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Introduction

The 1973 paleontological reconnaisance survey by the National Science Museum
of Tokyo, in which Ui participated as sub-leader, collected numerous rock samples
ranging in age from Eocene to Upper Cretaceous for foraminiferal study. Among
them the oldest but extremely well-preserved foraminiferal specimens came from five
localities of the so-called Cenomanian sediments along the Betahitra Valley in the Diégo-
Suarez region, northernmost Madagascar.

From one of these localities, i. e., Dg 2, pyritized ammonites were reported by
BOULE et al. (1906-1907), COLLIGNON (1920-1929, 1931), and most recently by KANIE
et al. (1977) who used the same materials obtained by the 1973 National Science
Museum Mission. KANIE ef al. (op. cit.) assigned the locality to the lower Cenomanian
mainly because of the occurrences of Mantelliceras, Sciponoceras aff. baculoides (MAN-
TELL), and Mariella (s. s.) aff. lewesiensis (SPATH). Planktonic foraminiferal assemblage
from the same locality also indicates lower Cenomanian on the basis of its world-wide
valid biostratigraphy.

Besides Locality Dg 2, planktonic Foraminifera yielded from the other four locali-
ties are also in a well-preserved condition and their geologic ages are assigned to lower
to uppermost Cenomanian. As a result, a hiatus between the Cenomanian and the
overlying upper Campanian has been visualized in the Diégo-Suarez region.

In addition to the significance for regional geology, these Cenomanian planktonic
Foraminifera may contribute to the global biostratigraphy because no single succes-
sion representing the whole duration of Cenomanian has yet been reported in the
land-based sections (LoeBLICH and TAPPAN, 1961; PESSAGNO, 1969 a), or even in the
deep-sea drilling cores, particularly of the southern hemisphere (SLITER, 1976). It
would be interesting to know whether or not the scarcity of Cenomanian records can
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be attributed to the so-called Mid-Cretaceous Event that is a current international
scope for the Mesozoic stratigraphers.

This paper, however, gives mainly the age-determination of the collected samples
accompanied by the description of a new species and some taxonomic remarks of plank-
tonic Foraminifera obtained there.

We express our cordial thanks to Dr. Yasumitsu KaNIE of the Yokosuka City
Museum for his kind partnership throughout the field work. We are also indebted to
the staff of the Geological Survey of Madagascar for providing us with the field facilities,
to Miss Chiharu TokoyoDA for her assistance in laboratory work and to Miss Harumi
NisHuiMA for typing the manuscript. The field trip was supported by the Grant in
Aid for Overseas Scientific Research defrayed from the Ministry of Education, Science
and Culture of Japan.

Geological Setting

Diégo-Suarez is located at the northern tip of Madagascar and is provided with a
fairly deep bay so that it had been utilized as a French naval port until 1971. Paleon-
tologically the region has long been noticed since BOULE et al. (1906, 1907) reported
Cretaceous ammonites from there. According to RERAT (1962) who showed a geolo-
gical map of 1: 1000,000 scale, though without explanatory text unfortunately, Diégo-
Suarez Bay is surrounded by exposures of Cretaceous mollusk-bearing marl or sand-
stone, and the outcrops are masked with the Neogene sediments and volcanics in the
north and with the Recent basaltic flow in the south.

RERAT (op. cit.) divided the Cretaceous into the Upper and the Middle and, so far
as the legend is concerned, the Middle Cretaceous of more than 400 m in thickness is
composed of Albian marl and sandstone, Cenomanian gypsum-bearing marl and
Turonian sandstone, lignite- and shell-bearing mudstone and gypsum-bearing marl,
while the Upper Cretaceous is 150 m thick and ranges from Coniacian to Campanian.
It seems that the Cretaceous of this region includes some continuous sequences from
Albian through Campanian. Actually, however, any continuous superposition from
stage to stage is hardly expected according to BESAIRIE (1972), although the strata are
nearly horizontal.

Among the fossil localities, those along the broadly dissected valley of Betaitra
are most famous for the abundant yield of beautifully pyritized ammonites. This was
the reason why our mission surveyed the valley taking time off the short-duration of the
expedition. According to RERAT's (1962) geological map, the western side of the valley
consists of Albian to Turonian sediments covered with Recent basalt flow which makes
a plateau-topography, while the eastern side is composed of the Albian to Turonian
sediments, Coniacian to Campanian sediments, infra-Lutetian dolomite and basaltic
tuff, and Lutetian limestone in ascending order. The horizontally lying Lutetian lime-
stone forms flat-topped mesa-like mountains. On the slopes of these mountains bluish
grey marly mudstone to marl is rather continuously exposed up to the altitude of about
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Fig. 1. Geological sketch map of the Diégo-Suarez region adopted from RERAT (1962) and showing localities of the studied
samples. The geology around the localities was modified slightly by our survey.
A Alluvial sands; B: Mangrove swamp; C: Recent basalt flow; D: Neogene basalt flow; E: Sands and coralline limestone;
F: Phonolite; G: Lepidocycline-bearing basaltic tuff and ilmestone; H: Sandstone and lepidocycline-bearing limestone (both
Aquitanian to Burdigalian); I: Nummulite-bearing limestone (Lutetian); J: Dolomite and basaltic tuff (infra-Lutetian); K:
Upper Cretaceous, from Coniacian to Campanian (see text for further explanation); L: Middle Cretaceous, from Albian to
Turonian (see text)
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200 m and is thought to correspond to RERAT’s **Albian to Turonian sediments”. The
“Coniacian to Campanian sediments™ seems to be represented by chalk which over-
lies the marly mudstone to marl in places at such localities as Dg 8 and 6 probably
with blind unconformity. At Dg 8 and 6 the chalk contains many well-sorted and
rounded quartz grains suggesting aeolian origin.

Mollusks assigned to lower Cenomanian by KANIE et al. (1977) occur in the marly
mudstone particularly at low altitude localities such as Dg 9, 10, and 2. From a
well in the lowermost reaches of the Betahitra Valley, BESAIRIE (1972) reported ammoni-
tes ranging from upper Albian around 54 m below the sea-level to lower Cenomanian.
Based upon the same materials, however, SIGAL (1956 and in BESAIRIE, 1972) indicated
planktonic foraminiferal ages for the portion above 40 m below the sea-level as middle
Cenomanian and the other below the depth as lower Cenomanian. Since SIGAL gave
no illustration or systematic description of these Foraminifera, it remains to be as-
certained by new evidences which opinion is correct.

Materials and their Treatment

Among a dozen samples from the Betahitra Valley (Table 1), five marly mudstone
samples (Dg 2 to 5, and 9) and two chalk samples (Dg 6’ and 8') were selected for
planktonic foraminiferal study.

One hundred grams each was taken from a few kilograms of dried and crushed
rock sample, heated under a 250-watt infrared lamp for approximately one hour,

Table 1. List of the studied samples

LOC. LITHOLOGY COLLECTED FOSSILS AGE ALTITUDE

Dg | marl pelecypod fragments Cenomanian ? ca. 80 m
foraminifers

Dg 2 marly mudstone many mollusks Lower Cenomanian ca. 80 m
foraminifers

Dg 3 marly mudstone foraminifers Middle Cenomanian

Dg 4 marly mudstone Picnodonte fosseyi Upper Cenomanian ca. 123 m
Trochus sp.

Tetragonites sp.
Scaphites cf. perouni
foraminifers

Dg 5 marly mudstone foraminifers Uppermost Cenomanian

Dg 6 marly mudstone foraminifers Cenomanian ca. 200 m
Dg 6’ chalk foraminifers Upper Campanian ca. 200 m
Dg 8 marl Cenomanian ca. 142 m
Dg 8’ chalk Upper Campanian ca. 142 m
Dg 9 marly mudstone Mantelliceras suzannae Lower Cenomanian ca. Sm

Scaphites sp.
Mariella sp.
foraminifers
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soaked immediately with petroleum benzene, left at room temperature for one hour
or more, added with phenol solution, boiled for twenty to thirty minutes, washed
through a 200 mesh screen, and finally dried up. Residue on the screen was sieved
again with a 100 mesh screen in dry condition. From residue on the 100 mesh screen.
200-odd specimens of planktonic Foraminifera were picked out under a binocular
microscope and seeked scope for determination.

Planktonic Foraminiferal Ages and their Significance

Beautifully preserved planktonic Foraminifera thus obtained were classified into
eight genera and 24 species and infraspecies concerning the marly mudstone as shown
in Table 2. The table also indicates the occurrence of rare and minute species, for
which more rock samples and finner fraction than 100 mesh screen were examined
thoroughly; as a result Schakoina cenomana (ScHACKO) and Clavihedbergella simplex
(MoRrRRrROW) were recovered.

Judging from known ranges of the planktonic foraminiferal taxa shown in Table
2, it can be concluded that Dg 9 and 2 are of lower Cenomanian, Dg 3 of middle Ceno-
manian, Dg 4 of upper Cenomanian, and Dg 5 of uppermost Cenomanian. Subdivi-
sion of Cenomanian from the viewpoint of planktonic foraminiferal biostratigraphy
has essentially been dependent upon the different ranges of Rotalipora species; for ex-
ample, BoLLI (1966) proposed four zones, i.e., Rotalipora appenninica appenninica, R.
brotzeni, R. reicheli, and R. cushmani Zones in ascending order, defining their bases by
the initial appearance datum planes of the nominated species, respectively. ~Although
all the species were found in the Diégo-Suarez materials, we hesitate to apply BoLLI's
zones here since considerably different ranges of the same species have been proposed
by such authors as SIGAL (1967) or BANDY (1967).

The ages thus assigned coincide with altitudinal differences of the samples; namely,
the older sample came from the lower altitude. Following this principle, the under-
ground Cenomanian of the well near the mouth of the Betahitra Valley should be of
lower Cenomanian agreeing with the ammonite age-assignment by BESAIRIE (1972)
but not of middle one that was presumed by SIGAL (1956) on the basis of the planktonic
Foraminifera contained.

It is noteworthy in regional geology that two chalk samples (Dg 6" and 8") over-
lying the Cenomanian marly mudstone contain also abundant but poorly preserved
planktonic Foraminifera. Even though these specimens are secondarily encrusted
with calcium carbonate so that there is room for exact identification, we recognized
the following species:

Heterohelix globulosa (EHRENBERG) (middle Turonian to basal Danian of BANDY,
1967), Rugoglobigerina rugosa subrugosa (GANDOLFI) (whole Campanian), Globotrun-
cana rosetta (CARSEY), (middle Campanian to top of Maestrichtian), Globotruncana
linneiana (0’ORBIGNY) (basal Turonian to top of Maestrichtian), Globotruncana cf.
caliciformis (DE LAPPARANT) (typical one from upper Campanian to top of Maestrich-
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