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macerated with 40% hydrofluoric acid for two days.
Occasional stirring and shaking helped to extract the
pollen grains from the rock matrix. The pollen remains
were screened by using 325 and 400 size mesh sieves.
Individual pollen grains were picked up, mounted in
polyvinyl alcohol and studied under light and scanning
electron microscopes.

The pollen grains are oval-elliptical in shape. Most of
them are monosulcate-trichotomosulcate type with
distinct sulcus, but inaperturate condition is
also noticed (Figure lc—h). They arc 62-95 pm in
size. The exine is 3—4 um thick, uniformly and finely
reticulate, coarser al the periphery and faint to-
wards the centre. The foveolac are relatively
small when compared to the thick winding
muri forming retipilate structure at the periphery
(Figure 14,/ ).

The majority of the pollen grains recovered after
maceration represents a single morphological taxon,
although there has been a considerable variation in the
aperture, from inaperturate, monosulcate to tricho-
tomosulcate. Large size, inaperturate, monosulcate to
trichotomosulcate condition, finely reticulate exine and
relatively small foveolac compared to thick winding
muri are the characteristics of the recovered pollen
grains and suggest an affinity with Liliaceae. Among
the Liliaceae itself, there is a variation in the aperture
and exine ornamentation. Therefore, it is very difficult
to assign the fossil pollen grains to the known genera
in Liliaceae at present. However, the size of the grains
and exine ornamentation patterns are comparable to
Hemerocallis, Asphodelus and Lilium®. The exact
affinity can be ascertained after studying comparable
material under SEM.

Sporae dispersae of such type of pollen grains have
been described as Aatanomadhiasulcites from the
Palacocene-Oligocene rocks of India, Africa and
America. Strictly speaking, Matanomadhiasulcites
shares an affinity with Liliaccac/Agavaceae rather than
Annonaceae.® 7. In our opinion also, liliaceous affinity
is more appropriate as the pollen grains are
considerably large with a tectate exine. A reinvestiga-
tion of the type species and other species assigned to
Matanomadhiasulcites is warranted in order to ascer-
tain the affinity. "
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Deposition of Mn—Cu—Ni-enriched
sediments during Glacial period in the
Central Indian Basin
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Two siliccous sediment cores collected from the
Central Indian Basin have been analysed for organic
carbon, biogenic silica, Al, Mn, Ni and Cu content.
The concentrations of Mn, Cu and Ni showed onc
order of magnitude variation (an enrichment by a
factor of 20) down the core, with a pronounced
maximum at depths of 78 cm and 26 cm, corres-
ponding to 390 =80 and 320 + 60 kyr BP, respec-
tively. The depthwise variation of Mn content
matches closely that of cold water subtropical fauna,
with both the parameters showing inverse relation-
ship with organic carbon. The observed variations
are due to changes inm the palaco-oceanographic
conditions.

THE development of the abyssal plains of the Central
Indian Basin (CIB) has been attributed to turbidity
currents of the Ganges Fan, which disperse sediments
to far south!> 2, The bathymetric and tectonic studies in
this ‘region reveal the presence of several abyssal,
conical hills covered with pumice® . These features are
suggestive of submarine volcanic activity during the
past.

Siliceous matter dominates these (Quaternary)
sediments of the northeastern regions of CIB, with
traces of pelagic clay®. Interestingly, terrigenous clay
occupies the northern (distal end of the Bengal Fan)
part of CIB. Calcareous ooze prevails in the shallow
regions, with their abundance decreasing with
increasing water depth before becoming sparse due to
dissolution of CaCQO; (ref. 1).

It is well known that the deeper waters of CIB come
under the influence of a pronounced front, with the
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characteristie hydrochemical structure at 10°S latitude
separating the reversing monsoon and the subtropical
gyres® 7. Apart from this, the waters of CIB indicate the
presence and northward spread of Antarctic Bottom
Water (AABW) from the Weddell sea’- ? across the low-
latitude saddles over Ninety East Ridge.

Geochemical studies of deep-sea sediments help in
identifying metal sources and sinks, apart from
providing a clue to their removal mechanism from the
overlying water column®: 10,

Earlier studies on the geochemistry of the sediments
of CIB region are confined either to surface sediments!
or to shorter cores!! (~ 300 kyr BP) and relate to the
surface (at ~ 25 cm or ~ 300 kyr BP) remobilization of
metals!2 13, '

This article discusses metal enrichment in longer,
deep-sea sediment cores (F200B and F88B) from CIB
in the light of variations in organic carbon and

Organic Carban o—o
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biogenic silica, which are considered as the tracers' of
palaeo-productivity!# !>. The significance of Mn, Cu
and Ni enrichment layer at 20-80 cm (~ 390-320 kyr
BP) below the sediment-water interface of these
sediment cores is highlighted.

The concentration of various elements (e.g. Al, Mn,
Ni and Cu) in the bulk sediment were determined by
flame atomic absorption spectrophotometry. Follow-
ing the standard procedures's:!7, measurements were
made on USGS reference rock W-2, keeping the
coefficient of variation at + 5%, to cross-check the
results. Organic carbon!® was estimated to a precision
of £0.01%."

The observed chemical composition of the sediment
cores (Figures 1 and 2).at depths of 76 cm (F200B) and
26 cm (F88B) depicts a marked Cu and Ni enrichment
equivalent to nearly 20 times the concentration at the
sediment-sea-water interface.
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Figure 1. Variation of metal concentration (dotted lines bottom scale) and metal/Al (solid lines top scale) ratio of core F200B. Also shown is the
average abundance of subtropical fauna, organic carbon, biogenic silica (triangles top scale) and Al (filled circles bottom scale). Isotopic stages are

marked based on 230’]‘11“,_. chronology?” and radiolarian stratigraphy3.
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Figure 2. Variation of metal concentration and metal/Al ratio, organic carbon, and Al for core F88I.
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Table 1. Details of the core samples from Central Indian Basin?’

Location Water depth Sedimentation
Sample code Lat. (°S) Long. (°E) (m) rate (cm/kyr) Remarks
F200B 12.0 - T76.5 5450 0.2 Undisturbed,. 90 cm long Benthos

F88B 12.7 77.0 5430 0.08

core. Radiolarian ooze contains volcanic

glass> shards. Five volcanic ash beds

at 0-15, 20-30, 46-50, 72~76 and 82-86 cm level.

Undisturbed, 86 cm long benthos Boomerang

core. Radiolarian ooze with volcanic ash beds at 0-5, 20-25

and 30-35 cm levels. A hiatus reported for a period of ~300 kyr
from 0.4 to 0.7 myr at 35/40 cm

Similar observations of Mn enrichment at surface and
subsurface levels of scdiment cores from pelagic
environment have been documented earlier® '%2°. The
fluctuating nature of these concentrations has been
attributed to (i) post-dcpositional diagenesis, (ii)
tectonic effects. ¢.g. submarine volcanism and hydro-
thermal activity, (iii) cffects of climate variation, or
(iv) influx of fine-grained, fluvial sediments enriched
in these metals and their subsequent lcaching by sca
water. _

Importance of Mn as a model element for studies of
redox processes in the sea?!: 2 needs no special mention
as it is one of the important electron acceptors in
organic carbon oxidation during the carly diagenesis®.
Hence, near the sediment-water interface, Mn is
mobilized as dissolved Mn2* under reducing conditions,
and immobilized as MnO, (where x ranges from 1.7.10
1.9, for example)>* under oxic conditions.

Mn responds (scnsitive) to palaco-oceanographic
changes. Mn cnrichment duc to changes in the concen-
tration of the overlying water column—duc mainly to
palaco-climatic events, c.g. increasc in the flow of
AABW during glacial period?>26 — and changes asso-
ciated with phases of transition from glacial to
interglacial periods?® have been reported for the
sediments of the Atlantic and Pacific rcgions.

What must have contributed to the enrichment of Mn
and other transition clements could become clear when
the tectonic cffects and palaco-productivity changes
also are examined in detail.

Depthwise distribution of Al (prcdominantly terri-
genous in origin) indicates differential inputs during
the past. The prominent peaks at 0-15, 20-30, 46-50,
72-76 and 82-86 cm (Figure 1) coincide with the peaks
reported for glass shards (Table 1). In order to express:
metal concentrations on the basis of clay content, we
examined the absolute concentrations and their
normalized values with respect to Al (metal/Al)

. (Figures 1 and 2). Such a normalization with respect to

Al takes into account also the variation of clay fractions
and thé changes in the intensity of weathering, which
would ultimately lcad to material deposition in the sca.

780

* Profiles of Mn, Ni and Cu contents of core F200B

display two sccondary maxima (at 23-25 and
41-46 cm) well above the pronounced maxima at about
76-80 cm (Figure 1). One can notice a relative increase
in biogenic silica at this level in contrast to organic
carbon, which exhibits a decrecase only at 23-25 cm.
Based on sedimentation rates’” for these cores
(Table 1), these layers correspond approximately to
115-125 kyr, 205-230 kyr, and 380-400 kyr, respec-
tively (Figure 1). Similarly, Mn, Cu and Ni from core
F88B present one pronounced maxima at 21-26 cm,
corresponding to 265-325 kyr B.P. These, in a way,
correspond 4o interglacial and glacial periods having
isotope stages in the range 5-11.

Based on geochronological studies, this basin was
considered as one region subjected to winnowing by
bottom currents?’. Thesc studies provided evidence in
the form of unsteady sedimentation while examining

the profiles of 23°Th,, and the variations in the sedi- -

mentation rates (0.08-0.43 cm kyr™1).

Despite variable sedimentation rates, the enrichment
of Mn and other transition clements (Figures 1 and 2)
in both the corcs point to a phenomenon common 1o
physicochemical changes around 325-400 kyr BP.

One plausible cause for the subsurface Mn enrichment
could be that Mn, Cu and Ni are scavenged by the
micronodules in the sediments?8, However, in (he
present cores, micronodules were scanty with sparse
distribution. In siliccous environments micronodules
decrease in size and abundance with depth!? %3 A
microscopic cxamination of the coarse fraction of these
sediments reveals the absence of dissolution features -
an observation supported by clean radiolarian tests -
thereby discarding the possibility of having a coat of
Mn on the carbonate shells, as reported in ref. 31.

This leaves two possibilities for the enrichment of Mn
and other transition elements—namely, tectonic cflects
and palaeo-productivity and the concurrent redox
changes. The présence of glass shards in the ash beds at
five depths (F200B, F88B, Table 1) - related to

underwater volcanic activity — higher as well as -

variable Fe/Mn ratios, and proximity to the Thain of
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Figure 3. Ternary diagram for Al, Fe and Mn for core F200B and
F88B.

seamounts in the locality may suggest submarine
volcanism during Quaternary period to be one of the
possible causes for Mn enrichment. However, there is a
mismatch or lack of significant correlation between the
peaks in depthwise concentration of Mn (F200B 23-25,
41-46, 76-80 cm) and the ash layers. As such, it does
not lend support to submarine volcanism as a cause for
this observed enrichment. Examination of the ternary
diagram3? (Figure 3) also rules out hydrothermal
activity as a possible cause for the observed enrich-
ment.

At this stage, the close correspondence in the peaks of
Mn and the subtropical radiolarian fauna deserves
attention as the latter responds better to climatic
changes. Simultancously, the fact that the cold water
fauna bears an inverse relation to organic carbon could
now be recalled. '

The depthwise variation of Mn concentration in the
sediment core (F200B) and the percentage abundance
of subtropical radiolarian recurrent groups?, consisting
of six conspicuous cooler water species from the Indian
Ocean, are presented in Figure 1. Mn distribution
broadly resembled the variation in subtropical faunal
content. The principal peak (~0.9%) in Mn
concentration (uncorrected for biogenic components)
coincides with the highest (~26%) abundance of
subtropical fauna. This explains the observed Mn
content and subtropical fauna with changes in the
overlying water column. The Mn content and the
subtropical fauna shows a trend synchronous with
climatic fluctuations. However, the cold water fauna is

CURRENT SCIENCE, VOL. 65, NO. 10, 25 NOVEMBER 1993

inversely related to organic carbon. Core F88B shows
definitely an inverse relation between the two. The
presence of a cold water taxa provides evidence for the
cold period in core F88B. Evidence of strong bottom
water currents (largely comprised of AABW), sub-
stantiated by the presence of extended hiatus between
360 to 400 kyr BP, also exists.

The organic carbon and Mn profiles for cores F2Q0B
and F88B (Figures 1 and 2) appear to be a mirror

image of each other and bear an inverse relation. The .

Mn distribution in this region may be a result of the
reductive dissolution effects originating from a non-
steady-state diagenesis. Towards the end of the glacial
period, the organic carbon attains peak values. As the
glacial maximum is reached, organic carbon decreases
to a minimum (due to efficient decomposition) while
Mn content increases (due to enhanced oxidation)
because of the lowered temperature and increased
oxygen dissolution (Figures 1 and 2).

Thus, during the glacial period, the higher dissolved
oxygen favours the decomposition of organic carbon,
leading to a minimum, while the higher preservation of
Mn contributes to a maximum for Mn. When pore
water Mn?* migrates up’wards, it is oxidized to Mn*"
and precipitated within the surface layer. Thus, cold
water movements in this area promote oxidiz-
ing conditions, wunder which Mn?> in the
water precipitates as Mn* (‘oxidative scavenging
effect’), leading to the observed enrichment of total
Mn. . '

Similar observations' of metal-rich layers have been

reported in the literature in a number of deep-sea sedi-

ments at, or just below, the Glacial-Holocene transit-
ion. The enrichment can be explained in terms of the
concept®* 33 of progressive oxidation front moving into
the sediment following the change from glacial to
interglacial conditions, wherein the depth of oxi-
dant penetration from sea water hovering around a
near-fixed depth and balanced by the reductant counter
flux of Mn?* and Fe?* from the reducing sediments
below.
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Upper molars of Mus booduga collected from
Varanasi and Mus dunni (chromosome type-I) show
slightly derived features compared to those of Mus
booduga collected from Mysore and Mus dunni
(chromosome type-II). Mus auctor, Mus elegans, Mus
Sflynni, Mus sp. indet., Mus jacobsi, Mus sp., Mus
booduga and Mus dunni are closely related to each
other in having moderately clongated and rather
strongly distorted M's and moderately reduced M3s
(except for Mus elegans, Mus sp. and Mus jacobsi).
Representation of Mus, both in terms of taxonomic
diversity and considerable numbers, in the Plio—
Pleistocene deposits of the Indian subcontinent is
indicative of an carly diversification event in the
history of Mus.

IN all murids, M' (first upper molar) is relatively
longer than M? (second upper molar), which in turn is
longer than M3 (third upper molar). According to
Misonne! lengthening of M' in a forward direction

accompanied by reduction of M3, brings the whole

series forward and occupies the place left by P* (fourth
upper premolar). The length of M! and M3 is given in
relation to M2, which has a standard relative length of
100% (ref. 1). Generally ancient murids have broad
molars, thus Misonne! suggested that broad molars
correspond to the more generalized types. Jacobs?
proposed that in primitive murids, labial cingulum on
lower molars are poorly developed and anterostyle on
M! relative to lingual anterocone, but not on the
posterior extremity.

During the preliminary studies on Late Pliocene Mus,
it was ‘observed that it resembles Mus booduga, the
Indian Pigmy Field mice?, most closely. In the light of
evolutionary trends of murids suggested by Misonne!
and generalized dental characters of murids proposed
by Jacobs? an attempt has been made here to study Aus
booduga (extant taxon, collected from Varanasi and
Mysore), Mus. dunni (extant taxon, chromosome types L,
I and III), Mus auctor and Mus sp. reported from Late
Miocene and Early Pleistocene Siwalik deposits,
respectively?, Mus flynni and Mus sp. indet. recovered
from Late Pliocene (around 2.5 m.y.) Siwalik sediments
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