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A depends slightly on the trajectory under focus. We
then have to average over many different points on the
same trajectory to get a true value of A. After a time ¢, the
discrepancy grows to

- At

A1 = 1| Aolle™.
Let a be the measure of our tolerance, i.e. if a prediction
is within a of the true state, we consider it acceptable.

Then our predictions become intolerable when

[|0(®)]| = a, occurring at a time

)

Thus the landslide in the Ambootia Tea Estate may be an
instance in point when

1
thorizon ™ O[Iln

[14ll

[|0 ()] became > a.

No matter how hard we work to reduce the errors in the
initial measurement, we cannot predict the occurrence of
the landslide at Ambootia longer than a few multiples of
1/A. It might explain the apparent regularity in the land-
slides of Ambootia. Obviously computer-aided analyses
of the database collected would help enumerate the exact
multiple of 1/4. The exercise has to be repeated every
time after the landslide takes place. From the manage-
ment point of view, therefore, the disaster management
team may have enough time to prepare for the proposed
response system to save human life and prevent other
damages as much as possible.

Finally, it is pertinent to point out with reference to the
model used, that the system discussed above being dissi-
pative (V, = Voe P any phase volume will exponen-
tially shrink fast. Quasiperiodicity is possible only on the
phase space of a torus.

doyde = (6., &),
déy/de = f,(6,,65),

where f; and f, are periodic in both the arguments.
(A torus will be given by a simple model of a coupled
oscillator:

dgl/dt =wqt Klsin(ﬁz - 91),
d6y/dt = wy + Kosin( 6, — &),

where the symbols have the obvious meanings.)

The volume of the torus in a dissipative system will
eventually become zero and quasiperiodicity is thus im-
possible.
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A small collection of fossil pteropods, including some
unidentified species, provisionally referable to the fami-
lies Limacinidae, Creseidae, and Clioidae (?) is reported
from the late Middle Eocene-Late Eocene beds of the
Upper Disang Formation exposed near the town of
Pfutsero, Phek District, South Central Nagaland (Assam—
Arakan Basin, northeastern India). This is the first
record of fossil pteropods from this part of India.
Although based exclusively on juvenile or incompletely
preserved adult shells, documentation of this collec-
tion is important from the viewpoint of biostratigraphy
as well as palaeoecology. The occurrence of pteropods
in the Upper Disang Formation indicates deposition in
an open marine basin above the aragonite compensa-
tion depth. The combined assemblages of pteropods
and previously reported uvigerinid foraminifers from
the Upper Disang Formation indicate a palaeobathy-
metry of ~500 m, i.e. upper bathyal zone, and a tropi-
cal-subtropical climate.

Keywords: Assam—Arakan Basin, Disang Group, Eocene,
Mollusca, pteropoda.

PTEROPODS or holoplanktonic gastropods (Mollusca),
commonly referred to as sea-butterflies because of their
parapodia, resembling wings or fins, are an extant group
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of small-sized (range 1-40 mm), exclusively marine gas-
tropods adapted to pelagic life'®. They are widespread in
the present world oceans and seas, but fossil records of
shelled pteropods are relatively poor, primarily because
their thin and fragile aragonitic shells are more suscepti-
ble to chemical and mechanical damage in comparison to
calcitic skeletal remains of other marine organisms like
foraminifers”. Pteropod remains are scarce in Palaeogene
beds, though they have been recorded from the older Ter-
tiary beds of Australia®®, Europe®°, North America'™
and USSR '®, Their first occurrence as known to date is
in the latest Palaeocene of Europe® and North America'’.
In India, Tertiary pteropods were first noticed in the Eo-
cene Anklesvar Formation (western India)'®, but no fur-
ther work was carried out. Most studies have been limited
to the Quaternary and Recent sea bed sediments'® >,

Here we report a small collection of fossil thecosoma-
tous (shelled) pteropods from the Eocene sediments of the
Assam—Arakan Basin, northeastern India. The fossil mate-
rial consists of shells of limacinoids (juvenile) and cavo-
linioids (protoconchs and some incomplete adult shells).
It was recovered from the late Middle Eocene-Late Eo-
cene beds of the Upper Disang Formation exposed near
the town of Pfutsero, Phek District of Nagaland (north-
eastern India). Prior to this, the only systematic report of
Cenozoic pteropods from the Indian subcontinent was
from the Ghazij shales (Eocene) of the Zinda Pir section
in Pakistan™. Whereas the material from Pakistan in-
cluded only limacinoids, our collection from northeastern
India is more diverse and is comprised of coiled and un-
coiled pteropods (Limacinoidea and Cavolinioidea). This
occurrence might be of importance for palaeoecological
considerations because the distribution of pteropods is in-
fluenced by environmental factors such as water tempera-
ture, salinity, depth, oxygen content, etc.

Nagaland is part of the Assam—Arakan Basin, which is
believed to have evolved through the collision of the In-
dian, Eurasian and Burmese plates. The Naga Schuppen
Belt and the Kohima—Patkai folded zone are the major
geotectonic units of Nagaland***®. The former is an im-
bricate thrust zone, predominantly consisting of Oligo-
cene and younger sediments, whereas the latter comprises
a huge pile of Eocene (Disang Group) and Oligocene
(Barail Group) deposits®®. The Disang Group (>3000 m
thick) is subdivided into two formations: the Lower Disang
Formation consisting of dark grey argillaceous shales in-
tercalated with thin bands of grey siltstone or fine-grained
sandstone, and the Upper Disang Formation with arena-
ceous dark grey splintery shales intercalated with sandy
shales and siltstones”. The Disang Group shows a grad-
ual transition into the overlying Barail Group™. Based on
planktic foraminifers, the Upper Disang Formation is
considered to be of latest Middle Eocene to Late Eocene
age”.

The pteropods recorded here were recovered from test
samples taken from outcrops at three localities, namely
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Leshemi (25°32'10"E, 94°14'05"N), Pfutsero (25°34'03"E,
94°17'43"N) and Chobama (25°33'43"E, 94°19'27"N), all
situated in the Phek District (Figure 1). Pfutsero, the sub-
divisional headquarter of Phek District, is situated about
70 km southeast of the state capital Kohima and about
150 km from the town of Phek. The fossiliferous, pteropod-
bearing horizon is nodular/concretionary or silty shale in
the Upper Disang Formation (Figure 2). The fossils were
concentrated by disintegrating the shale by means of hydro-
gen peroxide and/or ammonia solution, followed by screen-
washing. Other groups of fossils recovered together with
the pteropods include foraminifers (planktic as well as
benthic), benthic marine gastropods and bivalves.

The pteropod remains recovered so far from the Upper
Disang Formation are fairly common, but represent ex-
clusively juvenile and/or incomplete shells. Among the
presently available specimens, two superfamilies can be
distinguished, viz. Limacinoidea (family Limacinidae) with
sinistrally coiled shells and Cavolinioidea (families Cre-
seidae and Clioidae?) with straight, uncoiled shells. To
identify Limacinoidea to species or even to genus level,
adult specimens are essential, preserving their apertural
morphology. For the Cavolinioidea adult specimens, pref-
erably retaining their protoconch, are crucial for a generic
or specific identification. The present material includes
just juvenile limacinids. In the case of cavolinioids iso-
lated protoconchs were found, and a number of adult
specimens not preserving their larval shell-parts.

Therefore, identification of the present specimens be-
yond family level (Limacinidae sp., Creseidae sp. and
Clioidae sp.?) is not possible. This can only be attempted
when more complete fossils are recovered. Here we illus-
trate only the representative specimens and note their im-
portant features comparing them with closely similar taxa.
All specimens referred to herein (WIMF/A) are housed in
the Repository of the Wadia Institute of Himalayan Geol-
ogy, Dehradun (India).

Superfamily Limacinoidea — Limacinidae spp. (1-12,
Figure 3): Limacinid pteropods are characterized by their
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Figure 1. Geological map of the area around Pfutsero (Phek District,

Nagaland, northeastern India) showing pteropod-yielding localities.
(Modified after Ganju et al.*®).
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Figure 2. Generalized lithostratigraphy (not to scale) of South Cen-

tral Nagaland showing approximate position of pteropod-yielding fos-
siliferous level in the Upper Disang Formation.

macroscopically smooth, sinistral shells, coiled in a spatial
or planorboid spiral. A provisional subdivision in seven
genera for the Limacinidae was presented by Janssen®’. In
the present collection they seem to be represented by
three juvenile, but morphologically distinct shell types that
cannot be related to the existing genera. Therefore, they
are referred here to as Limacinidae types ‘A’, ‘B’ and ‘C’.

Type ‘A’ specimens (1-8, Figure 3) are depressed tro-
chospiral, clearly wider than high, with two—three whorls,
gradually increasing in diameter towards the aperture,
and a narrow umbilicus. They seem to resemble a lima-
cinid illustrated by Hodgkinson et al.'* under the most
certainly incorrect name, Limacina pygmaea (Lamarck,
1805), which is a species originally described from the
Lutetian of the Paris Basin.

Type ‘B’ shells (9, Figure 3) are planispiral, with the
apical whorls invisible in frontal view, and a narrow um-
bilicus. Like type ‘A’ shells, they are wider than high, with
whorls gradually increasing in diameter but their spire is
depressed, and just about as high as the body whorl.
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Type ‘B’ shells are morphologically similar to a planor-
boid pteropod species, viz. the Palaeocene/Eocene west-
ern European Heliconoides mercinensis (Watelet and
Lefévre, 1885; see Curry®), but the preserved part of the
body whorl in the present admittedly juvenile specimens
is much less inflated. Another related species might be
Planorbis alienatus Eames (1952), described from Eo-
cene deposits (Upper Chocolate Clays, Rakhi Nala sec-
tion) of Pakistan®.

Type ‘C’ shells (10-12, Figure 3) are also planispiral, but
coiled in a tighter spiral so that their body whorl is relati-
vely larger and the umbilicus is wider. They have a de-
pressed, concave apical plane, appearing as an apical
‘umbilicus’, as a result of which the shell looks more or
less the same in apical as well as in umbilical views.

Type ‘C’ shells are comparable with planispiral ptero-
pods, such as the Miocene—Recent Heliconoides inflata
(d’Orbigny, 1836), which at present has a worldwide dis-
tribution in tropical and subtropical seas (see Janssen™),
and numerous further planorboid limacinids, such as Helico-
noides tertiaria (Tate, 1887), described from the Austra-
lian Miocene®, but also occurring during the Miocene in
the Mediterranean and the eastern North Atlantic (see
Janssen’). These two species, however, have a distinctly
wider apical spiral. More closely related might be the
Eocene Skaptotion spirale Hodgkinson, described from
Eocene deposits in USA and Canada®, which also has a
tight apical spire.

Superfamily Cavolinioidea — Creseidae spp. (13-24,
Figure 3): Creseids are characterized by their uncoiled,
conically tapering shells. At least three morphologically
distinct shell types occurring in our collection are thought
to represent this family and are referred here to as Cre-
seidae types ‘A’, ‘B’ and ‘C’.

Creseidae type ‘A’ shells (13-16. Figure 3) are long-
conical, straight or almost straight, more or less needle-
shaped with a circular transverse section. Since all speci-
mens lack an embryonal part (protoconch), it cannot be
made out with certainty if they really represent pteropods
of the creseid family. It cannot be excluded that they be-
long to other fossil groups, such as scaphopods, or even
annelids.

Creseidae type ‘B’ shells (17, Figure 3) are cylindrical,
but have a slight inflation which makes them resemble
some species of the Cuvierinidae: slightly inflated in the
middle and tapering posteriorly. The apertural part widens
slightly. Species of Cuvierina appear in the Late Oligo-
cene, and are markedly larger than the present material.

Creseidae type ‘C’ shells (18-24, Figure 3) are the
smallest uncoiled shells in the collection, and obviously
represent larval specimens (protoconchs). They are straight,
with a circular transverse section and characterized by
their rounded, frequently slightly swollen apical parts
(protoconch-1) and a distinctly inflated younger shell part
(protoconch-2). The connecting ‘neck’ between these two
shell parts usually shows concave sidelines.
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Morphologically and meristically these protoconchs European Miocene (Langhian) C. spina (Reuss, 1867)
are similar to various Creseis spp., as for instance the Re-  (see Zorn™). These two species, however, have a less dis-
cent Creseis chierchiae Boas, 1886 (see Richter’), or the  tinct separation between protoconchs 1 and 2.

Scale=0.25 mm

Figure 3. Fossil pteropods from the Upper Disang Formation, Phek District, Nagaland. 1-12, Limacinidae spp. 1, 2, WIMF/A 2241; 3, 4, 2242; 5,
2243; 6, 7, 2244; 8, 2245, type ‘A’ shells in apical (1, 5, 6, 8), apertural (2, 3) and umbilical (4, 7) views; 9, 2246, type ‘B’ shell in apical view; 10,
11, 2247; 12, 2248, type ‘C’ shells in apical (10, 12) and umbilical (11) views. 13-24, Creseidae spp. shells in side view. 13, 2210; 14, 2209; 15,
2211; 16, 2205; type ‘A’; 17, 2207, type ‘B’; 18, 2239; 19, 2234; 20, 2235; 21, 2238; 22, 2236; 23, 2237; 24, 2240, type ‘C’. 25-28, Cliidae sp.?
shells in dorsal or ventral view. 25, 2215; 26, 2214; 27, 2216; 28, 2213.
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Type ‘C’ creseids in the present material demonstrate
two morphotypes — one (18-21, Figure 3) with a distinct
bulbous protoconch-1 and a short conical connection to
protoconch-2 (18-21, Figure 3) and the second morpho-
type protoconch-1 that is not swollen, but just shows a
rounded tip, whereas the connection with protoconch-2 is
more slender (22-24, Figure 3). Whether or not these two
variants represent distinct species is not known, but similar
differences are seen in several Eocene North American
species (see Collins'"), such as C. hastata (Meyer, 1886),
C. corpulenta (Meyer, 1886), or even Bovicornu gracile
(Meyer, 1886) or B. eocenense (Meyer, 1886). Also, spe-
cies in the genus Euchilotheca, such as the Eocene (Lu-
tetian) Paris Basin E. succincta (Defrance, 1828) have
generally similar protoconchs (see Collins'"), among which
the same differences can be seen.

Creseidae types B and C might well represent the pro-
toconchs of Creseidae type A or of the supposed Clioi-
dae, described below.

Clioidae sp.? (25-28, Figure 3): The Clioidae family
comprises pteropods characterized by their uncoiled,
conical, bilaterally symmetrical shells that are straight or
slightly curved, usually (but not always) demonstrating
lateral carinae. In the present collection they are repre-
sented by several specimens that have become flattened
and triangular due to postmortem deformation. They
might represent Clioidae species, although lateral carinae
are not seen. In all specimens both the anterior and poste-
rior ends are broken, making identification nearly impos-
sible. The preserved part of all shells is straight, but
curvature of the posterior part in complete specimens is
not ruled out. Their transverse section is elliptical. Size-
wise these are among the largest conical shells in the col-
lection, and it is possible that they represent more adult
parts of Creseidae. Their apical angle is wider and they are
adaperturally more compressed than in the other conical
shells. Due to deformation some specimens show a longi-
tudinal crack near the aperture, which could be mistaken
for lateral carinae as seen in Clio.

The age of the pteropod-yielding Upper Disang Forma-
tion is constrained by the occurrence, in the same beds, of
certain index planktic foraminifers belonging to the Glo-
bigerinatheka semiinvoluta — Biozone (Zone P14 of Berg-
gren et al.”®), Cribrohantkenina inflata (P15) and
Turborotalia cerroazulensis (P16), which are equivalent
to the tropical planktic foraminiferal zones E14 to E16 (in
part) of Berggren and Pearson®® and indicate a Bartonian
(Late Middle Eocene) to Priabonian (Late Eocene) age™.

Various views on the palaeoenvironment of the Disang
Group were published, with one group regarding it as a
deep water geosynclinal facies®® and another considering
it a shallow distal shelf to deltaic facies*?. Recent re-
ports on well-preserved uvigerinid foraminifers from the
same horizons and localities that yielded the pteropods
described here, have provided definitive evidence on the
depositional environment of the Upper Disang Forma-

CURRENT SCIENCE, VOL. 94, NO. 5, 10 MARCH 2008

tion®®. The uvigerinid assemblage, comprising Uvigerina
cocoaensis, U. continuosa, U. cf. eocaena, U. glabrans,
U. jacksonensis, U. longa, U. moravia, U. cf. steyeri and
U. vicksburgensis, suggests a deep marine anoxic envi-
ronment (lower part of the upper bathyal zone) for the
fossiliferous horizons of the Upper Disang Formation™.
The interpretation as an anoxic set up was based on the
morphology of some cosmopolitan uvigerinids and their
dominance in Nagaland.

Pteropods have a restricted tolerance with regard to
variations in water temperature, salinity, depth, oxygen
content, etc. and are therefore useful proxies of past envi-
ronments***, Their presence in a microfaunal assem-
blage indicates deposition in an open marine basin above
the aragonite compensation depth (ACD)*™!, which is
higher in the water column than the calcite compensation
depth. Pteropods generally get preserved above the ACD
only. In present-day oceans and seas, pteropods predomi-
nantly occupy the uppermost 500 m of the water column
in tropical and subtropical warm waters; the number of
species decreases rapidly in cold-temperate and polar re-
gion52’42.

The combined evidence of uvigerinid foraminifers and
pteropods suggests a palaeobathymetry of ~500 m for the
Upper Disang Formation. Benthic microgastropods, bi-
valves and larger foraminifers, including simple radiate
Nummulites (N. chavannesi and N. pengaronensis) that
also occur in the pteropod-yielding samples, may have been
transported into the bathyal zone from near-coastal shal-
low marine areas. N. chavannesi and N. pengaronensis
are morphologically similar to N. venosus, which lives in
present-day oceans between 15 and 80 m depth®, with
maximum accumulation at 50 m.
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