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JURASSIC BIOSTRATIGRAPHY OF THE SULA ISLANDS, INDONESIA

by
T Satol), GEG. Westermann2), S.K. Skwarko 3), & F. Hasibuan4)

SARI

Pemetaan terperinci endapan Jura dalam 14 sungai serta lintasan aliran di Kepulauan Sula, Indonesia,
dipadukan dengan penanggalan kandungan fosil — terutama amonit — telah memapankan suatu carta
korelasi lokal yang dapat dikorelasikan dengan kolom Jura yang direferensikan sejagat.

Penampang yang kaya fésil Jura, tebalnya bolehjadi kurang dari 1.500 m, mengandung beberapa
konglomerat dan batupasir, namun terutama dibangun oleh serpih gampingan dengan atau tanpa
konkresi fosilan, telah dibagi dalam 5 kesatuan, yang umurnya berkisar antara Thouars Akhir hingga
Thiton Akhir.  Namun, seluruh  Aalen dan Callovia Tengah Atas tidak ditemukan, sedang bukti
untuk Bath tetap sedikit.

Penelitianulang dan lokasi fésil klasik — dan penelitian baru — pada beberapa lokasi menunjukkan,

bahwa batupasir Thouars Atas dengan Hammatoceras ditindih oleh serpih napalan mikaan tebal berfauna
Bayen Awal (ump. Fontannesia) dan Akhir (ump. Caumontisphinctes). Bukti adanya jenjang Aalenian
tidak ditemukan. Batulempung napalan berkongresi, sangat tebal, bagian bawahnya ditandai oleh Fauna
Keeuw berumur Callovian Awal seperti Macrocephalites, Oxycerites, Kheraiceras, Cadomites dan yang

lainnya. Bagian atasnya dicirikan oleh Fauna Wai Galo yang terdiri dari kumpulan Mayaitidae—Perisphinctes
berumur Oxford awal dan kumpulan Mayaitidae—Perisphinctes yang berumur Oxford tengah. Bukti adanya
Bath dan Callovia lebih atas tidak ditemukan. Jenjang Kimmeridge - Thiton lempungan dan tebal, secara
keseluruhan termasuk ke dalam fasies belemnit-bivalvia seperti Belemnopsis, Inoceramus dan Malayomaorica.
Batulempung berumur Thiton Atas ternyata kaya pula akan fauna ammonit, di antaranya Haplophylloceras

dan Blanfordiceras.

ABSTRACT

Detailed mapping of Jurassic sediments in 14 river and stream traverses in the Sula Islands, Indonesia, combined
with dating by contained fossils —mainly ammonites - has established a local correlation chart that can be
correlated with the world reference Jurassic column.

The richly fossiliferous Jurassic section is probably less than 1500 m thick, contains some conglomerate and
sandstone, but is mainly made up of calcareous shale, with or without fossiliferous concretions; it has been
subdivided into five units, which range in age from late Toarcian to late Tithonian. However, the entire
Aalenian and middle—upper Callovian are missing, and evidence for the Bathonian remains poor.

The re-examination of the classic —and examination of some new —fossil localities showed that the upper
Toarcian sandstone with Hammatoceras is overlain by thick micaceous marly shale with early (e.g. Fontannesia)
and late (e.g. Caumontisphinctes) Bajocian faunas; the lower part of the overlying thick marly claystone with
concretions contains the famous early Callovian ‘Keeuw fauna' (e.g. Macrocephalites, Oxycerites, Kheraiceras,
Cadomites); in the upper part the well-known ‘Wai Galo fauna’ consists of an early Oxfordian Mayaitidae-
Peltomorphites assemblage, and a middle Oxfordian Mayaitidae-Perisphinctes assemblage; there is no new
evidence for Bathonian and no evidence for middle—tate Callovian. The thick Kimmeridgian—middle Tithonian
argillaceous sequence is entirely in the belemnite-bivalve (Belemnopsis, Inoceramus, Buchia, Malayomaorica)
facies, but the upper Tithonian claystone again bears a rich ammonite (e.g. Haplophylloceras, Blanfordiceras)
fauna.

1) Institute of Geoscience, University of Tsukuba, Ibaraki, Japan

2) Department of Geology, McMaster University, Hamilton, Ontario, Canada
3) Bureau of Mineral Resources, Canberra, A.C.T., Australia

4) Geological Survey of Indonesia



INTRODUCTION

The Jurassic sediments in the Sula Islands
contain one of the richest and best preserved
molluscan fauna known in Indonesia. The
discovery of the fauna goes back to Rumphius
records of 1705 (Rumphius Gedenkboek, 1902)
which stimulated later geological expeditions
such as that of Verbeek in 1899 to the eastern
Moluccas (Verbeek, 1908). The first, systema-
tic collecting of fossils was by Boehm in 1900.
His important monographs on the Middle and
Late Jurassic ammonites, bivalves, belemnites and
brachiopods in the Sula Islands (Boehm, 1904a,
1904b, 1907a, 1907b, 1912) were later supple-
mented with papers on the Early Jurassic and on
other faunas by Cloos (1916), Jaworski (1921),
Kruizinga (1921, 1926), and Stolley (1929).
Arkell (1954), Westermann (1956), and
Westermann & Getty (1970) have reviewed these
faunas.

In every case the fossils were collected without
strict stratigraphic control; none of the above
Works included detailed stratigraphic data. When
Wanner (1931) subdivided the Jurassic sequence
into eight ‘formations’, he did so by indirect
correlation with the European stages using-
ammonites and other contained fossils, and on
the basis of previous workers’ observations of
exposures that were usually isolated from each
other. Arkell’s (1956) comments on the ammo-
nite zonation are also entirely based on published
data.

In terms of faunal affinities, the Sula Islands
occupy a key position between New Guinea,
New Caledonia, New Zealand and Antarctica on
the one hand and Southeast Asia on the other.
An expedition was therefore planned to re-collect
fossils from Boehm'’s classic sites and other out-
crops, and to make as many as possible detailed
stratigraphic observations to enable to unravel
the local stratigraphic sequence.

The expedition was organized and led by
Westermann, included Sato and Skwarko, and
Hasibuan. The survey was carried out between
6 and 24 September, 1976 from a 30 m motor-

ship Damai, chartered from Bitung in northern
Sulawesi.

The expedition was largely financed by the
National Research Council of Canada, and the
Science and Engineering Research Board,
McMaster University. Additional financial aid
came from the University of Tsukuba, and
Yoshida Foundation, Tokyo. Mr Salman
Padmanagara, Director of the Geological Survey
of Indonesia (GSI), permitted and supported

the expedition; and Mr Rab Sukamto Karto-
mihardjo, of the mapping division (GSI)“provided
much information, partly unpublished. The
Indonesian Embassy in Ottawa proved most
helpful. Dr. Ralph Imlay of the US Geological
Survey supplied a report on the Jurassic
ammonites collected by the recent joint Indo-
nesia-USA reconnaissance mapping of the
islands. The PT Mangole Timber Producer
(Mangtip) Company operating along the northern
Mangole, through the courtesy of its president,
Mr S. Kawahara, made available vehicles, which
greatly facilitated the survey. We wish to express
sincere thanks to all those persons and organisa-
tions for making this expedition possible.

Thanks are also due to Dr J. Thierry of the
University of Dijon, France; Professor C.W.
Drooger and Dr C.G. Rumke of the University
of Utrecht; and Dr J.H. Werner of the University
ot Amsterdam, Holland, for advice and permission
to inspect ammonite collections from many parts
of the world, in particular the surviving earlier
collections from the Sula Islands, and for making
available from their collections Indonesian
belemnites for comparative study.

The biostratigraphy of the Sula Islands Jurassic
is presented briefly in this paper. Certain
conclusions have been reached regarding the
associations and the succession of the ammonites.
However, the identification of bivalves and
belemnites remains preliminary, dependant as
they are on their occurrence in the New Zealand
Jurassic, the type sections of which are(currently
being re-examined by G. Stevens. Broad correla-
tion is outside the scope of the present paper; as
are the systematic descriptions of all the faunas,



which will be undertaken by the individual
contributors at a later stage.

One of the authors (SKS) has received permission
to publish this paper from the Director, Bureau
of Mineral Resources, Canberra. Australia.

GENERAL AND GEOLOGICAL SETTING

The Sula Islands, which are part of the northern
Moluccas island arc, are situated between 124°
and 126°E, at about 2°S in the Moluccas Sea,
east of Sulawesi. There are three major islands;
Taliabu and Mangoli aligned east—west, and
Sulabesar north-south (Fig. 1).

Geologically, the islands are made up of basement
rocks largely covered by a veneer of essentially
flat-lying Jurassic and younger sediments. The
basement is made up of granite and metamorphic
rocks possibly of Late Palaeozoic and Triassic age,
and crops out along the main ridge of Taliabu,
on the south coast of Mangole, and in Sulabesar.
The Jurassic rocks are more widespread, are less
than 1500 m thick, have a basal conglomerate
which passes up into sandstone, but mainly
consist of claystone and shale (see below). They
dip rarely more than 20°, and in places are
normally faulted in east-west direction. They
are gently folded in an WNW—ESE direction in
northern Taliabu, and east-west in northern
Mangole. In the central part of the south coast
of Taliabu they are gently tilted to the south,
and seem to be isolated from all other Jurassic
sediments. The passage of Jurassic beds into the
overlying Cretaceous sediments has not been
observed.

In the past, Brouwer (1921, 1926) subdivided

the Jurassic sediments of the Sula Islands into

the lower sandy and conglomeratic beds, and the
upper clayey and marly beds. The general geology
of the islands was summarised by van Bemmelen
(1970, p. 380—382). More recently Sukamto
(1975a, 1975b) reported on reconnaissance
mapping of the islands.

Location of traverses

"8



some sandy beds —are very fossiliferous. The
TRAVERSES preliminary identification of ammonites, both in
the field and later, were made by Westermann;

Fourteen traverses were undertaken, mainly along and of bivalves and belemnites by Skwarko

the stream and river beds which provided the best
access inland - and the best exposures. The

location of the traverses is shown in Figure 1, and 1. WaiKronci (Fig. 2)

relationship to one another in a correlation chart Wai Kronci flows from eastern Taliabu into the
(Fig. 8). Some traverses encountered few outcrops; strait of Tjapalulu (Fig. 2). It is about 5 km south
others, where outcrops were plentiful,were of Wai Lagoi, along which Boehm (1904b, 1907)

measured by Sato using the compass-and-pacing

collected fossils from the Jurassic—Cretaceous
method. The Jurassic sediments —except for

boundary. The succession is as follows :

Loﬁf(l)l.'ty Thérc:)ness Lithology Fossils
7 Haplophylloceras strigile (Blanf.)
1A3 Blanfordiceras cf. wallichi (Gray)
1A Haplophylloceras strigile (Blanf.)
Blanfordiceras cf. wallichi (Gray)
grey marly shale, Belemnopsis sp.
with hard calcareous
1A2 >12 concretions Haplophylloceras strigile (Blanf.)
Blanfordiceras cf, wallichi (Gray)
Si

Torquatisphinctes 1 sp.
Belemnopsis sp.

Relation unknown

silty shale, flaky Inoceramus  sp.
1Ci when weathered, with Belemnopsis aucklandica aucklandica
! X0 highly calcareous (Stevens)
1C2 concretions, and B. alfurica (Boehm)
Inoceramus bands Belemnopsis sp.

lack of exposure, 8 m *
) Inoceramus haasti (Hochstetter)
IBi Malayomaorica malayomaorica

I 18 as above (Krumbeck)
1B2 Belemnopsis sp.
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Wai Kronci traverse
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2. \ai Galo (Fig. 3) bank and in the river bed itself, the first outcrop

The famous Wai Galo, from which so many of —in .Jurassic sandstont.e - being about 1 km from
Boehm’s type specimens came, enters the sea on the river mouth. !:ossns occur abundantly in the
the southeast coast of Taliabu (Fig. 2). The f:alcareous cqncretlons, but some were alsg foynd
exposures are discontinuous, both in the river in the enclosing marly shale. The succession is

as follows (see also Fig. 3) :

Locality Thickness . .
No. (m) Lithology Fossils
2A >17 grey marly shale with Buchia sp. nov. B
slumping beds Belemnites indet.
2B Inoceramus sp.
Belemnites indet.
>40 silty mudstone, flaky

when weathered, with
calcareous concretions Inoceramus haasti (Hochstetter)
Malayomaorica malayomaorica
(Krumbeck)
Buchia sp.

lack of exposure

2D Belemnopsis sularum (Boehm)
B. aucklandica aucklandica Stevens
Inoceramus galoi Boehm ?
M. malayomaorica (Krumbeck)
25 silty mudstone, flaky Bivalves indet.
————————— when weathered, more
marly in lower horizons

2E

lack of exposure

2 F Phylloceras sp.
Calliphylloceras ? sp.
Perisphinctes (Krcmaosphinctes) cf.
burui Boehm
Tdoceras ? sp.
Belemnites sp.
Inoceramus galoi Boehm
I. subhaasti Wandel ?



2G

2H > 53

grey marly claystone,
with hard calcareous
concretions

Forms in square brackets were float

2K

lack of exposure

10

massive fine-grained
quartzose sandstone,
grains well sorted,
subrounded

[Mayaites (Epimayaites) aff. palmarum
(Boehm)

Calliphylloceras cf. malayanum
(Boehm)

Inoceramus sp.] *

[Mayaites (Epimayaites) cf. rotangi
(Boehm)

M. (E.) cf. palmarum

Paryphoceras cf. cocosi (Boehm)

Inoceramus sp.] *

Peltoceratoides (Peltomorphites)
tjapalului (Boehm) $

P. (Parawedekindia) aff.
arduennensis (d’Orb.) &

Euaspidoceras ? sp.

Mayaites (Epimayaites) aff.
palmarum to rotangi (Boehm)

M. (Paryphoceras 1) cf. sinuatus
(Spath)

Belemnites indet.

Crustacea indet.

Peltoceratoides (Peltomorphites)
tjapalului (Boehm) $

P. (Parawedekindia) aff. arduennensis
(d’Orb.) o

Belemnites indet.



Fig. 3. Wai Galo traverse (for explanation see the legend on Fig. 2)



The following specimens were collected as float
in the river-bed :

Mayaites (Epimayaites) cf. rotangi (Boehm)

At (E.) cf. batavoindicus (Boehm)

At (E.) cf. palmarum (Boehm)

Paryphoceras cf. sinuatus (Spath)

Prograyiceras ci.bambusae (Boehm)

Perisphinctes (Kranaosphinctes) cf. burui (Boehm)
P. (K.) sularum (Boehm)

Calliphylloceras malayanum (Boehm)

3. Wai Miha and tributaries (Fig. 4)

Wai Miha is a relatively long river which together
with its tributaries drains a large part of Taliabu
before flowing into the sea. There are only a few
exposures along the main river channel but its
tributary, Wai Betino, together with its own
tributary, Wai Kalepu, were traversed and partly
mapped. (Wai Kalepu yielded a rich new early
Callovian fossil assemblage near its mouth).

Boehm’s (1912) localities of “Tangi’ and ‘Keeuw’
were on the Wai Miha itself. Keeuw could not

be located. Boehm (1912, p. 124) reported it on
the western bank of the Betino river at its mouth.
Later (p.1 71), however, he described it as
stretching from about 900 m below the mouth

of the Betino along the western bank of Wai Miha

Wai Betino
Locality Thickness Lithology
No. (m)
3 E4
>10 bluish grey silty

shale with alternating
color banding

3 E3

to approximately 700 m upstream along the left
bank of the Betino, i.e. a total of about 1600 m
of outcrop. The recent visit revealed, however,
that most of the left bank of Wai Miha is hidden
under braided stream deposits, while the small
remaining outcrops within 100 m of the mouth
of Betino are unfossiliferous. The sporadic exposures
along the lower Wai Betino yielded good Callovian
ammonite faunas only about 240 to 280 m above
the river mouth, and it is therefore assumed that
many changes have taken place along the Wai
Betino during the last seventy—five years. The
current outcrops near the mouth of the Betino
appear to be Late Jurassic in age and no evidence
for the Bathonian age has been obtained.

Tangi lies in the middle course of the Wai Miha,
but the exposures found were discontinuous and
isolated. The best outcrop, and one with a modest
early Callovian fauna, is 1 km north of Tangi.

A gravel bar has backflooded the lower course

of the Wai Kempa at Tangi submerging its lower
banks and with them the old collecting sites.

The isolated Jurassic outcrops of the whole

of this area can be correlated with other sections
only by means of fossils. Separate descriptions
of the biostratigraphy are given below for Wai
Betino, Wai Kalepu, and Wai Miha :

Fossils

Jnoceramus sp.

Malayomaorica malayomaorica
(Krumbeck)

Belemnopsis alfurica (Boehm)

B. aucklandica aucklandica Stevens

Inoceramus galoi Boehm
Buchia sp. nov. A

M. malayomaorica (Krumbeck)

Oxytoma ? sp.



3E2

3 Ei

3D

3C

3A

3B2

3 Bj

lack of exposure

marly siltstone,

25 with green thin band
at the base

15 marly shale

>3 marly shale

relation unknown

101 bluish grey marly
shale, with calcareous
concretions and
septaria

9 marly claystone,
with calcareous
concretions

Inoceramus sp.

Malayomaorica ? sp.

Belemnopsis alfurica (Boehm) ?
B. aucklandica aucklandica Stevens

Macrocephalitidae indet.

Oppeliidae indet. [Ochetoceras ? >
Oecotraustes, or Paroecotraustes)

Macrocephalitidae ? indet.

Bositra sp.

Belemnites indet.

Macrocephalitidae fragment indet.
Posidonia sp.
Belemnopsis sp.

Holcophylloceras sp.

Macrocephalites (Macrocephalites)
formosus mantataranus (Boehm)

M. (Indocephalitesj chrysooliticus
(Waagen)

M. apertus (Spath)

Perisphinctid indet.

Oxycerites ? cf. marmertensis

0.1 cf. subcostarius

Bositra sp.

Inoceramus sp.

Belemnites indet.



Wai Kalepu

Locality
No.

3 Fi

3F2

3 F3.

Wai Miha

Locality
No.

3 Gi

Thickness

Fossils

Macrocephalites (Macrocephalites)
formosus cf. formosus (Sow,)

M. (M.) formosus cf. mantatargnus

(Boehm)
. (M.) transitorius (Spath)
. (Dolicephalites) cf. subtrapezinus
(Waagen)

M. (D.) aff. keeuwensis (Boehm)

M. (Kamptocephalites) cf. etheridgei
(Spath)

M. (K.) cossmanni Pet.

Idiocycloceras ?[or Kamptocephalites]
cf. bifurcatum Spath

Subkossmatia ? cf. intermedia (Spath)

Bullatimorphites (Kheraiceras) bullatus
(d’Orb.)

Cadomites cf. daubenyi (Gemm.)

Paroecotraustes ? sp.

Oxycerites (Alcidellus ?) sp.

Phylloceratid indet.

Conodiocoelites sp. nov. aff.
keeuwensis (Boehm)

==

Lithology
(m)
4
2 marly shale with hard
calcareous concretions
2
Thickness Uthoiogy
(m)
15

marly silty shale,
flaky when weathered
with hard calcareous
baids and nodules

Fossils

Macrocephalites (Kamptocephalites)
cf. subkamptus (Spath)

Macrocephalites s.I. indet.

Idiocycloceras ? sp.

Subkossmatia ? sp.

Cadomites cf. daubenyi (Gemm.)



Oxytorm ? sp.
Belemnopsis sp. nov. A
Hibolithes sp. indet.

3 G2 >7 marly shale with hard Macrocephalitidae ?
bands and concretions Bullatimorphites ? sp.

4. Tikong Quarry

Marly shale containing concretions, is exposed
in a8 - 10 m thick quarry east of the Tikong
village on the north coast of Taliabu. Well
preserved fossils washed out mainly from the

Locality Thickness .
No. (m) Lithology
4 A <10 marly shale, flaky

concretions are of early Callovian age. The
stratigraphic relationship of this section to other
outcrops is not known. The succession is as
follows :

Fossils

Macrocephalites (Dolicephalites)
keeuwensis (Boehm)
M. (D.) ci.subcompressus (Waagen)

when weathered, with M. (Macrocephalites) cf. transitorius
calcareous concretions (Spath)

5. Wai Menanga (Fig. 5)

Wai Menanga flows into the sea in the central
north Taliabu about 40 km east of the Tikong
quarry. Exposures are 5 km from the river
mouth. They are discontinuous, and restricted
to the creek—bed itself. The upper Toarcian
locality 5 C, separated from the upper Bajocian

M. (M.) aff. formosus mantataranus
(Boehm)

M. (Kamptocephalites) etheridgei
(Spath)

M. (K.j sp.

Procerites ? cf. hodsoni Arkell

Gracilisphinctes ? cf. lemoini
(Call.)

Oxycerites ex gr. rodoensis
besairiei Coll.

Oecotraustes ? sp.

Holcophylloceras sp.

Belemnopsis sp. nov. A

B. sp. nov. aff. B. rumphii Kruizinga

5 A and ?lower Callovian 5 B, is about 500 m
upstream from the timber company base camp.
The stratigraphic thickness of the unexposed
part of the sequence between localities 5C and
5B is deduced by assuming a constant dip. The
succession is as follows:



Fig. 4. Wai Betino (tributary of Wai Miha) traverse
(for explanation see legend on Fig. 2)



Fig. 5. Wai Menanga traverse (for explanation see legend on Fig. 2)



Locality Thickness .
No. (m) Lithology

5B >8 silty shale, with hard
silty calcareous bands

lack of exposure, 25 m

5A >8 silty, micaceous shale
with calcareous
concretions

lack of exposures, ca 100 m

5C >3 massive, coarse-grained
sandstone with fossil
banks

6. Wai Mbono (Fig. 6)

Wai Mbono is about 8 km east of Wai Menanga.
The first outcrop 6 A, some 4 km from the
coast, is a small isolated river bank with
?0xfordian ammonites. The relatively continuous
exposures 6 B (upper Bajocian) and 6 C (lower
Bajocian) are about 2 km upstream from 6 A
(Fig. 4). The stream channel is full of large

Locality Thickness .
No. (m) Lithology
6A 5 marly claystone
relation  unknown
6B >45 silty micaceous shale

with hard calcareous
sandstone beds and
calcareous concretions

Fossils

Bullatimorphites ? sp.
Macrocephalites? (Kamptocephalites
or Pleurocephalites ?) cf.

dimerus (Waagen)
Holcophylloceras ? sp.

Praetulites cf. kruizingai
Western.

Hammatoceras cf. molu.kka.num Cloos
Bivalves indet.
Belemnites indet.

boulders of sandy shale and sandstone. Ammo-
nites in shaly matrix as float between 6 B and

6 C indicate basal Bajocian age, while loose
(upper) Toarcian ammonites occur mainly in
sandstone boulders strewn upon thick unfossili-
ferous shales upstream from 6 E. However, they
were not traced to outcrop. The succession is
as follows :

Fossils

Paryphoceras ? sp.
Calliphylloceras cf. malayanum
(Boehm)

Caumontisphinctes sp.

Cadomites aff. deslongchampsi
(d’Orb.)

Sphaeroceratidae ?



lack of exposure, 30 m

6C >9 marly, silty shale

flaky when weathered

Float between 6 B and 6 C.
Forms in square brackets were float
found upstream from 6 C.

7. Wai Meyong

Wai Meyong, east of Wai Mbono, contains only
a few isolated outcrops. At one of these about
5 km from the creek mouth, is the contact
between the Jurassic basal conglomerate and
the underlying irregularly eroded basement gra-
nite. The conglomerate is composed of rounded
boulders of granite, and rare quartz and black
schist up to 3 m in diameter, cemented together
by a coarse breccia and coarse sandstone both

of granitic composition. It is unfossiliferous, and
passes upwards into unfossiliferous sandstone and
grit composed of chert and quartzose metamor-
phic rock grains. The bivalve Bositra and
belemnites are found in black silty shale about
25 m above the grit.

South from Falabisahaya

Locality Thickness .
No. (m) Lithology
8A >50 massive white chalky

marl

Holcophylloceras cf. mediterraneum
(Neum.)

Phylloceratidae indet.

Nannolytoceras ?

Belemnites indet.

Fontannesia sp. *

cf. Grammoceras
Phymatoceras ? sp.
Phyiloceras (Macrophylloceras) sp.
Ptychophylloceras sp.

8. Falabisahaya - Minaluli (Fig. 7)

The Falabisahaya village on the north coast of
Mangole is the headquarters of the. Mangole
Timber Company (Mangtip). Logging roads
radiate south and southeast from it to the island’s
central divide, and then north again to the
loading port at Minaluli (Fig.~f). They also
continue eastwards to near the upper course of
Wai Saniahaya II.

The exposures were plotted on a base map at a
scale of 1 : 50,000 - of which Figure 1is &
modified version - provided by the Mangtip
Company. A very complete Callovian to Tt4-he*
nian section was obtained, but the thicknesses
are less accurate than those from the normal
stream traverses where compass—and—pacing
method was used. The overall sequence for the
area was compiled from the following sections.

Fosslis



relation unknown

8B 10 black marly claystone

with hard calcareous
concretions

Av.—
relation unknown

8C >10

From Minaluli to near Saniahaya Il

Locality Thickness Lithology
No. (m)

8L >90 marly shale

8G 150 grey marly shale with
hard calcareous
concretions, fossil
tracks on the surface
of concretions

gh

PtychophyUoceras cf. galoi (Boehm)
\Prososphinctes ?cf. boehmi (Kruiz.)
£ Aulacosphinctoides ? [or Pachysphinctesl]

Inoceramus subhaasti Wandel
Buchia sp.
Belemnites indet.

Mayaites (Epimayaites) aff. palmarum
(Boehm) [sublemoini ? Spa+h,
compressed var.]

M. (Paryphoceras) cocosi (Boehm)

Perisphinctes (Kranaosphinctes ?) sp.

Calliphylloceras cf. malayanum
(Boehm)

PtychophyUoceras cf. £a/oi (Boehm)

PhyUoceras (MacrophyUoceras) cf.
monsuni Boehm

Inoceramus galoi Boehm

7. subhaasti ? Wandel

Buchia sp. nov. D

Belemnopsis sp. nov. B

Fossils

Haplophylloceras strigile (Blanf.)
Blanfordiceras cf. wallichi (Gray)
Belemnopsis sp. indet.

Phylloceratidae indet.

Bivalves indet.

Belemnopsis uhligi Stevens

B. aff. incisa
Hibolithes marwicki Stevens subsp?

Pterolytoceras ?

Fhylloceratidae juv.

Haplocerataceae indet.

Belemnopsis sp. nov. C (8H)

B. aucklandica aucklandica Stevens (8H)



8 H2

8 H2

81

8K

8F

8E

8D

>200 marly claystone with
calcareous concretions

lack of exposure

70 marly claystone with
calcareous concretions

lack of exposure

>50 silty shale, flaky
when weathered, with
calcareous concretions
and Inoceramus bands

o-) Tv(l

relation unknown

>85 dark grey marly
p shale with

'K*. - (Au . "UMrTh* calcareous concretions

55? dark grey marly shale
with calcareous
concretions and
layers

lack of exposure

>125 black marly shale
with calcareous
concretions

B. cf. rumphii Kruizinga (8H)
Buchia sp. nov. A (8H)
Buchia cf. plicata Zittel (8H)
Haplophylloceras cf. strigile
(Blanf.)
Virgatosphinctes ? sp.
Uhligites ? ji)v.
Inoceramus stoliczkai Holdhaus (8H2)
Belemnopsis uhligi Stevens (8H2)
B. alfurica (Boehm) (8H2)

Aulacosphinctoides ? sp.
Lytoceratidae indet.
Belemnopsis uhligi Stevens
B. alfurica (Boehm)

Perisphinctid (Perisphinctes s.s. ?)
Laevaptychus sp.

Inoceramus haasti Hochstetter

/. cf.gracilis Holdhaus

Buchia sp. nov. A

Belemnopsis uhligi Stevens

B. aucklandica aucklandica Stevens
Belemnopsis sp. nov.

Perisphinctidae indet.

Peltoceratoides (Peltomorphites)
tjapalului (Boehm) §

P. (Parawedekindia) sp. <

Mayaites (Epimayaites) cf. rotangi
(Boehm)

Phylloceras (Macrophylloceras) cf.
monsuni Boehm

Inoceramus sp.

Macrocephalites (Dolicephalites) cf.
keeuwensis Boehm
Problematicum
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Fig. 6. Wai Mbono traverse (for explanation see legend on Fig. 2)



9. Wai Saniahaya Il (Fig. 7)

Wai Saniahaya Il is a stream of unknown name
about 15 km east of Falabisahaya (Fig. 7), and
west of Wai Saniahaya. Its upper reaches adjoin
the eastern part of Falabisahaya. The first two
localities 9 A and 9 B are about 1 km from the

Wai Saniahaya Il

Locality Thickness

coast; the next outcrop 9C is 3 —4 km farther
upstream. The relationship between 9 A —9 B
and 9 C is not known; 9 C and the adjoining8 E
and 8 D are located closely together and are
related faunistically and in age. The succession
is as follows :

No. (m) Lithology Fossils
9A 8 black marly shale, with Inoceramus sp.
Inoceramus bands Buchia sp.
Malayomaorica rmlayomorica
(Krumbeck)
Belemnites indet.
Relation unknown
10 black carbonaceous Plant -fV men t"
shale Belemnopsis sp. nov. B
Hibolithes brouweri Kruizinga ?
9B unknown marly claystone with Ptychophyloceras ? sp.
hard calcareous Perisphincies (Kranaosphinctes ?)
concretions salarum Boehm
Prososphinctes ? cf. boehmi (Kruiz.)
Inoceramus galoi Boehm
Inoceramus subhaasti Wandel
Belemnites indet.
Relation unknown
9C ? 10 black marly shale with Perisphincies s.I.
hard concretions Macrocephalitidae
10. Wai Loba

Wai Loba is a small stream in the central north
coast of Mangole (Fig. 2). It is a site of one of
the timber company’s base camp. A logging
road to the east reaches the adjoining Wai Fatoe,
with its scattered Jurassic outcrops of deeply
weathered and unfossiliferous shale, which make
up a disjointed sequence of limited importance.

11. Wai Buja Besar

Wai Buja Besar(west of Buja village on the south
coast of Mangole (Fig. 2), has been frequently
mentioned by Boehm (1912) and Kruizinga
(1926) as a source of float ammonites. A traverse
along it has however failed to locate any con-
tinuous outcroping fossiliferous sections.



PULAU PASTABUL

Fig. 7. Falabisahaya - Minaluli and W. Saniahaya Il traverses
(for explanation see legend on Fig. 2)



12-13-14 Small creeks in southeastern Taliabu dlscontmuous. exposures O.f probably closely
related Jurrasic strata difficult to correlate. No
Several small creeks between Wai Kronci and Wai  traverse maps have been prepared for them.

Galo in southeastern Taliabu (Fig. 2) such as an Principal lithologies encountered were the dark
unnamed creek (12), Wai Kemayo (13) and Wai grey marly shale, and grey silty shale intercalated
Fora (14) meander on the flat lowland, their with a light grey massive fine-grained sandstone.

Section 12 (creek of unknown name)

Locality Thickness . .
Fossil
No. m) Lithology ossils
7 boulders of yellow -

fine grained sandstone

Relation unknown

12 ? dark grey marly shale Blanfordiceras cf. wallichi (Gray)
Haplophylloceras
Belemnites indet.

Section 13: Wai Kemayo

13C 7 grey marly clayshale Belemnites indet.
with calcareous
concretions

Relation unknown
13B 7 grey marly clayshale Haploceratidae ? sp.
with some concretions Inoceramus sp.
Bivalves indet.

Belemnites indet.

Relation unknown N

13A 7 grey marly claystone Oxytoma ? sp.
with concretions



Wai Fora

? grey marly shale
prominently platy

Relation unknown
Section 14

14A ? grey silty shale

PRELIMINARY RESULTS

a. Stratigraphy

The Jurassic sedimentary succession in the Sula
Islands has been subdivided into five units on

the basis of age, lithology, and fossil content.
This subdivision was made possible by establishing
mutual stratigraphic relationships between meas-
ured sections and outcrops and by referring them
by means of contained fossils to the standard
Jurassic column. The five units are as follows:

1. The upper Toarcian (and Aalenian?) sand-
stone ( ? 20 m) with basal conglomerate, with
equally characteristic molluscs (see below) on

the north coast of Taliabu, are easy to distinguish
from all the other units.

2. The Bajocian (and Bathonian?) shale (20—
120 m), slightly silty, micaceous and marly, and
frequently intercalated with hard bands and
layers, is on occasion difficult to distinguish
from the overlying claystone, except for charac-
teristic ammonites which enable subdivision into
the upper and lower parts (see below); it is also
limited in distribution to the coast of Taliabu.

3. Callovian and' Oxfordian claystone (40—320
m) uniform, marly, and with hard concretions,
contains early Callovian and early and middle
(+ late) Oxfordian molluscs (see below); it is
quite widespread but cannot be further sub-
divided on purely lithological grounds.

Inoceramus sp.
Bivalves indet.
Belemnites indet.

4. The widespread Kimmeridgian—middle
Tithonian silty shale (100-150 m) with common
mica flakes contains abundant Bivalves such as
Inocerami, belemnites, Buchias and Malayo-
maorica, but only rare ammonites.

5. The upper Tithonian marly clayslone (150—
500 m) with hard concretions is similar to the
Callovian—Oxfordian claystone. It seems to be
limited in distribution to near the Tjapalulu
Strait and can only be distinguished from the
older unit by the unusually rich and distinctive
ammonite fauna which includes Haplophylloceras
and Blanfordiceras.

The boundary between the Jurassic and the
Cretaceous was not examined but may be clearly
marked by an abrupt lithological change as
suggested by presumably Cretaceous chalky

marl (8A) or yellow fine-grained sandstone
boulders upstream from 12.

b. Palaeontology

The time ranges of the individual species of
ammonites, belemnites and bivalves are cur-
rently being studied, and range charts will be
published on the completion of detailed
palaeontological study. At this stage, the
following succession and time—eorrelation of
the principal molluscan assemblages has become
apparent (representative locality numbers in
parentheses).



Upper Tithonian (1A, 8 H,L, 12) : The rich
and diverse ammonite IwinvHaplophyllo-
ceras strigile (Blanf.), Blanfordiceras cf.
wallichi (Gray), Virgatosphinctes ? sp.,
Haplocerataceae, Phylloceratidae, Lytocera-
tidae and also Belemnopsis sp., Buchia cf
plicata Zittel and Inoceramiis stoliczkai
Holdhaus. This fauna connects that of the
Himalayan Spiti Shales with the more
similar ones in New Guinea.

Middle Tithonian - Lower Kimmeridgian (1B,

r 2 (A?)B—D, 3E, 8B ?, K): The macro-
faunas consist almost entirely of bivalves and
belemnites, often massed on bedding planes,

- i.e. Inoceramus haasti (Hochstetter), 7. cf.A
gracilis Holdhaus, late 1. galoi Boehm, Buya
spp., malayomaorica (Krumbeck), Belem-
nopsis sp. and a few poorly known

perisphinctaceans [Prososphinctes\ci. boehmi X

(Kruiz.), Audklacosphinctoides ?] inhibiting *
~ exact time—eorrelations. This interesting
biofacies remains unexplcn n eA, «

Middle (+ ? Upper) Oxfordian (2F-H, 8C):
The not very common ammonite fauna is
characterized by the approximate association
of Mayaitidae, particularly Mayaites (Epi-
mayaites) spp. and Paryphoceras, with
Perisphinctes (Kranaosphinctes) spp. ex.
gr. burui Boehm, as well as Inoceramus galoi
Boehm, belemnites and phylloceratids. This
assemblage (or assemblages) is .equivalent
to the most commonly described and dated
Mayaitidae fauna of the Indo—Pacific faunal
province (e.g. Arkell, 1956).

Lower Oxfordian (2J-M, 6A ?, 8E) : Most of
the “Wai Galo assemblage”, with the notable
exception of the perisphinctids and some rare
forms mentioned gbcve belongs to this rich
fauna. It is characterized by the association
of very similar Mayaitidae as above with EeltO:
ceratoides (PeltomoTphites) tjapalului (Boehm)
and the apparently corresponding microconch
P.(Parawedekindia) aff. arduennensis (d’Orb.),
as well as CalliphyUoceras malayanum (Boehm)
and belemnites. The only known other occur-
rence of this assemblage, here dated as late

Middle - Upper Callovian

Bathonian :

early Oxfordian, appears to be Madagascar
(Collignon, 1958).

no fossil evidence

Lower Callovian (3B, G, F, 5B): The great host

of the “Keeuw assemblage” appears to be of
early to basal Callovian age, i.e. the common
Macrocephalites keeiiwensis (Boehm), M. cf.

A\ transitorius (Spath) and M. cf. subcompressus

<>(Waag.), the rarer M. formosus mantataranus

A (Boehm), M. etheridgei (Spath) and M. apertus

j (Spath), Idiocyclocerasl cf. bifurcatum Spath,
Subkossmatia ? cf. intermedia (Spath) and,
j significantly, Kheraiceras bullatum (d’Orb.).

N These are associated, at least in part, with

N Oxycerites spp.jProcerites cf. hadsoni Arkell,
- Gracilisphinctes ? sp. and*Cadomites cf. -f
“auberiyi (Gemm.) which commonly have
eeri corisidered to indicate the Bathonian
and even the late Bajocian (e.g. Arkell, 1956);
finally, there are also some phylloceratids,
belemnites and bivalves.

fossil evidfinrr  The known
mostly single specimens where all found loose
in the Keecwarea, Wai Miha,around the turn
of the century. These are the Tulites godoh-
ensis (Boehm) and several Bullatimorphites
sofanum (Boehm) indicating Middle Bathonian,
as first suggested by Arkell (1956), and a
fragment in the Utrecht collections resembling
Asphinctites pinguis (Gross.) (confirmed by

C. Mangold, pers. comm.) suggesting Lower
Bathonian. The need for caution with respect
to the dating of these single specimens found

in isolation can, however, not be overempha-
sised.

Upper Bajocian (6B) : The association of

Caumontisphinctes ¢p, and Cadomites aff.
deslpngchampsi (d’Orhigny), together with
phylloceratids and lytoceratids, is the first

good evidence from Indonesia of (early) Late
Bajocian. Significantly, the”"ldoceras nihanum’
(Boehm, 1913) from Keeuw also appears to

be a Caumontisphinctes (confirmed by C. Pavia
and the late C. Sturani, 1975 pers. comm.). Y&

Lower Bajocian (6C) ¢« The only new fossil

evidence is the Fontannesia sp. found loose

Praetulites cf, kruizingai Westermanu from locality 5A probably belongs

also in this substage.



WaiMihaa W.Menongo W.Mbono W.60I0 W.Kemoyo W.Kroncl Falabisahaya- W.Soniahaya |l
tributaries(3) (5) W.Meyong (2) W.Fora (1) Minalull (9)

Fig. 8. Correlation chart of the 14 traverses in the Sula Islands



Table 1.  Generalised lithology and selected fossils occurrences,
with previous finds in brackets



\ f

Arkell, W.J.,

and confirming Kruizinga’s reports (‘Grammo-
ceras kiliani’ and ? ‘G. baumbergeri‘jsuggest-
ing basal Bajocian. Kmizinga also described
a specimen (p. 49, pi. 6, figs. 1-2) now
identified with Pseudotoites cf. robiginosus
(Crick), indicating a similar age. This assem-
blage occurs again in Irian Jaya and Western
Australia (Westermann and Getty, 1970;
Arkell, 1954). The Stephanoceras (Stemma-
coceras) irtdicum (Kruizinga, 1925, pi. 14,
fig. 1; perhaps a Zemistephanus ?) indicates
the late early Bajocian.

Aalenian : No fossil evidence

Upper Toarcian (5C) : The quite rich but difficult

to extract fauna includes Hammatoceras cf.
molukkanum Cloos, as figured by Kruizinga
(1926, p. 2), belemnites and bivalves.

Despite intensive search, the genus Irianites
which is widespread throughout eastern Indonesia
but has not been found in situ (Westermann and
Getty, 1970 and in Irian Jaya by Westermann

in 1973) has not been found; Kruizinga (1926,

p. 13, fig. 2) figured a poor specimen of /. cf.
moermanni (Kruiz.) from Buja Besar. The inspec-
tionjffrom Keeuw by Westermann has revealed
two poorly preserved specimens in shale matrix,
differing from the preservation of the Lower
Callovian ammonites. Finally, the extensively
described but not illustrated ‘Stephanoceras
pseudoblagdeni’ Cloos and ‘S. pseudohumphriesi'
Cloos from the ‘Profil Kempa’, i.e. ‘Tangi’ at
the Wai Miha, are now both identified with
Irianites cf. moermanni;macroconch and
microconch.
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