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As a part of paleontological reconnaissance survey in Madagascar by the National
Science Museum, Tokyo, the Diégo-Suarez area was surveyed by UiE and KANIE in
September of 1973. They surveyed several localities in the Diégo-Suarez area, and
then sampled abundant molluscan fossils especially from Loc. Dg 2, Betahitra Valley.

Previously pyritized ammonite fossils from the Betahitra Valley were reported by
BOULE et al. (1906-1907) and subsequently by COLLIGNON (1928-1929, 1931).

In this paper, we illustrate the geological outline of the Diégo-Suarez area and
re-examine characteristics of the molluscan fauna, particularly in paleontological
points of view. Along with geological outline of the Diégo-Suarez area, geological
age, faunal composition and presumable paleoecology of mollusks are shown by
KANIE in Part I. In Part II, HIRANO compares the growth modes of Anagaudryceras
sacya (FORBES) from Diégo-Suarez with those of Japan, supplement the morphologi-
cal information on A. sacya from Diégo-Suarez and consider the geographic varia-
tion between the two regions. In Part III, TANABE describes two species of Scaphites
from Loc. Dg 2 along with some biometric examinations. Genus Scaphites is one of
the most important ammonites in the Cenomanian deposits of this area. Previously
COLLIGNON (1928-1929, 1931) described eleven species of Scaphites from several
localities. However, the details of intraspecific variation of each species have not yet
been clarified to our satisfaction. On the occasion of the field work, 162 individuals
of Scaphites were collected, together with a large quantity of other marine molluscan
fossils at Loc. Dg 2. In this part, he gives the systematic descriptions of the two
species of Scaphites based on this collection.

All maragasy specimens examined are registered as a part of the collections of the
National Science Museum, although they will be returned to the Malagasy Republic
in the near future.
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PART I FAUNAL ANALYSIS OF THE LOWER CENOMANIAN MOLLUSKS
FROM DIEGO-SUAREZ

Yasumitsu KANIE

The Cretaceous fauna of the Diégo-Suarez area has been studied mostly by
French paleontologists. BOULE et al. (1906-1907) reported 74 species of fossil cephalo-
pods including 10 new species from the environs of Diégo-Suarez. Among them,
Acanthoceras subvicinale, A. prenodosoides, Phylloceras forbesianum, P. diegoi, Scaphites
aequalis, Belemnites fibula and Ostrea fosseyi were shown as the Middle Cenomanian
elements from the Betahitra Valley.

In 1910 HAUG assigned the age of the fauna containing Scaphites aequalis-obliquus,
Baculites baculoides, Turrilites morrisi, Gaudryceras sacya, Latidorsella latidorsata,
Cottreauites subvicinale and Serpula ootatorensis to the Middle to Upper Cenomanian.

COLLIGNON (1928-1929) described 92 species of cephalopods, among which 32
were designated as new ‘‘varieties” or “mutations”. Subsequently he (1931) added
65 species of invertebrates and 5 species of vertebrates to the fossil list which previously
had shown, and then the fauna was composed of 120 cephalopod species (Scaphitidae
60%, Acanthoceratidae 17%, Turrilitidae 13%), 2 pelecypod species, 16 gastropod
species, 12 coral species, and few species of crinoids, echinoids, annelids, decapods
and pisces. As a result, he concluded that the fauna has a close relationship with the
Cenomanian fauna of Algeria, Tunigia and also southern Europe. In 1964 COLLIGNON
published an atlas of the Cenomanian ammonites from various localities in Madagascar
including the Diégo-Suarez area.

Geological Outline of the Diego-Suarez Area

The paleontological reconnaissance survey of the Diégo-Suarez area was sum-
marized in a Japanese preliminary report of the First Paleontological Expedition to
Madagascar (1975). The geological sketch map of the Diégo-Suarez area indicating
localities of our materials is shown in Fig. 1. The columnar sections are illustrated
in Fig. 2. The lithofacies, the collected fossils, and the geological age of each locality
are summarized in Table 1.

The outcrops of Locs. Dg 2-5, 6 and 8 are mostly composed of greyish green
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Table 1. Locality list.
LOC. LITHOLOGY COLLECTED FOSSILS AGE ALTITUDE
Dg 1 calcareous mudstone pelecypod fragments Cenomanian ? ca.80m
foraminifers
Dg 2 mudstone many mollusks, see text Cenomanian ca.80m
foraminifers
Dg 3 mudstone foraminifers Cenomanian
Dg 4 mudstone Picnodonte fosseyt Cenomanian ca.123m
Trochus sp.
Tetragonites sp.
Scaphites cf. perount
foraminifers
Dg 5 mudstone foraminifers Cenomanian
Dg 6 mudstone foraminifers Cenomanian ca.200m
Dg6' chalk foraminifers Campanian ? ca.200m
Dg 7 limestone (pebble) Eocene
Dg 8 calcareous mudstone Cenomanian ca.l42m
Dg8' chalk Campanian ? ca.l42m
Dg 9 mudstone Mantelliceras suzarnnae  Cenomanian ca.5m
Seaphites sp.
Mariella sp.
foraminifers
Dgl0O fine-grained Mantelliceras Cenomanian ca.40m
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Fig. 2. Geological columnar sections of localities arranged by their approximate altitudes.
All the mudstones are of the “Lower Cenomanian™.

massive mudstone. The sediments often contain a number of molluscan fossils and
gypsum crystals. At Loc. Dg 2 abundant small-sized mollusks are scattered on the
earth composed of weathered mudstone containing goethite-spherulites 1 to 2 cm across.

Loc. Dg 9 in Diégo-Suarez City shows massive mudstone yielding small specimens
of Mantelliceras sp., Mariella (Mariella) sp., Scaphites sp., similarly to Loc. Dg 2;
associated with gypsum crystals and goethite-spherulites. A fragment of Mantelliceras
of. cantianum SPATH occurred in the calcareous fine-grained sandstone bed at Loc.
Dg 10 which lies about 35 m above the Loc. Dg 9 in altitude. Loc. Dg 1 is mostly
composed of probable Cenomanian calcareous sandstone or siltstone bearing pelecypod
fragments.

The probable Campanian bed with westward dipping unconformably overlies
Cenomanian deposits as seen at Loc. Dg 6. Quaternary basalt layer almost holizon-
tarily covers Cretaceous deposits at higher altitude than 80 m, as seen on plateau
west of the Betahitra Valley for example.
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Material

I treated about five hundreds specimens from Loc. Dg 2 and discriminated 13
genera and 22 species as follows:

CEPHALOPODA
Neophylloceras seresitense (PERVINQUIERE)
N. sp.
Phyllopachyceras diegoi (BOULE, LEMOINE & THEVENIN)
P. whiteavesi KOSSMAT
Anagaudryceras sacya (FORBES)
Tetragonites kiliani jacobi COLLIGNON
T. timotheanus (PICTET)
Gabbioceras jaubertianum jacobi (COLLIGNON)
Gaudryceratidae gen. et sp. indet.
Sciponoceras aff. baculoides (MANTELL)
S. sp.
Anisoceras aff. armutum (SOWERBY)
A. subcompressum FORBES
Mariella (Mariella) n. sp. aff. M. (Mariella) lewesiensis (SPATH)
M. sp.
Scaphites dailyi WRIGHT
S. bassei COLLIGNON
S. sp.
Uhligella? walleranti jacobi COLLIGNON
Puzosia (?) sp.
Mantelliceras (Mantelliceras) saxbii (SHARPE)
M. (Mantelliceras) suzannae (PERVINQUIERE)
M. (Cottreauites) waterloti COLLIGNON
M. (?) sp.
Sharpeiceras cf. falloti (COLLIGNON)
Utaturiceras (?) subvicinale (BOULE, LEMOINE & THEVENIN)
Stoliczkaia (Stoliczkaia) aff. texana (GRAGIN)
“Mammites” prenodosoides BOULE, LEMOINE & THEVENIN
PELECYPODA
Picnodonte fosseyi (LEMOINE)
Macoma sp.
GASTROPODA
Cerithium sp.
Rostellaria (?) sp.
Trochus waterloti COLLIGNON
T. cf. crucianum PicTET & CAMPICHE
Soloarium cf. berthoni PERVINQUIERE
HEXACORAL
Cycloseris diegoensis COLLIGNON
Although BOULE et al. (1906-1907) reported 74 species, and COLLIGNON (1928
1929, 1931) 157 species from the Diégo-Suarez area, several ““species” described by
them may have to be suppressed as variations or objective synonyms, according to
my preliminary examination. Figure 3 indicates the frequency of occurrence at
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generic level. Heteromorph ammonoid species belonging to Scaphites, Mariella,
Sciponoceras etc. occupy 62% of total ammonite individuals. The remnant contains
such Neophylloceras and Phyllopachyceras (1095) as ammonites stated as ‘“‘smooth,
involute, and obese shells with subcircular whorl section™ by ScotT (1940), and such
Mantelliceras, Stoliczkaia and Utaturiceras (?) (11%) as the ones stated as “sculptured
evolute shell with quadrate whorl section”.

The maximum diameter of coiled, scaphitid and turrilitid ammonites are 3, 1.6
and 3 cm, respectively, and maximum length of the straight ammonites is 3 cm. The
specimens were mostly preserved only as phragmocones. Pelecypods and gastropods
are less than 2.5 and 2 cm in height, respectively.

Faunal Analysis

Taxonomic Notes on Selected Species. This brief notes concern the species shown
in Table 2, where representative cephalopod species common between Loc. Dg 2
and various regions in the world are listed.

Neophylloceras seresitense (PERVINQUIERE), which was reported from the Diégo-
Suarez area by BOULE et al. (1906-1907) under the name of Phylloceras velledae MiCHE-
LIN and revised to the named species by MATSUMOTO (1959), has broader whorl, and
more complicated suture-line with more finely and deeply incised elements than Phyl-
lopachyceras diegoi (BOULE, LEMOINE & THEVENIN).

NO. OF SPECIMENS
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Neophylloceras
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Mantelliceras
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Stoliczkaia (S.) Smooth ammonites
Anisoceras
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Fig. 3. Abundance of ammonite genera gastropods and pelecypods observed at Loc. Dg 2.
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Table 2. Geographical distribution of the selected ammonite species from Loc. Dg 2,
same as (X) or similar to (*) those from various places of the world.

1 2 3 4 5 6 7
Nigeria, |Southeast|South|Algeria,| Southwest |New Zealand,| Japan,
Cameroon| Africa India|Tunigia | Europe Australia | Sakhalin
Neophylloceras seresitense x Ab % x x x M x
Phyllopachyceras diegoi
P. whiteavesi x x
Anagaudryceras sacya x Ab X x Ab-U
Tetragonites kiliani jacobi * Ab * Ab
T. timotheanus * L x Ab x
Gabbioceras jaubertinum jacobi * Ab * Ab
Seiponoceras aff. baculoides * * M * M *
Anisoceras aff. armatum *
A. subcompressum be *
Mariella aff. lewensiensis x L
Scaphites dailyi x x M-U
S. basset x Ab-M
Uhligella () walleranti * * * Ab * Ab
Mantelliceras saxbii x x L x L
M. suzannae x L
M. waterloti * Ab * Ab
Sharpeiceras cf. falloti x: L,
Utauriceras (?) subvicinale * * U
Stoliczkaia aff. texana * Ab * Ab * Ab| * Ab-L * Ab * Ab?-L
"Mammites" prenodosoides |

1: Reyment, 1955, 2: Collignon, 1928-1929; Kennedy & Klinger, 1975, 3: Matsumoto, 1942c;
Matsumoto et al., 1966, 4: Pervinquidre, 1907; Collignon, 1928, 1929, 1931; Sornay, 1955,
5: Jacob, 1908; Collignon, 1928-1929; Kennedy, 1971; Kennedy & Hancock, 1971, 1977, 6:
Wright, 1963 — northern Australia; Henderson, 1973 — New Zealand, 7: Matsumoto, 1942b,
1942-1943. Ab: Albian, L: Lower Cenomanian, M: Middle Cenomanian, U: Upper Cenomanian

The growth mode of Anagaudryceras sacya (FORBES) is shown in Part IT by HIRANO.
The other small specimens of tetragonitids are tentatively identified to Tetragonites
kiliani  jacobi (COLLIGNON), T. timotheanus (PiCTET) and Gabbioceras jaubertianum
Jjacobi (COLLIGNON).

Sciponoceras aff. baculoides (MANTELL) abundant at Loc. Dg 2 seems to differ
somewhat from the typical species described by MaTsumoro and OBATA (1963) in
having an elliptical whorl section and slightly prorsiradiate regular ribbing.

Mariella is next to Scaphites in the individual numbers (Fig. 3). M. (Mariella)
n. sp. aff. lewesiensis (SPATH) is characterized by spire angle of about 30°, two narrowly
spaced rows of tubercles on the bulge, and two widely spaced ones on the flank.
Sometimes the two kinds of rows make oblique ribs. M. (Mariella) n. sp. aff. lewesi-
ensis (not yet described but now being prepared for description by MATSUMOTO and
INOMA™) was originally found from the Lower Cenomanian deposits of the Shumarinai-
Soeushinai area of Hokkaido and the Graysonites-bearing bed in Kyushu, Japan.
This new species is characterized by three rows of tubercles on the external side and
another masked row of tubercles on the base, normally with a rib extending from the
upper tubercle.

Scaphites is most abundant at Loc. Dg 2, where two species are discriminated by
TANABE as shown in Part III.  While S. dailyi C. W. WRIGHT is distributed in the

* 1 express many thanks to Dr. i\;IATSUMOTo and Dr. Akitoshi INoma for offering me unpublished
data of this new species.
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Middle to Upper Cenomanian of northern Australia and southern India, S. bassei
COLLIGNON occurs in the Upper Albian to Middle Cenomanian of Algeria.

Among acanthoceratids fairly common at Loc. Dg 2, cosmopolitan Mantelliceras
(Mantelliceras) saxbii (SHARP), which is a synonym of M. martimpreyi (COQUAND), is
less common compared with the other species of Mantelliceras. M. (Mantelliceras)
suzannae (PERVINQUIERE) is common between Madagascar and Tunigia and Sharpei-
ceras cf. falloti (COLLIGNON) common between Madagascar and southeastern Africa,
whereas M. (Cottreauites) waterloti COLLIGNON, Utaturiceras (?) subvicunale (BOULE,
LEMOINE & THEVENIN) and “Mammites’’ prenodosoides BOULE, LEMOINE & THEVENIN
are endemic species in Madagascar as pointed out by COLLIGNON (1928-1929).

Stoliczkaia (Stoliczkaia) aff. texana (GRAGIN) from Loc. Dg 2 has broader whorl
section (B/H: 0.96-1.17) than that of lectotypes of S. (Stoliczkaia) texana from Texas
(MaATtsumoTo and INOMA, 1975).

Decapods, gastropods excluding Solarium cf. berthoni PERVINQUIERE, and hexa-
corals are regarded as endemic species. The name of “Ostrea” fosseyi LEMOINE was
transfered to Picnodonte fosseyi after STENZEL (1971).

Table 2 seems to suggest that the fauna from Loc. Dg 2 is characterized by the
Indo-Pacific elements and the Tethys ones. The fauna has few common species with
“chalk or conglomerate facies’” of Zululand of South Africa (KENNEDY and KLINGER,
1971) but nothing with the Lower Cenomanian of Morocco (COLLIGNON, 1966). A
cosmopolitan species, Neophylloceras seresitense, was also reported from Nigeria
(REYMENT, 1955).

Geological Age. Judging from the occurrence of several species of Mantelliceras with
Sciponoceras aff. baculoides (MANTELL) and Mariella (Mariella) aff. lewesiensis (SPATH)
from the same bed, the horizon may be included in the Lower Cenomanian (cf. KEN-
NEDY and HANcock, 1977). M. (Mantelliceras) saxbii is associated with such re-
latively long ranged species as Anagaudryceras sacya, Tetragonites kiliani jacobi,
Gabbioceras jaubertianum jacobi, Uhligella (?) walleranti COLLIGNON at various places
of the world as well as at Loc. Dg 2. But certain species somewhat similar or related
to the Diégo-Suarez materials have been recognized in the Upper Albian faunas of the
other countries as summarized in Table 2. The range of Scaphites dailyi probably
extends to the Lower Cenomanian in Madagascar.

Suggested Paleoenvironment. On the basis of the faunal composition from Loc. Dg 2,
a presumable ecological condition may be suggested as follows:

(1) Individual numbers of certain restricted species are very large at Loc. Dg 2.
This suggests that they lived in schools.

(2) Allmost all the ammonite individuals are small as preserved as only phragmo-
cones. On the other hand, larger adult specimens of Mantelliceras cf. cantianum
SPATH occurred from Loc. Dg 10, which is at somewhat higher stratigraphic level
than Loc. Dg 2.

The surface of molluscan fossils were replaced by goethite, probably because of
the oxidization of pyrite, while chamber space of ammonite is occupied by barite.
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