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These have been used by archaeologists and historiantht® island and trenches were dug at each location. The
rebuild the political and cultural history of the regionexcavation was continued up to the base of the occupatio-
Though environmental history from archaeological sitesal remains and even a few centimetres into the virgin
has been a part of excavation reports, it has emgived soil bed. Layer by layer archaeological artifacts were re-
enough attention as full-fledged scientific data. Howevecorded and samples collected and finally dated by radio-
archaeological sites are tiresiturecords of past events carbon (conventional as well as AMS technique), and TL
such as change in climate and shorelines in the respectivethods. Subsequently, differences in the level between
regions. Besides archaeological sites, ancient maps ahepth of present high waterline and occupational deposits
satellite imagery have been used extensively to understandthree trenches (BDK-I, Il and Ill) were measured.
the changes in past shorelines. Samples were dated by conventional radiocarbon method

Though the study of the ancient human settlement @b the Birbal Sahni Institute of Pat@mtany (BSIP),
the shallow submarine zones and migration via land bridgescknow; two samples from trench BDK-Il were analysed
between continents has been made for over 50 years, oby**C-AMS method at Beta Analytics, Miami, USA and
few significant sites have been located to date havirrgfter radiocarbon at Lab Welington, New Zeafgn@hree
connections on the continental shefv&@ne of the major samples were analysed by thermoluminescence at Physi-
reasons for the absence of evidence of ancient human setl Research Laboratory (PRL), Ahmedabad (Table 1).
tlement is that the continental shelves withessed dynamicThe trenches were numbered as follows: BDK-I, I, 1,
sedimentation and erosion pattern that might have d&/, V and VI. The findings and total archaeological de-
stroyed a site by burial or removaMany archaeological posits of each trench (Figure 1) are described below to
sites show evidence of maritime activities either from thenderstand the nature of habitation on the one hand and
excavation or from literary references as important podifference between present-day high waterline and the
towns during their heyday. In the course of time they goldest deposit in each trench on the other.
either submerged or land-locked due to siltation, sea-levelTrench BDK-1 measuring 5 m5 m was laid in the
change and tectonic activity. Such sites provide vitalouthwestern coast of the island. A total deposit of 2.75 m
clues with dates to infer the shoreline changes. Systematias excavated and nine layers were identified (Figure 2).
archaeological excavation carried out on the island of Bititial habitation took place on the foot of a hill extending
Dwarka provided useful information on cultural sequencéowards the sea. During the later phase, the habitation
Additionally it also provided data which can be used twas extended towards the land (Figure 3). Due to its geo-
understand the sea-level changes in the area. The preggaphic situation, it is possible that the major part of the
communication, therefore, deals with the sea level changesrly habitation was eroded by the sea. The present loca-
around Bet Dwarka island in the Gulf of Kachchh duringion is a high cliff section with archaeological remains
historical period (late Holocene) based on archaeologicfaking seawards. From layer 6, two copper coins of Kushana
evidence. period (1st-2nd centurap) were recovered and there is

History of maritime activities in Gujarditdates back to no habitational break-up from lower strata. The lowest
the 3rd millenniumsc. Evidence of the exploitation of habitation of this trench was traced 65 cm below the pre-
marine resources like shells, salt and fish has been receent-day high waterline.
ded from many coastal sites. Bet Dwarka island, situatedTrench BDK-Il measuring 2.5 m 5 m was opened on
at the entrance of the Gulf of Kachchh, acted as a trandie eastern side of BDK-I on a high terraced mound. A
point for trade and commerce during the later phase twfttal deposit of 3.35 m was traced with 11 layers (Figure
the Indus Civilization between Kachchh and Sind on on®. The initial habitation was on an area having gradient
side and Saurashtra and mainland Gujarat on the othextending towards the sea and gradually habitation exten-
Archaeological explorations suggest that the availabilityed landward also. The major portion of the early habitation
of marine resources around this island attracted early set-eroded and a high cliff section exposing archaeological
tlers. Subsequently, the island became an internatiorr@mains can be observed. There are #AMS (Table
trade centre from the early historical pefibdis onshore 2), two conventional radiocarbon (Table 3) and three
explorations in the island since 1983 have revealed ttlgermoluminescence (Table 4) dates, suggesting that the
presence of a large number of habitational remains of tbilest habitation was 23745523 yrsep and the youngest
historical period in the present-day inter-tidal zone, it wak754+ 261 yrsgp. A potsherd with graffiti markBrahmi
reckoned that evidence of shoreline change and sea-lelatter ‘A’) datable to 3rd centurap was recovered from
variation may be ascertained from here. Therefore, to ulayer 4. The lowest habitation of this trench was traced up
derstand the stratigraphy of human habitation, as also ttee75 cm below the present-day high waterline. It is perti-
relationship between man and the sea, a few trenchesnt to note that Rajendram al.*? found traced liquefied
were opened in the coastal area of the Bet Dwarka islanthterial in layer 9, a resultant of the past earthquake
for systematic archaeological excavation. which they date to 1st—2nd centuty.

For the excavation, six places were identified on Bet Trench BDK-IIl measuring 2.5 m 5 m was opened at
Dwarka, especially in the south-eastern coastal areatbk eastern side of BDK-Il near the present water pump-
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Table 1. TL dates from Bet Dwarka sample collected during excavation in season 2@@mber. Dates have
been supplied by A. K. Singhvi, PRL

Sample no. Q (min) I (min) ED (Gy)Q+1 Total doseD(uGy/a) Age (yrs)
BDK-II (L-2)* 0.90 +£0.13 2.59+ 0.04 8.54+ 0.41 2761+ 300 3093+ 367
BDK-II (L-6) 1.27+0.14 1.26+ 0.1 6.17+ 0.58 3517 407 1754+ 261
BDK-II (L-11) 1.23+0.1 1.87+0.16 7.56+ 0.63 3183t 649 2375 523

*Not corresponding with cultural deposit, may be due to mixing of upper layer as it appears that some pottery of
earlier period is deposited.

Table 2. Cultural associations and their possible dates from BDK excavations

Site Total deposit (m) Layers Cultural deposit Possible time brackesKyrs
BDK-I 2.65 9 Historical period 2100-1800

BDK-II 3.45 11 Historical period 2100-1700

BDK-III 2.35 10 Early historic 2600-2100

BDK-IV 0.75 2 From surface medieval pottery 800-600

BDK-V 0.9 3 Historical period 2000-1800

BDK-VI 0.95 2 Protohistoric period 3800-3500

layers. Archaeological findings and tWC dates of the
worked shells suggest a date for the oldest habitation to
16th centurysc, which is situated about 4 m above the
present high waterline.

Excavations at Bet Dwarka island have yielded a rich
antiquity concerning the exploitation of marine resources
by ancient man. The habitation was spread in a vast area
(more than 2 km) along the southeastern coast and major
parts of the ancient settlement have been destroyed by the
sea, as a large number of ancient pottery can be collected
from the inter-tidal zone of this area. The oldest habitation
in three trenches, namely BDK-I, Il and V is traced 1 m
below the present high waterline, which is a clear indication

_ _ _ . of the lower sea level during these settlements.

Figure 3. Bet Dwarka: Excavated section of BDK-I with archaeologi- . . .

cal remains. The glacio-eustatic sea level reached its present state
(or close to it}****around 6000 yrsp. However, minor
sea-level fluctuations have played a significant role in the

house. A total deposit of 2.75 m with ten layers was urvolution and decline of many habitational sites situated

earthed (Figure 5). The initial habitation is on even soilong the coasts. It is believed that after 6000p;ghe

bed, concentrated in the coastal area. There are ft@ee sea-level fluctuated between 2 and 6 m above the present

dates from this trench. The oldest deposit is dated to 64 various placés. A recent study in northern Europe

centurysc. It is older than the earlier habitation of thesuggests three phases of rapid regression during the last

above two trenches. The lowest deposit is just a few cerdB00 years; they are 2600, 1500 and 95@gr#é\ sea-level

metres above the present-day high waterline. curve for North Konkan proposed by Ghdtesuggests a
For trench BDK-IV, there were no archaeological findsower sea level around the beginning of the Christian Era,

below 10 cm from the surface. which corresponds well with evidence from Bet Dwarka.
The small trench BDK-V measuring xX11 n? was Radiocarbon dates from Bet Dwarka island suggest that

opened in the inter-tidal zone near Khuda-Dost-Dargahe oldest habitation dates back to 34780 yrsBp
during low tide. A deposit of 65 cm was found with thregBDK-VI, layer 2), i.e. to a late phase of Harappan Civili-
layers (Figure 6). The archaeological material indicateszation, a habitation which lasted up to 314000 yrssp
possible date of the site as the beginning of the Christiglayer 1). Settlement was concentrated on the northeastern
Era. The site is submerged during high tide. (BDK-1) part of the island, about 3 nbave the present

Trench BDK-VI measuring 2.5 m 2.5 m was opened high waterline. The archaeological material is similar to
in a presently cultivated land in the northeastern coastfat found at Rangpur and many other late Harappan sites
the island. A deposit of 95 cm was excavated with twef Saurashtry.
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Table 3. *C dates from Bet Dwarka island samples collected during excavation in Dec2@ter

Site NIO sample nos Depth (cm) Layer Lab number BSIP'C date (yrsp) Calibrated date
BDK-II BDK-II/shell/2001/21 240 8 1998 1946 80 1990-1820
BDK-II BDK-II/shell/2001/22 275 10 1996 200880 2040-1870
BDK-IIl  BDK-lll/charcoal/2001/23 70 4 Qo5 2200+ 100 2340-2060
BDK-IIl  BDK-lll/charcoal/2001/24 225 9 @09 2590+ 100 2780-2500
BDK-VI ~ BDK-Vl/shell/2001/26 20 1 2000 3146100 3470-3260
BDK-VI  BDK-Vl/shell/2001/27 50 2 1993 347680 3830-3640

Figure 4. Bet Dwarka: Excavated section of BDK-II with archaeo-

logical remains.

Figure 5. Bet Dwarka: Excavated section of BDK-III with archaeo-

logical remains.
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Figure 6. Bet Dwarka: Excavated section of BDK-V with archaeo-
logical remains.

After a long hiatus, the island was habitated during the
early historical period and remains were noticed at BDK-
[, Il and Ill. The oldest*C dates coming from BDK-III,
are 2590t 100 yrsep (layer 9) and 220& 100 yrsBp
(layer 4). The material from this trench corresponds to
those with early historical sites of Saurastitead Deccaf.

The lowest habitation of BDK-III is situated almost at the
present high waterliné’C dates of BDK-II are 2008

80 yrssp (layer 10) and 1944 80 yrssp (layer 8);*“C-
AMS dates from the same trench are 19800 yrsBpP
(layer 10) and 185% 60 yrsep (layer 9). Two lumi-
nescence dates from this trench are 28B23 yrsBpP
(layer 11), and 1754 261 yrsep (layer 6). The absolute
dates are in agreement with the cultural deposits and were
verified by the discovery of coins and pottery. It is of major
importance that the early habitation of three sites, namely
BDK-I, Il and V is situated about 1 m below the present
high waterline.

It is evident from the above that the lowest itetion

in BDK-I and Il lies below the present high waterline by
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Table 4. AMS age data for organic samples from a trench at Bet Dwarka

Sample ID Trench no. Material dated™®C/*?C ratio '“C Age (yrsBP) Calendar age (2 sigma range) Calendar year (2 sigma range)

BDK-2-L BDK-II Charcoal —24.6%0 1852 60 1925-1620 AD 25 —AD 328
BDK-2-T BDK-II Charcoal —25.8%0 1986 40 2000-1860 58Cc —AD 100
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Figure 7. Possible outline of Bet Dwarka island duri2@00 yrsBP.

about 1 m, which is an indication of a rise in sea level aftarresult, a large number of Harappan port towns in Gujarat
the settlement in the island. Similarly, site BDK-V neaand Pakistan are now located inland, far away from pre-
Khuda Dost Dargah is presently also flooded during higbent-day shoreline and at a higher position than the pre-
tide. And these sites (BDK-I, Il and V) have a time spagent sea levél. Similarly, a late Harappan site datable to
between 2nd centumc and 4th centuryp. It is during 3800 yrsep in Bet Dwarka (BDK-VI) is located about
an early phase of the historical period (5th to 2nd centuym above the high waterline. This corresponds well with
BC) settlement, when habitation was extended towards tttee geological findings of the aréa
present offshore and graally extended landwards dur- (b) Sea level continued at the present state from 3500
ing a later phase. However, the sea destroyed the remaio2300 yrsBp, as an early historical period site (BDK-
of the later phase. This suggests that up to the 4th centlily dated to 2600-2300 yrsp is situated a little higher
AD sea level was lower than the present one. These evidédman the present high waterline. Similarly, a well-known
ces are in agreement with many other archaeological sitsrly historical port town at Sopara, north of Munthai
situated along the Indian coasts, such as Poompyhamas an active port and had international trade relations.
Mahabalipurarf? and Arikamed¢?. (c) After 2300 yrsep, the sea level fell by 2 to 3 m
While hypothesizing on the shoreline changes in thedong the Bet Dwarka coast, as the oldest habitations of
Gulf of Kachchh, it should be remembered that the ar&DK-I, 1ll and BDK-V are located below the present sea
has been subjected to tectonic disturbances which miayel. And perhaps around medieval period (10th century
have affected the sea level. However, based on archaep), the sea level reached the present state when a num-
logical records of the region, the following sequence dfer of ports came into existence along the Gujarat coast.
episodic sea level changes is suggested for the area.  Based on present-day bathymetry and the above dis-
(a) Sea level was higher than the present one at arowussion, it can be summarized that during historic period
6000 yrssp and remained there until 3500 ysor so; as sea level around Bet Dwarka was lower by 2—3 m. There-
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fore a large area would have been aerially exposed towapisted underwater or port sites are reported away from
the northern and eastern parts of the island and a lathé shoreline.

bridge would have functioned during low tide towards the

eastern side of the island, which is close to the mainland..
Similarly, a large area would have been exposed even in
the southern area where early historical period habitatiof
took place and a large number of archaeological artifacts
can be collected during low tide as far as 500 m from the
high waterline. Figure 7 suggests that Bet Dwarka has &
larger exposure towards the northeastern side, followed
by the southern side; while on the western side there may
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While it is easy to infer what changes took place in the
recent past on and around the shore of Bet Dwarka, it is
difficult to attribute reasons for it. There are various possi-
ble causes fochanges in the shoreline such as tectonic
disturbances, coastal erosion and glacio-eustatic sea-level
fluctuation, etc.

It is well known that Gujarat peninisula is sensitive to -
tectonic disturbances. Evidences from archaeological
sites like Dholavird and Bet Dwark& have been recor-
ded. Several earthquakes affected various parts of Gljarat g.

Coastal erosion is one of the prime causes of shoreline
changes along the Indian coast. Studies have indicated
that Bet Dwarka and Dwarka have been prone to coast%l
erosion during the last couple of centuffes '

Sea-level fluctuation is one of the important factors re-
sponsible for shoreline changes in the past. As stated eatrlier,
minor sea-level changes during the last 3000 years maa/
have affected human settlement in the coastal Hr&as !

Archaeological evidence has helped determine changgs
in shoreline during the last 2000 years. Human artifacts
and radiocarbon dates from Bet Dwarka island gave some
interesting conclusions about the sea level and shorelih
changes along the Bet Dwarka Island.

13.

e Sea level was lower than at present by more than a
metre between 2040 and 1820 grs 1

* During that time a large area on the northern part qf
the island was exposed and the island was probably
connected with the mainland towards its eastern sids.
during low tide.

+ Sea level rose up to its present state around 1000 yr's
BP when most of the coastal sites of early historica{s_
period got submerged in the sea.

19.

The above inferences correspond to many other sites
along the Indian coast; however, in contrast such sites.
situated along coastal areas during the historical period
are now situated far inland, perhaps due to siltation &3
most of them were located at estuaries. It would be inter-
esting to see the outcome of a study of a similar kingh
where the possibility exists, on both eastern and western
shelves of India, where man-made sites/structures are re-
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An electromagnet_lc moving source the dipole of magnetic moment are given by Parasinfis
system for detection of subsurface as:
mineralized zones 2
m(3cos -1
H, = mEcos - 1) (1)
S. Nageswara Rao* and O. P. Gupta 4mL
National Geophysical Research Institute, Hydera®@@ 007, India B 3msing cod (2)
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A frequency-domain electromagnetic prospecting mov-
ing source device is designed to detect shallow subsur- ) .
face conductors. Towards this, a microprocessor-based Where®@ is the angle and the separation betwedhand
electromagnetic modelling instrument is developed R, as shown in Figure 1.
with high degree of accuracy in measurement. The Equation (1) shows th&t is zero if cosf =+1A/3,0r
equipment is tested in the laboratory to check its de- 6= 54.738. In the Cartesian coordinate systéhgndR
sign and performance. In this device, the transmitter are parallel but displaced ky0.7071l (wherel is theT-R
and receiver coils are parallel but non-coplanar. The separation in coplanar configuration) along the coil axis.
receiver coil is positioned strateglcally in such a manner |n this situation, the separation betweBandR is L =
E)hnaII; I':hlg ggégrf]f;;rt;dﬁ;% tg:ﬂ%?;géyg;e{ﬂeaggnsdeuncigf 1.2251. Thus if theR andT are separated laterally lby
In dipole—dipole set-up, it measures the amplitude of an.d displaced by 0.7071l with refere_nce to_the plane of
coils then the parallel componentToWill not induce any

the anomalous field. The operating frequency can be i . . .
varied from 1 to 30 kHz and separation between the current inR. This property is clearly independent of the

transmitter and receiver coils can bemoved from 0.12 Magnitude and frequency of the current in the transmitter
coil. Further, due to reciprocity, the locationsTaindR
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