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ABSTRACT

.Prcs-ent communication incorporates systematic study of Cretaceous microplankton from Senegal Basin
ranging in age from Aptian to Maestrichtian. Our previous remark (1973) of Barremian to Maestrichtian’
is corrected here. Dinoflagellates and acritarchs have been recovered from five deep wells viz., CM-4, CM-1
BR-1, KtF-1 and DgF-1. It includes 37 genera and 52 species. Out of these 17 species are new. Biostrati:
graphic.study on the basis of qualitative and quantitative analysis has revealed the presence of five assemblage
zones viz., Zone-1 (Lower-?Upper Aptian); Zone-II (Albo-Aptian); Zone-III(?) (? Albian-Cenomanian);
Zone-IV (Campanian-Maestrichtian) and Zone-V (Maestrichtian).

INTRODUCTION

Mesozoic and Tertiary sediments in the African continent are best developed along
the northern, eastern and western borders (Text-fig. 1). Senegal Basin in particular is si-
tuated at the north-western border of the African shield. It covers about 500 Km? area.

The basin provides a sedimentary sequence from Jurassic to Oligocene from east to
west. Along the eastern margin of the basin patches of Palaeozoic sediments have also
been marked (CasTELAIN, 1964, p. 159; pl. 3).

A detailed palacontological work in the basin has been carried out by SPENGLER ezt al.
(1964) and CasteLAaN (1964) dealing with foraminifers. Palynological study has been
made by Stover (1963), JARDINE AND MacLoRE (1964), Kieser (1967) but no phyto-
plankton work has so far been published from this basin except for the authors (1973),

which is a part of this work.
STRATIGRAPHIC AND GEOGRAPHIC LOCATION OF THE SAMPLES

The analysis of present Cretaceous dinoflagellates and acritarchs is based upon the
bore-hole samples collected at various depths from five deep wells viz., CM-4, CM-I, BR-1,
DgF-1 and KiF-1. Other two deep wells Sk-1 and CM-2 remained unproductive. The
distance between the productive bore holes ranges within 200 km.

The average thickness of Cretaceous sediments in the Senegal Basin has been reported

to be 6,370 metres {(CASTELAIN, 1965, p. 140; Fig. 1) representing all stratigraphic di\'/isions
from I\}eocomian to Maestrichtian. Of these, Albo-Aptian and Maestrichtian sediments

are reported to be best developed. | g

The details of sample depths (numbers refer to the true depth in the bore hole)i z ‘16;1‘1
gross lithology, stratigraphic position both in relation to fauna and flora, and palyno oci:s :
zones are reproduced in Text-figs. 2 to 6. Except for the floral age and pal)TIIO?OC;"ICé,F s
has been reproduced from the logs prepared by S.A.P.; COPETAO; S.P.S. and L.t.%-

. . . ; 1lbes
All the samples considered for chemical analysis consisted of standard cores, Ca
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and a few cuttings. These were macerated under the conventional Acid/Alkali treatment.
The final slides were prepared in glycerine gelly.

The figured slides are housed at the Laboratoire Central, Compagnic Francaise des
Pétroles, Talence, France.

The classification of fossil dinoflagellates and acritarchs followed in the present work

i in accordance with the system proposed by SarjeanT AND Downie (1974) and Downie
et al. (1963) respectively.
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SYSTEMATIC PALYNOLOGY
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Class—Dinophyceac Pascher

Subclass—Diniferophycidac Bergh

Order—Gymnodiniales Schiitt
Family—Dinogymniaceac Sarjeant & Downie
Genus—Dinogymnium Evitt, Clarke & Verdier
major sp. nov.

biconicum sp. nov.

acuminatum Evitt et al.

wesiralium (Cookson & Eisenack) Evitt et al.
denticulatum (Alberti) Evitt et al.
sp. A

sp. B

. sp. C.

Order—Peridiniales Schiitt

Family—Gonyaulacystaceae (Sarjeant & Downie) Sarjeant & Downie
Genus—Gonpaulacysta Deflandre emend. Sarjeant

SRR

G. orthoceras (Eisenack) Sarjeant

G. edwardsi (Cookson & Eisenack) Clarke & Verdier
G. helicoidea (Cookson & Eisenack) Sarjeant

G. sp. cf. C. hadra Sarjeant

G. sp. A J

G. sp. B

G. sp. C

Genus—Leptodinium Klement
L. micropunctatum sp. nov.

Family—Apteodiniaceae Eisenack emend. Sarjeant & Downie
Genus—Apteodinium Eisenack

A. spinosum sp. nov.
A. sp. A
Genus— Trichodinium Eisenack & Cookson
T. bifurcatum sp. nov.
T. sp. A
Family—Fromeaceae Sarjeant & Downie emend. Sarjeant
Genus—Fromea Cookson & Eisenack
F. elongata sp. nov.
Family—Spiniferitaceae Sarjeant emend. Sarjeant & Downie
Genus—Spiniferiles Mantell emend. Sarjeant
S. cingulatus (Wetzel) Sarjeant
S. crassimuratus (Davey & Williams) Sarjeant
S. ramosus subsp. granosus (Davey & Williams)
Lentin & Williams
8. ramosus subsp. ramosus (Ehrenberg) Lentin & Williams
S. ramosus var. reticulatus (Davey & Williams) Davey & Verdier

S. ramosus subsp. mullibrevis (Davay & Williams) Lentin & Williams
Genus—Hystrichodinium Deflandre emend.  Sarjeant

H. sp. A

& Downie

Geophytology, 5 (2)



(2) § “480j01iydoss)

601

Text-fig. 2.

LITHOLOGY SAMPLE
» o O metre
a 2|Z| &
m > =< m
~ m| Z
o ol ©
-~ Z| |
v 8
~ z
m
- PLASTIC, GREY
> SANDY CLAY,
« SHALE WITH ALT-
Z ERNATION OF WHITE| g3g
T VM1 CALCAREOUS SST.  [7980m
> z| SILT AND LIGNITE L1054m
2| OR GREY-GREEN ;—:?90m
g | 4| cuar g3
o0
Rl >
Z 2 L 1350m
2 ~i372m
ST ? 1449 m
sg|?
4
TUR ? [T CLAY STONE with ['6%6™
i ALTERNANCE OF —1750m
o 5| WHITE GLAUCONITIC
2 LST. FINE | 1962
E | GRAINED SST. L2013 m
I <
El |
» |TIL| T CREAMISH LST [-2179.80
m
Bl wITH GREY CLAY
r 2| AND FINE SST,
w
WITH ALTERNATION | 5463
® OF MARLS COARSE
Z| AND COMPACT
= 3| LsT.
o|z 273940
m
> o
z
-29I18 m
z !
P
[ P4 GREY-BROWN LST
EC SILTY AND| SANDY.
t MARL AND CLAY | 3271.50
z WITH ALTERNATION [F3305m
' OF [LST , OR
DOLOMITE  AND
> DOLOMITIC  LST -3550m
©
-3658.
. 5825
) 4
z
5
2 COMPACT  LST
E 4238 m
e 0 7 SEESPS———

Bore hole no. CGM-4

LITHOLOGY SAMPLE
O metre
P> O v | P
aF|E|e
El3|™
5o |8
— 3
. |
~s N
o
4
m
=FEHB ARGILLACEOUS LIME [©°°
z@0l |5 | STONE WITH INT- | oo
oo ERCALATIONS OF |/
b dE: 894 m
320 : CALCAREOUS SAND- [ 946m
Z, 3|3 | STONES, CLAYS AND | 1044m
ETQL 1o1 sHALES AND £1055m
ﬁ,_ ° GLAUCONITIC LIME
82 > | sToONE
Zm
el
— e
[ °
ZS|°
| =
p=! ?
pel
2 P
z —
Sc <
Z 3 [@EmERS 1962
o [ N5
il |k
3 =
_Z__
55| 2
z " °
>
25/
z3
: P
S| ° /262Im
O
£ 2640m
= 3|05
] s |_2720m
% ?
-y
g ?
' ?
- | 3132.6Q
3% e, ~3155m
>m 2 \%
Z2 J
I ALTERNATION OF  [~3340m
> >| MuD STONE , CLAY,
—‘ »
- 2| SHALE & SANDY | 3s545p
- z| LIME - STONE,
e INCLUSION  OF
x 3727 m
-0 5| SLITSTONE.
> |_3875.50
Q2 m
- p 4097 30
4IOOL
Text-fig. 3. Bore hole no. GMN-1




0% 1

) S *t 50016y doas

PALAE- oD —
oNTace B2 > LITHOLOGY SAMPLE
CEP) [°5] | O metre
<
> | > SANDSTONE  WITH
‘J—«g , | RARE OCCURRENCE
5 OF LIGNITE AND
e ° PLASTIC BLACK
=z ° CLAY
E% - SANDY CLAY WITH
23 ALTERNATION OF |602m
° | BLACK CLAY AND
m—|° CALCAREOUS SST.
58| |?
Zm
o2
2
o)
?
2 2 PREDOMINANCE OF
S | CLAYSTONE, SAND-
> ,| STONE, CEMENT
= LIME STONE .
z |»
b)
P
5 | 1782m
>
—
- ALTERNATION OF
@ CLAY, FINE SAND -
O| STONE, CALCAR- | 2255 m
EOUS SANDSTONE, [[2292m
© | CALCAREOUS MARL
SANDY CLAY
| 2496 m
U >
—_ o)
—
»_2792m
> >
2
| 313550
m
z 3254 m
. | 3523 m
- | > P i
< {Br ~3672.40
- o 380370
> s < 04m
o > 38 mm
4024.10
P ;4024.25
? V 4100m™

(&

Text-fig. 4. Bore hole no. CM—1



(d'4°2) 39V
"INO3V1vd

dANOZ — ONATVd

NVILHOIYLSIVIA

U

NVINVdW VI

dN1l—-
WON3D

LITHOLOGY

SAMPLE

ERA

SANDSTONE, CEMENT
LIMESTONE, GLAUCON-
ITIC AND GREY -
BROWN 'SST. WITH
INTERCALATION

OF CLAY, FINE SAND

- ST. LST. & NODULES.

BLACK- GREY CLAY
WITH INTERCALATION
OF LIMESTONE +
SANDSTONE .

ALTERNATION OF
CLAY & LIMESTONE

O metre

B892 m
/981 m

Z99O m
—|040m
—{110Om

— 1685 m
CUTTING

1866.70
/ m

Geophytology, 5 (2)

Text-fig. 5. Bore hole no, Dgl-1.

131



LITHOLOGY SAMPLE
metre
%> |x|o
no o™
= I
0 4
TS FINE GRAINED SST.
rﬁ | WITH ALTERNATION
= °| OF GREY- BLACK 7o)
5 | CLAY AND CEMENT [ '<'™
= - g LIMESTONE- PYRITIC |
=z S| DOLOMITE .
> | 990m
= - 1040m
m | > —1090m
= CLAY, RARE SAND -
z °| STONE, SANDY CLAY.
lz> 5 —[305m
.
. ° ALTERNATION OF CLAY L |560m
< P -
> < & VARIABLE SAND 1793 55
o
49| p STONE, LIME ST. & m
DOLOMITE . 1797m

Text-fig. 6. Bore hole no. KtI'-1.,

132
Geophytology, 5 (2)



Genus—Plerodinium Lisenack

P. cornutum Cookson & Lisenack
Genus—Achomosphaera Evict

A. sagena Davey & Williams
Ao sp. A
A. sp. B

Family—Pareodiniaceac Gocht emend. Sarjeant & Downie
Genus—Pareodinia Deflandre emend., Gocht

P. psilata sp. nov.
Family—Toolongiaceae Sarjeant & Downie emend. Sarjeant & Downie
Genus—Toolongia Cookson & Eisenack

Toolongia sp. A
Genus—Dinopterygium Deflandre

D. sp. A

Family—Deflandreaceae Eisenack emend. Sarjcant & Downie
Genus—Senegalinium Jain & Millepied
: bicavatum Jain & Millepied
psilatum Jain & Millepied
granulostriatum Jain & Millepicd
trisinum Jain & Millepied
dubium Jain & Millepied
sp. A. in Jain & Millepied
sp- B. in Jain & Millepied
sp- C. in Jain & Millepied
- sp. D. in Jain & Millepied
—Subtilisphaera Jain & Millepied
S. senegalensis Jain & Millepied
S. scabrata Jain & Millepied
S. crassigranulosa Jain & Millepied
S. ventriosa (Alberti) Jain & Millepied
S. sp. A. in Jain & Millepied
Genus—Geiselodinium Krutzsch
G. psilatum Jain & Millepied
Genus—~Palaeocystodinium Alberti
P. microgranulatum Jain & Millepied
P. punctatum Jain & Millepied
Family—Pseudoceratiaceae Eisenack emend.
Genus—Aplea Eisenack
A. polymorpha Fisenack
Genus—Odontochitina Deflandre emend. Davey
0. costata Alberti emend.  Clarke & Verdier
0. operculata (Wetzel) Deflandre & Cookson
Family—Netrelytraccae Sarjeant & Downie
Genus—AHalyplea Cookson & Lisenack
K. distincla sp. nov.
K. sp. A
Family—Thalassiphoraceac Gocht emend.,

hhhhhunhnn

Genus

Sarjeant & Downie

Sarjeant &  Downie

r3s
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Genus— Thalassiphora Eisenack & Goceht emend.  Gocht

Th. maxima sp. nov.
Th. sp. A
Family—Stephodiniaceac Bisenack emend.
Genus—Actinotheca Cookson & Eisenack
Actinotheca sp. A
Family—Secriniocassiaceae Sarjeant & Downie emend.
Sarjeant & Downie
Genus—Gardodinium Alberti
G. deflandrei Clarke & Verdier
Family—Hystrichosphaeridiaceae Evitt emend. Sarjeant & Downie
Genus—H)ystrichosphaeridium Deflandre emened. Davey & Williams
H. sp. cf. H. simplicispinum Davey & Williams
Genus— Oligosphaeridium Davey & Williams
0. complex (White) Davey & Williams
0. sp. cf. O. pulcherrimum (Deflandre & Cookson)
Davey & Williams.
Genus—Litosphaeridium Davey & Williams emend. Davey & Verdier
L. sp. A '
L.sp. B
Family—Cordosphaeridiaceae Sarjeant & Downie
Genus—Cordosphaeridium Eisenack emend. Davey
C. senegalensis sp. nov.
Family—Systematophoraceae Sarjeant & Downie
Genus—Coronifera Cookson & Eisenack
C. oceanica Cookson & Eisenack
Family—Cleistosphaeridiaceae Sarjeant & Downie
Genus—Cleistosphaeridium Davey et al.
C. brevispinosum sp. nov.
C. sp. A
C. sp. B
Genus—Polysphaeridium Davey & Williams
P. elongatum sp. nov.
P. punctatum sp. nov.
P. granulosum sp. nov.
Family—Areoligeraceae Evitt emend. Sarjeant & Downie
Genus—Cyclonephelium Deflandre & Cookson emend.
Cookson & Eisenack
C. distinclum Deflandre & Cookson
C. sp. A
Family—Canningiaceac Sarjeant’ & Downie emend. Sarjeant & Downie
Genus— Tenua Liscnack
1. dubius sp. nov,
T. anaphrissa (Sarjcant) Benedek
T. sp. cf. T. hystricella Fisenack emend.  Sarjeant
T. rioulti Sarjeant
Family—Cannosphacropsitaceac Sarjeant & Downie emend. Sarjeant & Downie

Sarjeant & Downic
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Genus—Cannosphaeropsis Wetzel emend.  Williams & Downie

C. sp. A.

Family—Exochosphaeridiaceae Sarjeant & Downie
Genus—ZExochosphaeridium Davey et al.

E. sp. cf. E. bifidum (Clarke & Verdier) Clarke el al. ‘
Family—Homotrybliaceae Sarjeant & Downie emend. Sarjeant & Downie
Genus—Callaiosphaeridium Davey & Williams

C. sp. A
Family—Uncertain
Genus —Diconodinium Eisenack & Cookson

D. acutum Jain & Millepied

D. distinctum sp. nov.
Group—Acritarcha Evitt

Subgroup—Pteromorphitae Downie,
Genus— Plerospermopsis Wetzel
P. ovatus sp. nov.

Evitt & Sarjeant

P. concentricus sp. nov.

P. barbarae Gorka

P. sp. A

P. sp. B

P. sp. C
Subgroyp—Acanthomorphitae Dow ie, Evitt

Genus—DBaltisphaeridium Eisenack emend. D

B. whitei (Deflandre & Courteville)

B. sp. A

B. sp. B

& Sarjeant
ownie & Sarjeant
Sarjeant

DESCRIPTION

Genus—Dinogymnium Evitt, Clarke & Verdier, 1967

Type species—D. acuminaium E. C. & V., 1967

Dinogymnium major sp. nov. (PL. 1, Figs. 1—2).

Holotype—Pl. 1, Fig. 2; Slide No. 8668a—12.

Type locality—Bore hole no. CM—4, depth 980 m; Senegal Basin, W. Africa.

Horizon—Campanian—Maestrichtian.

Diagnosis—Shell biconical, cingulum prominent, dividing shell intf> two unequal
halves, epitract much longer and wider than hypotract ; apical and .antaplcal ends round-
ed; longitudinal folds many, linear, regular, running m'both. epl-and hypotract from
cingulum to poles, leaving short unfolded area at apex In epitract. Wall canals seen.
Sulcus in hypotract present. Shell surface granulate. Archaeopyle apical.

Measurement Holotype Range
Shell length .. - 147 pm . .. 147—227 pm
Shell width .. i 91 pm . .. gg—lég pwm
Cingulum Index .. id 60 .. .. —

135
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Comparison—Dinogymnium maijor sp. nov. compares best with the type species D,
acuminatum Evitt et al. (1967) in having scabrate-granulate shell surface, similar apical and
antapical ends and the presence of wall canals. But differs mainly in its much larger size
and greater cingulum index which is much beyond the range of D. acuminalum.

Dinogymnium biconicum sp. nov. (PL 1, Figs. 3-4)

Holotype—Pl. 1, Fig. 4; Slide No. 8668a-7.

Type Locality—Bore hole no. CM-4, depth 980 m; Senegal Basin, W. Africa.
Horizon—Campanian—Maestrichtian. |

Diagnosis—Shell biconical, apical and antapical ends acutely pointed; cingulum dis-
tinct, dividing shell into two unequal halves, epitract much longer than hypotract; longi-
tudinal folds running from cingulum to poles in both epi- and hypotract, simple, distantly
placed, converging at poles; shell surface scabrate. Wall canals not discernible. Sulcus
present. Archaeopyle apical, elongate.

Measurements Holotype Range

Shell length .. .. 270 pm . s .. 217—270 pm
Shell width - .. 133 pm - .. = 98—133 pm
Cingulum Index .. .. 62 ‘s .. 60— 62

Comparison—D. biconicum sp. nov. differs from D. major sp. nov. and other species of the
genus in its larger size and acutely pointed apical and antapical ends.

Dinogymnium acuminatum Evitt e¢ al., 1967 (Pl. 1, Figs. 5—38)
Syn.
1967—Gymnodinium nelsonense Cookson, in Drugg, p. 72; Pl. 1, Figs. 4-5.

Remarks—This species is restricted to Maestrichtian sediments in Senegal Basin. But
some specimens have been recovered from the Turonian level also in the bore hole COM-4.
Since the Turonian specimen comes from a cutting sample, the possibility of contamina-
tion can not be ruled-out. The vertical distribution of this species is here maintained only
at the Maestrichtian level. ’

Geologic and geographic a’islrz'bulz'on—Macstrichtian of California, U.S.A. (EviTT ¢ al
1967) ; Macstrichtian of California U.S.A. (Drucg, 1967); Maestrichtian of Lower Assam,
India (JaN et al., 1975); Maestrichtian of Senegal Basin, W. Afvica (Present study).

Dinogymnium westralium (Cookson & Eisenack) Evitt ¢t al., 1967 (PL 1, Fig. 9)

Remarks—In the Senegal sequence this species marks its fivst appearance
Maestrichtian level of bore hole CM-4 and is very poorly represented.
corded from a cutting sample at a depth of 1400 m in bore hole CM-t.

at Campanian-
It has been re-

Geologic and geographic distribution—Senonian of 'W. Australia (See B

| : grap iri NITT et al., 1967);
Campanian-Maestrichtian of Senegal Basin, W. Alrica (Present studyv) :
Dinogymnium denticulatum (Alberti) Lvict et al., 1967 (PL 1, Fig. 10)
1, . ,
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o ; s iRy, 1961); Campanian-
Geologic and geographic distribution—Senonian of Germany (ALBERTI, ); Camy
Maestrichtian of Sencgal Basin, W. Africa (Present study)

Dinogymmnium sp. A (Pl. 1, lig. 11)

Description—Shell biconical, clongated, apices broadly rounded; cpitract l,arg'cr t%“”‘
hypotract, cingulum index 61. Transverse {urrow distinct, not dc(:p: Longitudinal
folds or ridges few in both epi- and hypotract, running from transverse furrow to poles.
Shell surface finely structured. Archacopyle apical.

Remarks— 1t has been recorded from bore hole CM-1, at a depth of 1055 metres.

Dinogymnium sp. B (Pl 1, Fig. 12)

Description—Shell oblong, 53 x 48 pm in size, epi- and hypotract - equal, cingulum
broad: cingulum index 43; epitract dome shaped, hypotract. broadly convex; longitudinal

folds very few or almost nil, only full lengih folds seen due to thinness of shell membrane.
Surface granular. Archaeopyle apical.

Remarks—Only a single specimen has been recovered from bore hole BR-1 at a depth of

602 metres.
Dinogymnium sp. C (PI. 1, Fig. 13)

Description—Shell biconical, 80 x 34 pwm 11 size,

dividing shell into epi- and hypotract; cingulum index 25; apices rounded; longitudinal
ribs many in both halves, some longitudinal ribs in epitract show dentation along margin.
Surface finely granular. Archaeopyle apical, elongate. ‘

transverse furrow 8.5 um broad, equally

Remarks—Specimens have been recovered from bore hole no. CM-4 at a depth of 1656

metres. At this level cutting samples were collected and therefore its Turonian age is
doubtful.

Genus—Gonyaulacysta Deflandre emend. Sarjeant, 1966
Type species—Gonyaulacysta jurassica (Deflandre) Deflandre, 1964

Gonyaulacysta orthoceras (Eisenack) Sarjeant, 1966 (Pl. 2, Fig. 20)

Remarks—Senegal specimens show the presence of only three apical (3') and four
cingular plates.

Geologic and geographic distribution—Upper Valanginian to Turoni

an (SARJEANT, 1966;
SINGH,

1971); Albo-Aptian of Senegal Basin, W. Africa (Present study).

Gonyaulacysta edwardsi (

Cookson & Eisenack) Clarke & Verdier, 1967 (PL 2, Fig.
19)
Geologic and geographic distribution—Albian-Campanian (See SiNnawr, 1971, p. 3040
Albo-Aptian of Senegal Basin, W. Alrica (Present study).

Gonyaulacysta helicoidea (Kisenack & Cookson) Sarjeant, 1966 (PL 2 23

2, Fig. 25)

N
Geophytology, 5 (2)

» -y
Y/



- Geologic and geographic distribution—Barremian to Middle Albian (See SiNGH, 197]
p. 307); Albo-Aptian of Senegal Basin, W. Africa (Present study). ’

Gonyaulacysta sp. cf. G, hadra Sarjeant, 1966 (Pl. 2, Fig. 26)

Description—Shell spheroidal, 58.5x 80 um in size; apical horn tapering, 20 um high.
Tabulation 4'joa, 6",? 3C, 4", op, 1"; crests very low; surface granulate; cingulum
spiral, 4 pm wide.. Wall two layered with thin periphragm and thick endophragm.

Remarks—Present fossils possess all the important features of Gonyaulacysta hadra Sar-
jeant (1966) but differ only in its smaller size and doubtful tabulation. It has been
recovered from bore hole no. BR-1 at a depth of 3135.50 metres (Albo-Aptian).

Gonyaulacysta sp. A (Pl. 2, Figs. 21-22)

Description—Shell pentagonal in shape, 97 X80 um in size; cingulum helicoid, seen
displaced in two halves. Tabulation 4/, 2a, 3", ?C, 6", lp, 1"". Cingular plates not
discernible. Archaeopyle elongate, preicingular plate 3 occupying most of precingular
d.orsal area. Apical horn narrow, 1/4 of theca lengih (20 pm long), longitudinal furrow
present. Crest low, at places ornamented with short spines or proce.ses. Process end
usually bifurcate.

Remarks—A single specimen has deen recovered from a cutting sample of bore hole
no. BR-I at a depth of 2492.00 metres (Albian). It shows its closest resemblance with
Gonyaulacysta (Gonyaulax) cladophora subsp. cladophora (Deflandre) Lentin & Williams (1973)
described from Jurassic sediments, in having more or less similar archaeopyle position, bifid
processes on the crest surface and size. But differs in indeterminable cingular plates.

Gonyaulacysta sp. B (Pl. 2, Fig. 28).

Description—Shell spherical, 84.5X6] pm in size, thick walled (1.5 pm), double
layered; periphragm develops long apical horn (28 um) having bifid apex. Cingulum
narrow, 3 um wide, dividing theca into two unequal halves. Tabulation present, not
well preserved.

Remarks—Figured specimen has been recovered from bore hole no. BR-1 at a depth of
3911 metres (Lower- ? Upper Aptian).

Gonyaulacysta sp. C (PL. 2, Fig. 24)

Description—Shell + spherical, 119X 77 pm in size, cingulum circular, dividing cyst
into two - equal halves. Apical horn very long, 42X 14 pm in size, periphragm $pinose,
marked with plates, sutures low. Tabulation that of genus. Archacopyle not discernible.

Remarks—This form has been recovered from bore hole no. BR-I at a depth of 3523
metres (Albo-Aptian). This is distinguished from other species of the genus in having
very long apical horn with almost spherical shell shape.

Genus—Leptodinium Klement emend. Sarjeant, 1969
Type Species—Leptodinium sublile Klement, 1960
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Leptodinium micropunctatum sp. nov. (Pl. 2, Tigs. 32-33)

Holotype—Pl. 2, Fig. 32; Slide No. 7949-2.

Type locality—Bore hole no. CM-1; depth 3340 metres; Senegal Basin, W. Africa.
Horizon—TLower—?Upper  Aptian.

Diagnosis—Shell ovoidal, tabulation not clearly descernible; 4', 0a, ? 4", 7C, ?3'",
175 crests high, scabrate with smooth outer margin. Girdle distinct, laevorotatory,
spiral, broad; sulcus remains in hypotract. Archaeopyle not seen. Body wall thick,
micropunctate.

Measurements Holotype Range

Body size “ .. 92x36 pm .. .. 45—355x35—40 pm
Over all size .. .. 64X60 pm .. .. 50x64%x50—60 pm
Crest height .. .. 4—8 pum .. .. 4—12 pm

Comparison—Leptodinium micropunctatum sp. nov. differs from other species of the genus
in its micropunctate body wall and scabrate boundary crest surface ; L. alectrolophum Sarjeant
(1966) resembles best but differs in having granulose body and perforate crests.

Remarks—Present forms in their most of the features, e.g., shape, size and tabulation
resemble Leptodinium but the absence of archaeopyle leaves a doubt for their exact place-
ment. It differs from Pterodinium in having cingular plates, but compares well with Mei-
ourogonyaulax Sarjeant (1966) in having similar tabulation and raised boundary crests.

Genus—Apteodinium Eisenack, 1958

Type species—Apteodinium granulatum Eisenack, 1958

Elaborate diagnosis—Shell globular, oval to ovoid with short pointed apical horn without
tabulation or only slight indication of tabulation; periphragm ornamented including spines
and ridges. Epi- and hypovalves separated by a poor scarcely depressed, unspiraled
girdle to well developed one, longitudinal furrow not present, Archaeopyle frequent,
precingular (3") on dorsal side of epivalve. Occasionally a small antapical horn occurs.

- Remarks—The generic circumscription has been extended to include forms having spiny
or ridged covering and also showing slight indication of tabulation.

Apteodinium spinosum sp. nov. (Pl. 2, Fig. 27)
Holotype—Pl. 2, Fig. 27; Slide No. 7298-19.
Type locality—Bore hole no. BR-1; depth 3135. 50 metres; Senegal Basin, W. Afvica.

Horizon—Albo-Aptian.

Diagnosis—Shell ellipsoidal to globular, apical horn well devcloped, /4 of whole shell
lengih, both periphragm and endophragm used in forming apical horn.  Girdle distinet,
circular, extending slightly laterally, ridges low; epi- and hypotract | cqual; h_\“pu‘n‘iu*t
obtusely rounded. Periphragm spinose, specialized along apical horn, spines at apex giving
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an appearance of brush; endophragm granular.

Archeopyle precingular (3"). Tabula-
tion indication present.

Measurements Holotype Range

Shell length . .. 91 pm . .. 80—120 pm
Shell width . .. 65 pm . b .. 55—105 pm
Apical horn length .. .. 247 ym . .. 15— 25 pm
Apical horn width .. .. 16 pm : 2 oo 12— 20 pm
Shell wall thickness 4  pm o .. 2.5-6.5 pm

Comparison-—Apleodintum spinosum sp. nov. is differenciated from all the other known

species of the genus in having spinose periphragm, granular endophragm, brushy apical
horn, slight indication of tabulation and large size.

Ap‘eodinium sp. A (Pl. 2, Fig. 23)

Description—Shell large, globular, 117 x 104 um in size: apical horn short, surface spiny.

Transverse girdle distinct, circular, extending slightly laterally. Both epi- and hypotract
equal.

Remarks—Present form has been recovered from bore hole CM-4 at a depth of 327150

metres (Lower—? Upper Aptian). Tabulation in Senegal specimens is not very conclusive

otherwise it might have been possible to place it under Acanthogonyaulax Sarjeant, (1966).
Genus—Trichodinium Eiscnack & Cookson emend. Clarke & Verdier, 1967
Type species—T. pellitum Eisenack & Cookson, 1960.

Trichodinium bifurcatum sp. nov. (Pl. 1, Fig. 14-16)

Holotype—Pl. 1, Fig. 14; Slide No. 8668-7.

Type locality—Borc hole no. CM-4, depth 980 metres; Senegal Basin, W. Africa.

Horizon—Maestrichtian.

Diagnosis—Shell oval to spherical, girdle narrow; apical horn made up of three large
spines with a short central rounded hump in between; longitudinal furrow present, mostly
restricted to hypotheca; shell membrane spongeous, punctate, sparcely covered with short
spines; spine base broader, tips blunt or bifid, both types occur together. Archaeopyle

precingular, formed of one complete plate extending from apex to cingulum. Tabulation
indeterminable.

Measurements

Holotype Range
Overall shell size .. .. 65.5%65.5 um 60—70 pm
girdle width 5 pm 5—7 pum
apical horn 4 x4 pm 4—6x4—6 pm
spine size 4x2.6 pm

2—6 x1—3 pm
Comparison— Trichodinium bifurcalum sp. nov. resembles best with 7 paucispinum Fisenack

& Cooksor (1960) in having apical horn formed by three divergent spines, spavsely placed
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spines with broader base; but differs in its much smaller size, bifurcated spine types
. . . . . . ] . ’
shorter apical horn with hump like rounded projection in between three divergent spines.

Trichodinium sp. A (Pl. 1, Figs. 17-18)

Description—Shell spherical, 58 pm in diameter ; girdle distinct, circular; longitudinal
furrow restricted to hypotheca; apical horn dome shaped, formed by the coalcscence of several
small flat topped processes.  Shell surface covered with small flat topped sculpture mixed
with grana and baculac. Archacopyle precingular formed by semicircular plate covering
most of the distal diameter of shell along cingulum.

Remarks—Only a single specimen has been recovered from bore hole no. CM-1 at 1055.35
metres (Campanian—Maestrichtian).

Genus—Fromea Cookson & Eisenack, 1958

Type species—F. amphora Cookson & Eisenack, 1958

Fromea elongata sp. nov. (Pl. 2, Figs. 29-30)

Holotype—Pl. 2, Fig. 30; Slide No. 7299-16.

Type locality—Bore hole no. BR-1, depth 3523 m; Senegal Basin, W. Africa.
Horizon—Albo-Aptian.

Diagnosis—Shell ellipsoidal, without cingulum, sulcus or tabulation. Wall single
layered, surface coarsely granulate to some times baculate. Archaeopyle apical, 4 circular.

Measurements | Holotype | Range
Shell size s .. 30X42 uym du . .. 50—60x40—42 ym
wall thickness . .. 0.5 pm . .. 0.5 pm

Comparison—DFromea elongata sp. nov. compares best with F. amphora Cookson & Eisenack
(1958) in having ellipsoidal shell but differs in the absence of girdle. F. acambra Sah et al.
(1970) differs in having elongated neck with opening and pitcher shaped shell.  The elongated
neck with opening in F. acambra creates doubt to retain the species under the genus Fromea.
F. warlinghamensis Gitmez & Sarjeant (1972) differs in its large size and spherical shape.

Genus—Spiniferities Mantell emend. Sarjecant, 1970
Type species—Spiniferites ramosus (Ebrenberg) Mantell, 1854
Spiniferites cingulatus (Wetzel) Sarjeant, 1970 (Pl 3, Fig. 34)

Geologic and geographic  distribution—Cenomanian to Pleistocene  (See Davey &
WicLiams, in DAVEY ef al. 1966; p. 39); Albo-Aptian of bore hole no. BR-1, Senegal Basin,
W. Africa (Present study).

Spiniferites crassimuratus (Davey & Williams) Sarjeant, 1970 (Pl 3, Figs. 38-39)

Geologic and geographic distribution—Middle to Upper Cenomanian of® England (DAavEY
& WiLLiams, in Davey el al., 1966); Campanian-Maecstrichtian of bove hole no. BR-1,
Senegal Basin, W. Africa (Present study).
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Spiniferites ramosus subsp. granosus (Davey & Williams) Lentin & Williams,
1973 (Pl. 3, Fig. 40)

Geologic and geologic distribution—London clay of England (in Davey et al., 1966);

Lower Cretaceous of South India (Jain & Taucourpeau-Lantz, 1973); Maestrichtian
of bore hole no. BR-I, Senegal Basin, W. Africa (Present study).

Spiniferites ramosus subsp. ramosus (Ehrenberg) Lentin & Williams, 1973 (PL 3,
Fig. 36)

Geologic and gecgraphic distribution—Middle Barremian to the Ypresian (DAVEY &
WiLLiams, in DAVEY et al. 1966); Lower Cretaceous of India (Jain & TAUGOURDEAU-

Lantz, 1973); Albo-Aptian of bore hole no. BR-1, Senegal Basin, W. Africa, (Present
study).

Spiniferites ramosus var. reticulatus (Davey & Williams) Davey & Verdier, 1971
(PL. 3, Fig. 37)

Remarks—Present specimens have been recovered from Campanian-Maestrichtian
samples of bore hole no. CM-4 at a depth of 1055.35 metres. They come under the mor-

phological range of the variety but differs only in having microreticulate surface without
much raised crests. These may be taken as extent of variation.

Geologic and  geographic distribution—Albian, Canada (DAVEY, 1969); Cenomanian,
England & France (Davey & WiLLiams, 1966; Davey, 1969); Albian, Paris (DAVEY

& VERDIER, 1971); Campanian—Maestrichtian of Senegal basin, W. Africa. (Present
study). ' |

Spiniferites ramosus subsp. multibrevis (Davey & Williams) Lentin & Williams,
1973 (P1. 3, Fig. 35)

Geologic and geographic distribution—Hauterivian to early Eocene (See SingH
352); Albo :

: 1973, p.
-Aptian of bore hole no. BR-1, Senegal Basin, W. Africa (Present study).

Genus—Hystrichodinium Deflandre emend. Sarjeant, 1966

Type species—Hpystrichodinium pulchrum Deflandre, 1935
Hystrichodinium sp. A (Pl. 3, Fig. 41)

Description—Shell spherical; 43 um in diameter, transverse furrow distinct helicaid
dividing both epi- and hypotract in equal halves. Surface covered with long i’ino'er l;kt;
processes of uniform height, cylindvical, rounded at top, more than 30 in nfl’mbea- 6.5 X
1.5 pm in size. No distinct tabulation seen. ?Archacopyle precingular. o

Remarks—The figured specimen has been recorded from bo
of 1656 metres from a cutting sample (?Senonian).

re hole no. CM-+ at a depth
cesses on the surface which suggest

] o It shows characteristic finger like pro-
g a clear distinction from the known species ol the genus.
Genus Hystrichodinium Deflandre (1935) has been emended by Sarjrant (1966, i B BT
et al., 1966) and CrLarke aAND Verpicr (1967), The emendations suggested by the auchors
are the same and therefore, the former has priority over the latcer ) ’ a

142

Geophytology, 5 (2)



Genus—Pterodinium Lisenack, 1958
Type species—Plerodinium aliferum Eisenack, 1958
Pterodinium cornutum Cookson & Eisenack, 1962 (Pl. 3, Iigs. 42-43)

Geologic and geographic distribution—Aptian-Albian (See Sinceu, 1971, p. 358); Albo-
Aptian of bore hole no. CM-1, Senegal Basin, W. Africa (Prescnt study).

Genus—Achomosphaera LEvict, 1963
Type species—Achomosphaera ramulifera (Deflandre) Evitt, 1963
Achomosphaera sagena Davey & Williams, 1966 (Pl. 3, Fig. 48)

Remarks—Present specimens possess almost all morphological features similar to 4.
sagena except distinct bifurcate or trifurcate extremeties of the processes and moderately

thick wall of central body with finner reticulations. These features may be treated as the
extent of variation.

Geologic and geographic distribution—English Lower Chalk, Cenomanian (DAvVeEYy &
WiLLiams, in DAVEY ef al. 196€); Cenomanian cf Chalk cf the I,le of Wight, England

(CLARKE & VERDIER, 1967); Campanian-Maestrichtian of bore hole no. CM-1, Senegal
Basin, W. Africa (Present study).

Achomosphaera sp. A (Pl. 3, Fig. 47)

Description—Shell + spherical, 65 um in size (without processes), archaeopyle prec-
ingular; wall doublc layered, periphragm covered with numerous processes, processes
11-12 pm in length, base rounded, distally closed, capitate or bifid ; shell surface granular.

Remarks—Only a few specimens have been recorded from the bore hole no. BR-1 at a
depth of 552 metres (Maestrichtian).

Achomosphaera sp. B (Pl. 3, Fig. 46)

Description—Cyst + spherical, 60 ym in diameter, double layered, periphragm gra-

nular, ornamented with short processes, less than 30 in number, tips bifid, 8—10 um long.
Archaeopyle not seen.

Remarks—The specimen has been recovercd from a cutting sample in the bore hole
no. CM-4 at a depth of 1656 metres. The form poses doubt for the presence of epitractial

archaeopyle as seen in Cauca Davey & Verdier (1971). Placement under Ackomosphaera is
therefore provisional.

Genus—Pareodinia Deflandre, emend. Gocht, 1970

Type species—Pareodinia ceratophora Deflandre, emend. Gocht, 1970

Pareodinia psilata sp. nov. (P1. 3, Fig. 51)

Hololype—Pl. 3, Fig. 51; Slide No. 7298-11.

Type locality—Bore hole no. BR-I, depth 3135.50 metres; Senegal Basin, W, Africa.
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Horizon—Albo-Aptian.

Diagnosis—Ambitus oval, no tabulation, capsule or furrows. Apical horn strong,

Archaeopyle absent. Surface smooth.

Measurements Holotype Range
Overall size - .. 71.5x46.8 pm .. .. 67—73%x43—50 pm
Apical Horn size .. .. 26X8 pm .. .. 20—26 x6—8 pm

Comparison—DP. aphelia Cookson & Eiscnack (1958) differs in having granulate surface.

P. spinosa Alberti (1961) differs in its spiny surface. P. psilata sp. nov. differs from the other

known species in its psilate surface.
Genus—Toolongia Cookson & Eisenack, 1960

Type species— Toolongia medusoides Cookson & Eisenack, 1960
Toolongia sp. A (Pl. 3, Fig. 49)

Description—Shell flat, 4 circular, 65 pm in diameter; central boc y microstructured,
covered with thin, smooth membrane, two concentric zones distinct; ledges higa, deve-

loped in centre on one side of periphragm, bases appear to meet in centre, giving an indi-

cation of field. Only a few ledges go beyond last concentric zone. Avchaeophyle not
present.

Remarks—The specimen has been recovered from bore hole CM-4 at a level of 1756.50
metres. (probably Cenomanian-Turonian).

‘Genus—Dinopterygium Deflandre, 1935

Type species—Dinopterygium cladoides Deflandre, 1935
Dinopterygium sp. A (Pl. 3, Figs. 44 & 49)

Description—Shell circular to broadly oval in outline, 60 x80 pm in size with a slight

indication of an embayment produced by longitudinal furrow. Transverse furrow bor-

dered by single membraneous flange, 8-10 pm wide. Tabulation present but indistinct.

Remarks—In polar view the present fossil resembles with Wanaea forms described by
Cooxkson AND Ersenack (1958) and Esenack (1958; pl. 25, fig. 2) but differs in the absence
of radially arranged processes to make the edge.

Present fossils have been recovered from bore hole no. CM-4 at a depth of 2739.40
metres (Albo-Aptian).

Genus—Aptea Eisenack, 1958

Type species-——Aplea /Ju[)ﬂnm‘j‘)ha Liscnack, 1958

Aptea polymorpha liscnack, 1958

Remarks—Aptea specimen have not been included in the plate.

Geologic and geographic distribution—Aptian-Albian(Sina, 1971, p. 370); Lower Aptian
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of France
study).

(DAVEY AND VERDIER, 1974) ; Albo-Aptian of Senegal Basin, W. Alrica. (Present

Genus—Odontochitina Deflandre emend. Davey, 1970

Type species—Odonlochitina operculata (Wetzel) Deflandre & Cookson, 1955

Odontochitina costata Alberti emend. Clarke & Verdier, 1967 (Pl 3, Fig. 52)

Remarks—Present specimens possess distinct surface perforation with long apical horn.
This treatment is made in Sensu Siveu (1971, p. 373). No regular striation are scen 1n

Senegal specimens

Geologic and geographic distribution—Albian-Cenomanian  (See CLARKE & VERDIER
1967, p. 59); Albo-Aptian of bore hole no. CM-4, Senegal Basin, W. Africa, (Present
study).

Odontochitina operculata (Wetzel) Deflandre & Cookson, 1955 (PL. 4, Fig. 59)

Geologic and geographic distribution—Late Hauterivian to Maestrichtian (see SINGH,
1971, p. 372); Albo-Aptian of bore hole no. CM-4, Senegal Basin, W. Africa; (Present

study).
Genus—Kalyptea Cookson & Eisenack, 1960

Type species—Kalyptea diceras Cookson & Eisenack, 1960

Remarks—The taxonomic position of the genus Kalyptea Cookson & Eisenack (1960)
needs consideration. Recently Gocut (1970) considered it to be a junior synonym of
Parecodinia Deflandre (1947). Pareodinia has been diagnosed by DEFLANDRE (1947),
Esenack (1964) and Norris AND SarJeanT (1965). They concluded that it has a
cellulosic shell but never possesses an extra membrance covering the shell, as is mostly the
case with Kalyptea. It is therefore, maintained as a separate genus than Paresdinia.

Druce (1970, p. 814-815)instituted a new genus Caligodinium to accommodate dino-
flagellates having Kalyptea morphology with an additional feature of three plate operculum.
He subsequently placed forms without an operculum under Kalyptea. In fossil state this
condition is quite common, that all morphological feature are not preserved in a single
form. It is therefore, suggested that the diagnosis of Kalyptea should be elaborated, incor-
porating the occurrance of 3 plate operculum.

The following transfers are proposed —

Kalyptea amiculum (Drugg) comb. nov.—Caligodinium ameculum Drugg (1970), p. 815,
figs. 8a&b; 9a&e; Danian.

Kalyptea aceras Manum & Cookson (1964) Lentin & Williams, 1973; Cenomanian.
Kalyptea distincta sp. nov. (Pl 4, Fig. 65)

Holotype—Pl. 4, Fig. 65; Slide No. 7882-3.

Type locality—Bore hole no. CM-1, depth 2640 metres. Senegal Basin, W. Africa.

Horizon—Albo—Aptian.
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Diagnosis—Shell broader than long, thick walled, without any horn; covered in thjy
and smooth veil like membrane on both sides. Shell surface verrucate, verracaec loy,
Archaeopyle apical, formed only by inner layer (endophragm), broader than long.

Measurements Holotype Range

Overall size .. .. 48—74 pm - .. 48—60x70—80 ym
Shell size ;e .. 46—66 pm s .. 40—48 x35—70 pm
Wall thickness .. .. 1.5 ym - .. 1.5—2.6 pm
Varrucae height .. .. 0.6 pm .. .. 04—0.6 pm

Comparison—~Kalyptea distincta sp. nov. is characterised by its broader than long shape

and verrucate shell surface. Other specics of the genus are longer than broad and do not
possess verrucate ornamentation.

Kalyptea sp. A (Pl. 3, Fig. 50)

Description—Shell elongate, 67 x45.5 um in size, apex and antapex rounded, wall

thick; covered with delicate micro-reticulate membrance, not well preserved. Archaeopyle
apical.

Remarks—The specimen has been recorded from Albo-Aptian sample of bore hole no.
CM-I at a depth of 2720 metres.

Genus—Thalassiphora Eisenack & Gocht emend. Gocht, 1968

Type species—Thalassiphora pelagica (Eisenack) Eisenack & Gocht, 1960
Thalassiphora maxima sp. nov. (Pl. 4, Figs. 53—54)

Holotype—Pl. 4, Fig. 54; Slide No. 8456-2.

Type locality—Bore hole no. CM-1; depth 1055.05 metres; Senegal Basin, W. Africa.

Horizon—Campanian-Maestrichtian.

Diagonosis—Capsule spherical, thick walled with ovoidal pylome; boundary wall thick,
surrounded by an equatorially placed wide membraneous wing, double walled with

radially arranged broad folds, spongeous, with slight perforations. No tabulation discernible.

Measurements Holotype 'Range

Shell size 5 80 x 128 um .. 70—80% 110—145 pm
Central body diameter-. . .. 80 um .. 70—80 um

Flange width .. .. 31.5 um -+ 30—45 pm

Comparison— Thalassiphora maxima sp. nov. differs from other known spectes of the genus
in having large spongeous membrane with perforations. Thalassiphora delicata Williams
& Downie (1966) resembles in having perforate ornamentation of periphragm but differs
in its delicate membrancous flange with no radial foldings. N

: : The present specimens are
also much bigger in size.

Thalassiphora sp. A (PL 4, Figs. 61-62)
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Description—Shell spherical, 56 pm in diameter; inuer body oval, 40 pm in diameter,
thick walled, covered with thick membrane placed sub-equatorially, microgranulate. 6.5 pm
wide, radial folds few. Pylome present.

Remarks—These specimens differ from other species of the genus in their smaller size
and microgranulose membrane. It has been recorded from bore hole no. CM-1 at a depth
of 1055.50 metres (Campanian-Maestrichtian).

Genus—Actinotheca Cookson & Eisenack, 1960
Type species—Actinotheca aphroditae Cookson & Eisenack, 1960

Actinotheca sp. A (Pl. 4, Fig. 56)

Description—Shell almost circular, flat, 87 pm in diameter; body L shell shaped;
wing two layered, 9—I11 wm broad outside body margin. Seven pairs of fibres support
wing on one side, running radially up to circum ference of wing forming loops. Wing
thin, smooth, not well preserved throughout body margin. Body wall thick, scabrate.

Remarks—Only a single specimen has been recovered from Maestrichtian level of bore
hole no: CM-1 at a depth of 861 metrcs. Present form differs from Dinopterygium Deflandre
(1936) in the absence of a transverse furrow.

Genus—Gardodinium Alberti, 1961
Type species—Gardodinium eisenacki Alberti, 1961
Gardodinium deflandrei Clarke & Verdier, 1967 (Pl. 4, Figs. 66-67)

Geologic and geographic distribution—Senonian of Isle of Wight, England (CLARkE &
VERDIER, 1967); Campanian-Maestrichtian of bore hole no. CM-4, Senegal Basin,
W. Africa (Present study).

Genus—Hystrichosphaeridium Deflandre emend. Davey & Williams, 1966
Type species—Hpystichosphaeridium tubiferum (Ehrenberg) Deflandre, 1937

Hystrichosphaeridium sp. cf. H. simplicispinum Davey & Williams, 1966. (Pl 4,
Fig. 63)

Description—Central  body spherical, 47 pm in diameter, periphragm and endo-
phragm smooth, processes variable in size, tubiform, margin digitate, up to 15 ym long.
Archaeopyle indistinct.

Remarks—Senegal forms differ from the holotype of H. simplicispinum in having digitate
margin of tubiform processes. The specimens do not show reticulate thickening at the
base of the procasscs. It has besn recorded from Albo-Aptian level of BR-1 bore hole at
a depth of 3135.50 mctres. H. simplicispinum is known from Lower Cretaceous (Middle
Barremian) of Yorkshire, England.

Genus—Oligosphaeridium Davey & Williams, 1966
Type species—Oligosphaeridium  complex (White) Davey & Williams, 1966
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Oligosphaeridium complex (Whitc) Davey & Williams, 1966 (Pl 4, Tig. 57)

Geologic and geographic distribution—Valanginian to Early Eocenc (See Sivew, 1971,
p. 334); Albo-Aptian of bore hole no. BR-I Senegal Basin, W. Africa. (Present  study),

Oligosphaeridium sp. cf. O. Pulcherrimum (Deflandre & Cookson) Davey &
Williams, 1966 (Pl. 4, Fig. 62)

Description—Cyst 4= spherical, body 48 pm in diameter, reflocted tabulation not clearly
discernible; processes 11 in number, apical narrow and short, antapical broader and long,

distally open, terminal expansion wide with vacuolate wall without spines. Archaeopyle
apical. Gyst wall smooth.

Remarks—Present forms differ from other records of the species in having unrecognisable

tabulation, lesser number of processes and lack of spines on the expanded distal rim of
processes.

Geologic and goographic distribution—DEarly Cretaccous to Early Eocene (See SiNngH, 1971;

p. 339); Lower—? Uppzr Aptian of borc hols no. BR-I, Seneg2l Basin, W. Africa (Present
study).

Genus—Litosphaeridium Davey & Williams, emend. Davey & Verdier, 1973

Type species—Litosphaeridium siphoniphorum (Cookson & Eisenack) Davey & Williams,
1966

Litosphaeridium sp. A (Pl. 4, Fig. 59)

Descriptior—Shell spherical, 65 pm in diameter (including processes), double layered;
body 40 pwm in diameter; periphragm ornamentation not clear. Processes variable in

shape, cylindrical to subconical with denticulate distal margin, hollow. Number of pro-
cesses more than 15. Archaeopyle not discernible.

Remarks—Present form approaches nearest to L. siphoniphorum (Cookson & Eisenack)

Davey & Williams (1966) in having similar size, shape and process distribution. But
differs in having more than 15 processes.

It has been recorved from bore hols no. BR-I
at a depth of 3523 m (Albo—Aptian).

Litosphaeridium sp. B (Pl. 4, Fig. 58)

ik e IR, i " - ! . e ) - . ;
Description—Central body spherical (figured specimen not well preserved), 43 pm

in diameter; periphragm granular; processes buccinate, 10—13 x2—9 pm in size, distal

margin recurved, hollow.  Number

Archacopyle apical.

of processes 13. Tabulation typical of genus.

Remarks—Yigured specimen has been recorded from bhove hole no. CM-1 at a depth of

2621 metres (Albo-Aptian).

Genus—Ceordosphaeridium  Liiscnack, 1963 c¢x. Davey &  Williams, 1966 cmend.
Davey, 1969

Type specics—CCordosphacridium inodes (Khumpp) Lisenack, 1963
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Cordosphaeridium senegalensis sp. nov. (Pl. 5, I'ig. 68)

Holotype-—PL. 5, Tig. 68; Slide No. 7880-3.

1vpe locality— Borve hole no. CM-1; depth 1044 metres; Senegal Basin, W. Africa.
Horizon— Campanian-Macstrichtian,

Diagnosis—Cyst spherical, chorate, double layered; endophragm smonth, periphragm
well developed, geanulate with less than 30 processes; processes fibrous, variable in size
and shape, hollow, dorsally open, tubiform with  slightly recurved  dorsal margin.
Cingular processes broader, remaining slender.  Tabulation typical of genus.  Archaco-
pyle apical with one convex side, margin smooth.

Measurements Hololype Range

Cyst size with processes .. .. 110 pm ok .. 100—120 pm
Body diameter . .. 84 pm - .. 80—90 pm
Cingular processes size .. o 28x10 pm L. .. 25—30%9—12 ym
Wall thickness s - 2 pm - .. 1.0—2 ym

Comparison—Cordosphacridium inodes (Klumpp) Eisenack (1963) described in detail by
Gocenr (1969) comes nearest to C. senegalensis sp. nov. in having similar processes and shape
of the cyst. But differs in having fibcrous body wall and shorter processes.  Present forms
differ from other known specics of the genus in having broader cingular processes as com-
pared to apical, precingular, postcingular and antapical processes.

Genus—Coronifera Cookson & Eisenack, 1958
Type species—C. oceanica Cookson & Eisenack, 1958
Coronifera oceanica Cookson & Eisenack, 1958 (Pl. 4, Fig. 64)

Description—Cyst ovoidal in shape; double layercd, endophragm thin, smooth, peri-
phragm thick, ornamented with simple processes, apices truncate. Single, four-sided,
distinct process develop an antapical horn. Archaeopyle precingular, margin simple,
smooth, circular to oval.

Measurements Range

Shell diameter with processes . . 60—63 pm
Body diameter - o 40—47 pm
Length of antapical process . . 14—17 pm
Simple process length - : i 8—14 pm

Geologic and geographic distribulion—Upper Hauterivian to Lower Aptian, France
(MiLLioup, 1969); Albian to basal Coniacian, England (Cookson & HucHuss, 1964;
CLARKE & VERDIER, 1967; Davey, 1969); Albian, France (Davey & Virpier, 1971);
Albian, Cenomanian, Santonian, Lower Gampanian, Australia (Cooxson & EISENACK,
1958, 1968, 1969). Albo-Aptian, Senegal Basin, W. Alfrica (Present study).

Genus—Cleistosphaeridium Davcey ¢/ al., 1966

Type specics— Cleistosphaeridium  diversispinosum Davey el al., 1966

C
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Cleistosphaeridium brevispinosum sp. nov. (Pl. 3, Figs. 80—382)

Holotype—Pl. 5, Figs. 80—81; Slide No. 8966-3.

Type locality—Bore hole no. CM-4; depth 2918 metres; Senegal Basin, W. Afyjcy.
Horizon—Lower-?Upper Aptian.

Diagnosis—Shell spherical, surface moderately thick, densely punctate; processeg

numerous, short, broader at base, uniform in size, tips furcate or slightly bifid, distally
closed. Archaeopyle apical.

Measurements Holotype Range
Shell diameter ) .. 48 pym 45—50 pm
Process size .. .. 26%1.3 pm .. 24—28%x1—1.3 pm

Comparison—C. brevispinosum sp. nov. is characterised by its very short processes and
densely punctate test surface. These features separate it from the other known species
of the genus. C. multispinosum (Singh) Brideaux (1971) compares well in size andl morphology
but differs in not having punctate surface.

Cleistosphaeridium sp. A (Pl. 5, Fig. 78)

Description—Shell rectangular, 46 x48 pm in size, wall 2.5—3 pm thick, surface
perforate. Processes numerous, distally closed.  Archacopyle apical, margin zig-zag.

Remarks—Present spccimen has been recovered from bore hole no. CM-4 at a depth of
980 metres (Campanian-Meastrichtian).

lts rectangular shape and perforate surface dis-
tinguishes it from other known species.

Cleistosphaeridium sp. B (Pl. 5, Fig. 79)

Description—Ccntral body ovoidal, 36 x 26 pm in siz~, jver all size 48 x 34 pm. Sur-

face covered with 8-10 umlong processes, distally closed, some blunt or bifid. Archacopyle
apical.

Remarks—Only a single specimen has been recovered from Albian of bore hole no. BR-1
in Senegal Basin. It differs from most of the species of the genus in its smaller size and

+circular archaeopyle margin.
Genus—Polysphaeridium Davey & Williams, 1966
Type species—Polysphaeridium subtile Davey & Williams, 1966
Polysphaeridium elongatum sp. nov. (PL 5, Figs. 73-74)
Holotype—Pl. 5, Fig. 74; Slide No. 7762-7.
Type locality—Bore hole no. CM-1; depth 861 metres; Senegal Basin, W. Africa.

Horizon—Maestrichtian.

Diagnosis—Cyst oval to elliptical in outline, wall thick, periphragm ornamented

with short, numerous processes, broader at base, truncate or tubiform, hollow distallys
b
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unequal in size; perforate. Endophragm smooth. Archaeopyle apical, slit like.

Measurements Hololype Rangs

Cyst size .. - .. 78x%52 pm » .« 70—80 x50—60 pum
Size of processes . .o 13%2.5—3 pm.. .o 9—I13%x2—4 pm
Wall thickness " .. L5 pm 1—3 pm

Comparison—Polysphaeridium elongatum sp. nov. differs from all the known species of the
genus in having mixed type of shorter and longer processes with perforate periphragm.

Polysphaeridium punctatum sp. nov. (Pl. 5, Figs. 71-72)
Holotype—Pl. 5, Fig. 72; Slide No. 7762-7.
Type locality—Borce hole no. CM-1, depth 861 metres; Senegal Basin, W. Africa.

Horizon—Maestrichtian.

Diagnosis—Cyst spherical in outline, wall thick, periphragm micropunctate, processes
of two types, one shorter, distally truncate and other longer with bifid or spinose apex;
both hollow distally. Archaeopyle apical with angular margin.

Measurements Holotype Range
Cyst diameter . .. 65 pm o .. 60—80 pm
Process size ‘s .. 10x6.5 pm .. .. 10—13%x5—7 pm
Wall thickness . .. 15 pum .. 1OX2 pm

Comparison—P. punctatum sp. nov. comes nearest to P. elongatum sp. nov. in having
similar mixed type of processes and punctate test surface. But differs in having spherical
shape than elongate with dropping processes.

Polysphaeridium granulosum sp. nov. (PlL. 5, Figs. 69-70)

Holotype—PL. 5, Fig. 69; Slide No. 7762-1.

Type locality—Bore hole no. CM-1, depth 861 metres; Senegal Basin, W. Africa:
Horizon—Campanian-Maestrichtian.

Diagnosis—Cyst spherical, chorate, double layered, both endophragm and periphragm
granulate; processes fibrous, short, variable in size and shape, tubifeorm to flared, expanded
distally, narrow in middle, margin slightly recurved, hollow, nearly 60 in number. Tabu-
lation not clearly confirmed. Archaeopyle apical, margin angular.

Measurements Holotype Range

Cyst size .. - .. 90 pm " .o 90—100 wm

Body diameter . .. 70 pm s «o 70—75 pm

Wall thickness . .. 1.0 pm r oo 1L5—26 pm

Size of process o .o 6.5—14x2—6 pm co 6.5--20X2—06 pum

Comparison—DPolysphaeridium granulosum sp. nov. is characterised by its geanulate walls
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with tubiform to flared processes having apical archacopyle. These features distinguyig,
it from other known species of the genus.

G:nus—Cyclonephelium Deflandre & Cookson emend. Williams & Downie, 1966
Type species—Cyclonephelium compactum Deflandre & Cookson, 1955
Cyclonephelium distincium Deflandre & Cookson, 1955 (Pl 5, Ilig. 77)

Geologic and geographic distribution—Albian-Senonian. Senonian of Western Australia
(DeFLanbrRE & Cookson, 1955); Cenomanian of England and France (Davey, 1969).
Albian-Senonian of Australia (Cookson & Esenack, 1962); Campanian-Maestrichtian
of bore hole no. CM-4, Senegal Basin, W. Africa (Present study).

Cyclonephelium sp. A (Pl. 5, Fig. 83)

Description—Shell spheroidal, flatiened, 70 pm in diameter, ornamentation of peri-
phragm perforate, provided with processes of different sizes, broader at base, formed
by joining two or more processes, short, apices pointed (acute) or truncate, texture spongy.
Archaeopyle apical. ‘

Remarks—The specimen has been recorded from' bore hole no. CM-1 at a depth of
894.80 metres (Campanian-Maestrichtian).

Genus—Tenua Eisenack emend. Sarjeant, 1968

Type species—Ten;ta hystrix .Eisenack, 1958

Tenua dubius sp. nov. (Pl 5, Figs. 75—76)

Holotype—Pl. 5, Fig. 76; Slide No. 8632-5.

Type locality—Bore hole no. CM-4, depth 1090 m;:tres; Senegal Bashin, W. Africa.

Horizon—Campanian-Maestrichtian.

Diagnosis—Shell slightly biconical with short rounded apical horn; antapical side
obtusely rounded. Surface covered with long, bifurcate processes. Epitract smoothly

slops into an apical horn. Surface finely granulate. Archacopyle apical with angular
detachment margin.

Measurements Holotype | Range
Overall zs o .. 78%x70 ym .. . 70—80x62—75 pm
Process length - .. 10—15 pm . - v 10—15 pm

Comparison—Tenua dubius sp. nov. differs from Tenua anaphrissia (Sarjeant) Benedek
(1972) in having only one type of characteristic long, bifurcate processes.

Tenua anaphrissa (Sarjeant) Benedek, 1972 (Pl 6, Pig. 84)

Remarks—Present specimens are quite common in bore hole no. BR-1 ac a depth of
3523.00 metre.  (Lower-?Upper Aptian).  'T'he size range of the holotype is 120-—145X
105—130 wm, whereas the  Senegal forms range in lengch from (without apical pm-tioll)
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70—80 pm and in breadth measuring 80—90 pm.  Other features are similar to Specton clay
Tenua (Doidyy) forms.

Geologic and geographic distribution—Lower Barremian of Specton Clay (SArjeant 1968);
Lower-"Upper Aptian ol Senegal Basin, W. Africa (Present study).

Tenua sp. cf. T. hystricella Eisenack emend. Sarjeant, 1968 (Pl 2, Fig. 31)

Description—Shell ovoidal, longer than broad, 57%38 pm in size, wall thin, covered
with short processes, mostly concentrated near apical and antapical ends. Archaeopyle
apical, margin even, circular. No cingulum, sulcus or tabulation.

Remarks—These specimens have been recorded from bore hole no. BR-T at depth of
4024.25 metres. (Lower-?Upper Aptian). It differs from 7. Aypsiricella in having smaller
and circular archaeopyle. It has not been included in Prolixosphaeridium Davey et al. (1966)
due to lack of antapical processes. In its longer than broad shell shape, it approaches
nearer to Pyxidiella Cookson & Eisenack (1958) but differs in having circular archaeopyle
than squarish.

Tenua rioulti Sarjeant, 1968 (Pl. 6, Fig. 88)

Remarks—Senegal forms possess less than 200 spines otherwise are covered within the
diagnostic range of 7. rioulti. ‘

Geologic and gecgraphic distribution—VUpper-most Callovian of Villers Sur-Mer (SARJEANT,
1968) ; Albo-Aptian of bore hole no. BR-1, Senegal Basin, W. Africa (Present study).

Genus—Cannophaeropsis Wetzel emend. Williams & Downie, 1966
Type species—Cannosphaeropsis utinensis Wetzel, 1932

Cannosphaeropsis sp. A (PL. 6, Fig. 93)

Description—Shell circular in outline, 35-40 pum in diameter, thick walled with smooth
surface, radial appendages develop on distal side, equal in size, distal portion of appendages
bifurcate into secondary and tertiary branches which in turn anastomose forming a fine

net of mesh work, periphery irregular but smccth. Overall diameter 60-65 um. An
opening on one side is indicated.

Remarks—The forms are not many and have been recovered from bore hole no. CM-+4
at a depth of 1449.00 metres (Upper Turonian-Santonian).

Genus—Exochosphaeridium Davey et al., 1966
Type species—Ii. phragmiles Davey el al., 1966

Exochospheridium sp. cf. E. bifidum (Clarke & Verdier) Clarke ef al., 1968 (Pl 6,
Figs. 86 & 92)

Description—Ciyst | cireular, 90 pm in size, body 60 pm in diameter, double layvered,
periphragm perforate, processes numerous, long, 18-22 e in length,  nocvow, tips recurved
and bifid, bascs circular, bulbous.  Archacopyle not scen.

—_—
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Remarks—Recently VERDIER el al. (1968) have transferred .Ballisﬁ/l“”idium bifidyy,
Clarke & Verdier (1967) to Exochosphaeridium Davey et al. (1966), which possesses I.)recingular
archacopyle. In most of the features Senegal specimens have an accord with figureq
forms of Baitisphacridium bifidum by CLARKE & VERDIER (1967, pl. 17, figs. 5-6).  But diffe,,
in having mixed type of process endings (recurved and bifid). The archaeopyle is i,
determinable.

Present forms have been observed at Campanian-Maestrichtian level of bore hol,

no. CM-1 at a depth of 946 metres. E. bifidum comes from Senonian of Isle of Wigy,
(CLARKE & VERDIER, 1967).

Genus—Callaiosphaeridium Davey & Williams, 1966

Type species—C. asymmetricum (Deflandre & Courtville) Davey & Williams, 1966
Callaiosphaeridium sp. A (Pl. 6, Fig. 85)
Description—Ciyst spherical, 100 um in size with processes, body 54 um in dizmeter,

wall thick, double layered. Periphragm finely granulate, two types of processes }resent,

one series with large and hollow while other smaller and solid, tips in both bifurcating,
Acrchaeopyle apical. Tabulation typical of genus.

Remarks—Present form shows its best comparison with the figured forms described

under Hexasphaera asymmetrica (pl. 7, fig. 1-3) by CLARKE AND VERDIER (1967) from Senonian
of Isle of Wight.

Genus—Diconodinium Cookson & Eisenack, 1960

Type species—D. multispinum (Deflandre & Cookson) Cookson & Eisenack, 1960

Diconodinium distinctum sp. nov. (PL 6, Figs. 98-99)

Holotype—Pl. 6, Fig. 98; Slide No. 8459-5.

Type locality—Bore hole no. CM-I; depth 1055.30 metres; Senegal Basin, W. Africa.

Horizon—Campanian-Maestrichtian.

Diagnosis—Shell fusiform without capsule; girdle circular, distinct, dividing unequally
into larger epitract than hypotract. Clear lines run from apex to antapex forming dis-
tinct longitudinal aperture on one side, broader near girdle. Shell membrane thickly
ornamented with bifid, stort spines, arranged in longitudin

al lines giving an indication
of tabulation. Apex and antapex pointed.

Measurements Holotype Range

Shell length 78 pm 70—90 um
Shell width 33 pm 30—60 pm
Spine length 1.5 pm

1.5— 3 pm
Comparison—Diconodinium distinctum sp. nov. compares closest with D. dispersum (Caokson
& Eisenack) Eisenack & Cookson (1960), D. multispinum (Deflandre & Gookson)
Eisenack & Cookson (1960), D. pelliferum (Cookson & Eisenack) Eisenack & Cookson (1960)
in having spinose shell surface.  But differs in its distinct longitudinal aperture running
13% Geophytology, 3 (2)



from pole to pole and slight indication of tabulation. The aperture is comparable to
archaeopyle of dinoflagellates though unique in its situation. It is formed from plate de-
tachment. The indication of tabulation, cingulum and longitudinal archacopyle suggests

its inclusion in dinoflagellate and confirm the view of Cookson anp Emsenack (1960,
p. 490).

Genus—Pterospermopsis Wetzel, 1952

Type Species—Plerospermopsis  danica Wetzel, 1952

Pterospermopsis ovatus sp. nov. (Pl. 6, Fig. 96)

Hololype—PL. 6, Fig. 96; Slide No. 9704a-4.

Trpe Locality—Bore hole no. CGM-4; depth 1054 metres; Senegal Basin, W. Africa.

Horizon—Campanian-Maestrichtian.

Diagnosis—Shell oval in apical view, equatorial wing wide, oval, slightly undulating,
radially folded; surface minutely structured to smooth.

Measurements Holotype Range

Overall size ‘& .. 100x66 pm .. .. 85—100 x60—75 um
Shell size .. .. 98X40 pm .. .. 90—60%35—45 pm
Flange width ;s .. 20—30 pm .. .. 20—30 um

Comparison—The Australian species of Pterospermopsis described by DEFLANDRE AND
Cooksox (1955) are much smaller in size. P. ovatus sp. nov. differs from the other known

species of the genus in having oval shell and larger size with micro-structured to smooth
outer membrane.

Pterospermopsis concentricus Sp. nov. (PL. 6, Fig. 87)

Holotype—Pl. 6, Fig. 87; Slide No. 7299-20.

Type locality—Bore hole no. BR-1; depth 3523 metres; Senegal Basin, W. Africa.
Horizon—Albo-Aptian.

Diagnosis—Shell rounded, equatorial wing moderate, foamy, folds concentric, parallel
to tne shell peripnery, shell surface granulate.

Measurements Holotype Range

Overall shell digmeter, | .. 69 pm . .. 50—70 pm
Shell diameter .. .. 56 pm .. +0—60 pm
Flange widih 10 pm " .. 8—10 pm

Comparison—P. concenlricus sp. nov. differs from all the known spectes of the genus in
having characiceristic concentric folds parallel to shell periphery and fhamy cquatorial
wing,

Pterospermopsis barbarae Gorki, 1963 (Pl 6, Iig. 91)
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ution—VUpper Cretaccous, Polend (Gorka, 1963); Camp,.

: caphic distrib :
Geologic and Geographuc at Senegal Basin, W. Africa (Present

nian-Maestrichtian cf bore hole nos. BR-1 & CM-I,
study).

Pterospermopsis sp. A (Pl. 6, Fig. 97)

Description—Shell large, 140% 102 pm in size, cllipsoiodal; body 13384 pum 1n S.ize,
surface microgranulate, covered with thin membrane, flange very narrow, 6.4 pm wide,
folds irregular in centre, radial folds absent.

Remarks—It has been recovered from bore hole no. CM-4 at a depth of 1400 metres

(Campanian-Mazstrichtian).

Pterospermopsis sp. B (Pl. 6, Fig. 95)

Description—Shell 83 x58.5 um in size, margin irregular; body spherical, 56 pum in
diameter, surface smooth; covering membrane thin, micropunctate, loosely folded, form-

ing convoluted marginal flange.

Remarks—This single record comes from bore hole No. CM-4, at a depth of 2918.00
metres (Lower-?Upper Aptian).

Pterospermopsis sp. C (Pl. 6, Fig. 90)

Description—Shell circular in outline, 75 pm in size, body -+ circular, 52 pym in dia-
meter, surface granulate; equatorial flange thin, spongy, extending 10-15 pm beyond

body margin, perforate.

Remarks—Present single fossil has been recovered from bore hole no. BR-1 at a depth
of 3135.50 metres (Albo-Aptian). '

Genus—Baltisphaeridium Eisenack, emend. Downie & Sarjeant, 1963
Type species—DBaltisphaeridium longispinosum (Eisenack) Eisenack, 1958
Baltisphaeridium whitei (Deflandre & Courteville) Sarjeant, 1959. (Pl. 6, Fig. 100)

Description—Shell spherical, 40-45 pm in diameter, surface granulate, covered wit
long thread like processes, vary in length from 12-18 pm, tips pointed.

Geologic and geographic distribution—Middle Albian-Senonian (See SingH, 1971, p. 396);
Albo-Aptian of bore hole nc. BR-1, depth 3135.50 metres, Senegal Basin, W. Africa (Pre-
sent study).

Baltisphaeridium sp. A (PL 6, Fig. 89)

Descriplion—Shell ovoid to spherical, 36x28 pm in size, wall 0.5—1 um thick, surface
covered with long, simple thread like processes, 6-8 pm long, tips capitate or bifid, some
times pointed. Surface unornamented. Archoeopyle not seen.

Remarks—This speccimen has been recovered from bore hole no. CM-4 at o level of 1449
met.res (Upper Turonion—Santonian). It resembles best with B. Jimbriatum (White)
Sarjeant (1959). |
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Baltisphaeridium sp. B (Pl. 6, Fig. 94)

Df’SC)'I[JJIOIl—ShCH spherical, 42.5 pm in diamecter. surface granulate, covered with
long simple, pointed processes of uniform length, process lengih mastly 10-14 um.  Archaco-
pyle not seen.

Remarks—It has been recorded from bore hole no. CGM-4 at o level of 980 metres
(Maestrichtian). These forms approach neavest to B. mullispinosum Singh (1964) but differs
in having granular periphragm surface.

DISCUSSION

The bore hole samples from deep wells viz., CM-4, CM-1, BR-1, DgF-1 and KtF-1
in the Senegal Basin, W. Africa have yielded both miospores (spore and pollen grains)
and microplankton (dinoflagellate and acritarchs). The palynomorphs from these wells
could be recovered at irregular depths which has made it difficult to attempt bcundary
problems. Thus, the present discussion is confined to establish only the assemblage zones
for the purpose of regional correlation.

PALYNOLOGICAL ZONATION

Zone-1: It is represented in bore holes CM-1, CM-4, and BR-1; cach ranging in
depths from 4097 to 3132.60 metres; 3271.50 to 2918 mectres and 3804 to 3672 metres
respectively (Text-figs. 2—4 & 11).

This zone is characterised by the dominance of Subtilisphaera and the subdominance
of Diconodinium associated with poor representation of Gonyaulacysta, Cleistosphaeridium,
Tenua, Oligosphaeridium, Pterospermopsis and Apteodinium, as is evidenced by the generic
frequency charts (Text-figs. 7, 8, 9). But Text-fig. 7 shows the dominance of Apteodinium
and the absence of Subtilisphaera in the bottom samples. This percentage plotting has
been calculated from total 25 spccimens collected at 4097 m (CM-1) and 3271. 50 m
(CM-4). A closer examination of bottom samples in Zone-1 shows frequent fluctua-
tions in the generic percentage due to paucity of individuals and preservation which
led us to include them in the same zone.

Comparison with other phytoplankton assemblages :

The microplankton assemblage recovered from the above mentioned sediments estab-
lishing Zone-1 constitutes the following species: Subtilisphaera senegalensis Jain & Millepied
(1973), S. crassigranulesa J. & M. (1973), S. vertriosa (Alberti) J. & M. (1973), S. scabrata
J. & M. (1973), Diconodinium acutum J. & M. (1973). The forms ascribed to Apteodinium,
Gonyaulacysta, Cleistosphaeridium, Tenua and Oligosphaeridium are few in number.

Recently Davey (1974) has described in detail a phytoplankton assemblage from
the Barremian of Speeton Clay. His assemblage shows the presence of asymmetrical,
thin walled forms designated as Deflandrea perlucida Alberti (PL. 8, Figs. 1-—2) and Deflandrea
terrula sp. nov. (PL. 8, Figs. 4-5). These are transferred here to Sublilisphaera viz., S. perlucida
(Alberti) J. & M. (1973) and S. terrula (Davey) comb. nov. Mirriovn (1967) has also ve-
ported thie cccurrence of Sublilisphaera pirnaensis (= Deflandrea pirnasnsis) lrom Barremian
to Lower Aptian of Angles, France. This factor though common te both, does nat allow
to over-look the associated genera like  Muderongi, Pseudcceratium, Dingodinium ond
Clenidodinium which have been mostly recorded from Barremian sedimendts.
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Davey (1974, p. 71) is of the opinion that the genus Muderongia and the speci,
Pseudoceratium pelliferum, Dingodintum albertti and Clenidodinium elengatulum have as yei neve,
been reported from the Aptian. Though the type species of Muderongia comes from Apti,
of Australia (Cookson & Eisenack, 1958). Emphasizing the stratigraphical impg,.
ance of Muderongia, DAVEY AND VERDIER (1974, p. 650) have remarked in their recent we,y
on “Dinoflagellate cysts from the Aptian type section > that unless these species of
Muderongia have o vounger range in Australia than in Europe their presence would ingi.
cate pre-Aptian age”. The absence of above mentioned forms from the Zone-I assemblag,
precludes the possibility of its being Barremian in age, and supports the contention of
Davey (1974).

Zone-1 dinoflagellate assemblage when compared with Upper Aptian microplankton
assemblage of North Germany (EiseNack, 1958) shows the presence of common genera
like Oligosphaeridium, Tenua, Gonyaulacysta and. Apteodinium. But the dominant element
Subtilisphaera is totally absent in North German assemblage with the dominance of above
listed general which have made their humble appearance in Zone-1. ALBERT: (1959)
has shown that Subtilisphaera (=Deflandrea) pirnaensis (Alberti) J. & M. is common in
Lower Aptian sediments of N. Germany.

Recently DAVEY AND VERDIER (1974) have described the Aptian microplankton as-
semblage from the type area of Aptian in France. They selected the following species to
recognise the Lower and Upper Aptian in the type area. Lower Aptian specics: Ackomo-
sphaera neptuni, Dingodinium albertii, Gardodinium trabeculosum, Miourogonyaulax stover: and
Systematophora schindewolfi; Upper Aptian forms are Astrocysta cretaceae, Prolixosphaeridium
parvispinum, Ovoidinium scabratum, Cleistosphaeridium polyps, Pareodinia sp. and Gonyaulacysta
sp- )

Stratigraphic value of Dingodinium albertii remains doubtful for Barremian sediments
because DAVEY AND VERDIER (1974) have also used it for the recognition of Lower Aptian
in the type area.

Senegal Zone-1 dinoflagellate assemblage is characterised by thin walled delicate
and small sized forms with no floral diversity. This aspect makes it difficult to attempt an
inter-continental comparison.

The foraminiferal dating of Zone-I, in different bore holes, is variable and is con-
cluded tc be Upper Aptian-Albian in Bore hole CM-4; Lower-Upper Aptien in Bere hole
CM-1; and Aptian in BR-1, by C.F.P. and COPETAO (unpublished report). But the

palynological fossils and the microplankton/miospore ratio in all sample included in Zone-1
recovered from different bore holes provide a more or less uniform floral constituents with
the dominance of thin walled asymmetrical dinoflagellates.

Since the palynological conclusions are derived mostly from the negative evidence
we at present conclude that the Zone-I assemblage is Lower-?Upper Aptian in age.

Characteristics of Jone-1:

(1) Lack of diversity in dinoflagcllate flora.

(2) Thin walled, delicate and small sized dinoflagellates.

(3) Microplankton and mijospore percentage ratio (lext-fig. 10) shows (he dommanct
of microplankton (> 90%,).

(4) Dominance of the genus Subtilisphaera.

Zone-II: In this zone sediments have yiclded a rich palynofllora.  Thickness ol the zont
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represented in bore-hole CM-1 ranges from 2720 to 2621 m
BR-1 from 3523 to 3135.50 metres.

KtF (Text-figs. 2-4 & 11).

; in CM-4 at 2739.40 m and in
This zone is not represented in bore-hole DgF-1 and

Following characteristic forms have been recorded :

Gonyaulacysia orthoceras, G. edwardsi, G. helicoidea, G. cf. harda, Apteodinium spinosum sp.
nov., Fromea elongata sp. nov., Spiniferites cingulatus, S. crassimuratus, S. ramosus
subsp. granosus, S. ramosus subsp. ramosus, S. ramosus var. reticulatus, Pterodinium
cornutum, Achomosphaera sagena, Aptea polymorpha, Odontichitina costata, Q. oper-
culala, Kalyptea distincta sp. nov., Gardodinium deflandrei, Oligosphaeridium complex,
O. cf. pulcherrimum, Coronifera oceanica, Tenua dubius sp. nov., T. anaphrissa,

T. roultr, T. cf. hystricella, Exochosphaeridium sp. cf. E. bifidum, and Lilo-
sphaeridium sp.

Apart from these, it is important to note that Coronifera, Trichodinium, Litosphaeridium
and Odontochitina mark thcir first appearance in this zone. Apteodinum dominates the as-
semblage and is different from the ones recovered in zone-I.

Comparison with other known assemblages:

The above listed characteristic forms of this zone suggest a comparison with Upper
Aptian-Albian assemblages.

The Upper Aptian microplankton assemblage described from North Germany
(E1sENACK, 1958) compares best with the present zone assemblage in having common
occurrence of Gomyaulacysta crthoceras, Aptea polymorpha, Tenua cf. hystricella, Odontochitina
operculata, Apteodinium spp., Plerodinium sp., Coronifera oceanica, Actinotheca Sp., Spiniferites spp.
Oligosphaeridgium sp. Frequency of these forms is also quite similar in both.

The Australion Lower Cretaceous microplankton assemblage (EmsEnack &
CooksoN, 1960) shows a closcr comparison in having common forms like Gonyaulacysta,

Apteodinium and Trichodinium. Forms referred to Deflandrea and Subtilisphaera in Australian
assemblage, are absent in the present zone.

The Indian Lower Cretaceous assemblage (Jain & TAUGOURDEAU-LANTZ, 1973)
is also comparable in the total absence of Deflandrea but differs in having Hexagonifera which
mostly occurs in Albian and younger sediments. Other possible comparisons are with the
Albian dinoflagellates reported from Paris Basin (DAVEY & VERDIER, 1971); from Australia
(DeFLANDRE & Cookson, 1955; CooksoN & Eisenack, 1958, 1960, 1969; Eisenack
& CooxksoN, 1960) ; Peace river arca, North West Canada (Singh, 1964, 1971);
Germany (ALBerTI, 1959, 1961); and Upper Green. and, Rumania (BALTEs, 1968, 1967).

Of these above mentioned Albian contributions, the Middle Albian, Peace River
Formation flora (SincH, 1971) matches best in having most of the common genera viz.,
Gonyaulacysta, Apteodinium, Fromea, Cleistosphaeridium, Oligosphaeridium, Prolixosphaeridium,
Exochosphaeridium, Plerodinium, Aptea and Odontochitina. But differs in having Deflandrea
limbata and thc absence of Coronifera. Coronifera is a long ranging genus. DAVEY AND
VERDIER (1971, p. 193) suggest that the stratigraphic range of Litosphaeridium is at present

latest Albian and Cenomanian. Occurrence of Litosphaeridium in Zone-1I also indicates
Albian probability.

Above comparisons show that the Zone-11 assemblage is more akin to Upper Aptian
than Albian. But there is no definite ground except for the negative evidence that the
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following genera arc totally absent viz., Q’a;pod[niuni, Elli/).so'di/timn,' ﬁb)lstriog)s'la,fPhObem%la,
Psaligonyaulax, Cauca, Hexagonifera, .S'mwma.rﬁ/szm, Stephodinium which have so far hecn re.
ported from sediments younger than Aptian. | |
Microforaminiferal dating proposed by C.F.P. and 'CQPETAQ (Unpub'hshed. repory)
suggosts an Albo-Aptian age for zone-11 sediments. Dinoflagellate are in accordan,

with the above dating.

Characteristics of Jone-II:

(1) Absence of Deflandrea and Sublilisphaera. -
(2) First appearance of Trichodinium, Odontochilina and Coronifera.
(3) Abundance of Apteodinium.
(4) Dinoflagellates dominate over microspores.

Zone-IIT(?) : Tt is represented only in-three bore holes viz., GM-1, BR-1 and CM-4 4
single depth, 1962 m, 2792 m and 2463 m respectively. In these samples miosporcs domi-
nate over microplankton in the ratio of 3 : 1 which marks an environmental change.

The common microplankton genera encountered arve Aptea, Veryhachium, Diconodinium
and Trichodinium. The preservation of fossils is not up to the mark and therefore, the zone
is provisional. According to palaeontological data (Reports of -C.F.P. and OPETAQO
unpublished), these have been placed under Albian-Upper Cenomanian. On the basis
of phytoplankton, we have no conclusive evidence to comment upon its age and hence
provisionally maintain the same.

{one-IV: In ascending stratigraphic order it occupies a younger stratigraphic position
in the bore holes CM-1, CM-4, DgF-1 and KiF-1. This zone in bore-hole CM-1 is repre-
sented from 1055.35 to 946 m; in CM-4 from 1400 to 980 metres; in DgF-1 at 1685 m and
in KtF-1 at 1040 m.

The composit assemblage recovered from the samples in this zone includes the follow-
ing important constituents. viz., Dinogymnium acuminatum, D. major sp. nov., D. biconicum
sp- nov., D. westralium, D. denticulatum ; Senegalinium bicavatum, S. psilatum, S. granulostriatum,
S. trisinum, S. dubium; Geiselodinium microgranulosum ; Palacocystodinium punctatum; Cleisto-

sphaeridium brevispinosum ;. Cyclonephelium distinctum;  Diconodinium distinctum ;  Trichodinium
bifurcatum and Lejeunia sp.

The dinoflagcllate assemblage in this zone is characterised by the dominance cf
Trichodinium (Text-figs. 7 & 8) with associated subdominant gencra,

like Dinogymmnium,
Palacocystodinium and Senegalinium.

Comparison with other Upper Crelaceous assemblages :

Recently HarLann (1973) has described Campanian microplankton from Bearpaw
Formation, Canada. It is characteriscd by the presence of Deflandrea, Diconodinium and
Lejeunia along with Gyclonephelium distinclum, Oligosphaeridium pulcherrimum. The later two
species are common to Zone-1V assemblage.  Senegalinium con be treated as represent-
ative of the family Deflandreaceac.

Microplankton asscmbloge recovered from two samples
Borehole, Western Australio. between 202 and 204 feet (
has been assigned to Campanian or possibly Santonian 2ge, do not compare in its gcncrﬂl
appearance with the present assemblage. Tt locks Trichodinium, Dinogymnium and Senegalt-
mum though quitc dominant in its Deflandrsa contents.
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ZA1TzEFF AND CRross (1970) has discussed in detail the dinoflagellates and acritarchs
of the Navarro Group (Maestrichtian) of Texas. The striking common feature between
Texas and Zone-1V assemblage is the marked representation of Dinogymnium (D. weslralium),
Deflandreaceae, Polysphaeridium, Cleistosphacridium, Spiniferites, Achomosphaera, Cyclonephelium
and Diconodinium.

JAwN et al. (1975) have discussed in detail the fossil dinoflagellates across Maestrichtian-
Danian boundary in Lower Assam, India. On the basis of Dinogymnium spp. and in parti-
cular D. acuminatum Evitt et al. (1967), they have concluded Maestrichtian age for the
Jadukata and the Mahadek formations. This species has been observed in all the samples
of Zone-1V except at 1055.35 metres in CM-1 which may fall older than Maestrichtian.

VozzHENNIKOVA (1967, in English translation 1971, p. 21) has also emphasized the
predominance of Dinogymnium (Gymnodinium) in Senonian deposits of U.S.S.R. Similar

results were obtained by Druce (1967) while describing the palynology of the Upper Moreno
Formation (Maestrichtian).

Davey (1969 a & b) has described Campanian-Maestrichtian microplankton from

South Africa. His assemblage has very little in common with the present one except for
Diconodinium and Palacocystodinium.

Recently KjerrstrRom (1973) has described Maestrichtian microplankton from
Hollviken Bore hole No. 1 in Scania, which dominates in the occurrence of Cavate forms
(Deflandera) with total absence of Dinogymnium and Trichodinium. The later two genera
are the important constituents of Senegal microplankton assemblage. This difference in
floral constituents can be explained in view of their widely separated geographic locations.

These observations and comparisons lead to conclude that the Zone-IV microplankton
assemblage is Campanian-Maestrichtian in age. Palaeontological results of C.F.P. and
COPETAO (unpublished) log data also support the above dating.

Characteristics of Jone—IV :
(1) Dominance of Trichodinium.
(2) Marked representation of Dinogymnium with common occurrence of D. acuminatum.
(3) Thick walled dinoflagellates, mostly Cavate or bicavate.
(4) Family Deflandreaceae well represented.
(5) Microplankten dominate over miospores.

Kone-V: This has been marked at the top of the bore-hole CM-1, CM-4 and KiF-1
only. Itranges from 894.50 to 665 m in CM-1; at 936 metres in CM-4 and at 721 metres
in KtF-1 (Text-figs. 2-6 & 11).

Main constituents of this zone arve Trichodinium, Cleistosphaeridium, Cyclonephelium,
Geiselodinium, Polysphaeridium, Palaeocystodinium, Senegalinium and Achomosphaera.

The zone has been separated in view of the total absence of Dinogymnium which charac-

terised Zone-IV. Other constituents are similar to Zone-IV; with similar abundance
of Trichodinium.

This assemblage does not possess any Palaeocene element like Eisenackia or Wetzelialla
It is therefore treated as an Upper most part of the Maestrichtion.  Palacontological
dating sunports this finding.

etc.

The absence of Dinogymnium ot this level suggests the possibility that the genus has some
restricted occurrence in Macstrichtian may be thot it does not occur in the uppermost
levels of Upper Maestrichtian.  This requires more data to couliem the above contention.
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Zone-V is well represented in bore-hole CGM-1. Tt includes microfloral assemblages
recovered at three levels viz., 894.50, 861 & 655 m. The chief constituents of dine-
flagellate assemblage at 894.50 m ave Cyclonephelium, Palacocystodinium, Polysphaeridium,
Cleistosphaeridium and  Tenua with total dominance of microplankton (807, 24 compared
to miospores (209;). The next assecmblage in ascending order (ot 861 m) includes Poly-
sphaeridium as dominant clement with Achomosphaera, Tenua, Kalyplea and. Spiniferites. At
this level the microplankton and miospore ratio becomes more or less equal. The com-
mon clements with previous assecmblage arc: Polysphaeridium and Tenua. "The 125t and the
topmost assemblage from 635 m possesscs Cyclonephelium and Palacocystodinium  which are
also recovered from Zone-1V. 1In this assemblage the miospores (607, dominate over
microplankton (40°;).
Characteristics ¢f Lone-1":

(1) Absence of Dinogymnium.

(2) Abundance of Polysphaeridium and Cyclonephelium.

(3) Diversity in dinoflagellate flora.

(4) Gradual decrease in the dinoflagellate pcrcentage from base to top.

Palacocnoironmenial Conclusions:

From the charactcristics of cach zone and the miospore-microplankton pcrcentage
ratio (Text-fig. 10), it is quite evident that during Lower-?Upper Aptian (Zone I) the
salinity of sea water was low, which is evidenced from the low diversity in dinoflagellate
constituents (HURLBURT, 1963; SarjeanT, 1970). For Subtilisphaera a mcmber of the
family Deflandreaceae, we derive that it must have occurred in reduced salinity, and
shallow depths.

The characteristics of Zone-II (Albo-Aptian) evidently suggest that the floral consti-
tuents are totally different from the Zone-I, but both zones show the domin2nce of dino-
flagellate percentage over miospores. The diversity in dinoflagellate flora with an abund-
ance of Gonyaulacacean forms than Peridiniacean in Zone-II indicates distinct change in
salinity, temperature and depth.

With the present information available from the ?Zone-III (Albo-Upper Cenomanian)
it is not possible to give any definite comment upon the palaeoenvironmental conditicns
except that the sediments were deposited under lagoonal or brakish water conditions, as
is evidenced from high percentage of miospores than microplanktons (Text-fig. 10).

An examination of Zone-IV (Campanian-Maestrichtizn) miospore-microplankton
percentage chart (Text-fig. 10) clearly indicates a sudden rise in the microplankron per-
centage with the diversity of forms (specially thick walled). This again suggests fluctua-
tion in salinity and depth. Senegalinium being the member of Deflandrcaceae and an allied
genus of Deflandrea it is quite likely that this also supports near shove deposits (VOZzHENNI-
Kova, 1965; Davey, 1966).

The 230 metres thick sequence of zone-v shows a gradual decrcase in dinoflagellate
percentage from base (894.50 m) to top (665 m). This cbservation supports the conclusions
of Spengler (1964, p. 87) that there was general regression at the end of Macstrichtian.
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EXPLANATION OI' PLATES

(Al magnitications X 500 until otherwise stated)

PraTe 1
1-20 Dinogymnium major sp. nov.; Slide nos. 8668-23 & 8668a-12.
34, Dinagymuium biconicum sp. nov.; Slide nos. 8668-22 & 8668a-7 (both magnificd x 250).
5-8.  Dinogymnium acuminatum Ewvitt et al., 1967 Slide nos. 8674-3, 5957-1, -8703-4 & 8G74-6.
9. Dinogymnium westralium (Cookson & Lisenack) Lvitt. ef al., 1967; Slide no. 8634a-3.

10.  Dinogymnium denticulatum (Alberti) Evitt et al., 1967; Slide no. 8479-17.
11. Dinogymnium sp. A; Slide no. 8459a-10.

12, Dinogymnium sp. B; Slide no. 5957-5.

13.  Dinogymnium sp. C; Slide no. 8674-14.

14-16.  Trichodinium bifurcatum sp. nov.; Slide nos. 8668-7, 8668-29 & 8634b-1.
17-18.  Trichodinium sp. A; Slide no. 8459-7. (Fig. 18 same in another focus).

PraTE 2

19.  Gonyaulacysta cdwardsi (Gookson & Eisenack) Clarke & Verdier, 1967; Slide no. 5976-8.

20. Gonyaulacysta orthoceras (Eiscnack) Sarjeant, 1966; Slide no. 5976-6.

21-22.  Gonyaulacysta sp. A; Slide no. 5976-7 (Fig. 21 showing dorsal view and Fig. 22 showing ventra]
view). '

23.  Apteodinium sp. A; Slide no. 8960-9.

24. Gonyaulacysta sp. G; Slide no. 7299-4.

95. Gonyaulacysta helicoidea (Eisenack & Cookson) Sarjeant, 1966; Slide no. 7299-17.

26. Gonyaulacysta sp. cf. G. hadra Sarjeant, 1966; Slide no. 7298a-2.

27.  Apteodinium spinosum sp. nov.; Slide no. 7298-19. ‘

28. Gonpaulacysta sp. B; Slide no. 5125a-1.

29-30. Fromea elongata sp. nov.; Slide nos. 7299-5 & 7299-16.

31. Tenua sp. cf. T. hystricella Eisenack emend. Sarjeant, 1968; Slide no. 7302c-2.

32-33. Leptodinium micropunctatum sp. nov.; Slide nos. 7949-2 & 7882-2. '

PLATE 3

34. Spiniferites cingulatus (Wetzel) Sarjeant, 1970; Slide no. 7298-22.

35.  Spiniferites ramosus subsp. multibrevis (Davey & Willaims) Lentin & Williams 1973 Slide no. 7298-22.

36.  Spiniferites ramosus subsp. ramosus (Ehrenberg) Lentin & Williams, 1973 ; Slide no. 7299-30.

37. Spiniferites ramosus var. reliculatus (Davey & Williams) Davey & Verdier, 1971; Slide no. 8454a-6.

38-39. Spiniferites crassimuratus (Davey & Williams) Sarjeant, 1970; Slide no. 8454a-1 (Same specimen
in two views).

40. Spiniferites ramosus subsp. granosus (Davey & Williams) Lentin & Williams, 1973 ; Slide no. 8456-12.

41. Hpystrichodinium sp. A; Slide no. 8674-11.

42-43. Pterodinium cornutun Gookson & Eisenack, 1962 ; Slide nos. 7882-6 & 7883-4.

44. Dinopterygium sp. Aj Slide no. 8967-5.

45. Toolongia sp. A; Slide no. 8667-6.

46. Achomosphacra sp. B; Slide no. 8674-15,

47. Achomosphaera sp. A; Slide no. 5956-1.

48. Achomosphacra sagena Davey & Williams, 1966; Slide no. 7879-2.

49. Dinopterygium sp. A; Slide no. 8967-3.

50. Kalyplea sp. A; Slide no. 7883-3,

51.  Pareodinia  psilata sp. nov.; Slide no. 7298-11.

52.  Odontochitina costata Alberti emend.  Clarke & Verdier, 1967; Slide no. 8967-1.

PLATE 4

53-54.  Thalassiphora maxima sp. nov.; Slide nos. 8456-1 & 8456-2,

55.  Odontochitina operculata (Weltzel) Deflandre & Cookson, 1955; Slide no. 8967-21.
56. Actinotheca sp. A; Slide no. 7762a-2.

57.  Oligosphaeridium complex (White) Davey & Williams, 1966; Slide no. 7298-27.
58. Litosphaeredium sp. B ; Slide no. 7903-1.

170 Geophytolog), 3 (2)



Grophytology, 5 (2)
Jain & Millepied—Plate 1



o SRRy SR

£
|

Geophytology, 3 @

Jain & Millepied—Piate 2




i = .
AT s

“y

S M

M3 & Millspled—Flate 3

Geophytology, 5 (2)



ML el 55T

Jain & Millepied—Plate 4

Geophytology, ¥ )



- Geophytology, 5 (2) Jain & Millepied—Plate 5



"'y
sl

Aot Bicwn. on

T g

Jain & Millepied—Plate 6

Geaphytology, 5 (2)



59. Litosphacridium sp. A; Slide no. 7299-35.
60-61. Thalassiphora sp. A; Slide nos. 8461-5 & 8674-4.

62. Oligosphaeridium sp. cf. O. pulcherrimum (Deflandre & Cookson) Davey & Williams, 1966.

63. Hystrichosphaeridium sp. cf. H. simplicispinum Davey & Williams, 1966; Slide no. 7298-19.
64. Coronifera oceanica Cookson & Eisenack; Slide no. 8967-11.

65. Kalpptea distincta sp. nov.; Slide no. 7882-3.

66-67.  Gardodinium deflandrei Clarke & Verdier, 1967; Slide no 8704-3 (same specimen in different foci)
PLATE 5

68. Cordosphaeridium senegalensis sp. nov.; Slide no. 7880-3.

69-70.  Polysphaeridium granulosum sp. nov.; Slide nos. 7762-1 & 7762a-5.

71-72.  Polysphacridium punctatum sp. nov.; Slide nos. 7762a-4 & 7762-7.

73-74.  Polysphaeridium elongatum sp. nov.; Slide nos. 7762a-2 & 7762-7.

75-76. Tenua dubius sp. nov.; Slide nos. 8632-9 & 8632-5.

77.  Cyclonephelium distinctum Deflandre & Cookson, 1955; Slide no. 8667-8.

78.  Cleistosphaeridium sp. A; Slide no. 8668-13.

79. Cleistosphaeridium sp. B; Slide no. 7299-10. :

80-82. Cleistosphaeridium brevispinosum sp. nov.; Slide nos. 8966-3 & 8674-17. (fig. 80—dorsal view, fig.
81-Ventral view).

83. Cyclonephelium sp. A; Slide no. 8457-6.

PLATE 6

84. Tenua anaphrissa (Sarjeant) Benedek, 1972; Slide no. 7299-24.
85. Callaiosphaeridium sp. A; Slide no. 9405-5.

86. Exochosphaeridium sp. cf. E. bifidum (Clarke & Verdier) Cl
87. Pterospermopsis concentricum sp. nov.; Slide no. 7299-20.

88. Tenua rioulti Sarjeant, 1968; Slide no. 7299-3.

89. Baltisphaeridium sp. A; Slide no. 8698-1.

90. Pterospermopsis sp. C; Slide no. 7298a-12.

91. Pterospermopsis barbarae Gorka, 1963; Slide no. 8459a-4. . ’
92. Exochosphaeridium sp. cf. E. bifidum (Clarke & Verdier) Clarke et al., 1968; Slide nol 8457-6.
93. Cannosphaeropsis sp. A; Slide no. 8698-5.

94. Baltisphaeridium sp. B; Slide no. 8668-16.

95. Pterospermopsis sp. B; Slide no. 8966-6.

96. Pterospermopsis ovatus sp. nov.; Slide no. 9704a-4.

97. Pterospermopsis sp. A; Slide no. 8634-1.

98-99. Diconodinium distinctum sp. nov.; Slide nos. 8459-5 & 8460-7.

100. Baltisphaeridium whitei (Deflandre & Courteville) Sarjeant, 1959; Slide no. 7298-10.

arke et al. 1968 ; Slide no. 7299-20.
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