinium magnificum, and Senegalinium laevigatum. The first ap-
pearence datum (FAD) of Phelodinium magnificum is Campanian in
the world range charts of Williams and Bujak (1985, p. 901, fig. 
number 221) and late Campanian (see Kirsch, 1991, p. 141) in
northern Alpine area.

Cerodinium diebelii, Cerodinium leptodermum, Andalusiella ivo-
irensis, and Alterbidinium varium appear in Section 159-959D-57R
4. These significant species argue for a Maastrichtian age. In the
totype of the Campanian (France), E. Masure (unpubl. data) did
observe Cerodinium diebelii. May (1980) and Kirsch (1991) recog
nize this species in the Maastrichtian (Navesink Formation, New 
sey, U.S.A. and Upper Bavaria area, respectively), although the F
of Cerodinium diebelii is late Campanian (Williams and Bujak, 198
p. 901, fig. 19, number 225). Andalusiella ivoirensis was described
from the Maastrichtian of the Ivory Coast (Masure et al., 1996). T
ive
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first occurrence of Alterbidinium varium is in the early Maastrichtian
(Kirsch, 1991; Slimani, 1995). Boltenhagen (1977) mentionedC.
leptodermum from the late Campanian of Gabon with the Areoligera
and Glaphyrocysta groups. The FAD of the Areoligera and Glaphy-
rocysta groups in the Campanian stratotype is also located in the
per part of the Campanian (E. Masure, unpubl. data). Abundant 
appearances of species in Section 159-959D-57R-4 associated
the Areoligera and Glaphyrocysta groups may indicate a condens
tion horizon or hiatus in the late Campanian.

Danea californica is a significant species of the Danian age (W
liams and Bujak, 1985; Powell, 1992). Its first occurrence is loca
in Sample 159-959D-52R-3, 10−13 cm. D. californica has also been
reported from the Danian of Tunisia (Brinkhuis and Zacharia
1988). Impagidinium celineae, Sample 159-959D-48R-3, 65−68 cm,
and Kallosphaeridium yorubaensee, Sample 159-959D-45R-1, 34−
39 cm, have previously been described from the Danian of Nig
(Jan du Chêne; 1988, Jan du Chêne and Adediran, 1985). A D
age is suggested for the interval from Section 159-959D-52
through Section 45R-1.

Adnatosphaeridium multispinosum is located in Sample 159
959D-44R-6, 60−62 cm. In northwest Europe, the FAD of A. multi-
spinosum characterizes the early Eocene (Ypresian) (Williams 
Bujak, 1985, fig. 19, number 285; Powell, 1992, fig. 4.6). Jan
Chêne and Adediran (1985) recorded A. multispinosum associated
with Apectodinium groups from the Paleogene of Nigeria. Accordi
to the occurrence of A. multispinosum and the missing of Apectodin-
ium group and Eocene species, a late Thanetian age is sugges
Sample 159-959D-44R-6, 60−62 cm.

Spores and Pollen Grains

Very rare and stratigraphically insignificant spores and po
grains were observed in the interval.

Hole 960A

We analyzed 35 samples from Section 159-960A-61R-1 thro
38R-2, which contains Subunits VB and VA.

Dinoflagellate Cysts

Samples are devoid of dinoflagellate cysts, except rare, insig
cant, or undeterminable specimens.

Spores and Pollen Grains

Spore and pollen assemblages are almost the same from bott
top and are always characterized by Afropollis sp. The occurrence o
this marker leads to the same age assignment as Unit V in Hole 9
late Barremian to middle Albian.

Hole 960C

Only two samples from Cores 159-960C-26X and 24X were
lynologically analyzed. They belong to Subunit IVB, which is Tu
nian to Coniacian in age (Shipboard Scientific Party, 1996b). Pal
logical assemblages contain very sparse but well-preserved pa
morphs, one specimen of Dinogymnium sp. (late Cenomanian–lat
Maastrichtian), and some long-ranging sporomorphs. The speci
of Dinogymnium are very rare in the Lower Cretaceous (Londeix
al. 1996), but abundant during the Late Cretaceous. So a Late C
ceous (late Cenomanian–late Maastrichtian) age is suggested f
two samples analyzed.

Holes 961A and 961B

Twenty-four samples from Holes 961A (Core 159-961A-3
through 22R) and 29 from Hole 961B (Core 159-961B-17R thro
2R), both of Unit III are of uncertain age (Bajocian to Maastrichti
Shipboard Scientific Party, 1996c).
257
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Dinoflagellate Cysts

The 53 samples studied are barren of dinocysts.

Spores and Pollen Grains

No significant changes occur among the palynological assem-
blages of Holes 961A and 961B. They are similar and characterized
by the combined occurrence of Afropollis sp. and Classopollis sp.
(“smaller than 30 microns,” according to Herngreen, 1973, 19
Herngreen and Chlonova, 1981), rather abundant representativ
the elater-bearing spores Elaterosporites klaszi, E. protensus and E.
verrucatus, and especially Reyrea polymorphus, cf. Reyrea, which is,
however, quite rare. There is no occurrence of Classopollis larger
than 30 µm (which belongs mainly to C. brasiliensis, according to
these authors), nor of the other guide forms. The three elater-be
species quoted above reach their maximum frequency along the
dle to late Albian in the Ivory Coast (Jardiné, 1967). A deduc
about the age of Unit III may be drawn from these observations
palynological characteristics of Unit III fit with pollen Zone I 
Herngreen (1973), later called Reyrea polymorphus Zone I by Hern-
green (1975), and lead to the Elaterosporites protensus and E. verru-
catus Subzone IB, as defined in the latter paper in the Barreirin
basin of Brazil. Subzone IB ranges through the middle Albian.

Hole 962B

Four samples were analyzed from Subunit IIC (late Albian
Cenomanian; Shipboard Scientific Party, 1996d) from Cores 
962B-8H and 9H.

Dinoflagellate Cysts

Core 159-962B-8H is devoid of dinoflagellate cysts. Core 1
962B-9H contains Oligosphaeridum buciniferum, Pervosphaeridium
cenomaniense, Spiniferites sp. G, and Palaeohystrichophora infuso-
rioides. These species specify a Senonian age. O. buciniferum was re-
ported from the Senonian of Italy (Corradini, 1973). The FAD oP.
infusorioides is late Albian, and it becomes abundant in the Cen
anian up to the late Campanian. Spiniferites sp. G is located in Sec
tion 159-959D-66R-3, at the base of Unit III, which is Coniacian
age. The combined range chart of Spiniferites sp. G and the other spe
cies recorded suggest a late Albian–Coniacian age.

Spores and Pollen Grains

In Cores 159-962B-8H and 9H, some features of the sporom
assemblages are noteworthy: the absence of Afropollis and of the
elater-bearing spores, the coexistence of small and large Classopollis
(Classopollis sp. and C. brasiliensis) and the occurrence of Triorites
africaensis. Jardiné and Magloire (1965) reported Classopollis sp.
S.C.I. 310 and T. africaensis from the Cenomanian of Senegal and
the Ivory Coast (chiefly late and middle Cenomanian of Sene
Herngreen formally named C. brasiliensis this Classopollis sp. S.C.I.
310 and reported it from the late Albian to late Cenomanian of B
(1973 as C. jardinei; 1975); this author related in the same papers
occurrence of T. africaensis in the upper Cenomanian of Brazil, ind
pendently dated. A slight “inconsistency” may be noticed when co
paring published records regarding the absence of the elater-be
spores, for example, which may be explained by the presence 
culiar local paleoecologic conditions. Be that as it may, Subunit
probably corresponds more or less to the transition between th
lynological sequences VIII and VII of Jardiné and Magloire (19
or between the pollen Zones II and III of Herngreen (1973), whic
equivalent to the boundary between the C. brasiliensis Subzone IIB
and the Subzone IIIA defined by Herngreen (1975). This boun
traces the early–late Cenomanian boundary.
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Hole 962C

Dinoflagellates, Spores and Pollen Grains

The two samples from Unit II and Section 159-962C-1R are b
ren of palynomorphs.

Hole 962D

Our 51 samples belonging to lithologic Unit III (Sections 15
962D-37R-4 through 6R-1 are considered to be late Albian in a
(Mascle, Lohmann, Clift, et al., 1996). The distribution of dinocys
and spores and pollen grains found in these samples is tabulate
Figure 3.

Dinoflagellate Cysts

Thirteen dinoflagellate cyst species are recorded; some are 
stratigraphically significant. The FAD of Dinopterygium cladoides is
located in the early Albian, the FAD of Palaeohystrichophora infu-
sorioides is known to be in the late Albian (Williams and Bujak
1985). Pervosphaeridium truncatum was recorded from the late Al-
bian (Masure, 1988) and Cenomanian (Davey, 1969). The absen
Epelidosphaeridia spinosa and Ovoidinium verrucosum ssp. verru-
cosum, which are elsewhere commonly found in the late Albian,
noteworthy. Sediments from Unit III, Cores 159-962D-37R throu
18R, are thus considered Cenomanian in age.

Spores and Pollen Grains

No significant change appears throughout the section among
sporomorph assemblages. As for Hole 962B, the absence of Afropol-
lis, the coexistence of Classopollis of both sizes, and the occurrenc
of Triorites africaensis are noticeable. In contrast to the assembla
from Hole 962B, however, two species of the elater-bearing spo
are present, namely Elaterosporites protensus and Elaterocolpites
castelaini, together with a closely related form, Galeacornea causea;
These two latter species were not reported among the assemb
from the other holes. Nevertheless, from a biochronological poin
view, the same deduction is made about the age of Unit III of H
962D and of the Subunit IIC of Hole 962B, which are close to t
early–late Cenomanian boundary.

Palynofacies

Hole 959D

Table 1 indicates the volume (mL/10 mL of sample) variations
organic matter residue measured after sample demineralization.
highest values (4.4 mL/10 mL) were measured in black shale s
ples, Samples 159-959D-66R-1, 33−37 cm (1034.03 mbsf) and 159-
959D-65R-4, 8−11 cm (1028.68 mbsf), which correspond to pea
contents in total organic carbon (5.45 wt%) (see table 8 and fig. 
p. 105−106, in Shipboard Scientific Party, 1996a).

Palynofacies of the lowermost samples in lithologic Unit 
(Cores 159-959D-76R through 72R) are dominated by small, an
lar, black, and dark-brown debris (wood and cuticles), almost with
amorphous organic matter, reflecting high thermal maturity of o
ganic matter, and also strong terrestrial influences. Palynomorphs
only represented by rare poorly preserved spores and pollen gra
Samples from Cores 159-959D-67R through 44R (from Subunit IV
to Unit III), by contrast, are characterized by mixed structured a
amorphous organic matter with higher amounts of amorphous 
ganic matter, indicating significant proportions of marine organ
matter. Palynomorphs, mainly represented by dinoflagellate cy
are light-colored (yellow or translucent), documenting low therm
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Figure 3. Distribution of dinoflagellate cysts, spores, and pollen grains in Hole 
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maturity of organic matter. It should be noted that organic geochem-
istry analyses (hydrogen index, Tmax) result in similar conclusions
(see “Organic geochemistry” section, in Shipboard Scientific Pa
1996a).

Hole 960A

Samples of this interval, which includes Subunits VB and V
show large amplitude variations of organic matter (Table 2; Fig
like the organic carbon contents (see “Organic Geochemistry” 
tion, Shipboard Scientific Party, 1996b).

Palynofacies are mostly characterized by mixed-structured (p
debris), amorphous, always dark-colored organic matter, which 
gests first, a high maturity of organic matter, as in Unit V in H
959D, and second, according to organic geochemistry results (h
gen index, C/N ratios), a strong supply of terrestrial material. Th
confirmed by palynological assemblages almost entirely comp
of spores and pollen grains. Only very rare, poorly preserved
noflagellate cysts were observed in some of the uppermost sam
indicating more marine influences. These observations are in a
dance with environmental interpretation of lithologic Subunits 
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and VA, the first corresponding to lacustrine sediments, the secon
shallow marine deposits (see “Lithostratigraphy” section, Shipboa
Scientific Party, 1996a).

Hole 960C

Samples from Core 159-960C-26X (Subunit IVB) are characte
ized by high amounts of organic matter residue (4.8 mL/10 mL; Tab
2) represented essentially by amorphous organic matter.

Holes 961A and 961B

Samples from these two holes belong to the same Unit III. Se
ments yielded very low organic matter contents (0.2−0.5 mL/10 mL;
Table 3; Fig. 4), in contrast to Sites 959 and 960. This is in acc
dance with organic geochemistry results (Shipboard Scientific Par
1996c). The generally lower organic carbon contents at Site 961 co
pared to deposits from Sites 959 and 960 were interpreted as refl
ing probably the more pelagic depositional conditions of Site 96
Our palynological observations contradict this interpretation. P
lynofacies content, almost exclusively plant debris (wood and cu
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cles), spores, and pollen grains, are greatly dominant in palynological
assemblages. This suggests strong terrestrial influences in the paleo-
environment.

Hole 962B

Samples from Core 159-962B-9H, in contrast to Core 159-962B-
8H, yielded high amounts of organic matter (Table 4), in accordance
with the organic geochemistry results. Organic carbon values are re-
markably high in this core, the C/N ratio and hydrogen index suggest
a mixed marine-terrestrial origin for the organic matter. Tmax values
in this core are indicative of a thermal immature level (see “Org
Geochemistry” section, Shipboard Scientific Party, 1996d). This
plains the very good preservation of palynomorphs represente
dominant spores and pollen grains, but also by some dinoflage
cysts.

Hole 962D

As shown in Table 4, samples display highly variable orga
matter contents in accordance with organic geochemistry re
(Shipboard Scientific Party, 1996d). Palynofacies are characte
by mixed-structured and amorphous organic matter, indicatin
mixed marine-terrestrial origin of the organic matter. Palynomor
represented by spores and pollen grains, dinoflagellate cysts, an
quent foraminifers are very well preserved here.

CONCLUSIONS

Biostratigraphy

Concerning the biostratigraphical results, most samples were
siliferous and yielded more or less well-preserved palynomo
(spores, pollen grains, acritarchs, dinoflagellate cysts, and foram
fers) and more or less diversified assemblages. On the whol
spore and pollen grain species or indeterminable forms represe
27 genera were identified, as well as 82 dinoflagellate cyst spe
representing 48 genera.

From the palynostratigraphic discussion above, the following
conclusions can be made (see Fig. 5).

Hole 959D

Late Barremian to middle Albian for Unit V, from Core 15
959D-72R (Sections 159-959D-76R-2 through 72R-2; 1131.
1093.00 mbsf) using sporomorphs; no age using dinoflagellate c

No age for Subunit IVB; no samples.
?Coniacian for Subunit IVA and Unit III in part, from Sectio

159-959D-67R-2 to 65R-4 (1045.71–1028.68 mbsf); ?Coniacian
using dinoflagellate cysts; middle Cenomanian to early Coniacia
using spores and pollen grains.

Santonian for Unit III in part, from Section 159-959D-65R-2
62R-1 (1025.87–996.16 mbsf) using dinoflagellate cysts; no dat
using sporomorphs.

Campanian for Unit III in part, from Section 159-959D-60R-4
58R-3 (980.76–960.03 mbsf) using dinoflagellate cysts; no data
using sporomorphs.

Maastrichtian for Unit III in part, from Section 159-959D-57R
to 53R-3 (952.74–910.97 mbsf) using dinoflagellate cysts; no 
using sporomorphs.

Paleocene, Danian for Unit III in part, from Section 159-959
52R-3 to 45R-1 (903.09–831.94 mbsf) using dinoflagellate cysts
data using sporomorphs.

Paleocene, late Thanetian for Unit III, Section 159-959D-44
(828.70 mbsf) using dinoflagellate cysts.
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Spores and pollen grains give a late Barremian to middle Alb
age for the previously undated oldest sediments of Unit V. D
noflagellate cysts determine the stage boundaries of the undiffere
ated Late Cretaceous from Section 159-959D-64R through 44R
Unit III (Shipboard Scientific Party, 1996a, fig. 27, p. 88) and cha
acterize the Danian. A hiatus is probably present in the late Cam
nian; no hiatus is suspected in the early Paleocene. The Dania
present.

Hole 960A

Late Barremian to middle Albian for Unit V, from Section 159
960A-61R-1 to 38R-2 (446.28–340.40 mbsf) using spores and po
grains; no age determination with dinoflagellate cysts. No palyn
stratigraphic difference was observed between Subunits VA and 
which were previously considered of unknown age.

Hole 960C

No more precision on age for Subunit IVB of Sections 159-960
26X and 25X (345.14–333.68 mbsf) using dinoflagellate cysts (l
Cenomanian to late Maastrichtian) and sporomorphs. The interva
Turonian to Coniacian in age, according to Shipboard Scientific P
ty (1996b).

Holes 961A and 961B

Middle Albian using spores and pollen grains for Unit III, Hol
961A, from Section 159-961A-35R-1 to 22R-2 (308.37–198.
mbsf) and Hole 961B, from Section 159-961B-17R-1 to 2R
(361.25 to 226.22 mbsf); no data using dinoflagellate cysts.

Hole 962B

Cenomanian (early/late boundary) for Subunit IIC, from Secti
159-962B-9H to 8H (79.15–66.30 mbsf); Cenomanian (early/la
boundary) using sporomorphs; Albian to Coniacian using dinoflag
late cysts. This result determines the age assignment of Subunit
which was previously dated as late Albian to Cenomanian.

Hole 962C

No age for Subunit II, from Sections 159-962C-1R-CC and 1R
(73.29– 73.05); no sporomorph or dinocyst data.

Hole 962D

Cenomanian (early/late boundary) for Unit III, from Section 15
962D-37R-4 to 6R-1 (393.49–123.76 mbsf); Cenomanian (early/l
boundary) using sporomorphs; Cenomanian using dinoflagell
cysts. Unit III of Hole 962D was previously considered late Albian 
age.

Palaeofloral Provinces

Along the Cretaceous, three palynofloral provinces succeed
one after the other, in spreading their successive realms over
equatorial belt (Herngreen et al., 1996), namely, the “Pre-Albian E
ly Cretaceous Dicheiropollis etruscus/Afropollis Province,” then the
“Albian to Cenomanian Elaterates Province,” and finally the “Seno
ian Palmae Province.” The terrestrial microfloras indicate in which
these provinces the deposition of the Leg 159 units or subunits t
place.

Unit V of Holes 959D and 960A may have been deposited eit
while the realm of the “Pre-Albian Early Cretaceous Dicheiropollis
261
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Figure 5. A. Biostratigraphic results for Hole 959D according to Shipboard Scientific Party (1996a) and this paper. (Continued next page.)
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etruscus/Afropollis Province” was still settled, or during the transi-
tion between this province and the following one, the “Albian–Cen
omanian Elaterates Province,” or even after the latter province had
ready settled.

The overlying Subunit IVA of Hole 959D deposited likewise in
the realm of two consecutive provinces, the “Albian–Cenomania
Elaterates Province” and the “Senonian Palmae Province”.

Unit III of Holes 961A, 961B, 962D, and Subunit IIC of Hole
962B were deposited under the realm of the “Albian–Cenomania
Elaterates Province”.

Palynofacies and Paleoenvironments

Three main types of palynofacies can be distinguished that ind
cate the environmental conditions of deposits.

The first type is principally characterized by structured organi
debris, spores, and pollen grains, with or without very rare, poor
preserved dinoflagellate cysts. This palynofacies type is also char
terized by high thermal maturity of organic matter. The oldest depo
its, Unit V, late Barremian to middle Albian, from Holes 959D and
960A, and Unit III, middle Albian, from Holes 961A and 961B, be-
long to this type. During the late Barremian to middle Albian times
deposits with strong terrestrial conditions of Sites 959, 960, and 9
were heated either because of the proximity of the transform marg
activity or of the young oceanic lithosphere.
2

-
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n

n
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c
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ac-
s-

,
61
in

The second type is an intermediate palynofacies with mixed
structured and amorphous organic matter. Palynomorphs are princ
pally represented by spores and pollen grains, as well as by more 
less numerous marine microfossils. This palynofacies type is chara
terized by immature organic matter. Samples of Subunit IIC from
Hole 962B (Cenomanian) and samples of Unit III from Hole 962D
(also Cenomanian) belong to this type. The second palynofacies typ
reveals mixed marine and terrestrial depositional conditions during
the Cenomanian at Site 962.

The third type is characterized by abundant, amorphous, therma
ly immature organic matter, numerous dinoflagellate cysts, and fora
minifers. It indicates clear marine depositional conditions, which pre-
vailed from the ?Coniacian through the late Paleocene at Site 95
(upper part of Unit IVA, and Unit III) and during the Cenomanian at
Site 960 (Subunit IVB).

TAXONOMY

All dinoflagellate cyst taxa and spores and pollen grains found at Sites
959, 960, 961, and 962 are listed (dinoflagellate cysts in alphabetical order,
spores and pollen grains by morphographical group), with references to plates
and figures as well as number and position on the distribution charts. In the
taxa lists, the number in parentheses refers to the position on the distribution
chart of Holes 959D (Fig. 2) and 962D (Fig. 3), respectively. A “(-)” notes the
taxon’s absence. The taxa list for dinoflagellate cysts is followed by morpho
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Figure 5 (continued). B. Biostratigraphic results for Holes 960A and 960C according to Shipboard Scientific Party (1996b) and this paper. (Continued next
page.)
logical descriptions of new species. This systematic section is arranged alpha-
betically according to genus.

Achilleodinium bianii Hultberg, 1985; Plate 1, Figures 1, 2 (64) (-).
Achomosphaera triangulata (Gerlach, 1961) Davey and Williams, 1969 (10)

(11).
Achomosphaera verdieri Below, 1982 (13) (-).
Adnatosphaeridium multispinosum Williams and Downie, 1966; Plate 1, Fig-

ure 3 (72) (-).
Alterbidinium varium Kirsch, 1991; Plate 1, Figure 4 (36) (-).
Andalusiella gabonensis (Stover and Evitt, 1978) Wrenn and Hart, 1988; (38)

(-).
Andalusiella ivoirensis Masure et al., 1996; Plate, 1, Fig; 5 (34) (-).
Andalusiella mauthei subsp. mauthei Riegel, 1974, emend. Riegel and Sar-

jeant, 1982, emend. Masure et al., 1996; Plate, 1, Figure 6 (26) (-).
Andalusiella mauthei subsp. punctata (Jain and Millepied, 1973) Masure et

al., 1996, emend. Masure et al., 1996; (23) (-).
Andalusiella rhomboides (Boltenhagen, 1977) Lentin and Williams, 1980,

emend. Masure et al., 1996; Plate 1, Figure 7 (27) (-).
Areoligera coronata (O. Wetzel, 1933b) Lejeune-Carpentier, 1938; (54) (-).
Areoligera senonensis Lejeune-Carpentier, 1938; (39) (-).
Areoligera volata Drugg, 1967; Plate 1, Figure 8 (44) (-).
Cerodinium diebelii (Alberti, 1959) Lentin and Williams, 1987; Plate 1, Fig-

ure 9 (40) (-).
Cerodinium granulostriatum (Jain and Millepied, 1973) Lentin and Williams,

1987; Plate 1, Figure 10 (30) (-).
Cerodinium leptodermum (Vozzhennikova, 1963) Lentin and Williams,

1987; (41) (-).
Cordosphaeridium inodes (Klumpp, 1953) Eisenack, 1963, emend. Morgen-

roth, 1968, emend. Sarjeant, 1981; (73) (-).
Cordosphaeridium cf. inodes (Klumpp, 1953) Eisenack, 1963, emend. Mor-

genroth, 1968, emend. Sarjeant, 1981; Plate 1, Figure 11 (46) (-).
Cordosphaeridium varians May, 1980; Plate 1, Figure 12 (50) (-).
Coronifera oceanica Cookson and Eisenack, 1958; (11) (-).
Cribroperidinium cooksoniae Norvick in Norvick and Burger, 1976; (-) (10).
Cyclonephelium deconinckii Boltenhagen, 1977; Plate 1, Figure 13 (6) (-).
Damassadinium californicum (Drugg, 1967) Fensome et al., 1993; Plate 1,

Figure 14 (55) (-).
Dapsilidinium laminaspinosum (Davey and Williams, 1966b) Lentin and

Williams, 1981; (33) (-).
Dinogymnium cretaceum (Deflandre, 1935) Evitt et al., 1967; (3) (-).
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Figure 5 (continued). C. Biostratigraphic results for Holes 
961A and 961B according to Shipboard Scientific Party 
(1996c) and this paper. (Continued next page.)
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Dinogymnium denticulatum (Alberti, 1961) Evitt et al., 1967; Plate 1, Figure
15 (15) (-).

Dinogymnium vozzhennikovae Lentin and Williams, 1973 nom subst. pro
Gymnodinium albertii Vozzhennikova, 1967 non Dinogymnium albertii
Clarke and Verdier, 1967, emend. Lentin and Vozzhennikova, 1990; (51)
(-).

Dinopterygium cladoides Deflandre, 1935; (-) (12).
Epelidosphaeridia spinosa (Cookson and Hughes, 1964) Davey, 1969; (-) (-).
Exochosphaeridium bifidum (Clarke and Verdier, 1967) Clarke et al., 1968; 

Plate 1, Figure 16. (57) (-).
Fibradinium annetorpense Morgenroth, 1968; Plate 2, Figures 1, 2 (57) (-).
Fibrocysta axialis (Eisenack, 1965) Stover and Evitt, 1978; Plate 2, Figure 3

(56) (-).
Fibrocysta bipolaris (Cookson and Eisenack, 1965) Stover and Evitt, 1978;

(65) (-).
Fibrocysta radiata (Morgenroth, 1966) Stover and Evitt, 1978; (66) (-).
Florentinia radiculata (Davey and Williams, 1966b) Davey and Verdier,

1973; (16) (8).
Florentinia resex Davey and Verdier, 1976; Plate 2, Figure 4 (2) (2).
Glaphyrocysta wilsonii Kirsch, 1991; Plate 2, Figure 5 (48) (-).
Hystrichodinium pulchrum subsp. densispinum (Deflandre,1936) Lentin and

Williams, 1973; (9) (-).
Hystrichodinium cf ramoides Alberti, 1961; Plate 2, Figure 6 (21) (-).
Impagidinium celineae Jan du Chêne, 1988; Plate 2, Figure 7 (59) (-).
Isabelidinium acuminatum (Cookson and Eisenack, 1958) Stover and Ev

1978; (18) (-).
Kallosphaeridium yorubaense Jan du Chêne and Adediran, 1985; Plate 2, F

ure 8 (67) (-).
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Kenleyia lophophora Cookson and Eisenack, 1965; Plate 2, Figure 10 (53) (-).
Kenleyia pachycerata Cookson and Eisenack, 1965; Plate 2, Figure 9 (68) (-).
Kleithriasphaeridium loffrense Davey and Verdier, 1976; (37) (-).
Liesbergia abdounensis Soncini, 1992; Plate 2, Figure 11 (60) (-).
Microdinium densigranulatum (Below, 1987) Lentin and Williams, 1989;

(63) (-).
Odontochitina operculata (O. Wetzel, 1933a) Deflandre and Cookson, 1955;

(28) (-).
Odontochitina porifera Cookson, 1956; Plate 2, Figure 12 (31) (-).
Oligosphaeridium buciniferum Corradini, 1973
Oligosphaeridium complex (White, 1842) Davey and Williams, 1966b; (-)

(5).
Oligosphaeridium dividuum Williams, 1978; (4) (9).
Oligosphaeridium porosum Lentin and Williams, 1981, nom subst. pro Oli-

gosphaeridium perforatum Jain, 1977, non Oligosphaeridium perforatum
(Gocht, 1959) Davey and Williams, 1969; (22) (-).

Oligosphaeridium pulcherrimum (Deflandre and Cookson, 1955) Davey and
Williams, 1966b; Plate 2, Figure 13 (20) (3).

Ovoidinium verrucosum ssp. verrucosum (Cookson and Hughes, 1964)
Davey, 1970.

Palaeocystodinium australinum (Cookson, 1965) Lentin and Williams, 1976;
Plate 2, Figure 13 (42) (-).

Palaeohystrichophora infusorioides Deflandre, 1935; (7) (4).
Perisseiasphaeridium pannosum Davey and Williams, 1966b; Plate 2, Figs.

15, 16 (71) (-).
Pervosphaeridium cenomaniense (Norvick in Norvick and Burger, 1976) Be-

low, 1982; (-) (-)
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Figure 5 (continued). D. Biostratigraphic results for Holes 962B, 962C, and 962D according to Shipboard Scientific Party (1996d) and this paper. 
Figure 6. Bridge-like structures of the parasutural septa of Spiniferites bejuii
n. sp.

1 µm
Pervosphaeridium truncatum (Davey, 1969) Below, 1982, emend. Masure,
1988b; (-) (13).

Phelodinium magnificum (Stanley, 1965) Stover and Evitt, 1978; Plate 3, Fig-
ure 1 (24) (-).

Pterodinium cingulatum subsp. cingulatum (O. Wetzel, 1933b) Below, 1981;
(43) (-).

Senegalinium laevigatum (Malloy, 1972) Bujak and Davies, 1983; Plate 3,
Figure 2 (32) (-).

Spiniferites bejuii n. sp.; Plate 3, Figures 3, 4 (5) (-).
Spiniferites cornutus susp. cornutus (Gerlach, 1961) Sarjeant, 1970; Plate 3,

Figure 5 (69) (-).
Spiniferites fluens (Hansen, 1977) Stover and Williams, 1987; Plate 3, Figure

6. (45) (-).
Spiniferites hyalospinosus (Hansen, 1977) Stover and Williams, 1987; Plate

3, Figure 7 (70) (-).
Spiniferites lenzii Below, 1982; (-) (1).
Spiniferites multibrevis (Davey and Williams, 1966a) Below, 1982; (29) (-).
Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970; (47) (-).
Spiniferites ramosus subsp. ramosus (Ehrenberg, 1838) Loeblich and Loeb-

lich, 1966; (17) (7).
Spiniferites tripus Singh, Ch. 1983; (52) (-).
Spiniferites sp.G; Plate 3, Figure 8 (12) (-).
Subtilisphaera cheit Below, 1981; (8) (-).
Tanyosphaeridium xanthiopyxides (O. Wetzel, 1933b, emend. Morgenroth,

1968) Stover and Evitt, 1978; Plate 3, Figure 9 (61) (-).
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Tectatodinium rugulatum (Hansen, 1977) McMinn, 1988; Plate 3, Figure 10
(62) (-).

Trichodinium castanea subsp. bifidum (Jain and Millepied, 1975) Schrank,
1987; Plate 3, Figure 11 (25) (6).

Trithyrodinium druggii Stone, 1973; Plate 3, Figure 12 (49) (-).
Unipontidinium grande (Davey, 1975) Wrenn, 1988; Plate 3, Figure 13 (19)

(-).
Xenascus ghanaensis n. sp.; Plate 3, Figures 14, 15 (35) (-).
Xenascus gochtii (Corradini, 1973) Stover and Evitt, 1978; Plate 3, Figure 16

(1) (-).
Xiphophoridium alatum (Cookson and Eisenack, 1962) Sarjeant,1966; (14) 

(-).

DESCRIPTIONS

Class DINOPHYCEAE Fritsch, 1929
Order PERIDINIALES Haeckel, 1894

Genus SPINIFERITES Mantell, 1850; emend. Sarjeant, 1970

Type species. Spiniferites ramosus (Ehrenberg, 1838; Pl. 1, Figs. 1, 2, 5)
Mantell, 1854, p. 239.

Spiniferites bejuii n. sp.
(Pl. 3, Figs. 3, 4; Fig. 6)

Derivation of name: In honor of Dr. Beju, palynologist.
Diagnosis: Dinoflagellate cysts skolochorate; body subspherical, bearing

gonal and intergonal processes; processes connected at their bases by low
parasutural bridge-like septal structures; gonal processes proximally ramified,
distally trifurcate; intergonal processes proximally ramified, distally bifur-
cate; gonyaulacoid paratabulation indicated mainly by parasutural septa and
gonal processes, archeopyle precingular, type P, free operculum.

Holotype: Slide 1: F 34, Sample 159-959D-65R-2, 27−30 cm.
Type locality: Hole 959D, offshore Côte d’Ivoire and Ghana, Cô

d’Ivoire-Ghana Transform Margin.

1 µm

Figure 7. Ramified bridge-like structures of the parasutural septa of Spinifer-
ites sp. G.
266
e

Type biohorizon: Santonian, 1025.87 mbsf.
Housed: In the Centre Scientifique Georges Deflandre of the National

Museum of Natural History in Paris, France.
Dimensions: Holotype: length of central body 48 µm, total length of pro-

cesses 10 µm, height of parasutural septa, up to 4 µm. 10 specimens measure
Length of central body, 48(51)65 µm, length of processes 7(10)15 µm, length
of parasutural septa 1(2.2)4 µm.

Description: Shape: skolochorate dinoflagellate cyst, with subspherical
central body. Wall relationship: composed of a periphragm and an endo-
phragm appressed. Wall features: periphragm with scabrate surface; solid go
nal and intergonal processes, without membrane, proximally ramified,
connected by parasutural septa formed by solid bridge-like structures; gonal
process tips with trifide primary furcation and bifide secondary furcation; in-
tergonal process tips with bifide primary and secondary bifurcations; endo-
phragm smooth. Paratabulation: gonyaulacoid indicated by parasutural septa
combined with processes: ?pr, 3−4′, 5−6′′, 6c, 5−6′′′, 1p, 1′′′′, Xs. Paracingu-
lum: indicated by parasutural septa and processes. Parasulcus indicated b
parasutural features. Archeopyle precingular, type P (3′′) with free opercu-
lum.

Comparison: S. bejuii differs from other species of the genus in having
parasutural septa formed by solid bridge-like elements and gonal and intergo-
nal processes resting on ramified bases.

Occurrence: Hole 959D (see Fig. 2, number 5), from Sample 159-959D-
67R-2, 57−61 cm (1045.37 mbsf), to Sample 159-959D-65R-1, 92−95 cm
(1015.62 mbsf), Coniacian? to Santonian.

Spiniferites sp. G
(Pl. 3, Fig. 8; Fig. 7)

Specimen: Slide 1: VW 47−48, Sample 159-959D-66R-3, 40−43 cm.
Biohorizon: Coniacian?, 1037.10 mbsf.
Dimensions: Total length, 76 µm; length of parasutural septa up to 8 µm,

length process 8 µm, length of parasutural feature 16 µm.
Description: Shape: skolochorate dinoflagellate cyst, with subspherical

central body. Wall relationship: composed of a periphragm and of an endo-
phragm appressed. Wall features: smooth periphragm; solid gonal and inter-
gonal processes, round in section, connected by parasutural septa formed b
solid ramified bridge-like structures; gonal process tips with trifide primary
furcation and bifide secondary furcation; intergonal process tips with bifide
primary and secondary bifurcations; endophragm smooth. Paratabulation:
gonyaulacoid indicated by parasutural septa combined with processes: ?pr, 3−
4′, 5−6′′, 6c, 5−6′′′, 1p, 1′′′′, Xs. Paracingulum: indicated by parasutural septa
and processes. Parasulcus: indicated by parasutural septa. Archeopyle
precingular, type P (3′′) with free operculum.

Remark: Only one specimen observed. Spiniferites sp.G and Spiniferites
bejuii n. sp. are referable to the same complex. Parasutural septa of Spinifer-
ites sp.G are more developed than those of Spiniferites bejuii n. sp.

Genus XENASCUS Cookson and Eisenack, 1969; emend. Yun, 1981; emend. 
Stover and Helby, 1987.

Type species. Xenascus australensis Cookson and Eisenack, 1969, p. 7,
figs. 1I−K.

Xenascus ghanaensis n. sp.
(Pl. 3, Figs. 14, 15; Table 5)

Derivation of name: In connection with the geographical location of Leg
159, offshore Ghana.

Diagnosis: Dinoflagellate cysts proximochorate, circumcavate with cera-
toid outline, with three prominent truncated horns; smooth endophragm, gran-
ulate periphragm with few short spines and processes arranged more or les
parasuturally; archeopyle apical, type (tA), free polyplacoid operculum.

Holotype: Slide 2: U24, Sample 159-959D-57R-2, 12−15 cm.
Paratype 1: Slide 1: P37, Sample 159-959D-57R-2, 12−15 cm.
Paratype 2: Slide 2: W22, Sample 159-959D-57R-2, 12−15 cm.
Type locality: Hole 959D, offshore Ghana and Côte d’Ivoire, Côte

d’Ivoire-Ghana Transform Margin.
Type biohorizon: Maastrichtian, 948.72 mbsf.
Housed: In the Centre Scientifique Georges Deflandre of the National

Museum of Natural History in Paris, France.
Dimensions: Holotype: Total length 136 µm; epicyst, central body length

16 µm, apical horn length 36 µm, total length 52 µm; hypocyst length 84 µm.
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Table 5. Dimensions of specimens of Xenascus ghanaensis n. sp.

Note: Range measurements = minimum, (average), maximum.

Specimen
Antapical horn 

(µm)
Central body length 

(µm)
Total length

(µm)
Central body diameter 

(µm)
Right lateral coel 

(µm)
Left lateral coel 

(µm)
Total diameter 

(µm)

Holotype: 41 43 84 57 16 11 84
Paratype 1: 40 68 108 62 21 18 101
Paratype 2: 32 56 88 56m 20 16 92
Specimen slide 2, L 27: 38 49 87 56 16 12 84
Specimen slide 2, W 22: 37 65 102 64 16 16 96
Measurement range: 32 (37.6) 41 43 (56) 68 84 (94) 108 56 (59) 64 16 (17.8) 21 11 (14.6)18 84 (91.4) 1
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Description: Shape: pericyst outline ceratioid, with prominent truncated
horns, endocyst subspherical to ellipsoidal. Wall relationship: cyst circumca-
vate. Periphragm forms: one apical, one antapical, and one cingular horn, and
a large pericoel around margin of central body in dorsoventral view. Wall fea-
tures: granulate periphragm, rare parasutural spines or processes on dorsal
precingular and postcingular paraplates, on paracingular margins and on the
apical horn; distal ends of truncated horns perforated; scabrate endophragm.
Paratabulation: epicyst, principal archeopyle sutures indicate four apical para-
plates and six precingular paraplates; hypocyst, not determined. Paracingu-
lum: indicated by cingular horn and alignment of rare processes or spines.
Parasulcus: indicated anteriorly by the offset parasulcal notch. Archeopyle:
apical type (tA), free polyplacoid operculum.

Comparison: Xenascus ghanaensis n. sp. differs from other species of the
genus in having a large pericoel around the margin of the central body in dor-
soventral view and prominent truncated horns.

Occurrence: Hole 959D (see Fig. 2, number 35) from Sample 159-959D-
57R-4, 114−117 cm (952.74 mbsf), to 56R-4, 60−62 cm (942.50 mbsf); Maas-
trichtian.

TAXA LIST FOR SPORES, POLLEN GRAINS, AND ACRITARCHS

Following the scheme proposed by Potonié and Kremp (1954), then
sentially modified by Dettmann (1963) and Potonié (1970).

Anteturma Proximegerminantes Potonié, 1970.
Turma Triletes Azonales (Reinsch, 1881) Potonié and Kremp, 1954.

Subturma Azonotriletes Luber, 1935.
Infraturma Laevigati (Bennie and Kidston, 1886) Potonié, 1956.

Deltoidospora minor (Couper, 1953) Pocock, 1970.
Dictyophyllidites harrisii Couper, 1958.
Todisporites sp.

Infraturma Apiculati (Bennie and Kidston, 1886) Potonié, 1956.
Subinfraturma Verrucati Dybová and Jachowicz, 1957.

Leptolepidites tumulosus (Döring, 1964) Srivastava, 1975 (-) (3).
Patellasporites distaverrucosus (Brenner, 1963) Kemp, 1970 (-) (4).

Infraturma Murornati Potonié and Kremp, 1954.
Cicatricosisporites baconicus Deák, 1963 (-) (2).
Cicatricosisporites of the “potomacensis-brevilaesuratus group” (-) (1).
Klukisporites variegatus Couper, 1958.

Turma Vestititriletes Potonié, 1970.
Suprasubturma Perinotrilites (Erdtman, 1947) Dettmann, 1963.

Crybelosporites pannuceus (Brenner, 1963) Srivastava, 1975; Plate 4, Figure
Densoisporites sp.

Turma Triletes Zonales (Bennie and Kidston, 1886) Potonié, 1956.
Subturma Zonotriletes Waltz, 1938.

Infraturma Zonati Potonié and Kremp, 1954.
Subinfraturma Euzonati, Coronati Potonié, 1970.

Aequitriradites sp.
Anteturma Variegerminantes Potonié, 1970.

Turma Aletes Ibrahim, 1933, Kryptoperturates Potonié, 1966.
Subturma Azonaletes (Luber, 1938) Potonié and Kremp, 1954.

Infraturma Granulonapiti Cookson, 1947.
Araucariacites australis Cookson, 1947; Plate 4, Figure 2 (-) (7).

Infraturma Circumpollini (Pflug, 1953) Klaus, 1960.
Classopollis brasiliensis Herngreen, 1975 (ex Herngreen, 1973); Plate 4, Fig-

ure 3 (-) (6).
Classopollis sp.; Plate 4, Figures 4, 5 (-) (5)

Turma Plicates (Naumova, 1939) Potonié, 1960.
Subturma Polyplicates Erdtman, 1952 = Costates Potonié, 1970.
es-

.

Infraturma Costati Potonié, 1970.
Ephedripites ambonoides Brenner, 1968; Plate 4, Figure 6.
Ephedripites dudarensis Deák, 1964 (-) (15).
Ephedripites montanaensis Brenner, 1968; Plate 4, Figure 7 (-) (12).
Ephedripites strigatus Brenner, 1968.
Ephedripites translucidus Deák and Combaz, 1967 (-) 16).
Ephedripites zaklinskaiae Azéma and Boltenhagen, 1974; Plate 4, Figure 8 (

(14).
Ephedripites sp. 7 Herngreen, 1973; Plate 4, Figure 9 (-) (16).
Ephedripites sp. 8 Herngreen, 1973; Plate 4, Figure 10 (-) (10).
Gnetaceaepollenites boltenhagenii Dejax, 1985 (-) (11).
Gnetaceaepollenites barghoornii (Pocock, 1964) Lima, 1978; Plate 4, Figure

11 (-) (9).
Gnetaceaepollenites jansonii (Pocock, 1964) Lima, 1978; Plate 4, Figure 12
Steevesipollenites binodosus Stover, 1964 (-) (17).

Subturma Monocolpates et Zonocolpates Iversen and Troels-Smith, 19
Infraturma Quasilevigati Potonié, 1970.

Cycadopites carpentieri (Delcourt and Sprumont, 1955) Singh, 1964 (-) (8).
Infraturma Reticulati Pons, 1988.

Retimonocolpites sp. (-) (22).
Afropollis sp.; Plate 4, Figures 13−15.

Subturma Tricolpates, Triptyches Potonié, 1970.
Infraturma Isotricolpati Potonié, 1970.

Gemmatricolpites chmurae (Boltenhagen, 1976) Schrank and Ibrahim, 1995
Subturma Tricolporates, Ptychotriporines Potonié, 1966.

Infraturma Tricolpolyporates Potonié, 1975.
Hexaporotricolpites emelianovi Boltenhagen, 1967; Plate 4, Figure 16 (-)

(25).
Turma Poroses (Naumova, 1939) Potonié, 1960.

Subturma Monoporines Naumova, 1939.
Spheripollenites sp.

Subturma Triporines Potonié, 1960.
Triorites africaensis Jardiné and Magloire, 1965; Plate 5, Figs. 1, 2 (-) (23).
Triorites sp. Herngreen, 1973; Plate 5, Figure 3 (-) (-).

Subturma Polyporines Potonié, 1960.
Infraturma Periporati Potonié, 1975.

Cretacaeiporites sp.; Plate 5, Figure 4 (-) (24).
Varia
Elaterocolpites castelaini (Jardiné and Magloire, 1965) Jardiné, 1967; Plat

5, Figures 5, 6 (-) (18).
Elaterosporites klaszi (Jardiné and Magloire, 1965) Jardiné, 1967, Plate 5

Figures 7, 8.
Elaterosporites protensus (Stover, 1963) Jardiné, 1967; Plate 5, Figure 9 (-

(19).
Elaterosporites verrucatus (Jardiné and Magloire, 1965) Jardiné, 1967; Plat

5, Figure 10.
Galeacornea causea Stover, 1963; Plate 5, Figure 11 (-) (21).
Reyrea polymorphus Herngreen, 1973; Plate 5, Figure 12. cf. Reyrea; Plate 5,

Figure 13.
Incertae sedis (trilete spore or syncolpate pollen grain); Plate 5, Figure 14
Chomotriletes sp. (acritarch).
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CRETACEOUS PALYNOLOGY
APPENDIX
List of all studied samples.
Core, section, 
interval (cm)

Depth 
(mbsf)

159-959D-
44R-6, 60-62 828.70
44R-6, 61-63 828.71
44R-6, 83-85 828.93
45R-1, 11-16 831.71
45R-1, 34-39 831.94
46R-1, 95-100 842.25
46R-2, 18-23 842.48
47R-1, 35-37 851.25
47R-1, 79-82 851.69
48R-1, 8-11 860.68
48R-3, 65-68 864.25
49R-1, 139-142 871.59
49R-4, 133-137 876.03
50R-5, 98-100 886.88
50R-6, 2-5 886.92
51R-3, 10-13 892.30
51R-4, 8-11 893.78
52R-3, 10-13 901.90
52R-3, 129-132 903.09
53R-3, 68-71 910.97
53R-6, 18-20 914.97
54R-2, 1-3 919.61
54R-2, 97-99 920.57
55R-3, 83-85 930.39
55R-4, 94-97 932.00
56R-1, 101-103 938.41
56R-4, 60-62 942.50
57R-11, 31-134 948.41
57R-2, 12-15 948.72
57R-4, 114-117 952.74
58R-3, 93-96 960.03
58R-3, 123-126 960.33
59R-4, 118-123 972.18
59R-5, 39-44 972.89
60R-1, 56-59 976.66
60R-2, 8-11 977.68
60R-4, 16-19 980.76
60R-4, 58-61 981.18
62R-1, 76-78 996.16
62R-3, 65-70 999.05
63R-2, 89-91 1007.39
63R-5, 91-93 1011.91
64R-1, 92-95 1015.62
64R-4, 89-92 1020.09
65R-2, 27-30 1025.87 
65R-4, 8-11 1028.68
66R-1, 33-37 1034.03
66R-3, 40-43 1037.10 
67R-2, 57-61 1045.37
67R-2, 91-95 1045.71
72R-2, 30-35 1093.00
72R-2, 85-90 1093.55
75R-1, 20-24 1120.40
75R-1, 134-138 1121.54 
76R-2, 13-16 1131.43
76R-2, 26-30 1131.56 

159-960A-
38R-2, 70-75 340.40
38R-2, 139-142 341.09
40R-2, 44-47 350.24
40R-2, 80-83 350.60
41R-2, 9-12 352.59
41R-?, 65-68 353.15
42R-1, 63-66 354.13
42R-1, 137-140 354.87
43R-1, 55-59 358.05
43R-2, 104-108 360.04
44R-1, 104-107 363.34
45R-1, 4-7 367.24
45R-3, 20-24 370.40
46R-1, 22-26 372.02
46R-3, 123-128 376.03
47R-2, 25-29 378.55
47R-2, 67-70 378.97
47R-CC, 3-8 379.21
48R-1, 126-130 380.56
50R-1, 52-56 391.62
50R-3, 110-114 395.20
52R-2, 29-32 399.09
53R-1, 90-93 404.20
54R-1, 92-96 414.02
54R-2, 78-82 415.38
55R-1, 124-128 419.04
56R-1, 42-45 423.22
56R-?, 102-106 423.82
57R-1, 47-51 427.87
57R-1, 135-138 428.75
58R-1, 104-107 433.44
58R-3, 33-36 435.50
59R-1, 62-65 437.62
59R-1, 129-133 439.55
61R-1, 8-11 446.28

159-960C-
25X-1, 48-52 333.68
26X-2, 44-49 345.14

159-961A-
22R-2, 17-20 198.07
23R-1, 39-44 206.49
23R-1, 60-64 206.70
24R-1, 53-56 216.23
24R-1, 110-113 216.80
25R-1, 100-103 226.50
25R-2, 8-11 227.08
26R-1, 13-15 235.73
26R-1, 62-64 236.22
27R-1, 9-11 245.79
28R-1, 1-3 255.31
28R-2, 43-45 257.23
29R-2, 17-21 266.57
29R-2, 52-56 266.92
30R-2, 36-40 276.36
30R-2, 53-57 276.53
31R-1, 34-38 284.54
31R-1, 120-23? 285.40
32R-1, 96-99 294.76
32R-1, 116-19? 294.96
33R-1, 47-54 299.97
34R-1, 123-127 304.73
34R-2, 82-87 305.82
35R-1, 3-6 308.23
35R-1, 14-19 308.34

159-961B-
2R-1, 22-25 226.22
2R-1, 120-23 227.20
3R-1, 32-35 236.32
3R-1, 100-103 237.00
4R-2, 60-64 262.00
4R-2, 100-104 262.40
5R-2, 142-145 270.42
6R-2, 55-57 276.55
6R-2, 112-115 277.12
7R-2, 29-31 285.99
7R-3, 45-47 287.15
8R-1, 25-28 294.05
8R-2, 25-28 295.55
9R-1, 15-18 303.65
9R-2, 84-86 305.84
10R-3, 108-113 317.28
10R-3, 117-122 317.37
11R-1, 9-12 317.49
11R-1, 55-58 317.95

Core, section, 
interval (cm)

Depth 
(mbsf)
159-961B-
12R-1, 49-51 322.89
12R-1, 87-90 323.27
13R-2, 26-28 333.86
13R-CC, 9-12 335.30
15R-1, 57-59 351.97
15R-C, 6-8 354.01
16R-2, 117-120 358.37
16R-3, 16-19 358.86
17R-1, 12-16 360.82
17R-1, 55-59 361.25

159-962B-
8H-2, 30-35 66.30
8H-5, 44-49 70.94
9H-3, 69-74 77.69
9H-4, 65-70 79.15

159-962C-
1R-1, 5-8 73.05
1R-CC, 7-9 73.29

159-962D-
6R-1, 36-38 123.76
9R-1, 126-130 153.66
9R-5, 95-99 159.35
10R-1, 14-17 162.14
10R-2, 74-77 164.24
12R-3, 40-43 184.70
12R-5, 68-71 187.98
13R-1, 57-59 191.57
13R-2, 78-82 193.28
15R-CC, 13-16 210.43
16R-2, 100-103 222.50
16R-3, 95-98 223.95
18R-2, 66-70 241.26
18R-2, 125-129 241.85
19R-2, 39-42 250.69
19R-2, 45-48 250.75
20R-2, 79-84 260.69
20R-3, 8-14 261.48
21R-2, 3-6 269.35
21R-2, 34-38 269.66
22R-1, 19-22 277.89
23R-1, 50-53 287.80
23R-1, 115-120 288.45
24R-2, 119-123 299.69
24R-2, 146-150 299.96
25R-1, 33-37 302.33
25R-1, 108-110 303.08
26R-1, 90-93 307.50
26R-2, 120-124 309.30
27R-1, 40-44 311.70
27R-2, 114-117 313.94
28R-1, 8-10 316.38
28R-1, 63-66 316.93
29R-1, 83-87 326.83
29R-2, 37-40 327.87
30R-1, 40-42 336.00
30R-2, 18-21 337.28
31R-1, 88-91 346.18 
31R-2, 28-31 347.08
32R-1, 30-33 355.20
33R-1, 79-82 365.39
33R-CC, 0-3 366.83
34R-2, 70-73 371.50
34R-2, 130-133 372.10 
35R-1, 134-137 375.64
35R-2, 0-3 375.80
36R-1, 146-149 385.36
36R-2, 19-22 385.59
37R-1, 142-145 389.92
37R-4, 26-30 393.26 
37R-4, 49-52 393.49

Core, section, 
interval (cm)

Depth 
(mbsf)
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Plate 1. Photomicrographs of dinoflagellate cysts. Scale bar = 20 µm. 1, 2. Achilleodinium bianii, total length 64 µm, Sample 159-959D-45R-1, 34−39 cm,
831.94 mbsf, slide 2: YZ 37; (1) interior view of dorsal face, precingular archeopyle (3′′), (2) optical section, focus on tubules of distal ends of processes3.
Adnatosphaeridium multispinosum, total diameter 92 µm, Sample 159-959D-44R-6, 60−62 cm, 828.70 mbsf, slide 2: R 41, general view. 4. Alterbidinium
varium, length 44 µm, Sample 159-959D-53R-6, 18−20 cm, 914.97 mbsf, slide 1: K 34, optical section. 5. Andalusiella ivoirensis, central body length 100
µm, Sample 159-959D-57R-4, 114−117 cm, 952.74 mbsf, slide 1: FG 32, focus on the parasutural septa of the black central body, cyst with broken h 6.
Andalusiella mauthei subsp. mauthei, length 160 µm, Sample 159-959D-60R-4, 58−61 cm, 981.18 mbsf, slide 1: P42, general view. 7. Andalusiella rhom-
boides, central body diameter 76 µm, Sample 159-959D-54R-2, 97−99 cm, 920.57 mbsf, slide 1: U 28-2, general view, folded specimen. 8. Areoligera vol-
ata, total diameter 92 µm, Sample 159-959D-44R-6, 60−62 cm, 828.70 mbsf, slide 2: O 16−17, dorsal face, high focus. 9. Cerodinium diebelii, central body
length 72 µm, Sample 159-959D- 57R-2, 12−15 cm, 948.72 mbsf, slide 2: ST 26, general view. 10. Cerodinium granulostriatum, length 96 µm, Sample 159-
959D-57R-4, 114−117 cm, 952.74 mbsf, slide 1: V 34-2, general view. 11. Cordosphaeridium cf. inodes, total diameter 98 µm, Sample 159-959D-51R-4, 8−
11 cm, 893.78 mbsf, slide 1: J 43-3, optical section. 12. Cordosphaeridium varians, total length 96 µm, Sample 159-959D-53R-6, 18−20 cm, 914.97 mbsf,
slide 1: O 46, focus on loose processes. 13. Cyclonephelium deconinckii, central body diameter 76 µm, Sample 159-959D-64R-1, 92−95 cm, 1015.62 mbsf,
slide 1: F 42, general view. 14. Danea californica, length 135 µm, Sample 159-959D-51R-4, 8−11 cm, 893.78 mbsf, slide 1: M 34, dorsal face. 15. Dinogym-
nium denticulatum, length 80 µm, Sample 159-959D-66R-3, 40−43 cm, 1037.10 mbsf, slide 2: TU 42, general view. 16. Exochosphaeridium bifidum, length
81 µm, Sample 159-959D-46R-1, 95−100 cm, 842.25 mbsf, slide 1: Z 25, focus on processes and precingular archeopyle (3′′).
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Plate 2. Photomicrographs of dinoflagellate cysts. Scale bar = 20 µm. 1, 2. Fibradinium annetorpense, length 42 µm, Sample 159-959D-46R-1, 95−100 cm,
842.25 mbsf, slide 2: G 34-2, (1) focus on the dorsal face, (2) optical section. 3. Fibrocysta axialis, length 112 µm, Sample 159-959D-48R-3, 65−68 cm,
864.25 mbsf, slide 1: H 30, general view. 4. Florentinia resex, length 52 µm, Sample 159-959D-67R-2, 57−61 cm, 1045.37 mbsf, slide 2: H 36, optical sec-
tion, broken specimen. 5. Glaphyrocysta wilsonii, length 76 µm, Sample 159-959D-51R-4, 8−11 cm, 893.78 mbsf, slide 1: MN 24; general view. 6. Hystri-
chodinium cf. ramoides, central body length 68 µm, Sample 159-959D-62R-1, 76−78 cm, 996.16 mbsf, slide 2: M 48−49, focus on bifid or trifid distal ends
of processes. 7. Impagidinium celineae, length 72 µm, Sample 159-959D-48R-3, 65−68 cm, 864.25 mbsf, slide 1: WX 34, dorsal face, exterior view. 8. Kal-
losphaeridium yorubaense, length 56 µm, Sample159-959D-45R-1, 34−39 cm, 831.94 mbsf, slide 3: S 28, general view. 9. Kenleyia pachycerata, length 112
µm, Sample 159-959D-45R-1,34−39 cm, 831.94 mbsf, slide 3: J 25−26, lateral view. 10. Kenleyia lophophora, length 80 µm, Sample 159-959D-52R-3, 10−
13 cm, 901.90 mbsf, slide 1: M 25, focus on the antapical process and precingular archeopyle. 11. Liesbergia abdounensis, length 55 µm, Sample 159-959D-
47R-1, 79−82 cm, 851.69 mbsf, slide 2: X 41-3. 12. Odontochitina porifera, length 112 µm, Sample 159-959D-58R-3, 93−96 cm, 960.03 mbsf, slide 3: F
34, operculum. 13. Oligosphaeridium pulcherrimum, total length 100 µm, Sample 159-959D-64R-1, 92−95 cm, 1015.62 mbsf, slide 2: FG 28−29, general
view. 14. Palaeocystodinium australinum, length 156 µm, Sample 159-959D-57R-4, 114−117 cm, 952.74 mbsf, slide 1: Z 40, optical section. 15, 16. Peris-
seiasphaeridium pannosum, total diameter 96 µm, Sample 159-959D-44R-6, 60−62 cm, 828.70 mbsf, slide 2: EF 50, (15) general view, (16) detail of pro-
cess.
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Plate 3. Photomicrographs of dinoflagellate cysts. Scale bar = 20 µm. 1. Phelodinium magnificum, length 104 µm, Sample 159-959D-60R-4, 16−19 cm,
980.76 mbsf, slide 2: J 42, general view. 2. Senegalinium laevigatum, length 80 µm, Sample 159-959D-58R-3, 93−96 cm, 960.03 mbsf, slide 3: 045, optica
section. 3, 4. Spiniferites bejuii n. sp., holotype, length 64 µm, Sample 159-959D-65R-2, 27−30 cm, 1025.87 mbsf, slide 1: F 34, (3) general view, (4) de
of the bridge-like structure of the septa (high to 5 µm). 5. Spiniferites cornutus ssp. cornutus, length 76 µm, Sample 59, 959D-45R-1, 34−39 cm, 831.94
mbsf, slide 3: Q 46, focus on apical process. 6. Spiniferites fluens, length 56 µm, Sample 159-959D-48R-3, 65−68 cm, 864.25 mbsf, slide 1: M 26−27, dorsal
face, focus on processes. 7. Spiniferites hyalospinosus, length 52 µm, Sample 159-959D-44R-6, 60−62 cm, 828.70 mbsf, slide 1: S 48-4, optical section.8.
Spiniferites sp.G, length 76 µm, Sample 159-959D-66R-3, 40−43 cm, 1037.10 mbsf, slide 1: VW 47−48, focus on parasutural septa. 9. Tanyosphaeridium
xanthiopyxides, total diameter 48 µm, Sample 159-959D-48R-3, 65−68 cm, 864.25 mbsf, slide 1: M 32−33, folded specimen. 10. Tectatodinium rugulatum,
length 81 µm, Sample 159-959D-47R-1, 35−37 cm, 851.25m, slide 1: H 46, general view. 11. Trichodinium castanea subsp. bifidum, length 80 µm, Sample
159-959D-60R-4, 58−61 cm, 981.18 mbsf, slide 1: M 39-4, general view. 12. Trithyrodinium druggii, length 64 µm, Sample 159-959D-56R-4, 60−62 cm,
942.50 mbsf, slide 1: J 43-4, central body alone, general view on opercule in place. 13. Unipontidinium grande, length 80 µm, Sample 159-959D-64R-1, 92−
95 cm, 1015.62 mbsf, slide 1: U 35−36, focus on parasutural septa. 14, 15. Xenascus ghanaensis n. sp, holotype, total length 136 µm, Sample 159-959D
57R-2, 12−15 cm, 948.72 mbsf, slide 2: U 24, (14) general view, (15) detail on the large lateral coel. 16. Xenascus gochtii, length 80 µm, Sample 159-959D
66R-3, 40−43 cm, 1037.10 mbsf, slide 1: N 33−34, general view.
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Plate 4. Photomicrographs of spores and pollen grains. Scale bar = 20 µm. 1. Crybelosporites pannuceus, diameter 55 µm, Sample 159-962B-9H-4, 65−70
cm, 79.15 mbsf, slide 2: M 40−41. 2. Araucariacites australis, diameter 65 µm, Sample 159-961A-35R-1, 3−6 cm, 308.23 mbsf, slide 1: Q 27-3. 3. Classo-
pollis brasiliensis, diameter 68 µm, Sample 159-962B-9H-4, 65−70 cm, 79.15 mbsf, slide 2: D 47. 4. Classopollis sp., diameter 28 µm, Sample 159-962D
20R-3, 8−14 cm, 261.48 mbsf, slide 1: Q 37. 5. Classopollis sp., diameter 29 µm, Sample 159-962B-9H-4, 65−70 cm, 79.15 mbsf, slide 1: GH 40−41. 6.
Ephedripites ambonoides, length 62 µm, Sample 159-961B-10R-3, 117−122 cm, 317.37 mbsf, slide 2: U 28. 7. Ephedripites montanaensis, length 55 µm,
Sample 159-962B-10H-4, 74−77 cm, 164.24 mbsf, slide 1: V 31-2. 8. Ephedripites zaklinskaiae, length 47 µm, Sample 159-962D-20R-3, 8−14 cm, 261.48
mbsf, slide 1: R 45. 9. Ephedripites sp. 7, length 123 µm, Sample 159-962D-20R-3, 8−14 cm, 261.48 mbsf, slide 1: Q 45-4. 10. Ephedripites sp. 8, length 39
µm, Sample 159-962D-21R-2, 3−6 cm, 269.35 mbsf, slide 1: X 46. 11. Gnetaceaepollenites barghoornii, length 36 µm, Sample 159-962D-9R-4, 65−70 cm,
79.15 mbsf, slide 2: P 31. 12. Gnetaceaepollenites jansonii, length 81 µm, Sample 159-961A-32R-1, 96−99 cm, 294.76 mbsf, slide 2: J 32. 13. Afropollis
sp., diameter 42 µm, Sample 159-961B-9R-1, 15−18 cm, 303.65 mbsf, slide 2: L 46. 14. Afropollis sp., diameter 39 µm, Sample 159-961A-34R-2, 82−87
cm, 305.82 mbsf, slide 1: S44. 15. Afropollis sp., diameter 39 µm, Sample 159-961B-12R-1, 87−90 cm, 323.27 mbsf, slide 2: G 33. 16. Hexaporotricolpites
emelianovi, diameter 33 µm, Sample 159-962D-27R-1, 40−44 cm, 311.70 mbsf, slide 2: W 30-2.
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Plate 5. Photomicrographs of spores, pollen grains and foraminifers. Scale bar = 20 µm. 1. Triorites africaensis, height 52 µm, Sample 159-962B-9H-4, 65−
70 cm, 79.15 mbsf, slide 2: K 55. 2. T. africaensis, height 39 µm, Sample 159-962B-9H-4, 65−70 cm, 79.15 mbsf, slide 2: RS 41−42. 3. Triorites sp., height
33 µm, Sample 159-962B-9H-4, 65−70 cm, 79.15 mbsf, slide 1: T 50-3. 4. Cretacaeiporites sp., diameter 32 µm, Sample 159-962D-19R-2, 39−42 cm,
250.69 mbsf, slide 1: L M25 3-1. 5. Elaterocolpites castelaini, total diameter 49 µm, Sample 159-962D-29R-2, 37−40 cm, 327.87 mbsf, slide 1: E 45-3. 6.
E. castelaini, total diameter 62 µm, Sample 159-962D-19R-2, 39−42 cm, 250.69 mbsf, slide 2: Y 44-4. 7. Elaterosporites klaszi, length without elaters 58
µm, Sample 159-961B-13R-2, 26−28 cm, 333.86 mbsf, slide 1: R 38-4. 8. E. klaszi, length without elaters 48 µm, Sample 159-961A-34R-2, 82−87 cm,
305.82 mbsf, slide 1: S 30. 9. Elaterosporites protensus, length without elaters 48 µm, Sample 159-962D-30R-1, 40−42 cm, 336 mbsf, slide 1: T 36. 10.
Elaterosporites verrucatus, length 55 µm, Sample 159-961B-12R-1, 87−90 cm, 323.27 mbsf, slide 1: F 42-2. 11. Galeacornea causea, length 48 µm, Sam-
ple 159-962D-27R-1, 40−44 cm, 311.70 mbsf, slide 2: F 49 1−3. 12. Reyrea polymorphus, length 65 µm, Sample 159-961A-30R-2, 36−40 cm, 276.36 mbsf,
slide 1: V 31-2. 13. cf. Reyrea, diameter 48 µm, Sample 159-961B-17R-1, 12−16 cm, 360.82 mbsf, slide 1: N 39-1. 14. Incertae sedis (trilete spore or syn-
colpate pollen grain), height 98 µm, Sample 159-962B-9H-4, 65−70 cm, 79.15 mbsf, slide 2: S 38-2. 15. Foraminifer, diameter 130 µm, Sample 159-962D
24R-2, 119−123 cm, 299.69 mbsf; slide 2: R 36. 16. Foraminifer, length 91 µm, Sample 159-962D-19R-2, 39−42 cm, 250.69 mbsf, slide 2: N 43-2.
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