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ABSTRACT

Neogene sedimentary sequences of the Andaman and Nicobar islands in the Northeast Indian Ocean, which are largely composed of
deep marine facies, contain rich microfossil assemblages. The radiolarian assemblages in the sequences are comparable in abundance and
diversity to those found in low latitude deep sea drill cores. In this work, radiolaria from six stratigraphic sections in the Andaman islands
have been documented. The assemblages range from early to middle Miocene and are assigned to Stichocorys wolffii Zone and Caloc cletta
(Calocyclissima) costata Zone. Ten radiolarian events have been identified. These events have been compared with those observed by
other investigators in low latitude sediments from Atlantic, Pacific and Indian Ocean. The succession of events in different biostratigraphic
zones show good agreement in almost all the sites except in the east central Pacific. Brief taxonomic notes and illustrations of all the

reported taxa are presented.
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INTRODUCTION

Rich microfossil assemblages characterise the
Neogene sedimentary rocks of the Andaman-
Nicobar Islands in the Northeast Indian Ocean.
While Paleogene rocks constitute the major
lithological units of the main ridge of Andaman-
Nicobar. Neogene rocks are found in the islands of
the Ritchie’s Archipelago and in some islands
situated on either side of the main ridge. The
Neogene rocks form a more or less complete
sequence of strata ranging from early Miocene to
Pleistocene.

The earliest record on radiolarian occurrence in
Andaman-Nicobar is by Ehrenberg (1854a) from the
rocks of Kamorta and Nancowry Islands.
Subsequently, presence of radiolaria in the strata of
Andaman-Nicobar were noted by a few other
workers. Inspite of being very abundant and well
preserved in the Neogene rocks, radiolarians
received attention of micropaleontologists in the last
five decades. Preliminary reports on the occurrence
of radiolarian taxa are by Jacob and Shrivastava
(1952) and Singh and Vimal (1973). Detailed work
on radiolaria began in the nineteen eighties and
publications documenting radiolarian taxa,
biostratigraphy and other radiolarian-based studies of

the Neogene rocks are by Srinivasan, Lombari and
Dave (1983), Sharma and Sharma (1988, 1989),
Gupta and Srinivasan (1992), Sharma and Singh
(1993), Sharma, Srinivasan and Mahapatra (1993),
Mahapatra and Sharma (1994), Sharma and Singh
(1997a,b), Sharma and Daneshian (1998), Sharma,
Singh and Rawal (1999), Singh, Srinivasan and
Sharma (2000) and Sharma and Daneshian (2003).

The present work is in continuation of our
investigations of Radiolaria of the Andaman-Nicobar
Islands and is aimed at assigning precise age to the
studied sections and documentation and illustration
of radiolarian taxa. The six examined sections are
located on five islands, viz., Strait, Colebrook,
Nicholson, Havelock and Henry Lawrence Islands
(fig. 1). In this study, 145 radiolarian taxa have been
reported, biostratigraphy of each section is
established and radiolarian events are identified. We
hope that the data will be useful for comparison with
that from other tropical areas. Partial to complete
closure of the Indonesian Seaway in the Cenozoic
(Kennett, Keller and Srinivasan, 1985; Ali, Spencer
and Hall, 1993; Nishimura and Suparka, 1997,
Linthout, Helmers and Sopaheluwakan, 1997,
Srinivasan and Sinha, 1998) played an important role
in oceanographic, climatic and biotic changes in the
northeast Indian Ocean and western Pacific.
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Consequently, such a comparison, especially with the
radiolarian assemblages from the tropical Pacific
region will be useful.

EARLIER WORK, MATERIAL AND
METHODS

Most of the islands, from which sections were
sampled, are not easily approachable due to lack of
any regular transport system. Also, rock exposures
are uncommon due to the presence of dense forest
and vegetation. These were possibly the main
reasons that not much work was done on these
islands. Among the five islands, only Havelock Island
is easily approachable and has human settlements.

Twenty grams of each sample are used for
disaggregation and strewn slides are prepared by
usual method (Sanfilippo, Westberg-Smith and
Riedel, 1985). In all, 89 samples were disaggregated
and slides of each were prepared. Extremely poor
or barren samples (total number 14) were not
included in the study (fig. 2). The taxa are reported
in the systematic part of the paper. The chart
showing distribution of identified taxa in each sample
is not provided in this work but can be obtained on
request from the authors.

Description of the studied sections and a brief
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Fig. 1. Map showing location of the studied sections.

account of earlier micropaleontological work on the
islands are presented in the following section. The
sections were sampled by one of the authors (MPR

'EXPLANATION OF PLATE I

e

(Magnification X 200)

1. Acrosphaera spinosa echinoides Haeckel, surface in focus,

CB 113A.

2. Acrosphaera spinosa spinosa (Haeckel), surface in focus,
CB 125A.

3-5. Actinomma spp. Nigrini and Lombari, 3, surface in focus,

4, periphery in focus, CB 129A; 5 surface in focus, SH3A.
Hexastylus thaletis Haeckel, surface in focus, CB 133A.

Cenosphaera coronata Haeckel, surface in focus, CB

121B.

8. Cenosphaera compacta Haeckel, surface in focus, CB
127A.

9. ?Cenosphaera cristata Haeckel, surface in focus, CB 127B

10-12. Thecosphaera sanfilippoae Blueford, 10, surface in focus,
NS 77A; 11, periphery in focus, 12, surface in focus, CB
129C.

13-14. Carposphaera raiai Blueford, 13, surface in focus, 14,
periphery in focus, CB 127A.

15. Cenosphaera riedeli Blueford, surface in focus, CB 113A.

16,20. Trisolenia megalactis megalactis Ehrenberg emend.

Bjorklund and Goll, 16, surface in focus , ST 5A; 20,
surface in focus, CB 121A.

17. Ethmosphaera conosiphonia Haeckel, surface in focus. CB
129A.

18-19. Carposphaera nodosa Haeckel, 18, surface in focus. 19
periphery in focus, CB 109B.

21,24, Collosphaera spp., 21, surface in focus. NS 89E: 24
surface in focus, NS 57C.

22-23. Hexacontium hexactis (Stohr), 22 surface in focus,.
23 periphery in focus, CB 135B.

25-28. Druppatractus sp. B. 25, 28, surface in focus, 26, 27,
periphery in focus, CB 129B.

29-30. Druppatractus hastatus Blueford, 29, periphery in focus.
NS 77B; 30, surface in focus, NS 81A.

31-32. Hexastylus favulosus Blueford, 31 surface in focus. 32,
periphery in focus, CB129A.

33. Druppatractus irregularis Popofsky, surface in focus, CB
129C.

34, Druppatractus sp.A., surface in focus, CB 129A.

35-36. Ellipsostylus sp.A., 35, surface in focus. 36, periphery in
focus, NS 81A.

37. Ellipsostylus salebrosus Blueford, surface in focus, CB
129C.
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and this is the first record of radiolaria from these
sections.

Phurli Nala Section, Strait Island

This section is located in the northeastern part
of the island, close to the sea coast (fig. 2). In total,
17 samples were collected from the section. The
strata show about 40°dip towards west. Lithology
of the section comprises predominantly calcareous
and siliceous chalk (chalk with glass shards). The
upper part of the section contains alternate beds of
mudstone, siltstone and limestone. Samples with poor
radiolarian content are not included in the study.

The earliest micropaleontological work on Strait
Island seems to be by Sastri and Bedi (1962) who
reported a few taxa of larger and smaller
foraminifera and assigned a Burdigalian age. Based
on planktic foraminifera, Srinivasan (1977) assigned
the rocks of Strait Island to Globorotalia kugleri
Zone to Globigerinatella insueta Zone (late
Oligocene to late early Miocene).

East Piu Bay Section, Colebrook Island

The section is exposed along the coast in the
form of a cliff in the southern part of the island (fig.
2). It is composed predominantly of siltstone. A thin
layer of ash is noticed in the lower part of the
sequence. Strata dip at 35°towards NW. The
samples were collected by taking a traverse along
the coast. Twenty two samples were examined from
this section. The samples contain abundant radiolaria
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Fig. 2. Lithologs of the examined sections and stratigraphic
position of samples. Samples marked with asterisks are not included
in the study as they are either barren or extremely poor in
Radiolaria.

EXPLANATION OF PLATE II

(Magnification X 200)

1. Stylatractus universus Hays, periphery in focus,
CBI133A.

Stylatractus spp., periphery in focus, CB 129A.

3-4.  Ellipsostylus sp.B, 3 surface in focus, 4, periphery in focus,
CB 113A.

5-6. Sphaerostylus rosetta Blueford, 5, surface in focus, 6,
periphery in focus, CB 129C.

7-8. Sphaerostylus cristatus Blueford, 7 surface in focus, 8,
periphery in focus, CB 125A.

9-10. Druppatractus aquilonius Hays, 9 surface in focus, 10,
periphery in focus, NS 91A.

11-12. Xiphostylus sp., 11, surface in focus, 12, periphery in focus.

13-14. Amphistylus spp., 13, surface in focus, 14, periphery in
focus, CB 117C.

15-16. Spongodiscus spp., 15, CB 129A; 16, SH7A.

17. Heliodiscus echiniscus Haeckel, CB 133A.

18. Spongopyle osculosa Dreyer, CB 127A.

19-20. Larcopyle buetschlii Dreyer, 19, NS 65B; 20, CB 127A.
21. Prunopyle tetrapila Hays, NS 103A.

22. Stylodictya aculeata Jorgensen, NS 71A.

23. Spongocore puella Haeckel, CB 127A.

24. Spongotrochus glacialis Popofsky group, CB 133A.
25. Styptosphaera (?) spumacea Haeckel, CB 129A.

26. Heliodiscus asteriscus Haeckel, periphery in focus, CBE
129C. '

27. Larcospira moschkovskii Kruglikova, CB 129A.
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with good preservation (fig. 2).

The earliest micropaleontological work on this
island seems to be that of Boileau (1950) who
reported presence of diatoms and larger foraminifera
from the clays of Colebrook island and considered
them to be pre-late Oligocene age (cited from Jacob
and Shrivastava, 1952). Jacob and Shrivastava
(1952), who studied the samples of clays of
Colebrook island collected by Boileau, found a rich
assemblage of microfossils, which included diatoms,
Radiolaria and foraminifera. They reported twelve
radiolarian genera and one silicoflagellate genus and
suggested a probable Miocene age. Desikachary and
Maheswari (1958) described twenty species of
diatoms belonging to fourteen genera from this
island. They (1958), however, did not suggest any
age based on diatoms. An integrated work on
planktic foraminifera and Radiolaria from a
stratigraphic section of this island was first published
by Srinivasan et al. (1983). Based on planktic
foraminifera, they referred the assemblage to
Catapsydrax dissimilis and Catapsydrax
stainforthi Zones ranging in age from 18.5 Ma to
19.5 Ma and the radiolarian assemblage to
Stichocorys wolffii Zone. Later, Wei and Srinivasan
(1984) examined calcareous nannoplankton from the
same samples of Piu Bay Section, as those used in
the study by Srinivasan et al. (1983), and suggested

that the assemblage belonged to the Helicosphaera
ampliaperta Zone, spanning 17.5 Ma to 15.0 Ma.
Mahapatra and Sharma (1994) studied Radiolaria of
this island and reported thirty-four Trissocyclid
radiolarian species belonging to the Stichocorys
wolffii and Calocycletta costata Zones.

North Point Sections ‘A’ and ‘B’, Nicholson
Island

A sequence consisting of a uniform lithology of
calcareous chalk is exposed in the northern tip of
Nicholson island. The strata have a uniform dip of
30% towards northeast. Samples were collected from
two sections (North Point Section "A" and ‘B")
which are separated by a ‘no exposure zone'.
Though these sections seem to be part of the same
sequence their exact stratigraphic relationship could
not be established. Samples of both the sections
contain abundant radiolaria showing good
preservation. Samples at 1 metre intervals were
collected from the North Point Section *A’. However.
alternate samples (a total of 19) were used in the
present study.

As in the case of North Point Section "=
samples were collected at 1 metre interval from
North Point Section ‘B’, but alternate samples
total of 8 samples) were studied.

EXPLANATION OF PLATE III

(Magnification X 200)

1-2.6. Spongotrochus (?)venustum (Bailey), 1, CB 129C: 2,
NS 75A; 6, CB 115B.

. Phacodiscus sp., surface in focus, CB 129A.
4. Porodiscus sp.A, CB 121A.

. Porodiscus (?) sp.B, CB133A.

7-8. Stylochlamydium asteriscus Haeckel, 7, NS 77B:. 8,
CB 129A.

9. Cubotholus sp., NSTTA.

10. Prunopyle sp., CB 105B.

11-12. Spongaster spp., CB 127A.

13. Stylodictya validispina Jorgensen, NS 77A.

14. Circodiscus microporus (Stohr), CB 129C.

15. Circodiscus sp.A. NS 75A.

16-17. Phorticium polycladum Tan and Tchang, 16, SH3A;
17, NS 77B.

18. Phorticium pylonium Haeckel, SH3A.

_

19-20. Octopyle stenozona Hacckel O3 -

21. ?Pylospira octopyle Hacckel periomo- 7oz CB
127A.

22. Circodiscus sp.B, CB129A.

23. Hexapyle spp., SH3B.

24.26-27. Lithelius minor Jorgensen. 24. CB 127B: 26-27. NS

77B.
25, 31. Tetrapyle octacantha Nuller. 23. SH5A: 31, CB 129C.
28, 30. Lithelius nautiloides Popofsky, 28, ST 5A; 30. NS

73A.
29. Didymocyrtis mammifera (Haeckel). CB 127B.
32-33. Spongurus spp., 32, STSA; 33, CB 129C.
34. Spongurus (?) sp.A, CB 129B.
35-36. Spongurus (?) sp.B, CB 125A.
37. Didymocyrtis prismatica (Haeckel). CB 11 =

38. Didymocyrtis violina (Haeckel), CB 120~
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Sastri and Bedi (1962) presented a brief note.
on the occurrence of larger and smaller foraminifera
in the rocks of the island and assigned a Burdigalian
age. A few calcareous nannofossils were reported
by Pant and Bandopadhyaya (1972, reference cited
from Jafar and Singh, 1996) from the samples of
Nicholson (and other) island. Srinivasan (1977, 1978)
carried out planktic foraminiferal study, based on
which he reported two zones at Nicholson island,
viz., Globigerinatella insueta Zone and
Praeorbulina glomerosa Zone. Mathur (1985),
identified 27 species of diatoms in the samples from
this island. The first work on radiolaria of the island
is by Sharma and Daneshian (1998) who reported
124 taxa from the South Point Section of the island
and assigned the examined assemblage to two
biostratigraphic zones, viz., Calocvcletta
(Calocyclissima) costata and Dorcadospyris alata
Zones.

South Coast Section, Havelock Island

This section is in the form of a cliff, situated in
the southernmost point of the island. Lithology
comprises siltstone, chalk, sandy limestone and silty
mudstone which alternate in the sequence. Strata
show a gentle dip (10°) towards north. Out of the
17 samples disaggregated for the study, only 10
yielded radiolarians. Samples from the lower part of
the section are richer in Radiolaria as compared to
those from the upper part.

Havelock island is the largest island of the
Ritchie’s Archipelago. A large portion of the island
is covered with agricultural fields and forest growths.

Here, rocks ranging from early Miocene to late
Pliocene are exposed. Srinivasan (1977, 1988)
identified  Catapsydrax  stainforthi  to
Neogloboquadrina acostaensis Zones (early
Miocene to early late Miocene) and
Globigerinoides fistulosus Zone (late Pliocene).

Southwest Coast Section, Henry Lawrence
Island

This section is 7 metres thick and is located in
the southwestern part of the island. Six samples
were collected at an interval of 1 metre. The section
is composed of chalk which is silty at places. The
strata have a dip of 25° towards S 80° W. Samples
are poor in Radiolaria.

Srinivasan (1977) identified early Miocene strata
belonging to Globorotalia kugleri Zone to
Globigerinatella insueta Zone in Henry Lawrence
island.

RADIOLARIAN ZONES

The present concept of low latitude radiolarian
zonation for the Cenozoic (except for Palaeocene)
is based on the work of Riedel and Sanfilippo (1970,
1971, and 1978). Nigrini (1971), Moore (1971) and
Foreman (1973. 1975). Sanfilippo et al. (1985),
presented a biostratigraphic zonal scheme applicable
to low latitude areas, including zonal definitions and
a list of radiolarian events in each zone. Johnson.
Schneider. Kent and Nigrini (1989) published a Phn-
Pleistocene zonal scheme, calibrated th
magnetostratigraphy, for the low latitude Indiun
Ocean and presented events in each zone. Cuauler

EXPLANATION OF PLATE IV

—_—

(Magnification X 200)

Didymocyrtis tubaria (Haeckel), CB 127A.
Hymeniastrum spp., NS65B.

Euchitonia furcata Ehrenberg, SH3A.

Calimitra atavia Goll, NS 81A.

Dendrospyris damaecornis (Haeckel), CB 129C.
Ceratocyrtis stigi (Bjorklund), CB 123A.
Dendrospyris bursa Sanfilippo and Riedel, CB 129B.

O 0~ W R W —
A A VT Pt N
N

,13. Acrocubus octopylus Haeckel, 10, NS 61A; 14, CB
129A.

10-11.  Giraffospyris angulata (Haeckel), 11, CB 129C; 12,
ST 1A.

12. 19. Lophophaena spp.. CB 133A.

14-13.  Ceratocyrtis histricosa (Jorgensen), NS 81A.

16-17 Gorgospyris schizopodia Haeckel, 17, ST 5A: 18, CB
129B.

18. Dendrospyris pododendros (Carnevale), CB 131A.

20. Iraffospyris toxaria (Haeckel), NS 87A.

21. Gorgospyris perizostra Sanfilippo and Riedel, NS 81A.

22-23.  Dorcadospyris spp., 23, STIA; 24, NS 59B.

24. Dendrospyris binapertonis Goll, ST 1A.

25-26.  Dorcadospyris forcipata (Haeckel), CB 129A.
27. Dorcadospyris dentata Haeckel, CB 129A.
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Nigrini and Schneider (1993) refined the ages of
radiolarian events identified by Johnson et al. (1989).
Recently, Sanfilippo and Nigrini (1998) introduced
code numbers for the Cenozoic radiolarian zones
(RP 1- RP 22 for the Paleogene and RN 1- RN
17 for the Neogene) for the tropical Pacific, Indian
and Atlantic Oceans. In the present work, the zonal
scheme, as described in Sanfilippo and Nigrini (1998),
is followed.

Phurli Nala Section, Strait Island

The stratigraphically significant radiolarian
species in the section are Calocycletta
(Calocycletta) virginis, Calocycletta
(Calocyclissima) costata, Carpocanopsis
bramlettei, Stichocorys delmontensis, Stichocorys
wolffii and Gorgospyris perizostra. Based on the
zonal markers, the section is divided into two zones,
viz., the Stichocorys wolffii Zone (from sample
ST1 to ST13), characterizsed by the presence of
Stichocorys wolffii and absence of Calocycletta
(Calocyclissima) costata and the overlying
Calocycletta (Calocyclissima) costata Zone (from
sample ST14 upwards), which is characterised by

the presence of Calocycletta (Calocyclissima)
costata and absence of Dorcadospyris alata
(fig.3).

East Piu Bay Section, Colebrook Island

Stratigraphically important radiolarian species of
this section include Calocycletta (Calocyclissima)
costata, Calocycletta (Calocycletta) virginis,
Stichocorys wolffii, Stichocorys delmontensis,
Didymocyrtis mammifera, Giraffospyris toxaria,
Acrocubus octopylus, Carpocanopsis cingulata,
Carpocanopsis cristata, Eucyrtidium diaphanes,
Gorgospyris perizostra, Liriospyris stauropora,
and Liriospyris parkerae. Presence of
Calocycletta (Calocyclissima) costata throughout
the section and absence of Dorcadospyris alata
suggest that the section belongs to Calocyvclerta
(Calocyclissima) costata Zone (fig.4). The early
Miocene/middle Miocene boundary, which is dated
at 16.4 Ma by Berggren et al. (1995), falls within
the Calocycletta (Calocyclissima) costata Zone
(Sanfilippo and Nigrini, 1998). The writer tentatively
marked this boundary between the last occurrences
of Carpocanopsis cingulata and Eucvrtidium

EXPLANATION OF PLATE V

(Magnification X 200, unless otherwise indicated)

1. Liriospyris globosa Goll, CB 133A, X400.
2,8. Liriospyris stauropora (Haeckel), 2, NS 61A; 8, NS G61A.
3. Liriospyris stauropora Riedel and Sanfilippo, NS 61C.

4, 10. Liriospyris elevata Goll, 4, CB 129B; 10, ST17A.
5-6,11. Liriospyris geniculosa Goll, 5-6, SH7A; 11, STIA.

7. Liriospyris mutuaria Goll, NS 77B.

9. Liriospyris ovalis Goll, SH3A.

12. Petalospyris bulbosa Mahapatra and Sharma, CB 127B.
13. Liriospyris sp. “L2” Goll, NS 61C.

14-15. Tholospyris anthophora (Haeckel), 14, CB 117C; 15, CB
129B.

16. Tympanomma binoctonum (Haeckel), CB 113A.

17. Tholospyris mammilaris (Haeckel), CB 129C.

18. Tholospyris newtoniana (Haeckel) emend. Goll, CB 129A.
19. Tholospyris sp. “T2” Goll, CB 129B.

20. Tholospyris kantiana (Haeckel), CB 81A.

21-23. Phormospyris stabilis stabilis (Goll) 21, CB 129B; 22,
CB 129A; 23, CB 129C.

24. Tholospyris sp. “T4” Goll, NS 91E.
25. Cinclopyramis spp., NS 77A.
26-27. Carpocanopsis favosa (Haeckel), 26, CB 123A; 27, NS

_—>
G5A.
28. Carpocanarium spp., NS 75A.
29. Carpocanistrum spp., CB 121A.
30.36. Theocorys redondoensis (Campbell and Clark ). 30. NS

87A: 36, NS 61A.
31. Carpocanopsis cingulata Riedel and Sanfilippo. CB 1234
32. Carpocanopsis bramlettei Riedel and Sanfilippo. CB 1194
33-34. Carpocanopsis cristata (Carnevale), NS 69A.
35. Clathrocorona atreta Sanfilippo and Riedel, CB 109B.
37. Eucyrtidium cienkowskii Haeckel group, NS 79A.
38. Cornutella profunda Ehrenberg, CB 127A.
39. Rhodospyris (?) spp. Del (Goll) group, ST SA.
40. Clathrocanium sphaerocephalum Haeckel, NS 65C.
41. Eucyrtidium diaphanes Sanfilippo and Riedel, CB 127C.
42. Cyrtocapsella cornuta (Haeckel), surface in focus. SH 3B.
43. Cyrtocapsella tetrapera (Haeckel), surface in focus, SH 3B.
44. Cyrtocapsella elongata (Nakaseko), ST1A.

45-46. Lithopera renzae Sanfilippo and Riedel, 45, periphery in
focus, CB 129A,; 46, surface in focus, CB 119A.

47-48. Eucyrtidium hexagonatum Haeckel, 47, CB 129A; 48,
CB 129B.
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diaphanes, which are estimated at 16.65 Ma and
16.12 Ma respectively by Shackleton et al. (1995).

North Point Section ‘A’, Nicholson Island

The radiolarian assemblage of this section
includes the following species: Stichocorys wolffii,
Stichocorys delmontensis, Calocycletta
(Calocyclissima) costata, Calocycletta
(Calocycletta) virginis, Didymocyrtis mammifera,
Giraffospyris toxaria, Acrocubus octopylus,
Carpocanopsis cingulata, Carpocanopsis
cristata, Eucyrtidium diaphanes and Liriospyris
parkerae (fig.5). The zonal marker Calocycletta
(Calocyclissima) costata is found throughout the
section and Dorcadospyris alata is absent,
suggesting that the section is referable to the
Calocycletta (Calocyclissima) costata Zone. The
early Miocene/middle Miocene boundary is
tentatively marked on the criteria used in the East
Piu Bay Section, Colebrook island.

North Point Section ‘B’, Nicholson Island

This section shows the presence of
stratigraphically important radiolarian species, such
as Stichocorys wolffii, Stichocorys delmontensis,

Calocycletta (Calocyclissima) costata,
Calocycletta (Calocycletta) virginis,
Carpocanopsis bramlettei, Carpocanopsis

SAMPLES
SPECIES

11S
2 1S
€ 1S
S 1S
9 1S
L 1S
21 1S
vl 1S
9l 1S
211S

e Acrocubus octopylus

Calocycletta caepa

Calocycletta costata

Calocycletta virginis

Carpocanopsis bramlettei

Carpocanopsis cingulata

Didymocyrtis mammifera

Evcyrtidium diaphanes

* Gorgospyris perzostro

e Giraffospyris toxaria

1 Liriospyris eleva’a

| Liriospyris stouropora

Stichocorys delmontensis

Stichocorys wolffi

S. wolffii costata ZONES
(RN3) (RN4)
Early Miocene EPOCH

Fig. 3. Ranges of stratigraphically important species and
biostratigraphy at Phurli Nala section, Strait Island.

cingulata, Carpocanopsis cristata, Didymocyrtis
mammifera, Eucyrtidium diaphanes, and
Liriospyris parkerae. The presence of

EXPLANATION OF PLATE VI

—

(Magnification X 200)

1. Lamprocyclas maritalis Haeckel group, NS 103A.

2. Stichocorys diploconus (Haeckel), periphery in focus,
CB 107A.

3. Stichocorys wolffii Haeckel, CB 113A.

4. Stichocorys armata (Haeckel), CB 129A.
Calocycletta (Calocycletta) virginis Haeckel, CB 127A.

6,7. Calocycletta (Calocyclissima) costata (Riedel), 6, NS

75A; 7, CB 129B.
Albatrossidium spp., CB 125C.
. Anthocyrtidium ehrenbergi Stohr, CB 129A.
10. Stichocorys delmontensis (Campbell and Clark), CB

129B.

11-12. Siphostichartus corona (Haeckel), 11, CB 127A; 12,
CB 117A.

13-14. Siphostichartus praecorona Nigrini, 13, NS 57C; 14,
CB 117C.

15. Calocycletta (Calocyclior) caepa Moore, CB 125A.

16. Botryostrobus miralestensis {(Campbell and Clark). CB
133B.

17-18.  Siphocampe nodosaria (Haeckel), CB 127A.

19,27. Botryopyle dictyocephalus Haeckel group, 19, CB 133
B; 27, NS 71A.

20-22. Phormostichoartus marylandicus (Martin), 20, NS 61A;
21, NS 77B; 22, CB 123A.

23. Siphocampe arachnea (Ehrenberg) group, NS 81A.

24-26.  Siphocampe lineata (Ehrenberg) group, 24, CB 129C:
25 26, NS 77A.

28,30. Botryocyrtis spp., 28, CB 133A; 30, NS 71A.

29. Centrobotrys thermophila Petrushevskaya, SH 3A.

31,33,36. Pterocanium spp., 31, surface in focus, NS 57A; 33,
surface in focus, NS 77B: 36, surface in focus, NS 77B.

32. Eucyrtidium punctatum (Ehrenberg) group, CB 127B.

34-35.  Lychnodictyum audax Riedel, 34, surface in focus, CB
117C; 35, surface in focus, CB 29A.
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SAMPLES
SPECIES

Acrocubus octopylus

Calocycletta caepa

Calocycletta costata

Calocycletta virginis

Carpocanopsis bramlette:

Carpocanopsis cingulata

Carpocanopsis cristata

Didymocyrtis mammifera

Eucyrtidium digphanes

Gorgospyris perizostra

Giraffospyris foxaria

Liriospyris elevata

Lirrospyris parkerae

Lirlospyris stauropora

Stichocorys wolffii

Stichocorys delmontensis

(RN4)

Calocycletta costata

ZONE

Early Miocene

Middle

Miocene EPOCH

Fig.4. Ranges of the stratigraphically important species and biostratigraphy at East Piu Bay section. Colebrook lsland

Calocycletta (Calocyclissima) costata and the
absence of Dorcadospyris alata in the samples of
this section show that it belongs to the radiolarian
Calocycletta (Calocyclissima) costata Zone
(fig.6). The assemblage indicates that the section
ranges from early to middle Miocene.

South Coast Section, Havelock Island

The stratigraphically important species in this
section include Calocycletta (Calocycletta)
virginis, Calocycletta (Calocyclissima) costata,
Carpocanopsis bramlettei, Carpocanopsis

cristata, Didymocyrtis mammifera, Liriospyris
parkerae, Stichocorys wolffii and Stichocorys
delmontensis. Presence of Cualocyclerta
(Calocyclissima) costata and absence of
Dorcadospyris alata suggest that the section is
referable to Calocycletta (Calocyclissima) costara
Zone (fig.7). The radiolarian fauna suggests an earls
to middle Miocene age.

Southwest Coast Section, Henry Lawrence
Island

Stratigraphically important species identified in
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Acrocubus octopylus

Calocycletta costata

Calocycletta virginis

Carpocanopsis bramletter

Carpocanopsis cingulata

Carpocanopsis cristata

Didymocyrtis mammifera

Eucyrtidium diaphanes

Gorgospyris perizostra

Giraffospyris toxaria

Liriospyris elevata

Liriospyris parkerae

Liriospyris stauropora

Stichocorys delmonfensis

Stichocorys wolffii

C cosltata
(RN4)

ZONE

Early Miocene

S ——

Middle Miocene

EPOCH

Fig. 5. Ranges of the stratigraphically important species and biostratigraphy at North Point section ‘A’,

Nicholson Island.

this section include Calocycletta (Calocyclissima)
costata, Calocycletta (Calocycletta) virginis,
Carpocanopsis bramlettei, Carpocanopsis
cingulata, Eucyrtidium diaphanes, Stichocorys
wolffii and Stichocorys delmontensis. The
presence of Calocycletta (Calocyclissima) costata
and the absence of Dorcadospyris alata indicate
that the section belongs to the Calocycletta
(Calocyclissima) costata Zone (fig.8). Based on the
radiolarian assemblage, a late early Miocene age is
assigned to this section.

RADIOLARIAN EVENTS

The ten identified radiolarian events are either
morphotypic first occurrence (FO) or last occurrence
(LO). Event marker taxa, identified in this work, were
carefully examined by preparing additional slides to
confirm their occurrences. First and last occurrences
of many taxa were not considered events due to low
radiolarian abundance below or above such
occurrences. The events are identified in Phurli Nala,
East Piu Bay and North Point ‘A’ sections (fig. 9).

Three radiolarian events have been identified in
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SAMPLES
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Acrocubus octopylus

Calocycletta costata

Calocycletta virginis

Carpocanopsis bramletter

Carpocanopsis cingulata

Carpocanopsis cristata

Didymocyrtis mammifera

Eucyrhdium diagphanes

Gorgospyris perizosta

Giraffospyris foxaria

Liriospyris elevata

Liriospyris parkerae

Liriospyris stauropora

Stichocorys delmonfensis

Stichocorys wolffii

C.costata
(RN4) ZONE

Early to Middle Miocene EPOCH

Fig. 6. Ranges of the stratigraphically important species and
biostratigraphy at North Point section ‘B’, Nicholson Island.

the Stichocorys wolffii Zone, viz., FO Liriospyris
stauropora, FO Calocycletta (Calocyclior) caepa,
FO Didymocyrtis mammifera. In the Calocycletta
(Calocyclissima) costata Zone, six events have
been identified, which from older to younger are, FO
Giraffospyris toxaria, FO Acrocubus octopylus,
FO Carpocanopsis cristata, LO Carpocanopsis
cingulata, FO Liriospyris parkerae and LO
Eucyrtidium diaphanes (fig.9).

EVENTS IN THE STUDY AREA: A
COMPARISON WITH EVENTS IN
TROPICAL INDIAN, ATLANTIC AND
PACIFIC OCEANS

The radiolarian events in the study area are
compared with the data on radiolarian events in
DSDP and ODP sites, where contemporary
Neogene sediment are found. The data chosen are
from tropical Indian, Atlantic and Pacific Oceans
(fig. 10).

SITES FOR COMPARISON
Pacific Ocean

In the Western Pacific Ocean, DSDP sites 62,
63, 64, 65 and 66 are located close to the equator at
depths varying from 2052 to 6130 metres. Riedel
and Sanfilippo (1971) recorded radiolarians from each
of these sites and identified a number of radiolarian
events. The events identified in the upper part of the
Calocycletta virginis Zone by Riedel and Sanfilippo
(1971) are shown in Stichocorys wolffii Zone (fig.
11), which is the youngest zone created as a result
of subdivision of previous Calocycletta virginis
Zone into three zones (Riedel and Sanfilippo, 1978).
In the eastern equatorial Pacific, Radiolaria from the
DSDP sites 495, 496, 499 and 500 (depth range from
4150 to 6127 metres), were studied by Westberg-
Smith and Riedel (1982). Nigrini (1985) studied
Radiolaria from the DSDP sites 572, 573. 574, and
575 (depth range: 3893-4561 metres) situated in the
central equatorial Pacific. Radiolaria from the ODP
sites 844 and 845, situated in the east-central
equatorial Pacific (depths 3704.2 and 3414.5 metres
respectively), were studied by Moore (1995).

Indian Ocean

DSDP site 216 of Leg 22 belonging to eastern
equatorial Indian Ocean was chosen. This site,
besides others of the Leg 22, was studied by Johnson
(1974). Site 216 is the only site in the equatorial
Indian Ocean which contains Radiolaria belonging to
the time interval represented in the sections of the
present study and for which detailed account is
available. This site is located on the Ninetyeast Ridge,
close to the equator, at a depth of 2262 metres.

Johnson (1974) applied zonal scheme of Riedel
and Sanfilippo (1971). A single event, LO
Dorcadospyris simplex, identified by Johnson (1974)
in the upper Calocyletta virginis Zone (which
corresponds to the Stichocorys wolffii Zone) is not
recorded in our material.

Atlantic Ocean

In the western equatorial Atlantic, DSDP site
94, at a depth of 1793 metres, was studied for
Radiolaria by Sanfilippo and Riedel (1973). A
complete Cenozoic sequence obtained from the
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Fig.7. Ranges of the stratigraphically important species and biostratigraphy at South Coast section.

Havelock Island.

DSDP site 366, situated in the eastern equatorial
Atlantic Ocean at a depth of 2853 metres was
studied for radiolaria by Johnson (1977). He provided
first and last occurrences of species in the core
samples without specifying them as events. The
authors used the same data for comparison.

COMPARISON OF EVENTS

Out of the 10 radiolarian events identified in this
study, eight are first occurrences, and two are last
occurrences.

In both Stichocorys wolffii Zone and
Calocycletta (Calocyclissima) costata Zone, the
succession of events is in conformity with those
found in the Indian, Pacific and Atlantic Oceans
(fig.11). Though FO Dorcadospyris dentata is

reported in the upper Stichocorys wolffii Zone in
the areas under comparison, its first occurrence
could not be marked in the examined sections due
to its sporadic occurrence. First morphotypic
occurrence of Didymocyrtis mammifera was
reported in the lower part of Calocycletta
(Calocyclissima) costata Zone in the central Pacific
(Nigrini, 1985). Sanfilippo et al. (1985) and
Sanfilippo and Nigrini (1998) observed the first
occurrence of Didymocyrtis mammifera in the
Stichocorys wolffii Zone. In the present study its
first occurrence is well marked in the Stichocorys
wolffii Zone.

The succession of events in the present study
is in agreement with those recorded at various sites
compared here. However, last occurrences of
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Late Early Miocene

Fig.8. Ranges of stratigraphically important species and
biostratigraphy at Southwest Coast section, Henry Lawrence
Island.

Carpocanopsis cingulata and Eucyrtidium
diaphanes in the Calocycletta costata Zone at
east central Pacific (Moore, 1995) disagree with
those recorded at other drill sites and in the examined
sections. Similarly, first occurrence of
Dorcadospyris dentata is reported by Johnson
(1974) in the Calocycletta costata Zone in the
eastern Indian Ocean. At other sites, this datum is
marked in the Stichocorys wolffii Zone. First
occurrence of this species is not recorded in the
present study for the reason given earlier.

Absolute age determination of events in various
oceans have shown that some of the events may not
be synchronous. Johnson and Nigrini (1985), who
compared the ages of events in the drill cores of late
Cenozoic (about 1-15 My) in the Indian and Pacific

Oceans, found diachroneity (non-synchroneity by 1
My or greater) between some of the events. Similar
results were obtained by Johnson et al. (1989) for
the Pliocene-Pleistocene events in the Indian and
Pacific Oceans. They provided a list of diachronous
(non-synchronous by 0.4 My or greater) and
synchronous morphotypic events for the eleven
radiolarian zones they proposed for the Pliocene-
Pleistocene interval. However, such a data is
available only for a few events recognised in the
Cenozoic sequences of tropical Indian and Pacific
Oceans. Absolute age data for more radiolarian
events will be useful for improved stratigraphic
correlation and for understanding precise timing of
geological events.

SYSTEMATIC PALAEONTOLOGY

This section deals with the systematics of 145
species. The classification adopted is largely based
on the scheme presented in Nigrini and Moore (1979)
and Nigrini and Lombari (1984). Names of genera
within a family and of species within a genus are
treated alphabetically. For unidentified species,
distinguishing morphological characters are provided
under ‘Remarks’. The taxa are illustrated on plates
I- VI. The slides of each sample, which vary from
two to five, are numbered with a suffix (A,
B,.......... E). The slide from which the radiolarian
specimen is illustrated is indicated in the explanation
of plates.

Subclass Radiolaria Miiller, 1858
Order Polycystina Ehrenberg, 1838
emend. Riedel.
1967b
Suborder Spumellaria Ehrenberg, 1875
Family Collosphaeridae Miiller, 1858
Genus Acrosphaera Haeckel, 1881
Acrosphaera spinosa echinoides Haeckel
(PL. 1, fig. 1)
Acrosphaera spinosa echinoides Haeckel, 1887, p.100, pl.8, fig.1.

Acrosphaera spinosa echinoides Haeckel 1881, Bjorklund and
Goll, 1979, p.1311, pl.1, figs.7,10-13, pl.4, figs.1-4, 7-8-Sharma
and Singh, 1993, pl.1, figs.3,4-Sharma et al., 1999, p. 253, PL. I,
figs. 1,2.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4
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Various DSDP/ODP sites in the Pacific, Indian and Atlantic Oceans. The radiolarian events reported

from these sites are compared with the events recognised in the present study.

Acrosphaera spinosa spinosa (Haeckel)

(Pl 1, fig. 2)
Collosphaera spinosa Haeckel, 1862, p.536, pl.34, figs.12-13
Polysolenia spinosa (Haeckel), Nigrini, 1967, p.14, pl.1, fig.1

Acrosphaera spinosa (Haeckel), Strelkov and Reshetnyak, 1971,
pp. 340-342, pl.5, figs. 33-38, pl.6, figs.39-41.

Acrosphaera spinosa spinosa (Haeckel), Bjorklund and Goll, 1979,
p. 1309, pl.1, figs. 8-9-Srinivasan et al., 1983, pl.2, fig.1-Sharma
and Sharma, 1988, pl.1, fig.1.

Range: Stichocorys wolffii — RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones

Genus Collosphaera Miller, 1855, emend.
Bjorklund and Goll

Collosphaera spp.

(PL I, figs. 21, 24)

Collosphaera spp. Riedel and Sanfilippo, 1971, p.1586, pl.1, figs.2-
11; pl.1, 2A, figs.1-2

Collosphaera spp. Riedel and Sanfilippo, Daneshian, 1998, p.45,
pl.1, figs.5-6.

Range: Calocycletta
costata Zone - RN4

(Calocyclissima)

Genus Trisolenia Ehrenberg, 1860

Trisolenia megalactis megalactis Ehrenberg
emend. Bjorklund and Goll
(Pl 1, figs. 16, 20)
Trisolenia megalactis Ehrenberg, 1872a, p. 321, pl.8, fig.19.
Trisolenia megalactis megalactis Ehrenberg, Bjorklund and Goll,

1979, p.1321, pl.5, figs.1-21-Srinivasan et al., 1983, p.7, pl.3,
figs.5-6; Sharma et al., 1999, p. 253.
Range: Stichocorys wolffii RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones

Family Actinommidae Haeckel, 1862
emend. Sanfilippo and Riedel, 1980

Genus Actinomma Haeckel, 1860 emend.
Nigrini, 1967 emend. Bjorklund,
1976

Actinomma spp. Nigrini and Lombari

(PL. 1, figs. 3-5)

Actinomma spp. Nigrini and Lombari, 1984, p.S13, pl.2, figs.1a-
d.

Actinomma spp. Nigrini and Lombari, Mahapatra, 1993, p.33,
pl.2, figs.18, 23-25.
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Fig.10. Radiolarian events in the examined sections. The early Miocene/middle Miocene boundary dated at 16.4 Ma (Berggren ¢f al..
1995) is tentatively drawn between the last occurrences of Carpocanopsis cingulata and Eucyrtidium diaphanes, which are estimated at

16.65 Ma and 16.12 Ma respectively by Shackleton et al. (1995).

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Amphistylus Haeckel, 1882
Amphistylus spp.
(PL. 11, figs. 13, 14)

Remarks: Under this group of species are
included forms with the following characteristics:
Three concentric lattice shells; cortical shell
almost spherical with circular pores arranged
regularly, surface minutely thorny; two dissimilar

polar spines; both the medullary shells delicate and
spherical.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Carposphaera Haeckel, 1882

Carposphaera nodosa Haeckel

(PL. I, figs. 18, 19)

Carposphaera nodosa Haeckel, 1887, p.76, pl.28. figs 2. 2a
Carposphaera nodosa Haeckel, Blueford, 1982, p.198, pl.5. figs.7-
8-Sharma and Daneshian, 1998, p.697, pl.1, fig.9.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Carposphaera raiai Blueford

(PL 1, figs. 13, 14)
Carposphaera raiai Blueford, 1982, p.199, pl.5, figs.3-4.

Carposphaera raiai Blueford, Sharma and Singh, 1993-Sharma and
Daneshian, 1998, p.697, pl.1, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones

Genus Cenosphaera Ehrenberg, 1854b
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Fig.11. A comparison of the succession of identified radiolarian events in the studied sections and in the tropical Indian, Pacific and
Atlantic Oceans. Only those events are shown which are common with the events in the studied sections. FO = morphotypic first occurrence;

LO = morphotypic last occurrence.

Cenosphaera compacta Haeckel

(PL. 1, fig. 8)
Cenosphaera compacta Haeckel, 1887, p.65, pl.12, fig.7.

Cenosphaera compacta Haeckel, Blueford, 1982, p.193, pl.1,

figs.3-4.
Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Cenosphaera coronata Haeckel
(PL 1, fig. 7)

Cenosphaera coronata Haeckel, 1887, p. 67, pl.26, fig.11.

Cenosphaera coronata Haeckel, Nigrini and Moore, 1979, p. $39,
pl.4, fig.1-Mahapatra, 1993, p.35, pl.1, figs. 19,20.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

?7Cenosphaera cristata Haeckel

(PL. 1, fig

. 9)

Cenosphaera cristata Haeckel, 1887, p.66

?Cenosphaera cristata Haeckel, Nigrini and Moore, 1979, p.S41,
pl.4, figs.2a-b-Nigrini and Lombari, 1984, p.S15, pl.2-fig.2;
Sharma and Singh, 1993, pl.1, fig.12

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4

Zones.

Cenosphaera riedeli Blueford

(P1. 1, fig.

15)

Cenosphaera riedeli Blueford, 1982, p.193, pl.1, figs.7-9.
Cenosphaera riedeli Blueford, Daneshian, 1998, p.50, pl.2, figs.4-

8.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Genus Druppatractus Haeckel, 1887
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Druppatractus acquilonius Hays

(PL. 11, figs.9, 10)
Druppatractus acquilonius Hays, 1970, p.214, pl.1, figs.4-5.

Druppatractus acquilonius Hays, Nigrini and Lombari, 1984,
p.S23, pl4, figs.la-b.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Druppatractus hastatus Blueford

(PL. 1, fig. 29, 30)
Druppatractus hastatus Blueford, 1982, p.206, pl.6, figs.3-4.
Druppatractus hastatus Blueford, Sharma et al.,, 1999, p. 255, pl.2,
figs.3,4.
Range: Calocycletta (Calocyclissima) costata
Zone — RN4

Druppatractus irregularis Popofsky

(Pl 1, fig. 33)

Druppatractus irregularis Popofsky, 1912, p.114, text-figs.24-26.
Druppatractus irregularis Popofsky, Blueford, 1982, p.204, pl.6,
figs.7a-b-Sharma and Daneshian, 1998, p.701, 703-Sharma
et al., 1999, p.255, pl.2, fig.6.

Range: Calocycletta (Calocyclissima) costata
Zone — RN4

Druppatractus sp. A

(Pl 1, fig. 34)
Druppatractus sp. A; Daneshian, 1998, p. 52, pl.3, figs.1-4.

Remarks: Two shells, cortical shell ellipsoidal,
thick walled, pores circular to sub-circular, arranged
regularly, one polar, bladed spine and 6-7 small spines
around the periphery; medullary shell, slightly
elongated.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Druppatractus sp. B

(P1. 1, figs. 25-28)
Druppatractus sp. B; Daneshian, 1998, p. 52, pl.3, figs.5.

Remarks: Two shells; cortical shell slightly
elongated, shorter diameter of cortical shell about
two times that of medullary shell, surface rough,
pores large, circular, closely spaced with raised
polygonal borders, one pole bears a long, conical
spine, bladed at the base; medullary shell spherical
having circular pores with hexagonal framework.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Ellipsostylus Haeckel, 1887
Ellipsostylus salebrosus Blueford

(Pl 1, fig. 37)
Ellipsostylus salebrosus Blueford, 1982, p.208, pl.7, figs.7-8b.

Ellipsostylus salebrosus Blueford, Sharma and Daneshian, 1998.
p.702, 704.

Range: Calocycletta (Calocyclissima) costata
Zone — RN4.

Ellipsostylus sp. A
(P1. 1, figs.35, 36)
Remarks: Single shell, thick, elongated along
polar axis, surface rough, two unequal, bladed polar
spines, pores large, circular, polygonally framed and

almost of equal size, 6-8 along major axis and 5-6
along minor axis.

The species shows variation in length of polar
spines. In some specimens they are poorly
developed. The species can be distinguished from
Ellipsostylus distachyus by its having lesser number
of pores which are quite large and from Ellipsostylus
salebrosus by its bladed spines.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Ellipsostylus sp. B
(P1. 11, figs. 3-4)
Remarks: Single shell, thick spherical, surface
smooth, two almost equal conical spines with lengths
approximately equal to the diameter of the shell,

pores rounded and of equal size, distributed closely
and uniformly on the surface.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Genus Ethmosphaera Haeckel, 1887
Ethmosphaera conosiphonia Haeckel
(PL. 1, fig. 17)

Ethmosphaera conosiphonia Haeckel, 1887, p.69, pl.12, figs.6.6a.

Ethmosphaera conosiphonia Haeckel, Blueford, 1982, p.193. pl.1.
figs.5-6; Sharma and Daneshian, 1998, p.697, pl.1, fig.7.

Range: Calocycletta (Calocyclissima) costata
Zone — RN4

Genus Hexacontium Haeckel, 1881

Hexacontium hexactis (Stohr)
(PL. 1, figs. 22-23)



MIOCENE RADIOLARIA FROM ANDAMAN ISLANDS 23

Actinomma hexactis Stohr, 1880, p.91, pl.2, fig.7.
Hexacontium hexactis Haeckel, 1887, p. 192.
Hexacontium hexactis Haeckel, Blueford, 1982, p.197, pl4, figs.7-8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Hexastylus Haeckel, 1881
Hexastylus favulosus Blueford

(PL 1, figs. 31-32)
Hexastylus favulosus Blueford, 1982, p.197, pl.4, figs.1-4.

Hexastylus favulosus Blueford, Sharma and Singh, 1993, pl.1,
figs.15-17.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones.

Hexastylus thaletis Haeckel

(PL. 1, fig. 6)
Hexastylus thaletis Haeckel, 1887, p.172, pl.21, fig.4.

Hexastylus thaletis Haeckel, Blueford, 1982, p.196, pl.4, fig.5;
Sharma and Singh, 1993, pl.1, fig.14.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Genus Sphaerostylus Haeckel, 1881
Sphaerostylus cristatus Blueford

(PL. 1I, figs. 7-8)
Sphaerostylus cristatus Blueford, 1982, p.199, pl.5, figs.9-10.

Sphaerostylus cristatus Blueford, Sharma and Daneshian, 1998,
p.698, pl.2, fig.2-3.

Range: Calocycletta (Calocyclissima) costata
Zone — RN4
Sphaerostylus rosetta Blueford

(PL. 11, figs. 5-6)
Sphaerostylus rosetta Blueford, 1982, p.202, pl.7, figs.1-2.

Sphaerostylus rosetta Blueford, Sharma and Daneshian, 1998, p.
698, pl.2, figs.4-5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Stylatractus Haeckel, 1887
Stylatractus universus Hays

(PL 11, fig. 1)
Stylatractus sp. Hays, 1965, p.167, pl.1, fig.6.
Stylatractus universus Hays, 1970, p.215, pl.1, figs.1-2.
Stylatractus universus Hays, Nigrini and Lombari 1984, p.S29, pl.4,
fig.3; Mahapatra, 1993, p.42, pl.2, figs. 13-14.

Remarks: Stylatractus universus Hays and

Axoprunum angelinum (Campbell and Clark) could
be synonymous, but a thorough study of forms from
wide latitudinal areas and stratigraphic span is
required to confirm it (Nigrini and Lombari, 1984).

Range: Calocycletta (Calocyclissima) costata
Zone — RN4.

Stylatractus spp.

(PL. 11, fig. 2)

Stylatractus spp. Nigrini and Moore 1979, p.S55, pl.7, figs. la-b.

Stylatractus spp., Nigrini and Lombari 1984 p. S25, pl.4, figs. 2a-
b-Srinivasan et al., 1983, p.7, pl.3, figs.3-4-Sharma and Singh,
1993, pl.1, figs. 18-19.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocylissima) costata - RN4 Zones.

Genus Thecosphaera Haeckel, 1882
Thecosphaera sanfilippoae Blueford

(PL 1, figs. 10-12)
Thecosphaera sanfilippoae Blueford, 1982, p.199, pl.5, figs.5-6.

Thecosphaera sanfilippoae Blueford, Daneshian, 1998, p.57, pl.5,
figs.1,5.

Range: Calocycletta (Calocyclissima) costata

Zone — RN4.
Genus Xiphostylus Haeckel, 1881
Xiphostylus sp.
(PL 11, figs. 11-12)

Remarks: Single shell, thick, almost spherical,
surface smooth; polar spines dissimilar, bladed, one
spine large and robust, usually four small bladed

spines on the surface; pores circular to sub-circular,
closely spaced.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones.

Family Sponguridae Haeckel, 1882
emend. Petrushevskaya, 1975

Genus Spongocore Haeckel, 1887
Spongocore puella Haeckel

(PL 1I, fig. 23)
Spongocore puella Haeckel, 1887, p.347, pl.48, fig.6.

Spongocore puella Haeckel, Nigrini and Moore, 1979, p.S69, pl.8,
figs.5a-c.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
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Zones.
Genus Spongurus Haeckel, 1860
Spongurus (1) sp. A

(PL. 111, fig. 34)
Spongurus (?) sp. Petrushevskaya, 1967, p.33, figs.16,111; 26,1.

Spongurus (?) sp. A Nigrini and Lombari, 1984, p.S33, pl.5,
figs.1a,b-Mahapatra, 1993, p.45, pl.5, fig.18.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones.

Spongurus (?7) sp. B

(Pl 111, figs. 35-36)

Spongurus (?) sp. B Nigrini and Lombari, 1984, p.S35, pl.5,
figs.2a-c.

Spongurus (?) sp. B Nigrini and Lombari, Mahapatra, 1993, p.45,
pl.4, fig.6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Spongurus spp.

(PL. 111, figs. 32-33)

Remarks: Shell ellipsoidal in shape, thorny with
meshwork of small pores arranged in the form of
closely spaced concentric ellipsoidal rings; inner
portion is obscure closely packed pores.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Family Phacodiscidae Haeckel, 1881
Genus Heliodiscus Haeckel, 1862, emend.
Nigrini, 1967
Heliodiscus asteriscus Haeckel

(P1. 11, fig. 26)

Heliodiscus asteriscus Haeckel, 1887, p.445, pl.3, fig.8.

Heliodiscus asteriscus Haeckel, Nigrini, 1967,p.32, pl.3, figs.1a-
b-Nigrini and Lombari, 1984, p.S39, pl.5, fig.4-Sharma and Singh,
1993, pl.1, figs.26-28.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Heliodiscus echiniscus Haeckel

(PL. 11, fig. 17)
Heliodiscus echiniscus Haeckel, 1887, p.448, pl.34, fig.5.

Heliodiscus echiniscus Haeckel, Nigrini, 1967, p.34, pl.3, figs.2a-
b-Renz, 1974, p.739, pl.13, fig.1, table.7-Sharma and Sharma,
1988, pl.2, fig.7.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Phacodiscus Haeckel, 1881
Phacodiscus sp.
(PL. 111, fig. 3)

Remarks: Cortical shell lenticular, with diameter
nearly three times than that of medullary shell; pores
small, rounded to sub-rounded, more or less regular
in distribution; surface smooth, periphery with no
girdle or spines; one medullary shell distinct with
large sub-rounded, irregularly arranged pores.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Family Cocodiscidae Haeckel, 1862,
emend. Sanfilippo and Riedel, 1980

Genus Didymocyrtis Haeckel, 1860
Didymocyrtis mammifera (Haeckel)

(P1. I, fig. 29)
Cannartidium mammiferum Haeckel, 1887, p.375, pl.39, fig.16.
Cannartus mammiferus (Haeckel), Riedel, 1959, p.291, pl.1, fig.4.

Didymocyrtis mammiferus (Haeckel), Riedel and Sanfilippo, 1970,
p-S20, pl.14, fig.1.

Cannartus mammifer (Haeckel), Sanfilippo et al., 1973, p.216,
pl.1, fig.7.

Didymocyrtis mammifera (Haeckel), Sanfilippo and Riedel, 1980,
p-1010; Nigrini and Lombari, 1984, p.S51, pl.6, fig.6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Didymocyrtis prismatica (Haeckel)

(PL. 111, fig. 37)

Pipettella prismatica Haeckel, 1887, p.305, pl.39, fig.6: Riedel.
1959, p.287, pl.1, fig.1.

Pipettella tuba Haeckel, 1887, p.337, pl.39, fig.7.

Cannartus prismaticus (Haeckel), Riedel and Sanfilippo, 1970,
p.520, pl.15, fig.1-Nigrini, 1974, p.1064, pl.2a, figs.1.2.
Didymocyrtis prismatica (Haeckel), Nigrini and Lombari, 1984,
p.S45, pl.6, figs.3a-b '

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Didymocyrtis tubaria (Haeckel)

; (P1. IV, fig. 1)
Pipettaria tubaria Haeckel, 1887, p.339, pl.39, fig.15
Cannartus tubarius (Haeckel), Riedel, 1959, p.289, pl.1, fig.2.

Didymocyrtis tubaria (Haeckel), Sanfilippo and Riedel, 1980.
p-1010; Nigrini and Lombari, 1984, p.S47, pl.6, fig.4.
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Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Didymocyrtis violina (Haeckel)

(P1. I, fig. 38)
Cannartus violina Haeckel, 1887, p.358, pl.39, fig.10.

Didymocyrtis violina (Haeckel), Sanfilippo and Riedel, 1980,
p-1010; Nigrini and Lombari, 1984, p.S49, pl.6, fig.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Family Spongodiscidae Haeckel, 1862,
emend. Riedel,
1967b.

Genus Circodiscus Kozlova, 1972 (In
Petrushevskaya and
Kozlova, 1972)

Circodiscus microporus (Stohr)

(PL. 111, fig. 14)
Trematodiscus microporus Stohr, 1880, p.108, pl.4, fig.17.
Porodiscus microporus (Stohr), Haeckel, 1887, p.493.

Circodiscus microporus (Stohr), Srinivasan er al., 1983, p.10, pl.2,
fig.3; Nigrini and Lombari, 1984, p.S73, pl.10, fig.3.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Circodiscus sp. A
(PL. 111, fig. 15)

Remarks: Shell more or less circular in outline;
central chamber large, around which are two (or
more) almost circular rings of approximately equal
width; pores rounded to sub-rounded, variable in size,
3-4 on each ring across the width, outer margin bears
thorn like small spines.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Circodiscus sp. B
(PL. I, fig. 22)

Remarks: Shell round with spherical central
chamber around which are 3-5 concentric rings, two
to three pores of varying size are found across the
width of each ring, width of the rings gradually
increases towards the periphery; periphery with
thorn-like spines.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Euchitonia Ehrenberg, 1860
emend. Nigrini,
1967
Euchitonia furcata Ehrenberg

(PL. IV, fig. 3)

Euchitonia furcata Ehrenberg, 1861, p.767.

Euchitonia mulleri Haeckel, 1862, p.508, pl.30, figs.5-10.
Euchitonia furcata Ehrenberg, 1872b, p.289, pl. IV (iii), fig.6
Euchitonia mulleri Haeckel, Nigrini, 1967, p.37, pl.4, figs.la-b.

Euchitonia furcata Ehrenberg, Ling and Anikouchine, 1967,
pl.1484, pl.189, figs.1-2, pl.90, figs.5-7; Sharma and Singh, 1993,
pl.2, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Hymeniastrum Ehrenberg, 1847
Hymeniastrum spp.

(PL. 1V, fig. 2)

Hymeniastrum spp. Nigrini and Lombari, 1984, p.S61, pl.8, figs.2a-
b.

Hymeniastrum spp. Nigrini and Lombari 1984, Sharma and
Daneshian, 1998, p.698, pl.2, fig.24.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Genus Porodiscus Haeckel, 1881 emend.

Kozlova, 1972 (In Petrushevskaya
and Kozlova, 1972)

Porodiscus sp. A

(P1. 111, fig. 4)

Ommatodiscus sp. Benson, 1966, p.210, pl.10, fig.3 (only)

Porodiscus sp. A Nigrini and Moore, 1979 , p.S107, pl.14, figs.1,
2a-b-Sharma and Singh, 1993, pl.2, fig.15.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Porodiscus (?7) sp. B

(P1. 111, fig. 5)

Porodiscus sp. Benson 1966, p.210, pl.10, fig.4 (only)
Ommatodiscus sp. B Molina-Cruz, 1977, p.334.

Porodiscus (?) sp. B Molina-Cruz, Nigrini and Moore, 1979,
p-S109, pl.14, figs.3-4-Sharma and Daneshian, 1998, p.697, pl.1,
fig.16.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Styptosphaera Haeckel, 1887
Styptosphaera (7) spumacea Haeckel
(PL. 11, fig. 25)
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(?) Styptosphaera spumacea Haeckel, 1887, p.87.

Styptosphaera (?) spumacea Haeckel, Nigrini and Lombari, 1984,
p. 837, plL.5, fig.3.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Genus Spongaster Ehrenberg, 1860
Spongaster spp.
(P I1I, figs. 11-12)

Remarks: Spongy disc with 4-5 concentric
lattice spheres at the centre, three to four spongy
radial arms, with patagium or sometimes without it.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Spongodiscus Ehrenberg, 1854b
Spongodiscus spp.
(PL. 1I, figs. 15-16)

Remarks: Specimens belonging to
Spongodiscus show much morphologic variability
and it is difficult to separate them into different
species. As a result, all encountered forms of this
genus are included in this group.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Spongopyle Dreyer, 1889
Spongopyle osculosa Dreyer

(PL. 11, fig. 18)

Spongopyle osculosa Dreyer, 1889, p.42, pl.11, figs.99-100.

Spongopyle osculosa Dreyer, Nigrini and Lombari, 1984, p.S77,
pl.11, figs.la-b-Sharma and Daneshian, 1998, p.697, pl.1, fig.17.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Spongotrochus Haeckel, 1860
Spongotrochus glacialis Popofsky group

(PL. 11, fig. 24)

Spongotrochus glacialis Popofsky, 1908, p.228, pl.26, fig.8;
pl.27, fig.1; pl.28, fig.8.

Spongotrochus glacialis Popofsky, Keany and Kennett, 1975,
p.762, pl.1, fig.12; Petrushevskaya, 1975, p.575, pl.5, fig.8; pl.35,
figs.1-6; Nigrini and Moore, 1979, p.S117, pl.15, figs.2a-d.
Spongotrochus glacialis Popofsky group, Petrushevskaya, 1975,
p. 575, pl. 5, fig. 8, pl. 35, figs. 1-6; Nigrini and Moore 1979,
1979, p. S117, pl.15, figs. 2a-d; Nigrini and Lombari, 1984, p.S79,
pl.11, fig.2; Sharma and Singh, 1993, pl.2, figs.16-17.

Range: Stichocorys wolffii - RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones.
Spongotrochus (7) venustum (Bailey)

(PL. 111, figs. 1-2, 6)
Perichlamydium venustum Bailey, 1856, p.5, pl.1, figs.16-17.
Spongotrochus venustum (Bailey), Haeckel, 1887, p.515.

Spongotrochus (?) venustum (Bailey); Nigrini and Moore, 1979,
p-S119, pl.15, figs.3a-b; Srinivasan et al., 1983, p.10, pl.2, fig.12;
Nigrini and Lombari, 1984, p.S81, pl.11, fig.3; Sharma and Singh,
1993, pl.2, fig.18, Sharma er al., 1999, p. 257, pl. 2, fig. 20.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Stylochlamydium Haeckel. 1881
Stylochlamydium asteriscus Haeckel

(P1. 111, figs. 7-8)
Stylochlamydium asteriscus Haeckel, 1887, p. 514, pl.41, fig.10.

Stylochlamydium asteriscus Haeckel, Nigrini and Moore, 1979,
p.113, Pl. 14, fig.5; Srinivasan et al., 1983, p.10, pl.2, fig.16;
Nigrini and Lombari, 1984, p. S75, pl.10, fig.4; Sharma and Singh,
1993, pl.2, fig.14.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Stylodictya Ehrenberg, 1847,
emend. Kozlova, 1972 (In
Petrushevskaya and Kozlova, 1972)

Stylodictya aculeata Jorgensen

(PL. 11, fig. 22)

Stylodictya aculeata Jorgensen, 1905, p.119, pl.10, fig.41.

Stylodictya aculeata Jorgensen, Petrushevskaya, 1967, p.35, pl.17,
figs.1-3; Nigrini and Moore 1979, p.101, pl.13, figs.3,4; Nigrini
and Lombari, 1984, p.S69, pl.10, figs.la-b; Sharma and Singh,
1993, pl.2, fig.12.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Stylodictya validispina Jorgensen

(PL. 111, fig. 13)
Stylodictya validispina Jorgensen, 1905, p.119, pl.10, fig.40.

Stylodictya validispina Jorgensen, Srinivasan et al., 1983, p.11,
pl.2, fig.15; Nigrini and Lombari, 1984, p. S71, pl.10, fig.2;
Sharma and Singh, 1993, pl.2, fig.13.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Family Pyloniidae Haeckel, 1881
Genus Hexapyle Haeckel, 1881
Hexapyle spp.

(P1. 111, fig. 23)
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Hexapyle spp.-Nigrini and Moore, 1979, p.S121, pl.16, figs.la-c-
Srinivasan et al., 1983, pl.11, fig.10-Sharma et al., 1999, p. 257,
pl. 3, fig. 6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Octopyle Haeckel, 1881
Octopyle stenozona Haeckel

(P1. 111, figs. 19-20)

Octopyle stenozona Haeckel, 1887, p.652, pl.9, fig.11.

Octopyle stenozona Haeckel, Nigrini and Moore,1979, p.S123,
pl.16, figs.2a-b; Blueford et al., 1990, pl.1, fig.7; Sharma and Singh,
1993, pl.2, fig.19.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Phorticium Haeckel, 1881
Phorticium polycladum Tan and Tchang

(PL. I1I, figs. 16-17)

Phorticium polycladum Tan and Tchang, 1976, p.267, text-
figs.39a-b.

Phorticium polycladum Tan and Tchang, Srinivasan et al., 1983,
p-11, pl.2, fig.9-Nigrini and Lombari, 1984, p.S83, pl.12, figs.1a-
b-Sharma and Singh, 1993, pl.2, fig.20-Sharma et al., 1999, p.
257, pl.3, fig.7.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Phorticium pylonium Haeckel

(P1. I1I, fig. 18)

Phorticium pylonium Haeckel, 1887, p.709, pl.49, fig.10.

Phorticium pylonium Haeckel, Srinivasan et al., 1983, p.11, pl.2,
figs.13-14-Nigrini and Lombari, 1984, p.S83, pl.12, figs.2a-b-
Sharma and Singh, 1993, pl.2-fig.21-Sharma et al., 1999, p.257,
pl.3, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Prunopyle Dreyer, 1889
Prunopyle tetrapila Hays

(PL. I, fig. 21)

Prunopyle tetrapila Hays, 1965, p.172, pl.11, fig.5.

Prunopyle tetrapila Hays, Sharma et al., 1999, p.257, pl.2, figs.32-
33.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Prunopyle sp.
(PL. 1I1, fig. 10)

Remarks: Shell prune shaped; cortical shell

with numerous circular to subcircular closely packed
pores and occasional minute thorns; number of
medullary shells vary from two to three, some
specimens have spongy, dense and indistinct internal
structure; pylome prominent.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Tetrapyle Miiller, 1858
Tetrapyle octacantha Miller

(P1. I1I, figs. 25, 31)

Tetrapyle octacantha Miiller, 1858, p.33, pl.2, figs.12-13; pl.3,
figs.1-12.

Tetrapyle octacantha Miiller, Nigrini and Moore, 1979, p.S125,
pl.16, figs.3a-b; Nigrini and Lombari, 1984, p.S87, pl.12, figs.3a-
b; Sharma and Singh, 1993, pl.2, fig.22; Sharma et al., 1999, p.257,
pl.3, fig.9.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Family Litheliidae Haeckel, 1862
Genus Larcopyle Dreyer, 1889

Larcopyle buetschlii Dreyer

(PL. 11, fig. 19,20)
Larcopyle buetschlii Dreyer, 1889, p.124, pl.10, fig.70.

Larcopyle buetschlii Dreyer, Nigrini and Moore, 1979, p.S131,
pl.17, figs.1a-b-Nigrini and Lombari, 1984, p.S.89, pl.13, figs.la-
b-Sharma and Singh, 1993, pl.2, fig.23-Sharma et al., 1999, p.
262, pl.3, fig.3.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Genus Larcospira Haeckel, 1887
Larcospira moschkovskii Kruglikova

(P1. 11, fig. 27)

Larcospira moschkovskii Kruglikova, 1974, pl.2, figs.15-16.

Larcospira moschkovskii Kruglikova, Nigrini and Lombari, 1984,
p- S91, pl.13, figs. 2a-b-Sharma and Singh, 1993, pl.2, fig.24-
Sharma and Daneshian, 1998, p.698, pl.2, fig.9-Sharma et al.,
1999, p. 262, pl. 3, fig.10.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Lithelius Haeckel, 1860

Lithelius minor Jorgensen

(P I1I, figs. 26-27)

Lithelius minor Jﬁ}gensen, 1900, p.65, pl.5, fig.24.

Lithelius minor Jorgensen, Nigrini and Moore 1979, p. S135, pl.17,
fig.3,4a,b-Nigrini and Lombari, 1984, p. S95, pl.14, figs. la-b-
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Mullineaux and Westberg-Smith, 1986, p.66, pl.2, figs. 4a-b-Sharma
et al., 1999, p. 262, pl.3, fig.4.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Lithelius nautiloides Popofsky

(PL. I1I, figs. 28,30)

Lithelius nautiloides Popofsky, 1908, p.230, pl.27, fig.4 (only)

Lithelius nautiloides Popofsky, Riedel, 1958, p.228, pl.2,
fig.3(only), text-fig.2-Nigrini and Moore, 1979, p. S.137, pl.17,
figs.5-Nigrini and Lombari 1984, p. S97, pl.14, fig.2a-b-Sharma
et al., 1999, p. 262, pl. 3, fig.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Pylospira Haeckel, 1887
?Pylospira octopyle Haeckel

(PL. 111, figs. 21)

?Pylospira octopyle Haeckel, 1887, p.698, pl.49, fig.4.

Pylospira octopyle Haeckel ?, Nigrini and Moore, 1979 , p.S139,
pl.17, figs.6a-c.

?Pylospira octopyle Haeckel, Nigrini and Lombari, 1984, p.S101,
pl.14, fig.4; Sharma and Singh, 1993, pl.3, fig.1-2; Sharma et al.,
1999, p.262, pl.2, fig.27.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Family Tholoniidae Haeckel, 1887
Genus Cubotholus Haeckel,1887
Cubotholus sp.

(PL. 1L, fig. 9)

Cubotholus sp. Sharma, Singh and Rawal, 1999, p. 262, pl.3,
figs.30-31.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Suborder Nassellaria Ehrenberg, 1875
Family Plagiacanthoidea Hertwig, 1879

r emend. Goll, 1979
Genus Callimitra Haeckel, 1881 emend.
Goll, 1979

Callimitra atavia Goll

(PL. 1V, fig. 4)
Callimitra atavia Goll, 1979, p.388, pl.5, figs.1,5-9,11.
Callimitra atavia Goll, Daneshian, 1998, p.78, pl.7, fig.31.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Ceratocyrtis Biitschli, 1882 emend.
Petrushevskaya, 1971

Ceratocyrtis histricosa (Jorgensen)

(PL. 1V, figs. 14-15)
Helotholus histricosa Jorgensen, 1905, p.137, pl.16, figs.86-88.

Helotholus histricosa Jorgensen, Petrushevskaya, 1967, p.91. pl.51.
fig.2.

Ceratocyrtis histricosa (Jorgensen), Petrushevskaya, 1971. p.93.
pl.52, fig.2-4-Nigrini and Lombari, 1984, p. N11, pl.15. fig.6

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Ceratocyrtis stigi (Bjorklund)

(PL. 1V, fig. 7)
Lithomelissa stigi Bjorklund, 1976, p.1125, pl.15, figs 12-17.

Ceratocyrtis stigi (Bjorklund), Nigrini and Lombari. 1984, p.N13.
pl.15-Daneshian, 1998, p.79, pl.7, fig.24.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus LophophaenabEhrenberg, 1847
Lophophaena spp.
(PL. 1V, figs. 12, 19)

Remarks: Cephalis spheroidal in shape with
numerous pores of variable size and shape irregularly
distributed, cephalic spines thick and widely spaced;
collar stricture distinct; thorax flaring distally, slightly
inflated in some specimens, bearing three or more
thoracic ribs which extend a little distance distally
from the collar stricture; thoracic pores irregular in
size, shape and distribution.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4

Family Trissocyclidae Haeckel. 1881
emend. Goll. 1968

Genus Acrocubus Haeckel, 1881

Acrocubus octopylus Haeckel

(PL. IV, fig. 9, 13)
Acrocubus octopylus Haeckel, 1887; p.993, pl.82, fig.9.

Acrocubus octopylus Haeckel, Goll, 1972b, p.961, pl.37. figs.1-
3-Sanfilippo et al., 1985, fig.11.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Dendrospyris Haeckel, 1881
emend. Goll, 1968

Dendrospyris binapertonis Goll
(PL. 1V, fig. 24)
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Dendrospyris binapertonis Goll, 1968, p.1420, pl.173, figs.5,6,10,
text fig.8.

Dendrospyris binapertonis Goll, Mahapatra and Sharma, 1994,
p.159, pl.1, fig.1.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Dendrospyris bursa Sanfilippo and Riedel

(PL. 1V, fig. 8)
Theocampe ? sp. Nakaseko, 1963, p.183, pl.2, figs.8a-b.

Dendrospyris bursa Sanfilippo and Riedel, 1973, p.217, pl.2,
figs.9-13-Nigrini and Lombari, 1984, p.N19, pl.16, figs.la-f-
Mahapatra and Sharma, 1994, p.159, pl.1, fig.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Dendrospyris damaecornis (Haeckel)
(PL. IV, figs. 5-0)

Triceraspyris damaecornis Haeckel, 1887, p.1032.
Dendrospyris damaecornis (Haeckel), Goll, 1968, p.1420, pl.173,
fig.1-4, text-fig.8-Nigrini and Lombari, 1984, p.N21, pl.16, fig.2-
Mahapatra and Sharma,1994, p.159, pl.1, fig. 2.

Range: Stichocorys wolffii - RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones.
Dendrospyris pododendros (Carnevale)

(PL. TV, fig. 18)
Tessarospyris pododendros Carnevale, 1908, p.28, pl.3, fig.18.
Dendrospyris pododendros (Carnevale), Goll, 1968, p.1432,
pl.174-Sanfilippo et al., 1973, p.218, pl.3, figs.10-12-Nigrini and
Lombari 1984, p. N23, pl.16, figs. 3a-b-Mahapatra and Sharma,
1994, p.159, pl.1, fig.3.

Range: Stichocorys wolffii - RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Dorcadospyris Haeckel, 1881
emend. Goll, 1969

Dorcadospyris dentata Haeckel

(PL. 1V, fig. 27)

Dorcadospyris dentata Haeckel, 1887, p.1040, pl.85, fig.6.
Dorcadospyris dentata Haeckel, Riedel, 1957, p.79, pl.1, fig.4-
Riedel and Sanfilippo, 1971, p.590, pl.2D, figs.2,3-Nigrini and
Lombari, 1984, p.N29, pl.17, fig.2-Mahapatra and Sharma, 1994,
p-159, pl.1, fig.4.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Dorcadospyris forcipata (Haeckel)

(PL. 1V, figs. 25-26)
Dipospyris forcipata Haeckel, 1887, p. 1037, pl.85, fig.1.
Dipospyris forcipata Haeckel, Riedel, 1957, p.79, pl.1, fig.3.

Dorcadospyris forcipata (Haeckel), Riedel and Sanfilippo, 1970,
p. 523, pl.15, fig.7-Mahapatra and Sharma, 1994, p.159, pl.1,
fig.12-Sanfilippo et al., 1985, p.663, fig.10.5a,b.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Dorcadospyris spp.
(PL. 1V, figs. 22, 23)

Remarks: Specimens belonging to this group
occur in large number. The group includes forms of
Dorcadospyris showing only cephalis or cephalis
with broken feet. These forms possibly belong to
various species of Dorcadospyris.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Gorgospyris Haeckel, 1881

Gorgospyris perizostra Sanfilippo
and Riedel
(PL. 1V, fig. 21)

Gorgospyris perizostra Sanfilippo and Riedel, 1973, p.218. pl.3,
fig. 4,5.

Gorgospyris perizostra Sanfilippo and Riedel, Mahapatra and
Sharma, 1994, p.160, pl.2, fig.3

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones
Gorgospyris schizopodia Haeckel

(PL 1V, figs. 16-17)
Gorgospyris schizopodia Haeckel, 1887, p.1071, pl.87, fig.4.

Gorgospyris schizopodia Haeckel, Sanfilippo et al., 1973, p.218,
pl.3, figs.6,7; Mahapatra and Sharma, 1994, p.160, pl.2, fig.4.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Giraffospyris Haeckel, 1881
emend. Goll, 1969

Giraffospyris angulata (Haeckel)

(PL. 1V, figs. 10-11)
Eucoronis angulata Haeckel, 1887, p.978, pl.82, fig.3.

Giraffospyris angulata (Haeckel), Goll, 1969, p.331, pl.59,
figs.4,6,7,9-Nigrini and Moore, 1979, p.N11, pl.19, figs.2a-d,3a-
b-Nigrini and Lombari, 1984, p.N41, pl.19, fig.1-Sharma and
Singh, 1993, pl.3, fig.3.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Giraffospyris toxaria (Haeckel)
(PL. 1V, fig. 20)
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Podocoronis toxarium Haeckel, 1887, p.980, pl.83, fig.7.

Giraffospyris toxaria (Haeckel), Goll, 1969, p.335, pl.56,
figs.1,2,4,7, text-fig.2. Mahapatra and Sharma, 1994, p.160, pl.2,
fig.1.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Genus Liriospyris Haeckel, 1881, emend.
Goll, 1968

Liriospyris elevata Goll

(PL. V, figs. 4, 10)

Liriospyris elevata Goll, 1968, p.1426, pl.175, figs.4, 5, 8, 9; text-
fig.9.

Liriospyris elevata Goll, Riedel and Sanfilippo, 1971, p.1590,
pl.1E, fig.3-Mahapatra and Sharma, 1994, p.160, pl.2, fig.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Liriospyris geniculosa Goll

(PL. V, figs. 5-6, 11)
Liriospyris geniculosa Goll, 1968, p.1427, pl.175, figs.21-24.

Liriospyris geniculosa Goll, Nigrini and Lombari, 1984, p.N47,
pl.19, fig.3-Mahapatra and Sharma, 1994, p.160, pl.2, fig.6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Liriospyris globosa Goll

(PL. V, fig. 1)

Liriospyris globosa Goll, 1968, p.1427, pl.176, figs.1-3,5, text-
fig.9.

Liriospyris globosa Goll, Mahapatra and Sharma, 1994, p.160,
pl.2, fig.7.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Liriospyris mutuaria Goll

(PL. V, figs. 7)

Liriospyris mutuaria Goll, 1968, p.1428, pl.175, figs. 6,10,11,14,
text-fig.9.

Liriospyris mutuaria Goll, Nigrini and Lombari, 1984, p.N49,
pl.19, fig.4-Mahapatra and Sharma, 1994, p.160, pl.2, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Liriospyris ovalis Goll

(PL. V, fig. 9)
?Tiarospyris mitra Haeckel, 1887, p. 1082, pl.87, figs. 9-10.

Liriospyris ovalis Goll, 1968, p. 1429, pl.176, figs. 4,6-7, Text-
fig.9-Mahapatra and Sharma, 1994, p. 160, pl.2, figs. 9-10.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Liriospyris parkerae Riedel and Sanfilippo

(P1. V, fig. 3)

Liriospyris parkerae Riedel and Sanfilippo, 1971, p.1590, pl.2C,
fig.15; pl.5, fig.4.

Liriospyris parkerae Riedel and Sanfilippo, Sharma et al., 1993, pl.1.
fig.4-Mahapatra and Sharma, 1994, p.160, pl.2, fig. 11.

Range: Stichocorys wolffii Zone — RN3.
Liriospyris stauropora (Haeckel)

(PL. V, figs. 2, 8)
Trissocyclus stauroporus Haeckel, 1887, p.987, pl.83. fig.5.

Liriospyris stauropora (Haeckel), Goll, 1968, p.1431, pl.175,
figs.1-3,7, text-fig.9-Nigrini and Lombari, 1984, p.N51. pl.19.
fig.5-Sharma er al., 1993, pl.1, fig.3-Mahapatra and Sharma, 1994,
p.161, pl.2, fig.14.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Liriospyris sp. “L2”

(PL. V, fig. 13)
Liriospyris sp. “L2” Goll, 1968, p.1424, text-fig.9.

Liriospyris sp. “L2” Goll, Mahapatra and Sharma 1994, p.160,
pl.2, fig.13.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Petalospyris Haeckel, 1881
Petalospyris bulbosa Mahapatra and Sharma

(PL.V, fig. 12)
Petalospyris bulbosa Mahapatra and Sharma, 1994. p 162, pl 1.
figs. 1-4.
Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Phormospyris Haeckel. 1881.
emend. Goll, 1976

Phormospyris stabilis stabilis (Goll)

(PLV, figs. 21-23)
Dendrospyris stabilis Goll, 1968, p.1422, pl.173, figs.16-18. 20.

Phormospyris stabilis stabilis (Goll), Goll, 1976, p.390, pl.1. figs.1-
13; pl.2, figs.7-14.

Phormospyris stabilis stabilis (Goll), Mahapatra and Sharma, 1994,
p.162, pl.3, fig.5.

Rangé: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Rhodospyris Haeckel, 1881
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Rhodospyris (7) spp. De 1 (Goll) group

(PL. V, fig. 39)
De 1 in Goll, 1968, p.1417, text-fig.8.

Rhodospyris (?) spp. De | group. Petrushevskaya and Kozlova,
1972, p.351, pl.38, fig.15-16.

Rhodospyris (?7) spp. De 1 (Goll) group, Nigrini and Lombari,
1984, p.N65, pl.19, fig.9-Mahapatra and Sharma, 1994, p.162,
pl.3, fig.6, 7.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Tholospyris Haeckel, 1881 emend.
Goll, 1969

Tholospyris anthophora (Haeckel)

(Pl V, figs. 14-15)
Dictyospyris anthophora Haeckel, 1887, p.1076, pl.89, fig.8.

Tholospyris anthophora (Haeckel), Goll, 1969, p.324, pl.55, figs.1-
4. Nigrini and Lombari. 1984. p.N69, pl.20, fig.1-Mahapatra and
Sharma, 1994, p.162. pl.3, fig.9.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Tholospyris kantiana (Haeckel)

(PL. V, fig. 20)

Tricolospyris kantiana Haeckel, 1887, p.1098, pl.88, fig.10.

Tholospyris kantiana (Haeckel), Nigrini and Lombari, 1984,
p-N71, pl.20, figs.2a-c-Mahapatra and Sharma, 1994, p.162, pl.3,
fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Tholospyris mammillaris (Haeckel)

(PL. V, fig. 17)

Dictyospyris mammillaris Haeckel, 1887, p.1076, pl.89, figs.9-
10.

Tholospyris mammillaris (Haeckel), Goll 1969, p.327, pl.55,
figs.5,6,8,9; text-fig.1. Nigrini and Lombari, 1984, p. N73, pl.20,
figs.10,11. Mahapatra and Sharma, 1994, p.162, pl.3, figs. 10, 11.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Tholospyris newtoniana (Haeckel) emend. Goll

(PL.V, fig. 18)
Tricolospyris newtoniana Haeckel, 1887, p. 1098, pl.88, fig.11.

Tholospyris kantiana (Haeckel), Goll, 1969 (part), p. 327, pl.58,
figs.17-19.

Tholospyris newtoniana (Haeckel), emend. Goll, 1972a, p. 450,
pl.1, figs.1-6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Tholospyris sp. “T2”

(PL. V, figs. 19)
Tholospvris sp. “T2" Goll, 1969, p. 324, text-fig.1.
Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Tholospyris sp. “T4”

(PL. V, fig. 24)
Tholospyris sp. “T4” Goll, 1969, p. 324, text-fig.1.

Tholospyris sp. “T4” Goll, Mahapatra and Sharma, 1994, p. 164,
pl.3, figs.15-16.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Tympanomma Haeckel, 1887
Tympanomma binoctonum (Haeckel)

(PL. V, fig. 16)
Tympanidium binoctonum Haeckel, 1887, p.1004, pl.94, fig.18.

Tympanomma binoctonum (Haeckel), Petrushevskaya and
Kozlova, 1972, p.533, pl. 39, figs.23, 24-Mahapatra and Sharma,
1994, p.164, pl.3, fig. 17

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Family Carpocaniidae Haeckel, 1881,
emend. Riedel, 1967b

Genus Carpocanarium Haeckel, 1887
Carpocanarium spp.
(PL. V, fig. 28)

Carpocanarium spp. Riedel and Sanfilippo, 1971, pp.1499- 1560,
pl.11, figs.17-25; pl. 21, f1 g 5.8, 9.

Carpocanarium spp. Riedel and Sanfilippo, Sharma and Daneshian,
1998, p.699, pl.3, fig.21.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Carpocanistrum Haeckel, 1887
Carpocanistrum spp.

(PL. V, fig. 29)

Carpocanistrum spp. Riedel and Sanfilippo 1971, p.1596, P1. 1G,
figs. 1-6, 8-13; pl. 2f, figs. 5-16; pl.3D, figs. 1, 2, 6, 7, 9.

Carpocanistrum spp. Riedel and Sanfilippo, Nigrini and Moore,
1979, p. N23, pl.21, figs.la-c-Nigrini and Lombari, 1984, p. N81,
pl.21, figs.la-b-Sharma and Singh, 1993, pl.3, figs. 4,5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Riedel and
Sanfilippo, 1971

Carpocanopsis bramlettei Riedel and Sanfilippo
(PL. V, fig. 32)

Genus Carpocanopsis
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Cycladophora favosa Haeckel, Riedel, 1954, , pl.1, fig.3, (non
fig.2).

Carpocanopsis bramlettei Riedel and Sanfilippo, 1971, p.1597,
pl.20; figs.8-14, pl.8, fig. 7.

Carpocanopsis bramlettei Riedel and Sanfilippo, Nigrini and
Lombari, 1984, p. N85, pl.21, fig.3.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4
Zones.

Carpocanopsis cingulata Riedel and Sanfilippo

PLV, fig. 31)

Carpocanopsis cingulatum Riedel and Sanfilippo, 1971, p.1597,
pl.2G, figs.17-21, pl. 8, fig.8.

Carpocanopsis cingulata Riedel and Sanfilippo, Sanfilippo and
Riedel, 1973, p.531-Nigrini and Lombari, 1984, p. N87, pl.21,
fig.4-Sharma et al., 1993, pl.1, fig.2.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Carpocanopsis cristata (Carnevale)

(PL. V, figs. 33-34)
?Sethocorys cristata Carnevale, 1908, p.31, pl.4, fig.18.

Carpocanopsis cristatum (Carnevale)?, Riedel and Sanfilippo,
1971, p.1597, pl. 1G, fig.16; pl. 2G, figs.1-7-Sanfilippo and Riedel,
1973, p.531.

?Carpocanopsis cristata (Carnevale), Nigrini and Lombari, 1984,
p.N89, pl.21, fig.5.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Carpocanopsis favosa (Haeckel)

(PL. V, figs. 26-27)
Cycladophora favosa Haeckel, 1887, p.1380, pl.62, figs.5,6.

Carpocanopsis favosum (Haeckel), Riedel and Sanfilippo, 1971,
p-1597, pl.2G, figs.15,16; pl.8, figs.9,10.

Carpocanopsis favosa (Haeckel), Sanfilippo and Riedel, 1973,
p.224, pl.6, figs.7,8-Nigrini and Lombari, 1984, p.N91, pl.21,
figs.6a-c; Sharma et al., 1993, pl.1, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Family Theoperidae Haeckel, 1881,
emend. Riedel, 1967b

Genus Cinclopyramis Haeckel, 1879
Cinclopyramis spp.
(PL.V, fig. 25)

Remarks: All forms belonging to the Genus
Cinclopyramis Haeckel, 1882 are included in this

group.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Genus Clathrocanium Ehrenberg, 1860

Clathrocanium sphaerocephalum Haeckel

(PL. V, fig. 40)

Clathrocanium sphaerocephalum Haeckel, 1887, p.1211, pl.64,
fig.1.

Clathrocanium sphaerocephalum Haeckel, Sanfilippo et al., 1973,
p-220, pl.4, fig.9-Sharma and Daneshian, 1998, p.700, pl.4, fig.14.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Clathrocorona Haeckel, 1881
Clathrocorona atreta Sanfilippo and Riedel

(PL. V, fig. 35)

Clathrocorona atreta Sanfilippo and Riedel, 1973, p. 219, pl.4,
figs.5-8.

Clathrocorona atreta Sanfilippo and Riedel, Sharma and
Daneshian, 1998, p.700, pl.4, fig.13.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Genus Cornutella Ehrenberg, 1838
emend. Nigrini, 1967

Cornutella profunda Ehrenberg

(PL. V, fig. 38)
Cornutella clathrata f3 profunda Ehrenberg, 1854b, p.241.

Cornutella profunda Ehrenberg, Riedel, 1958, p.232, pl.3, figs.1,2-
Nigrini, 1967, p.60, pl.6, figs.5a-c-Nigrini and Lombari, 1984,
p-N93, pl.22, fig.1.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Genus Cyrtocapsella Haeckel, 1887

Cyrtocapsella cornuta (Haeckel)

(PL. V, fig. 42)

Cyrtocapsa (Cyrtocapsella) cornuta Haeckel, 1887, p.1513, pl.78,
fig.9.

Cyrtocapsella cornuta (Haeckel), Sanfilippo and Riedel, 1970,
p-456, pl.2, figs.8-10-Sanfilippo et al., 1973, p.670, figs.16.2a-b.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Cyrtocapsella elongata (Nakaseko)

(PL. V, fig. 44)
Theocapsa elongata Nakaseko, 1963, p. 185, pl.3, figs.4-5.
Cyrtocapsella elongata (Nakaseko), Sanfilippo and Riedel. 1970.
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p. 452, pl.1, figs.11-12-Nigrini and Lombari, 1984, p. 105, pl.23,
figs.3a-b.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Cyrtocapsella tetrapera (Haeckel)

(PL. V, fig. 43)

Cyrtocapsa (Cyrtocapsella) tetrapera Haeckel, 1887, p.1512,
pl.78, fig.5.

Cyrtocapsella tetrapera (Haeckel), Sanfilippo and Riedel, 1970,
p-453, pl.1, figs.16-18-Nigrini and Lombari, 1984, p. N109, pl.23,
fig.5.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Eucyrtidium Ehrenberg, 1847
emend. Nigrini, 1967

Eucyrtidium cienkowskii Haeckel group

(PL.V, fig. 37)
Eucyrtidium cienkowskii Haeckel, 1887, p.1493, pl.80, fig.9.

Eucyrtidium cienkowskii Haeckel group, Sanfilippo et al., 1973,
p-221,pl.5, figs.7-11-Nigrini and Lombari, 1984, p.N111, pl.23,
fig. 6-Sharma and Daneshian, 1998, p.700, pl.4, fig. 9.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Eucyrtidium diaphanes Sanfilippo and Riedel

(PL. V, fig. 41)

Eucyrtidium diaphanes Sanfilippo and Riedel, 1973, p.221, pl.5,
figs. 12-14.

Eucyrtidium diaphanes Sanfilippo and Riedel, Srinivasan et al.,
1983, p.14, pl.3, figs. 12,13-Nigrini and Lombari, 1984, p. N113,
pl.23, fig.7-Sanfilippo and Nigrini, 1995, p.278, pl.1, fig.6-11-
Sharma and Daneshian, 1998 , p.700, pl.4, fig.8.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Eucyrtidium hexagonatum Haeckel

(P1. V, figs. 47-48)
Eucyrtidium hexagonatum Haeckel, 1887, p.1489, pl.80, fig.11.

Eucyrtidium hexagonatum Haeckel, Nigrini, 1967, p.83, pl.8,
figs.4a-b-Johnson, 1974, p.551, pl.10, fig.14; Nigrini and Lombari,
1984, p.N115, pl.23, fig.8.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Eucyrtidium punctatum (Ehrenberg) group

(PL. VI, fig. 32)

Lithocampe punctata Ehrenberg, 1844, p.84.
Eucyrtidium punctatum (Ehrenberg), Ehrenberg, 1847, p.43;

Ehrenberg, 1854a, pl.22, fig.24-Caulet, 1985, p.852, pl.5, fig.9.

Eucyrtidium punctatum (Ehrenberg) group, Sanfilippo et al., 1973,
p-221, pl.5, figs.15,16.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Lithopera Haeckel, 1887
Lithopera renzae Sanfilippo and Riedel

(PL 'V, figs. 45-46)

Lithopera (Lithopera) renzae Sanfilippo and Riedel, 1970, p.454,
pl.1, figs.21-23, 27.

Lithopera renzae Sanfilippo and Riedel, Riedel and Sanfilippo,
1971, p.2E, figs.17, 18; pl.7, fig.14; Sanfilippo er al., 1973, p.221,
pl.5, figs.17-18-Sanfilippo et al., 1985, p.675, figs.16.4a-c.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Genus Lychnodictyum Haeckel, 1881
Lychnodictyum audax Riedel

(PL. VI, figs.34-35)
Lychnodictyum audax Riedel, 1953, p. 810, pl.85, fig.9.

Lychnodictyum audax Riedel, Sanfilippo and Riedel, 1974, p. 1022,
pl.2, fig.8-Nigrini and Lombari 1984, N123, pl. 25, fig.1-Sharma
and Singh, 1993, pl.3, figs.6-7.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Genus Pterocanium Ehrenberg, 1847

Pterocanium spp.
(PI. VI, figs. 31,33,36)

Remarks: This group of species includes all
forms belonging to the Genus Pterocanium
Ehrenberg, encountered in the studied material.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Stichocorys Haeckel, 1881
Stichocorys armata (Haeckel)
(Pl. VI, fig. 4)

Cyrtophormis armata Haeckel, 1887, p.1460, pl.78, fig.17.

Stichocorys armata (Haeckel), Riedel and Sanfilippo, 1971, p.1595,
pl.2E, figs.13-15-Sanfilippo er al., 1973, p.222, pl.6, figs.1-2.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Stichocorys delmontensis (Campbell and Clark)

(PL. VI, fig. 10)
Eucyrtidium delmontense Campbell and Clark, 1944, p.56, pl.7,
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figs.19,20.

Stichocorys delmontensis (Campbell and Clark), Sanfilippo and
Riedel, 1970, p.451, pl.1, fig.9-Nigrini and Lombari, 1984, p.N129,
pl.25, fig.4-Sharma et al.,1993, pl.1, figs.9,10-Sharma and Singh,
1993, pl.3, fig.8-Sharma et al., 1999, p.268, pl. 5, fig. 1.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Stichocorys diploconus (Haeckel)

(PL. VI, fig. 2)

Cyrtocapsa diploconus Haeckel, 1887, p.1513, pl.78, fig.6.

Stichocorys diploconus (Haeckel), Sanfilippo and Riedel, 1970;
Riedel and Sanfilippo, 1971, p.1595, pl.2E, fig.16-Nigrini and
Lombari, 1984, p.N131, pl.25, figs.5a-b.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Stichocorys wolffii Haeckel

(PL. VI, fig. 3)
Stichocorys wolffii Haeckel, 1887, p.1497, pl.80, fig.10.

Stichocorys wolffii Haeckel, Riedel,1957, p.92, pl.4, figs.6-7-
Nigrini and Lombari, 1984, p.N135, pl.25, fig.7-Sharma et
al., 1993, pl.1, figs.5-6.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Theocorys Haeckel, 1881
Theocorys redondoensis (Campbell and Clark)

(PL. V, figs. 30, 36)

Theocyrtis redondoensis Campbell and Clark, 1944, p.49, pl.7,
fig.4.

Theocorys redondoensis (Campbell and Clark), Kling, 1973, p.638,
pl.11, figs.26-28-Nigrini and Lombari, 1984, p.N143, pl.26, fig.4.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Albatrossidium Sanfilippo and
Riedel, 1992

Albatrossidium spp.
(P1. VI, fig. 9)
Albatrossidium spp., Daneshian, 1998, p.111, pl.12, figs.9,12,15.

Remarks: This group of species includes all
forms belonging to the Genus Albatrossidium
Sanfilippo and Riedel (1992, pp.16-18, pl.1, figs. 1,
2,7,8, 12,13, 19; pl.2, figs.1,2,7; pl.6, figs.3a-b).

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Anthocyrtidium Haeckel, 1881
Anthocyrtidium ehrenbergi Stohr

(PL. 6, fig.8)
Anthocyrtis ehrenbergi Stohr, 1880, p.100, pl.3, figs.21a-b.
Anthocyrtidium ehrenbergi (Stohr), Haeckel, 1887, p.1277.

Anthocyrtidium ehrenbergi ehrenbergi (Stohr), Riedel, 1957, p.83.
pl.2, figs.1-3-Nigrini and Lombari, 1984, p.N147, pl.27, fig.1.

Anthocyrtidium ehrenbergi (Stohr), Nigrini and Caulet, 1988,
p.345, pl.1, figs.3-4-Sharma and Singh, 1993, pl.3, figs.11-14-
Sharma et al., 1999, p.270, pl..5, fig. 26.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4

Genus Calocycletta Haeckel, 1887 sensu
Moore, 1972

Calocycletta (Calocyclior) caepa Moore

(PL. VI, fig. 15)
Calocycletta caepa Moore, 1972, p.150, pl.2, figs.4-7

Calocycletta costata caepa Moore, Nigrini and Lombari 1984, p.
N153, pl.28, figs.la-d

Calocycletta (Calocyclior) caepa Moore, Sanfilippo and Riedel,
1992, p.31, pl.2, fig.11-Sharma ez al., 1999, p. 272, pl.5, figs.
10,11.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Calocycletta (Calocyclissima) costata (Riedel)

(PL. VI, figs. 6-7)

Calocyclas virginis Haeckel, Riedel, 1957, p.90, pl.14, fig.5
(partim.).

Calocyclas costata Riedel, 1959, p.296, pl.2, fig.9.

Calocycletta costata (Riedel), Riedel and Sanfilippo, 1970, p.535,
pl.14, fig.12-Nigrini and Lombari, 1984, p. N155, pl.28, fig.2.

Calocycletta (Calocyclissima) costata (Riedel); Sanfilippo and
Riedel, 1992, p.30, pl.5, fig.1.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
Calocycletta (Calocycletta) virginis Haeckel

(P1. VI, fig. 5)

Calocyclas (Calocycletta) virginis Haeckel, 1887, p.1381, pl.74,
fig.4.

Calocyclas (Calocycletta) virginis Haeckel, Riedel, 1959, p.295,
pl.2, fig.8. :

Calocycletta virginis Haeckel, Riedel and Sanfilippo, 1970, p.535,
pl.14, fig.10-Nigrini and Lombari, 1984, p.N161, pl.29, fig.2.

Calocycletta (Calocycletta) virginis Haeckel, Sanfilippo and Riedel,
1992, p.28.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Lamprocyclas Haeckel, 1881

Lamprocyclas maritalis Haeckel group
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(PL VI, fig. 1)
Lamprocyclas maritalis Haeckel, 1887, pl.74, figs.13-14.
Lamprocyclas maritalis Haeckel, Nigrini, 1967, p.74, pl.7, fig.5.

Lamprocyclas maritalis maritalis Haeckel, Johnson, 1974, p.551,
pl.10, fig.11.

Lamprocyclas maritalis Haeckel group, Nigrini and Lombari, 1984,
p-N163, pl.30, figs.1a-b-Sharma et al., 1999, p.272, pl.5, fig. 24.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Family Artostrobiidae Riedel, 1967a

Genus Botryostrobus Haeckel, 1887
emend. Nigrini, 1977

Botryostrobus miralestensis (Campbell and Clark)

(PL. VI, fig. 16)

Dictyocephalus miralestensis Campbell and Clark, 1944, p.45, pl.6,
figs.12-14.

Artostrobium miralestensis (Campbell and Clark), Riedel and
Sanfilippo, 1971, p.1599, pl.1H, figs.14-17; pl.21, figs.9-10
(partim.) (non pl.3E, fig.12).

Botryostrobus miralesiensis (Campbell and Clark), Petrushevskaya
and Kozlova, 1972, p.539, pl.24, fig.31-Nigrini, 1977, p.249, pl.1,
fig.9; Srinivasan et al., 1983, p.15, pl.3, fig.16-Nigrini and Lombari,
1984, p. N 177, pl.31, fig.3.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Phormostichoartus Campbell, 1951
emend. Nigrini, 1971

Phormostichoartus marylandicus (Martin)

(PL. VI, figs. 20-22)
Lithocampe marylandica Martin, 1904, p.450, pl.130, fig.4.

Astrobium sp. A. dolidum Riedel and Sanfilippo, 1971, pl.1H,
fig.4; pl.21, figs. 1-8; pl. 3E, figs.7-9.

Phormostichoartus marylandicus (Martin), Nigrini, 1977, p.253,
pl.2, figs.1-4-Srinivasan et al., 1983, p.15, pl.3, figs.9-10-Nigrini
and Lombari, 1984, p.N185, pl. 31, figs. 7a-c, Sharma et al., 1999,
p. 272, pl.5, fig. 22.

Range: Stichocorys wolffii - RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones

Genus Siphocampe Haeckel, 1881 emend.
Nigrini, 1977

Siphocampe arachnea (Ehrenberg) group

(PL. VI, fig. 23)
Lithocampe lineata Ehrenberg, 1838, p.130, (partim.).

Fucyrtidium lineatum arachneum Ehrenberg, 1861, p.299,
(partim.).

Lithomitra arachnea (Ehrenberg), Riedel, 1958, p.242, pl4, figs.7-
8.

Siphocampe arachnea (Ehrenberg) group, Nigrini, 1977, p.255,
pl.3, figs.7-8. Nigrini and Lombari, 1984, p.N187, pl. 32, figs.1a-
b.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.

Siphocampe lineata (Ehrenberg) group

(PL. VI, figs. 24-26)
Lithocampe lineata Ehrenberg, 1838, p.130 (partim.)

Siphocampe lineata (Ehrenberg) group, Nigrini, 1977, p.256, pl.3,
figs.9-10-Nigrini and Lombari, 1984, p.N189, pl. 32, figs.2a-b.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4,

Siphocampe nodosaria (Haeckel)

(PL. VI, figs. 17-18)
Lithomitra nodosaria Haeckel, 1887, p.1484, pl.79, fig.1

Siphocampe nodosaria (Haeckel), Nigrini, 1977, p.256, pl.3,
fig.11-Nigrini and Lombari, 1984, p.N191, pl.32, fig.3-Daneshian,
1998, p.117, pl.13, fig.13.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4,
Genus Siphostichartus Nigrini, 1977
Siphostichartus corona (Haeckel)

(PL. VI, figs. 11-12)

Cyrtophormis (Acanthocyrtis) corona Haeckel, 1887, p.1462,
pl.77, fig.15.

Phormostichoartus corona (Haeckel), Riedel and Sanfilippo. 1971,
p-1600, pl.11, figs. 13-15; pl.2J, figs.1-5-Johnson, 1974, p.552,
pl.7, fig.18.

Siphostichartus corona (Haeckel), Nigrini, 1977, p.257, pl.2,
figs.5-6-Nigrini and Lombari, 1984, p.N193, pl.32, figs. 4a-d-
Sharma et al., 1999, p. 274, pl.5, fig. 27.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Siphostichartus praecorona Nigrini
(PL. VI, figs. 13-14)
Siphostichartus praecorona Nigrini, 1977, p.258, pl.2, figs.8-9.

Siphostichartus praecorona Nigrini, Sharma and Daneshian, 1998,
p.700, pl.4, fig.10.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Family Cannobotryidae Haeckel, 1881
Genus Botryocyrtis Ehrenberg, 1860
Botryocyrtis spp.

(PL. VI, figs.28, 30)
Botryocyrtis spp. Riedel and Sanfilippo, 1971, p.1602,
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pl.1j, figs.1-11; pl.2], figs.10-12, pl.3F, fig.7.

Botryocyrtis spp. Riedel and Sanfilippo, Sharma and Daneshian,
1998, p.699, pl.3, fig.29.

Range: Stichocorys wolffii - RN3 and
Calocycletta (Calocyclissima) costata - RN4 Zones.

Genus Botryopyle Haeckel, 1881
Botryopyle dictyocephalus Haeckel group

(PL. VI, figs. 19, 27)

Botryopyle dictyocephalus Haeckel, 1887, p.1113, pl.96, fig.6.
Botryopyle dictyocephalus Haeckel group, Riedel and Sanfilippo,
1971, p. 1602, pl.1J, figs. 21-26; pl.2j, figs.16-18; pl.3F, figs.9-
12-Johnson, 1974, p.552, pl.6, fig.6.

Range: Stichocorys wolffii - RN3 and

Calocycletta (Calocyclissima) costata - RN4 Zones.
Genus Centrobotrys Petrushevskaya, 1965
Centrobotrys thermophila Petrushevskaya
(Pl. VI, figs. 29)

Centrobotrys thermophila Petrushevskaya, 1965, p.115,text-
fig.20.

Centrobotrys thermophila Petrushevskaya, Nigrini, 1967, p.49,
text-fig.26, pl.5, fig.7-Ling and Samuel, 1998, p.416 (list), pl.1,
fig. 4 bb.

Range: Calocycletta (Calocyclissima) costata
Zone - RN4.
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