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A 2.8 m thick Holocene sediment succession of Lahu-
radewa lake, located on the interfluve surface of 
Ghaghara–Ami rivers, close to the Lahuradewa  
archaeological site, is studied for phytolith assemblage 
to reconstruct the palaeoclimate variability during the 
Holocene. The phytolith morphotypes of grasses 
(Poaceae) have been used as proxy environmental  
indicators. Phytolith morphotypes belonging to sub-
family Panicoidae indicate warm and humid climate; 
Chloridoidae indicate warm and dry climate and Fes-
tucoidae indicate cool and moist climate. Lake profile 
in general shows dominance of Panicoidae morpho-
types over others, though at certain intervals they 
show fluctuating trend. Well-defined parameter of 
phytolith index (Iph) is used to infer dry phases in the 
succession. On the basis of Iph, five wet phases alter-
nating with four dry phases have been identified during 
the past 10,600 cal yrs BP. The four dry phases are: (1) 
10,300–9,200 cal yrs BP, (2) 5300–4100 cal yrs BP, (3) 
1650–1200 cal yrs BP and (4) 950–700 cal yrs BP, out of 
which the 5300–4100 cal yrs BP dry phase was the 
most prominent.  
 
Keywords: Ganga Plain, Holocene, Lahuradewa lake, 
phytolith, palaeoclimate. 
 
RECONSTRUCTION of past climate during the Quaternary 
period is being done in different parts of the world using 
various proxies1–4. The emphasis is to reconstruct the 
climate changes (changes in rainfall and temperature) 
during the Holocene (last about 12 ka). These changes in 
climate during Holocene are generally linked to solar  
insolation, El Niño Southern Oscillation episodes and 
glacial fluctuations2,5,6. Such studies are important to un-
derstand the present-day climate change. In the continental 
realm, lacustrine sediments are more suitable for palaeo-
climate study, as these are comparatively more suscepti-
ble to climate variability. There exists a delicate balance 
between sediment accumulation and the lake hydrology, 
which is the expression of evaporation and precipitation 
that is governed by rainfall. A number of studies related 
to palaeoclimate reconstructions, based on proxy data of 

lake sediments are available from the Ganga Plain and 
other parts of India dealing with pollens, stable isotopes, 
geochemistry and microfauna2,7–12. Such studies are con-
centrated in the central part of the Ganga Plain. In the 
past, phytoliths were used in the archaeological studies to 
infer the agricultural practices and dietary nature of earlier 
civilization. During last few decades, they have been  
increasingly used to infer palaeoclimate changes. A lot of 
work has been done from the western Indian archaeologi-
cal sites for the reconstruction of palaeovegetational  
dynamics using the phytolith as a proxy13–19. In the Indian 
subcontinent, use of phytolith as a tool for the identifica-
tion of palaeovegetation is well understood; however, 
their use as a palaeoenvironment indicator has still not 
gained popularity18,20. In the present study (from the  
Lahuradewa lake profile), an attempt has been made to 
use phytoliths as a palaeoclimate indicator (changes in 
rainfall), to identify reduced rainfall phases (dry phases) 
in an area where rainfall is generally high. The Lahura-
dewa lake experiences subtropical, humid climate with in-
frequent occurrence of drought conditions and in such 
areas it becomes difficult to observe subtle changes in 
rainfall. The phytolith analysis has been done to comple-
ment the palaeoclimatic patterns derived from the pollen 
study of the Lahuradewa lake9.  
 Phytoliths are known as plant opal (SiO2⋅nH2O) or 
plant silica bodies, precipitated in the cells or between 
cells of living plant tissues. They reflect shape and size of 
the cell in or around which they are formed21. They often 
remain in the soil as discrete particles after the decay of 
organic matter of plants, as they can withstand oxidation. 
Phytolith assemblage analysis can be used to identify past 
associations of Poaceae subfamilies and tracing the  
palaeovegetation17,22–26. The most significant plant fami-
lies precipitating silica are Poaceae, Cyperaceae, Cucur-
bitaceae, Asteraceae, Palmae and some other monocots 
and dicots. Some phytoliths of grasses (Poaceae) can be 
used to infer qualitative changes in the climate18,20,22,26–28.  

Material and methods  

The Lahuradewa lake (lat. 26°46′N; long. 82°57′E) is loca-
ted in the eastern part of central Ganga Plain on the 
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Figure 1. Location map of Lahuradewa lake. 
 
upland interfluve surface of Ghaghara and Ami rivers, 
and is situated adjacent to the Lahuradewa archaeological 
site in the vicinity of Lahuradewa village, Sant Kabir  
Nagar district, Uttar Pradesh (Figure 1). It experiences  
humid, subtropical climate, where annual rainfall at pre-
sent is ~1200 mm. The catchment area of the lake is rela-
tively small (21 sq. km) and its water is received mainly 
from surface run-off during SW monsoon. The northern 
and eastern parts of the lake are shallow due to high silta-
tion and dry out completely during the extreme dry sum-
mer conditions; whereas the western part is slightly 
deeper and holds sufficient water throughout the year. At 
present, the region of Lahuradewa is characterized by  
agricultural fields along with shrubs and grasses and scat-
tered trees. 
 Twenty-eight sub-surface samples were collected at 
10 cm interval, from a 2.8 m deep trench dug on the dried 
eastern margin of the lake. Few additional samples were 
collected at larger intervals for radiocarbon dating. Stan-
dard techniques were used for grain-size analysis. All the 
samples were collected from a single trench. So far, no 
other trench of Lahuradewa lake has been studied. The 
Lahuradewa lake profile has been studied for pollen and 
spores to reconstruct changes in palaeovegetation and  
palaeoclimate8,9. The Lahuradewa profile has also been  
studied for phytolith, an additional proxy for reconstruc-
tion of palaeoclimate. It is planned to study this profile 
for mineralogical and geochemical proxies to reconstruct 
the palaeoclimate. The multiple proxy studies of the pro-
file may provide better reconstruction of the palaeocli-
mate.  
 For phytolith studies, 10 g of dry sediment of each 
sample was treated with HCl (3%) for removal of carbon-
ates, followed by oxidation of organic matter using 30% 

hydrogen peroxide heated at 90°C until the reaction sub-
sided. The samples were then passed through 60 mesh 
(ASTM) sieve to remove the coarser material and through 
500 mesh sieve for removal of fine silt and clay. Slides 
were prepared using a few drops of maceral, and mounted 
in Canada balsam for counting and in glycerine for 3D 
observation of shapes. For the separation of phytoliths 
‘heavy density liquid method’ was not applied, as the 
yield of phytoliths by the simple maceration technique 
was adequate for analyses. The phytoliths were diagnosed 
and counted using Leica DMR XP microscope at 40×, 
60× and 100× magnifications depending upon the size 
and shape of phytolith morphotype. 

Lithology and chronology 

The lacustrine sediments of Lahuradewa are dominated 
by the silt-clay fraction with minor content of sand. No 
significant variation of grain size was observed in the 
profile. Based upon colour and sand content, the profile is 
differentiated into three distinct zones from top to bottom 
(Figure 2 a): 
 
Zone-1 (0.0–0.90 m): dark mud with rootlets. 
Zone-2 (0.90–2.0 m): dark mud. 
Zone-3 (2.0–2.80 m): black organic mud with more than 
65% organic matter (peat).  
 
For the whole succession six radiocarbon dates are avail-
able (Figure 2 a). Assuming the sedimentation rate to  
be constant between two successive dates, relative ages 
of each sample have been estimated. The rate of sedimenta-
tion and estimated ages are shown in Figure 2 b. The 
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Figure 2. a, Lithological profile of Lahuradewa lake deposit along with 14C dates and estimated ages (on the basis of sedimentation rate). 
b, Rate of sedimentation shown graphically. 

 
 
sedimentation rate is variable throughout the profile. The 
sample at depth of 2.75 m is dated 10,425 cal yrs BP. There 
is a sediment thickness of 5 cm below this sample date.  

Classification of the phytolith assemblage 

A highly diverse assemblage of phytoliths has been  
recovered from the lake succession. Phytoliths can be 
classified using different parameters; though aspects of 
shape and anatomical origin are mostly used24,29–31. In the 
present study, phytoliths are classified on the basis of 
shape and are categorized as different morphotypes using 
the classification method of Twiss and subsequently 
modified by many workers32–34. Emphasis has been given 
to the identification of Poaceae phytoliths with few non-
grass taxa (sedges and Palmae); others are grouped as un-
classified.  
 The most abundant phytolith assemblage observed in 
all the samples includes the short and long cell forms  
of Poaceae. The grass silica short cells (GSSC) data of  
Lahuradewa lake deposit are grouped into different mor-
photypes, viz. bilobate, cross, crenate, angular, saddle, 
bambusoid, rectangle, round/oval, rondel, trapezoid and 
other GSSC morphotypes. Another characteristic mor-
photype produced by the grasses (other than GSSC) is 
long cell morphotype regarded as bulliform phytoliths. 
These phytolith morphotypes are significant in deciphering 
the palaeovegetational signature of grasses. The bulliform 
phytoliths of Lahuradewa lake include the rectangular 
and fan-shaped morphotypes, some of which are identi-
fied as rice phytoliths. Though the whole lake sediment 
profile is dominated by grasses, other non-Poaceae taxa 

are also seen. They include rectangular with cone-like 
projection and hat-shaped morphotypes of Cyperaceae 
(sedges) and Palmae. The Palmae phytoliths have been 
identified on the basis of their rounded shape with char-
acteristic spiny ornamentation on their surface. The dicots 
and other phytolith remains are included in the unclassi-
fied morphotypes. 

Analysis of phytolith distribution 

Phytoliths were recovered from all the samples in suffi-
cient amount. The minimum number is 18 and maximum 
number is 308. The Poaceae phytoliths dominate the 
whole profile and constitute about 70–85% of the total 
phytoliths. However, the phytoliths of Cyperaceae (rec-
tangular, cone-shaped and hat-shaped morphotypes), Pal-
mae (spherical spinose), and zigsaw, polygonal, irregular 
morphotypes of dicots are also recorded at different depth 
intervals. The relative distribution of each phytolith mor-
photype is graphically shown in Figure 3. 
 Zone-3 (2.0–2.80 m): The basal three samples account 
for only 2% of the total phytolith population in the whole 
succession. However, the percentage of phytoliths gradu-
ally increases towards the top of this zone. The panicoids 
vary between 25% and 42%. The chloridoid ranges be-
tween 1.6% and 9.7%. Some bulliform phytoliths are also 
identified as rice phytoliths. The unclassified morpho-
types range between 9.3% and 14%. Among the non-
grass taxa, sedges constitute about 1.2% and 8%, whereas 
the Palmae phytoliths mark their appearance at a depth of 
2.50 m and are present only in two samples (LRD-24 and 
LRD-20) in this zone.  
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Figure 3. Distribution of grass silica short cell phytolith morphotypes and other groups in Lahuradewa lake succession. 
 
 
 Zone-2 (0.9–2.0 m): The phytoliths are abundant in this 
zone. The GSSC range between 19% and 38%. In the 
lower part of this zone at depths ranging between 1.8 and 
1.9 m, the chloridoid increases up to 12.5%. Panicoid still  
remains the dominant group ranging between 19% and 
39%. The bulliform phytoliths constitute about 1.5% and 
5% of the assemblage. The unclassified phytoliths  
account for 9.5% and 19%. 
 Zone-1 (0.9–0.0 m): This zone sustains the maximum 
number of phytoliths. The panicoids vary between 23% 
and 44%. At a depth of 0.80 m, the chloridoid marks  
increase constituting up to 12%. It is the depth where 
sand content also increases. The Palmae phytoliths are 
less than 3%. The ‘unclassified’ phytoliths range between 
10% and 19%.  
 The diverse assemblage of phytoliths from lacustrine 
sediments may originate from various sources. The  
Lahuradewa lake is not related with any active river 
channel at present. Field evidence does not show its asso-
ciation with any drainage network in the recent past and 
the catchment area of the lake has a limited extent. So it 
can be assumed that most of the sediment has its source 
from the adjoining areas of the site. Thus, the phytolith 
assemblage here represents the vegetation grown in the 
vicinity of the lake. The fair amount of sedges (Cyper-
aceae) in the lower part of the succession indicate that the 
lake initially supported a big marshy area. 

Phytoliths as palaeoenvironment indicator 

The use of phytoliths as palaeoclimate indicator becomes 
significant as they are less susceptible to decaying pro-
cesses in comparison to pollen24. The morphology of the 
grass phytoliths, particularly those of GSSC is of consi-
derable importance in distinguishing between grasses at 
subfamily level, and are used to infer subtle changes in 
palaeoenvironment conditions on the basis of different 
grass phytolih indices22,28,33,35. The Poaceae basically in-
cludes five subfamilies: (a) Panicoidae, (b) Chloridoidae, 
(c) Festucoidae, (d) Bambusoidae and (e) Arundunoidae. 
Grass genera belonging to a single grass subfamily often 
present the same photosynthesis pathway (C3 or C4) and 
suitability to a given environment. For example, the C3 
Festucoidae subfamily requires cold, temperate or high-
elevation environment; the Panicoidiae subfamily com-
posed of C4 tall grasses requires warm and wet environ-
ment, and the Chloridoidae subfamily composed of C4 
short grasses requires warm and dry environment22. 
 From the Lahuradewa lake profile, diverse assemblage 
of GSSC morphotypes is procured where Panicoidae is 
chiefly characterized by the bilobate (dumbbell) and 
cross morphotypes (Figure 4 a–d). Chloridoidae is mostly 
represented by short saddle morphotypes (Figure 4 f ). 
Small rectangles, rounded and oval-shaped phytoliths be-
long to the Festucoidae (Figure 4 h and i). Arundinoidae 
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Figure 4. Photomicrographs of phytolith morphotypes recovered from the sediments of Lahuradewa lake. a–j, Grass silica short cell 
morphotypes and k–o, other morphotypes. (a) Bilobate (dumbbell), (b) dumbbell with scooped ends, (c) cross, (d) intermediate cross, (e) 
crenate, ( f ) saddle, (g) bambusoid, (h) oblong, (i) rounded, (j) rondel, (k) hat-shaped, (l) rounded with spines (palmae), (m) rectangular 
bulliform (sedges) and (n, o) fan-shaped phytoliths of rice. 

 

 
and Bambusoidae do not have any distinct short cell mor-
photypes, which have environmental preferences, but 
they do contain specific short cells, which are characteris-
tic of Poaceae31. 
 The relative dominance of panicoid, chloridoid and  
festucoid groups used for palaeoclimate interpretations is 
shown in Figure 5. Fluctuation in the frequency of the 
panicoid, chloridoid and festucoid subgroups in the pro-
file suggests qualitative changes in the palaeovegetation 
in response to the climate. The high abundance of pani-
coids over the other morphotypes indicates warm and 
humid climate. An increase in the morphotypes of chlori-

doid subgroups indicates the shift towards warm and dry 
climate from the humid climate. With the help of phyto-
lith analysis, we are able to identify four dry phases. The 
rise in the frequency of saddle morphotypes (Chloridoi-
dae) at depths of 2.50, 1.90, 0.80 and 0.50 m correspond-
ing to about 9000, 5200, 1500 and 850 yrs BP 
respectively, indicates relative decrease in the rainfall at 
that time (Figure 6). The lake succession has also been 
studied palynologically and increased aridity/low rainfall 
around 5000 ka has been suggested9. 
 Diester-Hass et al.36 proposed the phytolith index (Iph) 
[saddle/(saddle + dumbbell + cross)*100] to infer palaeo-
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climate in the Sahara region. According to them, the 
higher values of Iph denote aridity. The same phytolith 
index (Iph) was used by Alexandre et al.22; by Li et al.28 
as aridity index (Iph) along with warmth index (Iw) and 
by Prasad et al.20 (Iph), from the mainland Gujarat to  
infer the palaeoclimate. In all the above studies, the low 
values of Iph are associated with warm and humid/wet 
conditions and higher values of Iph with warm and arid 
conditions. The use of saddle morphotype and its signifi-
cance in calculating the Iph index has been discussed in 
detail by many workers28,37. In the dataset of phytoliths of 
Diester-Hass et al.36, the Iph value reaches up to 40 de-
noting extreme aridity. In our dataset, the maximum Iph 
value obtained is 35.2, occurring at the depth of 1.90 m 
corresponding to the age of 5200 yrs. The reason for the 
absence of high values of Iph could be the location of the 
study area in the subtropical zone, where aridity is not as 
intense as in the Sahara. In the Lahuradewa lake succes-
sion, to make comparative qualitative assertion, a value 
of <18 is taken to indicate more humid conditions and 
>18 denotes relatively drier conditions. From the phyto-
lith index profile, it is evident, that Iph reaches values 
>25 only four times in the whole lake sediment profile, 
pointing towards the four episodes of aridity (Figure 6). 
 On the basis of phytolith index, nine climatic phases 
have been identified (five wet phases alternating with 
four dry phases), during the past 10,600 yrs BP (Figure 6).  
 

 
 

Figure 5. Relative percentages of panicoid, chloridoid and festucoid 
phytoliths used for environmental interpretation. 

 Phase-I (10,600–10,300 yrs BP) represents the begin-
ning of Holocene which is characterized by a short wet 
phase. The Iph value for the sample LRD-28 (at the depth 
of 2.8 m) is about five indicating strong SW monsoon  
after the cool and dry climate of the Younger Dryas. This 
phase lasted for about 300 years. Phase-II (10,300–
9,200 yrs BP) represents first relative aridity event with 
Iph value of 23, which lasted for 1100 years. This climate 
perturbation was not prominent, though distinct. Phase-III 
(9200–5300 yrs BP) is a long spell of humid climate due 
to strengthening of SW monsoon. During this humid phase 
(4000 yrs) peak intensification of monsoon is around 
7000 yrs BP. It shows several fluctuations in humidity. 
Phase-IV (5300–4100 yrs BP) is the second relative arid-
ity event representing the optimum phase of dryness in 
the Holocene spanning ~1200 years. Iph shows a maxi-
mum value of 35.2. Phase-V (4100–1650 yrs BP) is the 
period of increased precipitation for 2400 years. It shows 
several century-scale oscillations in humidity–aridity. 
The Iph value is 13. Phase-VI (1650–1200 yrs BP) is the 
third relative aridity event spanning about 450 yrs. The 
Iph value is 30, indicating climate deterioration. Phase-
VII (1200–950 yrs BP) is a short pulse of increased  
humidity lasting about 250 years. The Iph value is 12.5, 
indicating moderate wet phase. Phase-VIII (950–
700 yrs BP) is the fourth relative aridity event lasting for 
about 250 years. The Iph value is 21, indicating only 
slight increase in aridity. Phase-IX (700 yrs BP–Present) 
is a relatively wet phase with increased humidity during 
last 400 years.  

Discussion and conclusion 

Documentation of the palaeoclimate variability inferred 
from the phytoliths of a lake profile has the potential to 
indicate the relative change in rainfall intensity in a region. 
The palaeoclimate pattern obtained from the phytolith 
analysis of the present study is in corroboration with the 
results of the palaeoclimatic records in other parts of  
the Indian subcontinent. 
 The first climatic phase or onset of Holocene in  
Lahuradewa lake succession is characterized by warm 
and humid climate. The second climatic phase (first rela-
tive aridity event) lasted for ~1100 years from 10,300 to 
9200 cal yrs BP and shows strong correlation with paly-
nological study of Lahuradewa lake indicating reduced 
rainfall during this time interval9. The study of the  
oxygen isotope analysis of planktonic foraminifers of the 
Bay of Bengal core also suggests aridity during 10,500–
9900 cal yrs BP (ref. 38).  
 The period of monsoon intensification during 9200–
5300 cal yrs BP (third climatic phase) is well correlated 
with the records of the Bay of Bengal, Arabian Sea and 
those from the Himalayas. This period of strong monsoon 
during the Early Holocene often exhibits a wet period 
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Figure 6. Palaeoclimate pattern of the last 10,600 years, inferred from the phytolith index based on phytolith assem-
blage of Lahuradewa lake succession. Shaded areas depict the four phases of relative dryness. 

 
 
between ~7000 and 7500 yrs BP and is recognized as the 
Holocene optimum by many workers4,39. However, this pe-
riod of strong monsoon is not uniform; rather it is punctu-
ated by many century long periods of weaker monsoon 
circulation39, as is also evident from the oscillations in 
the phytolith index of Lahuradewa lake sediments, where 
the peak intensification coincides with ~7000 cal yrs BP. 
The palynological study of the Lahuradewa lake itself 
shows the appearance of Cheno/Am pollen since 
7822 cal yrs BP, Cerealia pollen since ~7500 cal yrs BP, 
and occurrence of Trapa and Cannabis sativa around 
6000 yrs BP, suggesting the prevalence of anthropogenic 
activities as a consequence of climate amelioration8,9. 
Multiproxy studies of Sanai Tal deposits of Ganga Plain 
have also reported strengthened monsoon during the 
Early Holocene around 7000 cal yrs BP (refs 10 and 12). 
Similar trends in monsoon pattern are also recorded from 
other parts of the Indian subcontinent. In the study of 
Late Quaternary–Holocene lake-level changes in the 
eastern margin of the Thar Desert formation of a freshwa-
ter lake between 9000 and 7000 yrs BP which dried peri-
odically in the fluctuating monsoon regime during that 
time has been reported40.  

 The fourth climatic phase (second relative aridity 
event; 5300–4100 cal yrs BP) based on phytolith records 
is well correlated with the widespread event of aridity of 
5500 yrs BP observed in the Ganga Plain41–43. The pollen 
records of Lahuradewa lake also signify increase in tree 
pollen taxa and decrease in the marshy elements around 
5000 yrs BP. It is considered as an indication of climate 
deterioration8,9. The onset of aridity is marked around 
~5000 yrs BP in the palaeorecords of the Arabian Sea39. 
These observations are further supported by the findings 
from the Bay of Bengal (5.13–4.26 ka)38 and the Tibetan 
Plateau ~4700 cal yrs BP (ref. 44). 
 After this event of increased aridity, many oscillations 
of century-scale are interpreted during the fifth climatic 
phase (humid event, 4100–1650 cal yrs BP). This phase is 
of relatively longer duration (2400 years) and exhibit 
many fluctuations of climate shifts from more humid to 
less humid. Oxygen isotope analyses of the teeth enamel 
recovered from the archaeological sites of the Ganga 
Plain have revealed a less humid trend from 3600 to 
2800 cal yrs BP, followed by a more humid trend between 
2800 and 1500 cal yrs BP (refs 11, 45 and 46). However, 
another study based on phytolith and palynofacies in the 
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Gujarat mainland region suggests weakening of SW mon-
soon around ~3400 yrs BP, indicated by lower abundance 
of Panicoidae phytolith morphotypes18. High-resolution 
multi-proxy palaeoclimate study of Dhakuri peat deposits 
of Kumaon Himalaya based on pollen analysis also sug-
gests two distinct dry episodes during 3300–2300 cal yrs 
BP and 2100– ~1600 cal yrs BP, separated by 3500–
3300 cal yrs BP and 2300–2100 cal yrs BP, periods of 
relatively moist conditions47. 
 The phytolith records of Lahuradewa lake show climate 
deterioration (sixth climatic phase/third relative aridity 
event) during 1650–1200 cal yrs BP; here the Iph value is 
30. This phase is again followed by a small humid event 
(seventh climatic phase, 1200–950 cal yrs BP) which is 
evident by low Iph.  
 In the upper part of the profile, another small aridity 
event is observed as the eighth climatic phase (fourth 
relative aridity event) spanning between ~950 and 
750 yrs BP. This dry phase is the shortest and the last dry 
phase observed in the Holocene. A recent study of high-
resolution palaeomonsoon reconstruction based on oxygen 
isotopic records of stalagmites (Dandak Cave, Chhatis-
garh) shows about 30% reduced rainfall during AD 1300–
700 (~700–550 yrs BP)48. This period of reduced rainfall 
corresponds with the eighth climatic phase (dry event) of 
Lahuradewa lake. After the culmination of this phase, the 
trend of favourable climate continues till the present 
(ninth climatic phase). Similar trends of strengthening 
monsoon are also summarized in the past four centuries 
on the basis of study of foraminifers from the Arabian 
Sea core49. 
 There are variation in the results of palaeoclimate  
reconstruction from various datasets obtained from the 
Arabian Sea, Bay of Bengal, the Himalayas and the 
Ganga Plain. Moreover, within each of these areas differ-
ent studies show variations which may be attributed to 
the tendency of the proxies to respond differently to the 
climate variability. During the Holocene, climate has 
been highly variable and there are multiple controls that 
are responsible for this variability. It is observed that  
between ca. 10,000 and 5,000 yrs BP, palaeorecords of 
different sites are well correlated but between 5000 and 
the Present, results are not coherent in various proxies of 
different sites. 
 In the light of the inferred monsoon variability sup-
ported by data, the evolution of Lahuradewa lake can be 
discerned. Initially, ~10,600 cal yrs BP, the lake was a 
big, marshy low-land, which transformed into a large lake 
around 7000 yrs BP, retaining its maximum extent and 
water level up to ~5000 cal yrs BP, due to heavy rainfall. 
After 5000 cal yrs BP, it started gradually shrinking  
owing to climate deterioration and increased siltation. 
More pronounced silting due to intense agricultural  
activities, further accelerated the reduction in dimension 
after 1600 cal yrs BP (as evident by high sedimentation 
rate), giving rise to its present form. 
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