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lergists, the allergenic pollen in the atmosphere
cause allergy symptoms if pollen are found in great
abundance in air and pollen are buoyant and trans-
nortable, wind-pollinated and the plants producing
these pollen are widely distributed. Obviously, the
piants known for high-pollen productivity and are
wind-pollinated are more significant for pollen al-
lergy problems in human beings. Hence for any
studies on the botanical aspect of respiratory al-
lergy. data on the pollen incidence have to be corre-
lated with those of pollen productivity.

Assured reproductive success of a plant species may
be brought about by several ways: increased prob-
ability of the male and/or female gametic success in
fertilization, faster and ensured development of
seed, etc”®. A plant during its flowering period pro-
duces large amounts of pollen grains, most of which
are not involved in fertilization and instead remain
suspended in air as pollen grain, before settling on
the ground or water surface. Cross-pollinated plants
usually produce greater number of pollen grains
than self-pollinated ones, thus increasing the prob-
abtlity of success of fertilization.

Although aquatic plants produce less quantity of
pollen grains compared to terrestrial plants, the
pollen released by the aquatic plants affects the
water environment. Consequently, a knowledge of
quantitative production and methods of dispersal of
pollen grains are significant as these factors, di-
rectly or indirectly, are involved in causing pollu-
tion 1n the environment.

Survey of the deposition of pollen grains of a par-
ticular area and production of pollen grains of a
plant can sometimes be used as an index of the

vegetation pattern of that area.
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The Mahi and Kothivakhad are two recently estab-
lished marine formations from the Late Quaternary
continental succession of the lower Mahi valley, Gu-
jarat. These formations have yielded fairly rich as-
semblages of foraminiferids, confirming their marine
origin. The Mahi Formation indicates that the first
major transgression of about 7-8 m high took place
around 240 Ka in the Mahi valley during Late Qua-
ternary. However, the second transgressive phase at
~ 4,000 years BP, represented by the Kothiyakhad
Formation, is to be viewed in the light of the tectonic
uplift in recent times. Results of radiocarbon dating
of bottom and top mud layers of Kothiyakhad section
indicate that the sea-level was high up to 2,000 years

BP.

THE Mainland Gujarat across which the Mahi river
flows, comprises a huge thickness (100-500 m) of par-
tially indurated sediments of diverse origin. These have
been investigated in the past for their detailed lithologic,
stratigraphic, sedimentological characteristics and de-
positional environments'™. The emphasis so far has
been on the processes and agents of deposition and the
climatic variations. No concrete evidences for Late
Quaternary sea-level changes have been recorded from
the Mainland Gujarat. Studies from the off-shore region
of the west coast are however better documented which
provide ewdence in support of the Late Quaternary sea-
level changes’™, and similar evidences are required
from the mainland to address this problem:.

Our studies on geomorphic, stratigraphic and micropa-
lacontologic aspects of the lower Mahi valley (Figure 1)
provide records of high sea-levels during Middle Pleis-
tocene (~ 240 Ka BP) and Holocene (~ 4,000 years BP).
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Figure 1. Geomorphic map of the Lower Mahi Valley'® showing limits of the Middle Pleistocene and Middle Holocene high sea

levels (Inset: location map).

Two marine formations from the lower Mahi valley
namely the Mahi and the Kothiyakhad formations have
been recently reported®™. These two formations occur-
ring at different stratigraphic levels are characterized by
abundance of foraminiferids. This communication at-
tempts to record the foraminiferids from the above two
formations, and provides database on the two major
transgressive phases in the lower Maht basin during
Middle Pleistocene and Holocene, which may be useful
to compare the off-shore record of the west coast of
India.

The lower Mahi basin, a major part of which encom-
passes the alluvial plain -and the estuarine zone
(Figure 1), is dominated by sediments of marine, fluvial
and acolian origin. It falls within the southern part of the
Cambay basin. Numerous signatures of the Cambay ba-
sin tectonics are engraved on the Quaternary sediments.
Reactivation of the various Tertiary faults helped in
opening up several sub-basins that formed the sites for
the accumulation of Quaternary sediments. The E-W
Mahi estuary marks the Mahisagar fault which demar-
cates the Cambay~Tarapur block to the north and the
Broach-Jambusar block to the south. The fault has dis-
placed the trappean basement by more than 1300 m’.
The subsurface East Cambay Basin Margin Fault
(ECBMF) crosses the river near Singrot'. A distinct
change in the meandering pattern 1s obscrved as the
river enters the Cambay basin. Several step faults, paral-
lel to the ECBMT, have influenced the meander pattern
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of the river and controlled the sedimentation pattern in
Mabhi basin"'°, ‘

The Mahi channel has incised the Quaternary sedi-
ment successions 1n the form of vertical cliffs as high as
40 m in the alluvial plain. Two distinct surfaces, an
older surface (S,) and a younger surface (S;), have been
identified (Figure 1). The S, surface is paired, highly
dissected, comprising; clays, gravels, sands, and silts of
diverse origins ranging in age from Middle to Late
Pleistocene (~ 240 Ka to 10,000 years BP). The
downcutting of this sedimentary succession and the ex-
tensive ravine erosion, giving rise to a deep inciscd val-
ley is attributed to an Early Holocene tectonic uplift'®.
Four distinct formations (Rayka, Shihora, Singrot and
Kothiyakhad) have been identified within the exposcd
Quaternary sediments along these two surfaces 1n the
Mabhi river basin® (Figure 2). The oldest exposed marine
clays, termed as basal clay', have now been assigned
status of a separate formation namely the Mahi Forma-
tion".

The younger surface (Sz) i1s represented by a low flat-
topped surface that typically corresponds to the mor-
phology of a terrace. Tt occurs as a series of unpared
elevated surlaces along the river channel that terminates
abruptly against the older surface (Figure 1). These val-
ley fill terraces are noticed on the convex banks of the
present day meanders of the Mahi river and were depos-
ited as the Middle Holocene high sea transgressed onto
the incised fluvial valley'. The height of the terraces
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Figure 2. Composite lithostratigraphy of the Mabhi basin? . Dates of
the Kothiyakhad Formation are after Kusumgar et al.??

varies from 3 to 6 m from the river level. Such surfaces
are met all along the lower Mahi right up to the mouth
of the river. The incised cliffs, ranging in height from 3
to 6 m, show the sediment nature of Kothiyakhad For-
mation that builds these terraces (Figure 3).

Microfaunal studies were carried out on the clays of
the Mahi and Kothiyakhad formations exposed at Rayka
and Kothiyakhad (Figure 1). These two formations have
been presumed to be of marine origin on the basis of
their field characters''®. The successions exposed at
Rayka and Kothiyakhad constitute the best sections in
the entire Mahi valley.

The Mahi Formation is made up of a highly pedoge-
nized bluish mottled clay and forms the base of the ex-
posed Quaternary succession (Figure 2). At Rayka, it is
made up of greenish-brown clays that ranges in thick-
ness from 0.5 to 3 m and occurs at an altitude of 20 m
above mean sea level. The base of these clays 1s not ex-
posed and continues to a depth of 25 m below the msl at
Rayka''. The formation is highly fractured and has pre-
served various field evidences that point to pedogenesis.
The entire formation has yielded a fairly good assem-
blage of benthic foraminiferids comprising (Figure 3)
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Pararotalia sp., Brizalina spp., Nonion spp., Cibicides
spp., Florilus spp., Ammonia spp., and three species of
planktonic foraminiferids, viz. Turborotalia sp., Globi-
gerina bulloides (Parker, Jones and Brady) and Globi-
gerinoides ruber (d’Orbigny).

The Kothiyakhad Formation is best exposed at Kothi-
yakhad and Mujpur. These are located on the north and
south banks of Mahi estuary. The bases of both the sec-
tions terminate abruptly in the river water which makes
them unapproachable during high-tide periods. The ex-
posed section is dominantly made up of silty-sands and
intercalated mud layers. The entire thickness of the
Kothiyakhad Formation has been grouped into two litho-
facies — tidal estuarine muds and medium-to-coarse flu-
vial sands and silts (Figure 4). The tidal estuarine facies
comprise cross-stratified to rippled sand with abundant
mud laminae, mud flasers and layers of estuarine mud.
The fine-to-medium fluvial sands are well sorted and
exhibit parallel horizontal bedding and wave ripples,
indicating a subdued tidal influence compared to the
underlying tidal estuarine sands and muds. The muddy
units have yielded good populations of foraminiferids
compared to various silty-sand units and cross-bedded
sandy units, which are either barren or have yielded
fresh-water ostracods and pelecypod shells. A total of
25 genera of foraminiferids were identified (Figure 4)
from the mud units®. The benthic foraminiferids are rep-
resented by the species of Brizalina, Bulimina, Bolivina,
Biloculina, Lagena, Triloculina, Pseudobulimina, Hop-
kinsina, Sagrina, Ammonia, Cibicides, Discorbis, Dis-
corbinella, Florilus, Hastegerina, Melonis, Nonion,
Nonionella, Pyrgo, Pararotalia, Parafissurina, Pyr-
goella and Rosalina along with few other rotaliids. Few
planktonic foraminiferids, which include Globigerinoi-
des sacculifer (Brady), Globigerina bulloides (Parker,
Jones and Brady), Globigerinoides ruber (d’Orbigny)
have been recorded.

The studies along the coasts of Mainland and
Saurashtra envisage high sea-levels ranging from 2 to
25 m during the Late Quaternary >'°. The two trans-
gressions recorded are during Middle Pleistocene
(~ 240 Ka and ~ 130 Ka) and Middle Holocene (6,000
to 4,000, years BP). The Pleistocene high sea-level rose
to + 2to+ 6 m (130 Ka BP) (ref. 12), + 25 m (~ 240 Ka
BP) (ref. 13), + 25 m (~ 240 Ka BP) (ref. 15), + T m
(~ 130 Ka BP) (ref. 14), whereas the Middle Holocene
sea level has been reported to range from + 6 to + 8 m
(6,000 years BP to 4,000 years BP) (refs 13, 15) and 2-
6 m (6,000 years BP) (ref. 12). Juyal et al.'® have how-
ever invoked that the Holocene transgression rarely ex-
ceeded 3 m in Saurashtra.

The recognition of Mahi Formation as marine from
the Mahi valley has a great bearing on the Middle
Pleistocene high sea along the west coast of India®. The
formation occurs 20 m above the present day sea level
and extends up to Bhadarwa, which is about 45 km
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Figure 4. Litholog of the Kothiyakhad Formation with distribution of foraminiferids (P = Present). Age data is aftec Kusumgar e¢ at??

north of the present day shore line of the Gulf of Cam-
bay. Based on archaeologic data, the overlying gravels
of Rayka Formation have been assigned an age of
~ 200 Ka (refs 1, 17). The underlying Mahi Formation
can thus safely be dated to ~ 240 Ka (refs 1, 17), sug-
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gesting that the Middle Pleistocene sea in this part was
high, which correlates well with the warm event in the
Indian Ocean during this period'®. According to Merh'’,
these ‘blue-green clays’ represent the + 25 m Middle
Pleistocene strandline of Saurashtra in the alluvial plains
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of central Gujarat. However, this contention 1s not sup-
ported by geomorphic or marine microfaunal evidences.
It has now been established that the Lower Maht niver
basin, which forms the southern part of the active Cam-

bay basin, has witnessed phases of uplifts around 9 and .

2 Ka BP (ref. 10). The Middle Pleistocene high sea-
level is thus difficult to visualize until the exact magni-
tude and rates of uplifts are determined, However, the
data on the sea-level and neotectonism of the area sug-
gests that the Middle Pleistocene (~ 240 Ka) high sea
was perhaps 7-8 m on]y above the present level of sea,
CLIMAP members'’ suggested a rise of about 7 m dur-
ing 130 Ka and the sea level seems to have risen to 7-
8 m during similar palaeowarmths. Similarly along the
Saurashtra coast, a tectonically-active area, the Middle
Pleistocene sea level has been recognized as high as
+ 7 m (ref. 14) after making correction for tectonic up-
[ift. Higher levels of sea envisaged by other workers'>!?
did not take into account the Late Quaternary tectonic
activity in Saurashtra and adjoining areas. The global
sea-level curves show that the level of sea fluctuated
considerably during Upper Pleistocene®>*'. 21

Rise in sea-level was rapid during early Holocene and
reached its present level (or slightly higher than the
present) around 6 Ka (ref. 22). The unpaired younger
terraces of the Lower Mahi valley are reported to be a
product of Middle Holocene high level sea (refs 4, 10,
23). The '“C dates reported by Kusumgar et al.*’ of
bottom and top mud layers of Kothiyakhad section
indicate that deposition of the terrace continued up to
the last 2,000 years BP. The sediment record does not
indicate any regression of the Holocene sea, however,
periods of subdued marine influence during the course
of deposition are readily identifiable'®. Evidences for
the Late Holocene regression envisaged by Merh'*** on
the Gujarat coast have not been found. Alternatively, the
occurrence of raised mudflats and sandy beaches on
Mainland Gujarat coast could be attributed to the Late
Holocene—Recent uplift of the area'’. As the sea level is
presumed to have remained at the same level?2?>%% the
asymmetrical lower terraces all along the Mahi valley
attained the present elevations mainly because of the

tectonic uplift of the area and this continues even:

today'’, Since the Holocene transgression is overlapped
by tectonic uplift, it is not possible to ascertain the net
magnitude of sea-level rise during the Holocene. Similar
conditions are encountered on the Saurashtra coast
where the Holocene sea rise is masked by tectonic
emergence of land'*'®,

The Mahi basin has evolved as a result of several
phases of tectonic uplifts and sea level changes as
discussed above. Remarkably, similar observations
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regarding the sea level changes and neotectonic activity
on the west coast have been made by Rao er al.’. The
results obtained so far are more correlatable to the
offshore sea level record rather than the variously
interpreted continental record of Gujarat. A critical
evaluation of the Late Quaternary neotectonic activity in
the region i1s needed before a dependable curve for sea

level changes are put forth as illustrated by Pant and
Juyal'*.
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