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Abstract

Rapid oscillations in the intensity of the Southwest Indian monsoon during the last glacial phase
have been inferred for the first time, from newly generated continental records from the site of
Bhimpura, located in the Mahi river flood plain in the tropical semi-arid parts of western India. The
flood plain sediment belonging to the Last Glacial is characterized using grain size, degree of sort-
ing, sediment facies, magnetic susceptibility, carbonate percentages (calcrete, CaCO, and calcite),
opaque magnetic heavy minerals, common rock forming minerals, and clay mineral percentages.
Synthesizing these climate sensitive variables, seven flood periods and non-flood periods are identi-
fied. These episodes reflect strong and weak monsoonal phases at a time scale of a few thousand

years.

Introduction

The major climatic system influencing South Asia is the
Southwest Indian Monsoon (SwIM), which controls the
agricultural economy of this region, The long term
dynamics of SWIM are understood by analysing sediment
cores from different parts of the Indian ocean, Arabian sea
and Bay of Bengal (Gupta and Thomas 2003; Altabet er al.
2002; Thamban et al. 2001; Sarkar et al. 2000; Leuschner
and Sirocko 2000; Schulz et al. 1998; Colin et al. 1998;
Wang et al. 1999; Overpeck er al. 1996; Sirocko er al.
1993). It is known that the release of heat over the
Qinghai-Tibetan Plateau drives the SwIM towards the
continent (Overpeck er al. 1996; Thompson et al. 1997).
Rangarajan and Sant (2000) reasoned that the Arabian Sca
sediments are influenced by the influx of melt water from
the Himalayas. Further, Sant and Rangarajan (2002), using
marine and ice core records from around the world,
rationalized leads and lags for the onset of a climate
change, including change in the SwIM.

A network of streams sculpture the continent. Both
small and large drainage systems respond to climate
change in terms of change in sediment character. Studies
on continental sediments have led to an understanding of
the response of continents to climate change (for China:
Porter 2001; Xiao et al. 1995; Porter and An 1995,
Kohfeld 2001, for Africa-Madagascar: Gasse and Van
Campo 1998; Bonnefille and Charlie 2000; and for India:
Singh 2004; Sinha et al. 2004; Kale et al. 2004; Juyal, et
al. 2004; Sant er al. 2004; Jain and Tandon 2003; Juyal er
al. 2003; Mishra and Rajaguru 2001; Srivastava et al.

2001; Juyal er al. 2000 Khadkikar er al. 1999 Tandon et
al. 1997; Enzel er al. 1999: Andrews et al. 1998; Kotlia ¢t
al. 1997; Wasson er al. 1983). Studies of fluvial environ-
ments in the world’s hyper-arid. arid, semi-arid and dry-
sub-humid regions have shown that fluvial sediments in
combination with acolian and lacustrine deposits along
with pedogenic and digenetic features, have a high
potential for palacoenvironmental reconstruction (Xiao et
al. 1995; Knox 2000; Castelltort and Driessche 2003 and
references cited therein). Studies in these regions have
shown that fluvial deposits have survived subsequent
reworking and are preserved as sedimentary successions
(Merifield 1987; Reid 1994; Reid and Frostick 1997:
Nanson and Tooth 1999 us cited in Tooth 2000). Regional
to global level climatic signatures are often well preserved
within flood plain sediments (Macklin and Lewin 2003).

In case of monsoonal rivers, where rainfall is seasonal
and the region is tectonically stable, the drainage basin
response can be attributed largely to a single variable, “the
climate”. Irrespective of climatic zones and geomorphic
setup, major and minor rivers across the Indian subconti-
nent show a thick sequence of sediment, deposited within
the river channel. This further exemplifies the response of
streams with respect to regional-global climate. Therefore,
characterization of flood plain sediments enables under-
standing of changes in processes and their intensitics.
Climate sensitive proxy records as determined from flood
plain sediments, facilitates appraisal of climate variability
and change. The SwIM has played a crucial role in the
deposition of flood plain sediments in the Indian subconti-
nent (Khadkikar ef al. 1999; Juyal er al. 2000: Srivastava
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et al. 2001: Jain and Tandon 2003; Juyal er «l. 2004; Sant
eral. 2004). Therefore, the flood plain sediments preserve
the signature of formative processes and thereby record
changes in the intensity of the SwIM in response to global
chimate change. This paper attempts to identify the
signatures of the SWIM in terms of flood episodes. In order
to understand the regional and global significance,
continental data has been generated from Bhimpura (22°
197 08.58" N: 73705 00.97" E, 33.3 m AMSL), from the
Muhi flood plain, southern Cambay Alluvial Plain (CAP),
tropical western India.

Previous studies undertaken in and around the Mahi
and Subarmati river basins have led to significant progress
in understanding various features of Quaternary sediments.
These include studies pertaining 1o stratigraphy and
depositional environment (Pant and Chamyal 1990; Merh
and Chamyal 1997; Tandon et al. 1997; Malik e1 al, 1999:
Jain and Tandon 2003): pulaeoclimatic reconstructions
(Wasson er al. 1983: Tundon er al. 1997; Khadkikar ef al.
1999 Juval er al. 20005, Srivastava er al. 2001): the role of
man in the region (Zeuner 1950; Subbarao 1952; Alichin
and Goudie 19715 Allchin er al. 1978): and chronology
using the thermoluminescence method (Tandon er al. 1997:
Juyal er al. 2000; Srivastava er al. 2001; Juyal er al. 2003;
Juyul et al. 2004). In addition to this, some carlier workers
have compared sediment units and their chronology within
and across the Mahi and Sabarmati alluvial basins (Pant
and Chamyal 1990; Chamyal and Merh 1992; Tandon e
al. 1997: Khadkikar e al. 1999: Malik er al. 1999; Juyal e
al. 2000: Srivastava er al. 2001; Juin and Tandon 2003).

However, till date, no attempt has been made to
characterize flood plain sediment and quantify changes in
allogznic and authigenic records through time. Therefore,
the present study aims at characterizing continental
sediments, analyzing changes in physical and statisticul
parameters, identifying episodes within broad clinatic
phase (the Last Glacial), and providing detailed informa-
tion on emporal (short-term) changes in climate sensitive
proxies. inaddition to understanding its global status.

Methods of Study

Fhe site of Bhimpura and the Mahi tood plain forms a part
of the CAP, a vast streteh of flat land with a mean elevation
of 40 m AMSL., spread over the Cambay rift zone between
Saurashtra and the Aravalli uplands. The palaco-Sabarmati,
palaco-NMahi, palaco-Dhadar and pataco-Narmada are the
nmportant rivers responsible for building up the CAP (Sant
and Karanth 1993). The incised flood plain and flood plain
dunes within the Mahi and Subarmati basin structure the
topographic expression over the CAP, Geomorphologically
the site falls along the castern bank of the southwestern
edge of Mahi flood plain which flows into the Gulf of
Cambay (Fig. 1).
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The representative samples were collected at 15 ecm
intervals from a 1513 cm open step-trench at Bhimpura,
following recording ol sedimentary structures, nature of
pedogenesis and other related observable features, A total
of 102 samples were collected trom this section. In the
present paper, proxy records from depths of 433 to 1513
cm are discussed. Granulometric analysis was performed
by dry sieving 100 g of bulk sample. Fourteen sicve
fractions namely, 420 pm, 250 pm, 210 um, 149 um, 125
pm, 106 pm, 90 um, 75 pm, 63 pm, 53 pm, 45 pm, 37 pm,
25 pm and <25 pm were used. Magnetic susceptibility was
measured for bulk sediments using Bartington MS2
Magnetic Susceptibility Meter at two frequencics (0.47
kHz and 4.7 kHz). The low frequency mass susceptibility
(%, bulk) and frequency dependent magnetic susceptibility
(%,:,(%)bulk) were calculated, Frequency dependent
magnetic susceptibility was calculated as percentages from
the ratio of difference between mass magnetic susceptibil-
ity at two frequencies and the low frequency susceptibility.
The results are represented as magnetic susceptibility
(%, bulk and %, (%)bulk. Carbonate concentration in the
sediment is determined by treating <25 pm grain size
fraction with IN HCL., determining calerete percentage
from bulk 100 gm of sample 420 pm and 250 i size
sieve fractions and quantifying percentage of caleite
mineral from X-ray diffractogram using base line fit
method. Similarly, other minerals namely, quarte, feld-
spars, calcites, smectite, chlorite, illite. and hematite were
also quantified. Mineralogy was determined by analyzing
<25 pm size bulk sample on Philips PW 1840 X ray
diffraction (Cu Kot source (A = 1.5418): by scanning
between 24 ranging from 37 10 40° with a scanning speed
01 0.02° per second). Opaque magnetic heavy mineral
percentages were caleulated for all sumples after separation
of magnetic mincrals using hand magnet from 10 gm of
bulk sumple. These are evaluated 10 see their sensitivity to
a climate change regionally and globally.

Results and Discussion
Grain size and Sediment facies records

The flood plain sequence at Bhimpura shows trough cross-
bedded gravel and sand at the base (1513 10 1203 cm)
followed by visually massive unstratified sandy-silty facies
(1203 1o 433 cm). The sieve fractions from 420 gm and
250 pm yielded calerete from depths of 433 10 1203 ¢m
whereas, the same sieve fractions from depth 1503 10 1203
cm, yielded medium to coarse sand and gravel. Further
sicve fractions at 210 wm, 149 pm and 125 pm together are
grouped as fine sand; 106 wm, 90 wm and 75 wm. as very
fine sand: and 63 pm, 53 pm, 45 gm, 37 pm. 25 pm and
<25 pm as silt (Folk 1974). Grain size fraction is under-
stood in terms of processes. It varies in accordunce with
discharge and availability of sizes. Granulometric analysis
suggests flood plain sediments are deficient in fine silt and
clay with dominance of very fine sand.



Fig. I: Satellite image showing flood plain of river Mahi. Various important locations around Bhimpura site are shown therein

Correlation analysis among grain size fractions as well
as within subgroups classified based on grain size (Folk
1974), suggests that only few grain size fractions are
sensitive to change in process intensity. Such climate
sensitive grain size fractions are grouped as an allogenic
proxy. In the present case, grain size fractions between
210-149 pm (fine sand) and <25 pm (silt) are found 1o be
sensitive to change in process intensity (Fig. 2). In a semi-
arid, monsoonal climate, the flood plain sediment records
two important processes: — viz, flooding and non-flooding

episodes. An increase in the 210-149 pm grain size
[ractions represents increase in carrying capacity ol a river
suggesting wetter conditions. Whereas. increase in <23 gm
grain size fraction represents comparatively weaker fluvial
activity and mobilization and accumulation of fine sand
and silt by acolian activity suggesting a dryer climate.
Based on the 210-149 pm and <25 gm grain size iractions
we identify seven flooding and non flooding periods
during the Last Glacial (see section 4).
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Fig. 2: Variation of sediment facies, weight percentage of <25 pm and 210-149 pm sediment fraction and
stundard deviation having inverse relationship with degree of sorting along the depth profile for the
sediment sequence at Bhimpura site. Numbers i to vii represent non flooding event (cold and dry, stadial
type) and numbers 1 to VII represent flooding event (warm and wet events, interstadial type) Event vii (last
stadial) represent Last Glacial Maxima whereas event VII (Jast interstadial) represent last pre-Holocene
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Fig. 3: Comparison of sediment facies and marker horizons for the sequence at Rayka and Bhimpura sites




Standard deviation (Stdev) of the grain size fractions
captures the degree of sediment sorting. Increase in
standard deviation indicates decrease in degree of sorting
and vice versa. The degree of sorting when seen against the
depth profile indicates that the sediments during flooding
periods are relatively less sorted than sediments deposited
during non-flooding events (Fig. 2). Variation in the degree
of sorting along the depth correlates directly with 210-149
pm grain size fractions and inversely with <25 pm grain
size fraction, thereby suggesting that the degree of sorting
is a proxy for the fluctuation of energy conditions during
transport and deposition. Thus, variability in degrec of
sorting is understood here as being sensitive to climate
changes.

Cluster analysis and field characters are used to
determine the facies type. Six sedimentary facies have
been identified for the floodplain sequence at Bhimpura
from a total depth of 1513 em (Figs. 2-3). They are
(i) trough cross-stratified gravel + medium grain sand
facies (Gt) (16 samples analysed: 78% gravel + coarse to
medium sand, 16% fine sand; 5% very fine sand and 1%
silt). (i1} Trough cross-stratified medium sand + fine sand
facics (St _..). (6 samples analysed: 73% medium sand,
21% fine sand, 5% very fine sand and 1% silt);

(iii) Massive unstratified very fine sand + fine sand
(Sm ) (16 samples analysed: 48% very fine sand, 42%
fine sand and 10% silt); (iv) Massive unstratified very fine
sand + silt + fine sand (Smﬁ.mim) ( 22 samples analysed:
61% very fine sand, 8% fine sand and 21% silt);

(v) Massive unstratified very fine sand (Sm_) (30 samples
analysed: 73% of very fine sand 14% fine sand and 13%
silt) and (vi) Massive, unstratified silt + very fine sand
(Sm . .) (7 samples analysed: 59% very fine sund, 30%
siltand 11% fine sand).

The intercalated sequence of Gtand St facies
forms the base of the flood plain sequence from a depth
1513 em to 1203 em (Fig. 3). This 310 cm thick sediment
is poorly sorted. The bulk sediment comprises of gravel
size clasts of calcrete and basalt supported by medium-fine
grained sand. Gt and St both show trough cross-stratifica-
tion, that dips 15-17° due east. Calcrete grains are of
various shapes and sizes. The maximum elongation of
calcrete clasts observed is 18 cm. Rhyzoliths are well
developed within St . Rhyzoliths have a maximum
diameter of 8 mm. Gtand St facies occurs laterally
within and across the Mahi basin as the base of massive
unstratified silty sandy sediments. Gt and St__, _facies
reflect a very strong fluvial regime possibly during the late
Last Interglacial.

The massive unstratified silty sandy sediments show
intercalation of Sm ,facies with Sm__ _-Sm -

vis+si vis

Sm facies, from depth 1203 ¢m to 580 cm (Figs. 2

wisesiels

and 3). Sm__ facies are deposited with a flat base, capped

or underlaid by a sharp contact with Sm_ - Sm_ -

Sm_ facies sub-units, suggesting a heterogeneous
vlnesi+ls i X . e . =

amalgamation of sediment facies. Sm_ - facies shows

increase in 149 pm grain size fraction, decrease in <25 pm

grain size fraction and degree of sorting suggesting a

channel sheet deposit of a shallow flooding river. The

Sm,, -Sm, -Sm

RLETR]

whsan

ey, Tacies shows overall increase in
<25 pm grain size, decrease in 210-149 pm grain size and
have a relatively moderate to low degree of sorting (Figs. 2
and 3). Sm__ facies represent fluvial process whereas

Sm_ ,-Sm, -Sm facies represent fluvio-acolian

ARETEN)

processes.

visenieis

The sediment from 580 cm to 433 cm includes 147 ¢m
of umform Sm__  facies capping the last extreme
flooding period (Event VII: Figs 2 and 3) marked by
Sm . facies. Development of uniform Sm ,  facics
suggests dominance of a single process. Sm____ facies
show an increase in <25 um, flattening of 210-149 pm and
increase in degree of sorting. Sm__  facies suggesis
strong aeolian activity in the region during non-flooding
periods (Event vii: Figs, 2-3).

In summary, the presence of dune fields within the
Mahi and Subarmati flood basins suggests the role of
strong winds and/or low vegetation cover in redistributing
available fine sediment within and across the flood plains,
Thus four allogenic proxies namely 210-149 pm and <25
pm grain size fractions, standard deviation and sediment
facies are identified as climate sensitive (Fig. 2). Seven
flooding and non-flooding periods have been identified at
the Bhimpura site.

Opague magnetic heavy mineral records

Opaque, magnetic minerals are separated using a hand
magnel taking ten grams of bulk sumple. Such separation
is the initial step for preparing samples before running the
sumple through a Frantz Magnetic Separator, as such
minerals adhere to pole pieces and interfere with flowing
tracks (Hess 1966). Each magnetic fraction is weighed and
finally converted to its weight percentage. This method
was repeated until all Opaque magnetic heavy minerals
were separated. For further confirmation, the procedure tor
a few samples was repeated ten times. The results show a
repeatability of up to 98%.

Given the same sediment provenance of the streams an
increase or decrease in opaque mineral concentration
reflects intensity of transport process. The heaviness of
Opaque magnetic heavy mineral causes them to travel
along with medium to fine grain sediments in accordance
with the relationship between specific gravity and grain
size (Folk 1974; Friedman and Sanders 1978). Increase in
the Opaque magnetic heavy mineral concentration is
suggestive of higher energy conditions. Hence. identifica-
tion of flood events can be done by observing increase in
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Fig. 4: Variation of Magnetic susceptibility and Opaque magnetic heavy mineral

profile for the sediment sequence at Bhimpura site

ferromagnetic mineral concentration (Fig. 4). It was
observed that an increase in Opaque magnetic heavy
mineral concentration occurred with increase in the 2 10-
149 pm grain size fraction, thus Justifying seven {lood
periods (Figs. 2 and 4),

Magnetic susceptibility records

Magnetic susceptibility studies of Chinese loess suggest
that low frequency mass susceptibility (). reflects high-
grude pedogenesis whereas frequency dependent magnetic
susceplibility (%,,,L%)) records low grade w cathering
(Heller et al. IU‘)I Guo ef al. 7()()(}} In the flood plain
sediment both allogenic and authigenic processes (pedo-
genesis and early diagenesis of flood plain sediments)
oceur together. To differentiate authigenie signatures from
allogenic we compare magnetic susceptibility records with
Opaque magnetic heavy mineral percentages. Fig. 4 shows
increase in 7., bulk indicating an increase in Opaque
magnelic hL.n y mineral concentration. An increase in
Zyp %e)bulk with a decrease in Opaque magnetic heavy
mimneral captures pedogenesis. X,o(9) bulk captures
secondary ensichment of ferrous/ferric iron due to pedo-
genesis. Further, %, bulk and x, (%)bulk record shows an
inverse n.latmnslnp (Fig. 4). Four pedogenic horizons
identified based on Ll % )bulk are at depths 1040 ¢m 1o
1096 cm, 825 ¢m, 732 cm 10 687.5 e, 577 em 1o 430 ¢m,
Each pedogenic horizons was developed within Sm
facies just above the fluvial sand. In the field. one cin

percentage along depth

identify them as a moderate pedogenic horizon as it has not
attuined a definite pulacosol status.

Carbonate records

Variation of carbonates (calcrete, CaCO, and calcite)
signifies understanding of authigenic processes. Andrews
and others (Andrews er al. 1998), describe calerete
carbonate formation in & monsoon setting. Calerete
precipitation takes place after the rainy scason (after July
o August in modern SwIM) by downward leaching of
soluble CaCO, and its accumulation at the ev apolranspira-
tion front {Cou:ty et al. 1987). Thus, October to March is
the probable time for the formation of these Indian
caleretes. Another possibility is that calerete is a result of
surface evaporation of water. lucreased evaporation is also
likely to be an indicator of a more arid environment.

Carbonate percentage from depth 1133 1o 880 ¢m
increases from 18% o 63%, and thereafter fluctuates
between 30-45%. Nevertheless, the calcrete and calcite
percentages show a positive relation with <235 pm grain
size fraction and at the same time an inverse relation with
210-149 pm grain size fraction, sediment facies and
Opaque magnetic heavy mineral percentage (Figs. 2, 4,
and 5). Based on percentages of calerete and calcite, we
are able to distinguish five horizons at depths; 1096 ¢cm 1o
TOT6 cm, 985 cm 1o 911 eny, 880em 1o 825 e, 732 em 1o
087 cmy, and 577 em o 430 em. These represent periods of
relatively more aridity (Fig. 5).
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profile for the sediment sequence at Bhimpura site

Mineralogical records

Composition of sediment is determined from the assem-
blage of common rock forming minerals (quartz and
feldspar), clay minerals (smectite, chlorite, illite) and other
secondary mineruls (calcite and hematite). Quartz and
feldspars (sp. gr. 2.65-2.76) either reflect an increase or
decrease in sediment discharge. Clay minerals within the
sediment would represent both allogenic and authogenic
transformations. Allogenic component is understood with
increase or decrease of clay minerals depending on
fractionation based on their density, smectite 2-2.6 gm/cc
(lowest density): llite 2.6-2.9 gm/cc; chlorites 2.6-3.3 gm/
ce (highest density) (Deer et al. 1966 as cited in Tolten ef
al. 2002).

Itis possible to infer that in the zone where calcrete is
enriched, the percentage of smectite increases while the
illite percentage decreases. This is due to alteration of illite
under alkaline conditions. There is a distinct change in the
mineral percentages from a depth of 640 cm upwards.
Quartz and feldspars decreases, illite percentages follow
the sume trend whereas smectite increases. Therefore,
mineral percentages indicate a major change in the type of
depositional processes (Fig. 6), which can be correlated
with climatic signatures deduced from the aforesaid
parameters. In a clay-silt deficient flood plain sediment,
the concentration of clay minerals (smectite, illite and
chlorites), however small are significant.

Age Bracket of the Sedimentary Sequence

Variation in sedimentary facies along a depth profile for
Ruyka and Bhimpura sites are recorded in Fig. 3. Vertisol
(10 YR 7/4, very pale brown) forms the base of the
sequence. At Rayka sites, vertisol is well documented
whereas at the Bhimpura site, the presence of vertisol is
inferred to extend below Gtand St facies based on
neighboring sections. The vertisol is overlain by Gt and
St facies (10 YR 6/4, light yellowish brown) at Ravka
and Bhimpura. We identify this as Unit 1. Unit 1I, immedi-
ately overlying Unit I, comprises intercalated Sm_, facies
(10 YR 7/6, yellow) and Sm | - Sm  —-Sm_  facies
(10 YR 6/6, brownish yellow) sequence at Rayka and
Bhimpura sites. Finally, the sequence is capped by a thick
pedogensied Sm_  facies (I10YR 7/6, yellow) is
identified as Unit I11.

Both the sections, Rayka and Bhimpura, show three
significant marker horizons based on sediment charucteris-
tics (Figs. 2 and 3). The first marker is Unit L. The second
marker is the sandy facies immediately overlaying Unit I at
Rayka and Bhimpura. The upper most portion of Unit 11
with sundy facies forms the third marker (Rayka. 476 ¢cm
1o 400 em; Bhimpura, 659 ¢m to 577 cm). The third
marker is immediately overlain by a pedogensied sandy silt
facies along various sections within the Mahi hasin. The
lateral extension of all these markers has been traced
throughout the study arca.
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Fig. 6: Variation of common rock forming and clay minerals in percentages along the depth profile for the

sediment sequence at Bhimpura site

The chronological data for the Rayka section suggests
that the age of the first marker is 7424 kua. The second
marker is dated to about 50 ka (between 506 ka and 45+7
ka) while the third marker is dated 10 3126 ka. (Juyal ef al.
2000). Therefore the age of Unit I fulls around 74+24 ka
whereas Unit I spans a period ranging from 50 ka to 3126
ka. Unit HI fall around <3126 ka. Thus, the flood plain
most of the sequence spans over most of the Last Glacial.

Climate Change: A Synthesis

The identification of short-term climatic episodes (flooding
und non-tlooding episodes) from the Bhimpura flood plain
scdiments, is based on climate sensitive parameters in
flood plain deposits discussed above. In ¢ll, seven flooding
and non-flooding episodes are identificd based on these
parameters from depths of 433 em to 1202 em. The 769
cm thick intercalated sedimentary sequence (Sm |
intercalates within Sm  -8Sm_  —Sm
the Lust Glacial.

o facies
.., facies) spans
Flooding episodes (1 to VII) are charucterized by
Sm_ . facies. Increase in 210-149 pm grain size fraction,
Opaque magnetic heavy mineral percentages and decrease
in degree of sorting, and %, bulk characterizes flooding
episodes (Figs. 2 and 4). The behaviour of these climate
sensitive parameters suggests that these episodes had a
relatively high sediment carrying capacity. Bused on this, it
is inferred that during these periods, torrential rains led to
flash floods in the shallow river channels (Iee Age rivers).

16

"The transitory, short-lived rivers during the Last Glacial
were dependent entirely on the SwIM leading to rapid
denudation.

Non-flood episodes (i to vii) are characterized by Sm
=Sm ..~ Sm_  facies. Increase in the <25 pm grain
size (raction, degree of sorting, ¥, bulk, and calerete
percentages along with a decrease in Opaque magnetic
heavy mineral, quartz and feldspar percentages (Figs 2, 4,
5 and 6) characterize non flooding episodes. Variation in
the concentration of the said parameters suggests a feeble
carrying capacity of these rivers. It further suggests that
during a non-flooding climate phase, rivers were sluggish,
with reduced erosion. Reduction and prolongation ol the
SwiIM would increase the rate of evaporation, and decrease
vegelation cover, initiating reworking ol moisture free
sediments by strong winds. This additional process within
the flood plain resulted in development of sheets and
dunes. The increase in <25 pwm grain size fraction, degree
of sorting, ,.,bulk, and calcrete percentages supports this
view (Figs. 2, 4-5).

Morcover, during non-flood episodes. there is a
decrease in precipitation, which influences the chemistry
of ground water leading to authigenic changes. The role of
authigenic processes in the sediments is represented by
percentages of carbonate, calerete carbonates and calcite
(Iig. 5). One of the important authigenic activities in
monsoonal setting is the result of downward leaching of
soluble CaCO, or surface evaporation. We observe



increase in calerete carbonate and calcite during non flood
cpisodes correlated with the quantity of the <25 pum grain
size fraction. Further an alkaline environment during non-
flood episodes seems to have allowed transformation of
illite to smectite (Fig. 6). Clay minerals such as smectite,
illite, and chlorite reflect a significant change between 640
cmto 570 em (Fig. 6).

Thus, the present allogenic and authigenic records
from the flood plain sediment significantly contributes to
characterizing both fooding as well as non-flooding
episodes. These events directly point towards variations in
the SwIM intensity over the scale of a few thousand years
during the Last Glacial that led to aggradation and avul-
sion,

Analysis of ice cores (Polar: Jouzel er al. 1987,
Greenland ice core project members 1993; Grootes et al.
1993: Dansgaard e al. 1993) and ocean core sediments
(Atlantic and Indian Ocean: Ruddiman 1977; Bond et al.
1992; Grousset et al. 1993; Schulz et al. 1998; Colin et al.
1998 Heinrich 1988; Leuschner and Sirocko 2000; Altabet
et al. 2002) have also revealed that climate fluctuated
during the Last Glacial, evidence of which is preserved as
abrupt climatic events. These short-term, warm and wet
climatic events (interstadials) are globally expressed in
terms of Dansgaard-Oeschger (D/O) events, which
culminated with relatively long term dry-cool cycles
(stadials) called Heinrich events (Ruddiman 1977;
Heinrich 1988; Bond e al. 1992; Duansgaard et al. 1993,
Grousset ¢f al. 1993). In China and Central Asia, these
short-term abrupt climatic events are identified, on the
basis of studies on grain sizes of loess sediments(Porter
and An 1995; Porter 2001). The coarsening of grain size in
Chinese loessic sediments is inferred as representing the
Heinrich event. The mechanism suggested to explain this
process is increase in continental wind speed and aridity.
Further, it is also observed that the type of fluctuations in
grain size (which is a proxy to river discharge and on-land
weathering processes) of sediments in the Bay of Bengal -
Andaman sea (site MD77-169 and MD77-180) is compa-
rable with D/O type fluctuations. These fluctuations
indicate an incrcased summer monsoon during D/O, and
significantly drier conditions during Heinrich events (Colin
et al. 1998). The D/O variability of the Indian monsoon is
also revealed in the Arabian Sea record (site 93KL: Schulz
et al. 1998).

In the light of these observations, flood episodes
deduced from the Bhimpura site could be interpreted as
being under the direct influence of D/O type fluctuations.
High-resolution climate sensitive proxies and chronology
for flood plain sediments would further confirm continen-
tal response to such abrupt events,
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