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A Pilot Geophysical Evaluation of the Site of
Tilaurakot, Nepal

Schmidt, A., Coningham, R.A.E., Strickland, K.M., & Davis, C.E.

Abstract

In July and August 1997, and again in July
and August 1999, a team of archaeologists and
archaeological scientists from the UK were invited to
carry out a pilot geophysical evaluation of the site
of Tilaurakot in collaboration with a team from the
Lumbini Development Trust and the Department of
Archaeology, Government of Nepal. The site was
selected for study on account of its strong textual
and archaeological links with Lumbini and funded
by UNESCO’s World Heritage Centre in order to
support the preparation of a nomination for the site
as part of a serial nomination of World Heritage
Sites associated with the life of the Lord Buddha.
The evaluation successfully identified a number of
probable archaeological features within the city site
for future investigation.

1. Introduction

The site of Tilaurakot is located three
kilometres north of the town of Taulihawa on the
eastern bank of the river Banganga sand the site
consists of a fortified 'citadel' of approximately 500
metres by 400 metres and is surrounded by a series
of associated monuments. Tilaurakot was first noted
as a place of archaeological interest during the 1896
tour of Dr A. Fuhrer, Archaeological Surveyor for
the North-Western Provinces of Oudh, during which
he stated that there were a number of important
Buddhist remains in its vicinity (Fuhrer 1897: 22).
In 1899 the ruins at Tilaurakot were investigated,
surveyed and excavated by P.C. Mukherji, also of
the Archaeological survey of India (Mukheji 1901)
and he recognized the wooded mound as the site
of a rectangular fort protected by a wall and ditch,
the latter being double on the south-eastern edges
of the fort. He cut sections through the fortification
wall finding it to be twelve feet wide and cleared the

eastern gateway, exposing a number of guardrooms
(ibid.: 19). He also noted the provision of a large
tank within the north-eastern corner of the site and a
smaller one to its south-east. During these clearings
he exposed a number of cardinally-oriented brick-
built structures close to the surface within the interior
of the fort. As a result, he identified a palace in the
vicinity of a modem shrine to a local deity, Samai
Mayi, and exposed a large number of its brick walls,
some superimpos ed upon earlier foundations (ibid.:
20). A further structure was exposed some twenty-
five feet west of these structures, consisting of brick
walls and a lime concrete flooring. A further floor of
this material was revealed in a trench to the north-
west of the shrine. More structures were noted to the
east of the shrine, a square building and an octagonal
structure, the latter was identified as a stupa by
Mukherji (ibid.). Two more stupas, one of which was
sixteen-sided, were excavated in another mound
in the north-east of the site, He also investigated a
number of the mounds in the immediate vicinity of
the large tank and exposed aseries of brick structures
on its northern, western southern sides. He also
excavated a large mound to the south-west of the
temple and exposed rther structure which he
referred to as a building of "respectable dimensions"
(ibic21).—

In addition to investigating the remains
of the fortified citadel, Mukherji also studied the
immediate vicinity of the mound and recorded a
number of associated structures. The largest of these
was a large mound in the paddy fields, some 220
metres south-east of the exposed eastern gate (ibid.:
21). A section had been already cut into the mound at
the request of Major Waddell but Mukherji had this
work contained in order to expose the full dimensions
of the monument, which he confirmed as a brick-built
stupa. Its section suggested that the monument had




undergone a series of remodelling and its final phase
measured sixty-eight feet in diameter with a extant
height of six feet (ibid.: 22). Mukherji noted that it
had been opened on the north side in antiquity, thus
any attempt to date its construction from the relic
chamber was quite impossible, as all relics had been
removed. Two large, silted tanks to the south-east
of this stupa were also recorded. A large mound
of iron slag was noted on the edge of the southern
ditch of the site, which Mukherji interpreted as
suggesting that "there was a large workshop here
in ancient times" (ibid.). On the western side of the
‘citadel', close to gate no.2, he recorded the remains
of a vihara, as indicated by two low mounds and a
large brick foundation. In the north of the site, he
identified further archaeological features - a suburb
of the fortified 'citadel in the triangular plot of jungle
just beyond the northern ditch, stating that this area
"no doubt, formed an inhabited part of the ancient
town" (ibid.). He also suggested that this suburb had
also been provided with a fortification in the form of
a ditch (ibid.). A further monument to the site's south
was noted on the northern outskirts of the town of
Tauliva (ibid.: 119). The monument consisted of a
large brick mound, undoubtedly a stupa, on the
western side of the road, surmounted by a small
shrine to Samai Mayi. Mukherji stated of this site
that 'I doubt not that if excavations are judiciously
undertaken here, some very interesting finds may be
discovered" (ibid.).

Mukherji was convinced that the remains at
the site of Tilaurakot represented Kapilavastu, the
capital of king Suddhodhana, stating that "closer
inspection showed me that Tilaura-kot (sic) was most
likely the city of the Buddha's father." (ibid.: 3-4). He
explanations for this confidence were provided by
a series of similarities between textual descriptions
of ancient Kapilavastu, Asokan inscriptions and his
topographical and archaeological recerds of the site.
Mukheriji's first task was to demonstrate that the
two sites were topographically identical. He noted
that the Chinese pilgrim Hiuen Tsang had recorded
that Kapilavastu, the birthplace of the Gautama
Buddha, was located fifty li north of the natal town
and nirvana stupa of one of his predecessors, the
Krakuchchhanda or Kakutsanda Buddha (ibid.:
55). Hiuen Tsang also recorded that a pillar had
been erected by the Emperor Asoka next to the
stupa. Having changed the fifty li to a distance of
four miles, Mukherji demonstrated that the broken

pillar and stupa at the village of Gotihawa were at
the requisite distance to the south of Tilaurakot
(ibid.: 55). He then demonstrated that the pilgrim's
description of the natal town, Asokan pillar and
nirvana stupa of the Konagamana or Kanakamuni
Buddha, some thirty /i or four miles to the north-
east of that of Krakucchanda Buddha, agreed with
the location of the Asokan pillar at Niglihawa (ibid.:
56). Similarly, he suggested that as the pilgrim had
stated that Kapilavastu was located fifty li west of
Lumbini, the location of Tilaurakot in relation to the
newly discovered pillar at the site of Runmin-dei
demonstrated further agreement (ibid.: 49).

Having demonstrated that geographically
the identification was viable, Mukherji then provided
a further list of more detailed parallels at thesite itself.
Kapilavastu was recorded as having been located
beside alake and to the east of ariver, a position which
Mukherji could show was also shared by Tilaurakot.
Mukherji went on to identify a number of the extant
monuments with those of Kapilavastu as described
by Hiuen Tsang, thus the surface remains near the
modem temple were interpreted as the vihara built
on the palace, the octagonal remains as the Vihara of
the conception, the sixteen-sided stupa as the Asita
stupa (ibid.: 5 1), the remains on the north-west of
the central tank as Yasodhara's quarters (ibid.: 52),
the remains on the north-east of the central tank as
the school house, the foundations of a large building
outside the eastern gate as a Sangharama, a mound
166 metres south of the south gate as the elephant-
throwing stupa (ibid.), mounds on the northern
and western sides representing stupas belonging
to two of the viharas of the four signs (ibid.: 53). He
further stated that the large stupa on the eastern
side of the'site "struck me as having some meaning,
presumably associated with the life of the Buddha"
(ibid.: 22). On the basis of this evidence he supported
his identification suggesting that "It will thus be seen
that no other ancient site has so much claim on the
identification of Kapilavastu as Tilaura (sic), as being
situated in the ;‘ight position and fulfilling all other
conditions" (ibjd.: 50).

Of cgurse these identifications were not
without their problems or their critics. One core
problem was that both Faxian and Hiuen Tsiang
allocate different distances and directions for
their routes from Sravasti to Kapilavastu. These
identifications were not without their problems,
including an apparent contradiction between the




locations of Kapilavastu as recorded by Faxian
and Hiuen Tsiang. The problem was, however,
lessened by Vincent Smith who suggested that the
two pilgrims were referring to different sites as
Kapilavastu (Smith 1901: 10), one possible solution
to the contradiction. Furthermore he stressed that
such identifications aimed only at/ascertaining the
position of the site named Kapilavastu visited by
the two Chinese pilgrims statinthhal "the inquirer
should remember that an interval of at least nine
hundred years intervened betwgen the death of
Gautama Buddha and the visit of Fa Hian. The more
detailed account of Hiuen Tsiang dates from a period
about two hundred and thirty j{ears\Qter." (ibid.: 12).
The debate on the site's identification‘afﬁth(;ancient
city of Kapilavastu has continued since Mukherji and
Smith's time leading to a series of publications, some
supporting an identification with Tilaurakot, and
some an identification with the monastic complexes
at Piprahwa and Ganwaria; as it was not aim of this
fieldwork to investigate or evaluate such debates we
shall only repeat Hartel's words that "The majority
of scholars all over the world tended to Tilaurakot"
(Hartel 1995: 151).

Since Mukherji's explorations the site
was not investigated again until 1962 when joint
excavations were conducted at the site by the
Department of Archaeology, Government of Nepal
and the Archaeological Survey of India, under the
direction of Debala Mitra (Mitra 1972). Unfortunately
during this single season only "a small trench across
the fortifications" was excavated. This trench, TLK-1,
was located in the north-west corner of the walled
area and measured thirty-two metres by six metres
(ibid.: 1 1). The maximum height of the deposits
from natural soil to the highest point of the brick
fortification was 3.9 metres and the habitation
deposit only 1.5 metres high (ibid.: 14). Mitra
divided this sequence into three main phases, IA &
B, pre-fortification; II, mud-rampart; and 1II, brick
fortification (ibid.). Any attempted re-analysis of the
ceramics and their distribution within this sequence
using Mitra's ceramic report is almost impossible as
she divided the ceramics into only two categories,
sherds from Period I, and later sherds from the two
surface layers (ibid.: 16). This was done because she
suggested that the presence of phase I sherds in
rampart construction phases II and III, was purely
due to their later mixing. Northern black polished
ware was recovered from phases IA and B, and

presumably phases II & III, of the sequence (ibid.:
18). Normally one would ascribe this ceramic, and
its deposits, a date of between the sixth century and
the second century BC (Erdosy 1994: 105). However,
Mitra ascribes a much later date stating that "in the
present context it is certainly not earlier than the
third century BC and is most probably not later
than the second century BC" (Mitra 1972: 18). Mitra
suggested this later date because of the presence of a
single inscribed sherd - a single example that might
have been of an intrusive nature. A further ceramic
category recovered from phase I was classified as a
'grey ware' by Mitra (ibid.: 23). Mainly in the form
of a thali, a number of examples had black painted
bands, dots and strokes, causing Mitra to state
that "These indifferently-painted sherds found in
association with the Northern Black Polished Ware
cannot be assigned to a distinctly pre-NBP Ware
phase, but the possibility of finding classic examples
of Painted Grey Ware or of isolating its pre-NBP
Ware phase elsewhere, if not on the site, cannot be
entirely ruled out" (ibid.). The contemporaneous
nature of these two categories of ceramics cannot be
established at the site as no tables were published
giving their distribution within the excavated layers.
It is quite possible that the latter sherds represent a
localized form of Painted Grey Ware, which can be
ascribed a date of between the ninth and seventh
century BC (Erdosy 1994: 80) and that their presence
is derived from earlier deposits. Mitra summarized
her findings suggesting that the presence of northern
black polished ware at the site suggested that it might
have been occupied as early as the sixth century BC,
but not in the area of the trench, that there was no
occupation in the Post-Common era, and that the
structures exposed on the surface by Mukherji were
likely to be Mediaeval in date (ibid.: 15).
Unfortunately, due to the location of Mitra's
trench in mixed deposits on the city wall, a factor
combined with the diminutive size of the trench, it
was impossible to deliver a sound scientific summary
of the sequence and chronology of Tilaurakot. Further
work was therefore carried out by the Department
of Archaeology, Government of Nepal between
1967 and 1972 during which a number of sondages
were opened within the mound (Mishra 1978).
The excavations concentrated on either clearing
monuments close to the surface or on creating a
stratigraphic sequence for the site. A 6.5 metre square
trench was opened in front of the Samai-Mayi shrine



on mound I, exposing part of a mediaeval Vishnavite
temple (ibid.: 8), whilst a trench on the'western edge
of the mound yielded the remains/ of a gateway
complex in 1967, similar in form to that of the eastern
gateway (ibid.: 10-11). This latter excavation also
exposed the course of a road ing through the
gate and into the interior of the site ibid.. 12). The
sondages produced a sequence of nine occupation
periods which were dated between 200 AD and 700
BC, 1 & 2, Kushan; 3 & 4 Sunga; and 5, 6,7,8&9
. NBP and Painted Grey ware (ibid.: 9). A Japanese
team from the University of Rissho helped excavate
a surface structure, interpreted by some scholars as a
palace on mound V11 (Rijal 1979: 33). Unfortunately
the excavation report was never published. In 1979
Rijal published the section from a sondage in mound
V and produced a new sequence that stretched from
the first millennium BC to the third century AD. This
sequence was divided into period I, c. 800 - 1100
BC (with painted grey ware); period 11, c. 600 - 500
BC (with northern black polished ware); period III,
Mauryan (with northern black polished ware and
Brahrni inscriptions); period IV, Sunga; and period
V, Kushan (ibid.: 34-5). During this later phase of
investigations, research was not limited to the interior
of the site, and when bricks and a punchmarked coin
were found at Dhamnahawa, some 400 metres to
the north of Tilaurakot, this area was investigated.
The 1968 excavations yielded a complex of two brick
built stupas, the larger had a diameter of 17.5m and a
height of 2.5 metres whilst the smaller had a diameter
of 8.5m (Misra 1978: 134). The former was found to
have altered in a series of four construction phases,
whilst the latter had only one (ibid.).

2. Methodology

Archaeological ~ geophysics, a non-
destructive technique, is now an integral part of
non-destructive site assessment in the UK, and has
been successfully used in South Asia (Coningham
& Schmidt 1997; Schmidt & Coningham 2010). It
can record shallow sub-surface features quickly and
requires only a small team, making it both time and
cost-effective. Within the UK, it is generally used
in two ways; firstly, to assist with site management
and, secondly, to investigate and assess newly
discovered sites. The former involves the large scale
survey of the monuments in order to define their
extent below the surface. Often the distribution
of standing monuments may be very different to

that of foundations and other remains which are
sub-surface. When such a survey is conducted,
it is possible to map the pasition of unexcavated
structures in order to gauge the importance of the
various areas of the site. This information should
be stored, preferably on a GIS system, and when
any site development plans are proposed, such
as the construction of paths, drains, pipelines or
museums, these areas can be avoided. Similarly, if
the relationship between sub-surface monuments
is questionable, it is possible to locate suitable areas
for research-oriented excavations and evaluations.
The geophysical element in site assessment is also
designed at allowing archaeologists and conservators
to identify the best areas to work.

The objectives of this pilot evaluation were to
identify any remains in a sample of survey areas that
are related to earlier structures present at Tilaurakot.
Earth resistance and fluxgate gradiometer surveys
were carried out on both sites. The choice of these
methods was based on the prevalent use of burnt
bricks as building material in Historic and Early
Historic times, as evident from earlier surveys in the
Terai. Structural brick remains, such as foundations,
usually produce distinct magnetic signals and often
also form a barrier to electrical current flow, showing
as high earth resistance.

The survey was undertaken, using a Geoscan
Research FM36 fluxgate gradiometer and a Geoscan
Research RMI5 earth resistance meter and frame
PAb5n, along lines parallel to the grid edges, walking
west to east and starting in the north-west corner of
each grid. The grids were arranged in 10m X 10m
blocks, with data recorded every 0,5m along, the lines
which were 0.5m apart (10m X 10m @0.5m X 0.5m).
A twin-probe configuration was used for the earth
resistance survey (separation of mobile electrode
was 0.5q of remote electrodes approximately 3m).
A current of ImA and a gain of 10 were used. The
fluxgate gradiometer was set to a recording of 0.1nT.

Earth resistance data were recorded
automatically upon insertion of the electrodes in
the ground (medium logging speed). Subsequent

- lines were surveyed in alternate directions ('zigzag).

Fluxgate gradiometer data were recorded walking
with manual or automatic trigger. All lines were
walked in the same direction (parallel’). After
completion of each grid, the drift of the equipment
was logged at a common reference position and the
electronic and mechanical set up of the instrument
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adjusted. Data werd downloaded using Geoplot and
these data and metadata are used for archiving.
Subsequently, grids, were matched to each other
using the automatic\flmctions of Contors or 'Zero
Median Grid' in the Grid software.

AN

3. Results N
3.1 Results of the 1997 Mission During the 1997
mission to Tilaurakot we conducted four geophysical
surveys, one between the central 'palace' structure
and the eastern gate (Site 1), one in the eastern half of
the northern suburb (Site 2), one in a field to the south
of the silted ditch (Site 3) and one to the immediate
south of the eastern stupa (Site 4). In addition to the
geophysical surveys we also conducted an EDM
survey in order to link our grids into plans of the site.
Site 1 was a rectangle measuring 100 metres by 40
metres and was laid between the conserved central
‘palace' remains excavated by Rissho University and
the Department of Archaeology and the conserved
eastern gate. In locating the geophysical survey in
this area we hoped to identify the ancient course
of the road within the fortified area running from
the eastern gate. There was also the possibility that
this road went in a south-western direction and
connected with the conserved western gate. The
area was free of trees but was covered in a tall grass
which had to be removed before the survey grids
could be laid out. The grids were then subjected to
an earth resistance and fluxgate gradiometer survey.
The major feature visible in the magnetometer
results is a linear strip (a) running from the south-
west to the north-east. It is marked by two narrow
positive anomalies running to its north and south,
respectively. This same feature is also characterized
by a slightly reduced resistance. From the shape and
width of the feature its interpretation as a major road
of the citadel is most likely.

Another linear positive magnetic anomaly
(b) runs parallel to this feature, and anomaly (c) runs
perpendicular to (b). These two features have no
correspondence to anomalies in the resistance survey
and are possibly caused by structural remains, for
example, wall foundations. A differently aligned
high resistance anomaly (d) cuts across these features
and seems unrelated to them and no interpretation
can be offered. Low resistance anomaly (e) is the
modern path which transverses the area. It is clear
that the feature (a) runs directly from the eastern
gate and passes between the southern edge of the

conserved 'palace' and the central tank towards a
slight depression in the western rampart - perhaps
the indicator of an eroded gate. The road is
approximately 10m wide and runs east-west across
the site and parallel features (b) and (c) suggest that it
may be part of a formal system of cardinal divisions
dividing the site into blocks. As previously stated,
such a pattern is well known from the Early Historic
cities of Sirkap in Pakistan, Bhita and Sisupalgarh in
India and correlates well to urban layouts provided
by the Arthasastra. However, it is worth stressing
that the results of the geophysical survey have only
identified features dating to the final occupation of
the site, phase V - the Kushan period.

Site 2, measuring 40 metres by 100 metres,
was located in fields just beyond the northern
rampart and ditch, an area of land which Mukherji
had assumed was part of the urban complex
(Mukherji 1901: 22), The area was covered in a thin
grass and the only visible features were field bunds,
however, there were substantial scatters of eroded
fragments of pottery. The site was subjected to both
an earth resistance and fluxgate gradiometer survey.
No obvious features were interpreted apart from
the field bunds which are clear on both surveys.
In addition to the two geophysical surveys we
conducted a surface survey with the EDM which
identified a possible gate in the south-west corner
of the area. Although the results of the geophysical
survey were poor, the presence of substantial pottery
scatters and a possible gateway are evidence of the
fact that this area is clearly part of the ancient urban
complex.

Site 3 measured 40 metres by 30 metres and
was located in uncultivated fields some 100 metres
to the south of the city's south-west corner. The only
visible features within the grid were field bunds and
it was covered in short grass. It was subject to both
an earth resistance and fluxgate gradiometer survey.
Again the results of the geophysical survey were poor
and the only possible identifiable features were the
field bunds. Although the geophysical survey failed
to identify possible structures within the grid, we
also conducted an EDM survey of the surrounding
area. The city's silted defensive moat is particularly
well preserved on the southern sector and at the time
of the mission still held water. We also recorded a
100 metre long scatter of pottery fragments eroding
out of a small band some 75 metres north of Site 3,
close to the modem Vihara. A low mound on the



immediate southern bank of the silted moat, some 160
metres to the north-east of Site 3 was surveyed. This
mound, first noted by Mukherji (1901: 22) consisted
of a large scatter of iron slag several metres high.
The date of this archaeological feature is unclear but
it may well be an indicator that certain industrial
practices were located outside the urban centre to
avoid undue pollution. It should also be noted that
substantial quantities of slag were encountered
during the excavation of the site's western gate.
The excavator recorded that the surface of the road
running through the gate into the interior of the city
was metalled with slag (Misra 1978: 12).

Site D, measuring 40 metres by 40 metres,
was located in an uncultivated field to the south of
the eastern stupa. The only visible features within
the grid were field bunds and it was covered in short
grass. It was subject to both an earth resistance and
fluxgate gradiometer survey. As with Sites B and
C the results of the geophysical survey were poor.
The team noted that the stupa itself was very badly
overgrown.,

3.2 Results of the 1999 Mission Site A, surveyed in
1997 at 1m resolution, lies in an open space between
the fenced "palace" compound and the Eastern gate
and Site 1, surveyed in 1999 at 0.5m resolution,
lies immediately to its North. Two parallel linear
high magnetic anomalies are running through the

Southern part of Site A and are also vaguely indicated

in the earth resistance data. It is most likely that they
are the borders of a consolidated road surface. There
are further linear anomalies in parallel and at right
angles to this feature and it can be assumed that they
are part of a rectangular street layout. As can be seen
from the overview diagrams, the feature is heading
directly towards the Eastern gate. No anomalies
were found that could easily be interpreted as the
remains of individual buildings. To the NE of Site A
and to the North of Site 1 accumulations of localised
high magnetic anomalies with pronounced negative
'halos' are visible. They are most likely caused by the
random dumping of ferrous material and are similar
to the response of slag heaps found on other sites.
The anomalies could either be due to the destruction
of the site or due to modem dumping. The current
paths across the site show as anomalies of low
earth resistance. Additional bands of low earth
resistance are visible but probably due to the current
topographical variations.

Site B lies to the north of the main citadel
site, within modem paddy fields that were dry at the
time of survey. The earth resistance data show bands
of low values, which seem to intersect at right angles.
It is possible that these anomalies are part of some
regular underlying structures but the results are not
sufficiently clear to confirm this. Magnetometer data
are governed by an apparently random assemblage
of individual high magnetic anomalies. Since they
show only limited negative 'halos' it is likely that they
are caused by modem surface fires. No structural
anomalies could be identified.

Site C lies to the south-west of the citadel,
East of the modem Buddhist complex in the middle of
some paddy fields. The latter were reasonably dry at
the time of survey although the survey was disrupted
by heavy rain. Broad banding is visible in the earth
resistance data and it is possible that this is related
to the irrigation of paddy fields. Magnetometer
results show localised high magnetic anomalies,
very similar to Site B, which do not appear to form
any particular pattern and are probably caused by
modem surface fires. The vague indication of a linear
negative magnetic anomaly running north to south
in the eastern half of the area, undercutting one of
the current bunds. Further interpretation of this
anomaly is not possible.

Site D lies to the south of the Eastern Stupa,
outside the citadel. The area was very dry and the
soil hard, leading to a large number of unrecorded
earth resistance positions. The remaining area
shows a broad band of low earth resistance but
its interpretation is inconclusive. Magnetometer
surveys of the same site show a number of isolated
high magnetic anomalies. Some of them are clearly
bi-polar, especially two adjacent to each other in
the western half of this site. They show negative
anomalies slightly bigger than their positive part,
indicating a horizontal orientation of the causative
magnetisation. It can therefore be assumed that they
are produced by horizontal ferrous objects. The
other anomalies could either be due to ferrous waste
or surface fires (see Site B). Their interpretation is
otherwise inconclusive.

Site 2 lies to the north of the current entrance
to the site and shows a deep depression running east
to west, leading to an earlier entrance to the site.
This depression is marked by high earth resistance
readings and some mi.ssil\}g data points. To the North
and South of the depression, areas of low earth



resistance values are found, which lead to areas of
higher earth resistance to the north-east. The data
do not reveal any structural features. The range of
magnetometer data is fairly high indicating a scatter
of magnetic anomalies of probable ferrous origin.
There is no clear pattern to their arrangement and a
random dumping of material is the likely cause.

Site 3 lies immediately east of the fence

enclosing the preserved Western gate and Site 7

extends north of it (only earth resistance surveys were
undertaken on Site 7). This area shows several broad
bands of low earth resistance which are vaguely
parallel to each other. The south-western band is
intersected by a linear high resistance anomaly of
about 5m width that is bending northwards at the
northern end of Site 3 to flank the low earth resistance
anomaly of Site 7 on its western side. The origins of
this anomaly are unclear. However, a blurred and
broad high earth resistance anomaly seems to run
in parallel with it on Site 7 and possibly on Site 3
in a distance of about 15m. It is therefore possible
that they are flanking a strongly curved road leading
to the Western gate. While such curving road may
seem unlikely for a regularly laid out street plan, it
could possibly join the road-like feature found on
Site A and Site 1. However, this interpretation is very
tentative and requires further data for its support.
The magnetic anomalies on Site 3 are localised and
many show only limited associated negative 'halos'.
It is therefore likely that they are caused by modern
surface fires.

The most interesting findings on Site 7
are a number of rectangular high earth resistance
anomalies to its north. The northernmost anomaly
is relatively weak and aligned north to south but
seems to be subdivided horizontally, forming an
H-shaped structure, probably related to a building.
To its south lies a rectangular area of consistently
high earth resistance. This is possibly caused by a
solid floor (possibly brick) or a collapsed building,
densely filled with rubble. To its East lies a more
complex structure with two adjacent cells aligned
east to west and an additional elongated cell to its
north. It is likely that this is part of an underlying
building. Further smaller rectangular anomalies
are aligned with these structures and some linear
features are running diagonally north-west to south-
west to the north of the complex structure. Further
rectilinear high earth resistance anomalies are found
to the West of Site 7 but they do not appear to form

individual structures although they could be caused
by boundary walls.

Site 9 lies to the south of the fenced "palace"
compound and is partially overlapping Site A. Only
earth resistance surveys were undertaken on this
site. There are no small-scale features apparent in
the data but the low earth resistance data to its East
seem to show relatively abrupt rectilinear edges. It
is therefore possible that this area is associated with
underlying features. However, it is notable that the
linear feature from Site A ('road') is not apparent in
this overlapping site. The reasons for this are unclear.
It has to be noted, though, that the data show broad
bands of low and high resistance to the West which
are vaguely aligned with the linear feature of Site A.
The data remain inconclusive.

4. Conclusion

These two pilot geophysical evaluations
identified a number of specific anomalies, which are
most likely caused by structural remains from the
latest phase of the citadel's occupation. On Site A, a
road-like feature is extending westwards from the
Eastern Gate with adjoining rectilinear anomalies,
possibly related to a regular street pattern. It was
not possible to detect this pattern on other parts of
the site, partly because only earth resistance surveys
were employed on Site 9. To the east of the Western
gate, broad bands of anomalies are sweeping through
Site 3 and their interpretation as the delineation of a
curved road is very tentative, On Site 7, a number
of rectilinear high earth resistance anomalies were
discovered that are most likely caused by building
remains, which could be similar to those found in
the "palace" compound. On most sites, a random
distribution of high magnetic anomalies was
found probably related to modem surface fires or
ferrous waste material. It is also recommended
that additional surveys are undertaken on the site .
to assess whether any further substantial structures
are present underground. In conclusion, we may
state that the archaeological site of Tilaurakot is
highly significant as it is one of the best preserved
examples of a provincial Early Historic South Asian
city and its immediate environs and warrants further
archaeological investigation.
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A Pilot Geophysical Evaluation of the Site of
Ramagrama, Nepal

Schmidt, A., Coningham, R.A.E., Strickland, K.M. & Shoebridge, J. E.

Abstract

During two separate missions in 1997 and
1999, a team of UK archaeologists and archaeological
scientists were invited to carry out pilot geophysical
evaluation at Ramagrama, the only unopened
stupa of the eight which had originally contain
the Buddha's mortal remains. This project was
conducted in collaboration with a team from the
Lumbini Development Trust and the Department of
Archaeology, Government of Nepal. The site was
selected for study on account of its strong textual
and archaeological links with Lumbini and funded
by UNESCO’s World Heritage Centre in order to
support the preparation of a nomination for the site
as part of a serial nomination of World Heritage Sites
associated with the life of the Lord Buddha. In the
course of these two missions, archaeclogical remains
were identified at several sites in Ramagrama and
the immediate environs for future investigation.

1. Introduction

The site of Ramagrama is located 4km south
of the town of Parasi, which is itself some 8km south-
2ast of the town of Sornnath. The visible remains at
-he site consist of a very large brick stupa, measuring
some 23.5m in diameter and 10m in height and a
ength of brick walling exposed in the southern
nank of the old course of the river Jharahih. It was
discovered in the 1890s and one of the earliest
-eferences to the site reported that Dr Hoey had found
2 well-preserved stupa south of Parasi bazaar (Smith
2301). The site was, however, strangely neglected
zntil the visit of Professor S.B. Deo in 1964 (Rijal
2996). Deo recorded the site's name as Deurawa,
znd stated that the huge stupa was "a site worth
nmediate excavation" (Deo 1968). The monument
was later identified as the Ramagrama stupa of the
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Buddhist texts by Babu Krishna Rijal in 1976 (Rijal
1976: 1996). According to the records of the fifth
century AD Chinese Pilgrim Faxian, following the
parinivana of the Buddha Gautama, his remains were
cremated and divided into eight parts (Beal 1869).
The Koliya king of Ramagrama collected one share
and bringing it back to Ramagrama, built a stupa
over it. Later when the Emperor Asoka wished to
open the stupa in order to redistribute the relics, he
was prevented from doing so by a 'naga' and so it
became the only unopened stupa of the eight which
had originally contain the Buddha's mortal remains.
Later, it was recorded that pilgrims visiting the site
were so grieved that no-one tended the monument
so that a number of them established a temple there.
When Fahian visited Ramagrama in the fifth century
AD, he recorded that the temple was still occupied
by monks. Hiuen Tsang, who later visited the site,
recorded that he observed the stupa which survived
to a height of some 33m and which was located to the
south-east of the deserted city of Ramagrama (Beal
1869). He also recorded the eventful visit of Asoka
to the site, stating that there was an inscription on a
pillar beside the monument recording this event; he
also noted the presence of a sangharama (ibid.).
Once the site had been identified as an
archaeological site of great significance, the stupa
and land immediately adjacent was acquired and
protected by the Department of Archaeology and
was later transferred to the Lumbini Development
Trust for management. As the exposed brick
structures in the south bank of the Jharahi river were
threatened by erosion, a plan was implemented to
divert the river to the east of the stupa by means of
anew channel. This has been done very successfully
and the old meander is now slowly drying up. This
diversion has safeguarded the exposed structure.




The protected zone immediately adjacent to the
stupa is protected by a barbed wire fence and there is
a local security officer who is housed close to the site
in a purpose-built structure. More recently a large
field to the south of the stupa has been presented to
the Trust and it is also protected by a barbed wire
fence. It is now planted with small trees and bushes
and has been provided with a tube well and small
concrete prayer platform. The Lumbini Development
Trust has also acquired a field close to the terminus
of the unmetalled site access road which joins the
pukka blacktop to Parasi. The field is wooded on its
peripheries and plans have been proposed to build
a small single story temple at the site for pilgrim
worship.

2. Methodology

The use of archaeological geophysics, a non-
destructive technique, is now an integral part of
non-destructive site assessment in the UK, and has
been successfully used in South Asia (Coningham
& Schmidt 1997; Schmidt & Coningham 2010). It
can record shallow sub-surface features quickly and
requires only a small team, making it both time and
cost-effective. Within the UK, it is generally used
in two ways; firstly, to assist with site management
and, secondly, to investigate and assess newly
discovered sites. The former involves the large scale
survey of the monuments in order to define their
extent below the surface. Often the distribution
of standing monuments may be very different to
that of foundations and other remains which are
sub-surface. When such a survey is conducted,
it is possible to map the position of unexcavated
structures in order to gauge the importance of the
various areas of the site. This information should
be stored, preferably on a GIS system, and when
any site development plans are proposed, such
as the construction of paths, drains, pipelines or
museums, these areas can be avoided. Similarly, if
the relationship between sub-surface monuments
is questionable, it is possible to locate suitable areas
for research-oriented excavations and evaluations.
The geophysical element in site assessment is also
designed at allowing archaeologists and conservators
to identify the best areas to work.

The fieldwork was carried out during two
field seasons with focus upon four areas (Sites A-
D) in 1997 and a further seven (Sites 1-7) in 1999
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(Figure xxx). The grids, rectified aerial photograph
and other topographic features were recorded with
a Total Station, supplied by The Department of
Archaeology. The surveys were undertaken in dry
and fairly hot conditions after a prolonged period of
rain. The equipment used was a Geoscan Research
FM36 fluxgate gradiometer and also a Geoscan
Research RM15 earth resistance meter with frame
PA5. Geophysics grids were laid out in blocks of
10m x 10m (Sites A, B, D, 1-7) and 20m x 20m (Site C)
and the arrangement of these grids is shown in figure
x. The survey was undertaken along lines parallel to
the grid edges, walking approximately west to east,
starting in the northwest corner of each grid. Where
the grid size was 10m x 10m, data were recorded
every 0.5m along the lines which were 0.5m apart
(10m x 10m @ 0.5m x 0.5m). Where the grid size was
20m x 20m, data were recorded every 1m along the
lines which were 1m apart (20m x 20m @ 1m x 1m).
A twin-probe configuration was used for the earth
resistance survey (separation of mobile electrode
was 0.5m, of remote electrodes approximately 3m).
A current of ImA and a gain of 1 were used. The
fluxgate gradiometer was set to arecording sensitivity
of 0.InT. Earth resistance data were recorded
automatically upon insertion of the electrodes in the
ground (medium logging speed) and subsequent
lines were surveyed in alternate directions (‘zigzag').
Fluxgate magnetometer data were recorded walking
with manual trigger, with all lines walked in the
same direction (‘parallel'). After completion of
each grid the drift of the equipment was logged at
a common reference position and the electronic and
mechanical setup of the instrument adjusted. The
data were downloaded and pre-processed using
Geoplot. Grid balancing was achieved using Contors.
It appeared unnecessary to apply any filtering to the
data. The data were displayed with Contors using 16
grey levels and bicubic interpolation. The data were
subsequently imported into ArcView GIS for the
display in geographically correct locations and for
the drawing of interpretation diagrams. The aerial
photograph was rectified to the topographically
recorded base map using Airphoto.

3. Results

3.1 Results of the 1997 Mission During the 1997
mission four geophysical surveys were completed,
one to the immediate south of the stupa (Site A),



one to the west of the stupa (Site B), one to the south
of the exposed wall in the river bank (Grid C) and
one in the wooded field adjacent to the access road
(Site D). In addition to the geophysical surveys, an
EDM survey was also conducted in order to link the
grids into plans of the site. Site A was a rectangle
measuring 50m by 10m and was laid between the
southern edge of the stupa and the southern fence
boundary. The site was subject to both an earth
resistance and fluxgate gradiometer survey. In
locating the geophysical survey in this area it was
hoped that any adjacent structures attached to
the stupa itself would be picked up. The area was
covered in tall grass which had to be cut prior to the
survey, no features were visible on the surface. No
obvious features were recorded during the survey.
Site B, measuring 50m x 20m, was located
in fields adjacent to the western side of the stupa.
An earlier surface survey of this area had failed to
identify any trace of structures outside the fence, but
an area of brickbat fragments was noted in a number
of these fields. The area was further differentiated by
being slightly higher than the surrounding area and
having crops of lentils and maize, whilst elsewhere
paddy was being grown. In particular, the team
were atiracted to a small uncultivated field, which
lecal inhabitants told us was considered “unlucky” to
cultivate. Therefore the archaeological geophysical
survey was started in this field by laying out and
surveying a 20m square grid in this field. The site
was subject to both an earth resistance and fluxgate
gradiometer survey. The results of this 20m square
block were so rewarding that we surveyed a further
two fields to the south of the “unlucky” field. Whilst
a full fluxgate gradiometer survey was conducted
of the site, an incomplete earth resistance was
conducted due to the flooded nature of the fields.
The strong magnetic anomalies encountered in this
survey clearly indicate the presence of a series of
religious monuments in the northern part of the site.
Toe southern part is less clear but the indications
kead to the suggestion that the positive anomalies
are also caused by the remains of structures. The
st.ape of the anomalies suggests that the features are
ecly buried at a shallow depth. There seems to be no
acrrespondence between the magnetometer results
ard data from the earth resistance survey. These
festures appear to represent two or three square
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enclosures containing an inner enclosure. The most
complete example is some 12m square with an inner
enclosure of some 5m square which have tentatively
been identified as votive Buddhist stupas within
individual perimeter walls, perhaps mistakenly
identified as diabolical residences by local farmers,
thus giving the field its unlucky reputation!

Site C measured 40m by 40m and was located
in the wooded field close to the access road. This
site was bisected by a large channel and a number of
smaller field bunds. The site was subject to both an
earth resistance and fluxgate gradiometer survey and
the linear feature running diagonally across the earth
resistance data is caused by an irrigation channel, still
visible as a surface feature. This channel also shows
as two parallel magnetic anomalies. No apparent
evidence for buried structures was noted, indeed,
the only other features are two diagonal features
visible in the north-west and north-east corner of the
earth resistance data, neither of which appear to be
substantial. It can thus be stated that the results of
the geophysical surveys do not show buried remains.
A number of large pits have recently been excavated
within the surveyed area, allowing a study of the
sub-soil to be made. There were no structures or
brickbats visible within the pits' sections, although
some very small fragments of pottery were present.
Site D measured 40m by 20m and was located in
fields to the immediate south of the exposed wall in
the river bank. The site was located in this position to
discover whether there were any further associated
structures. The wall was only partially exposed to a
height of between 0.20m and 0.30m along a length of
some 40m, but appeared to be laid in regular courses.
This wall was preserved some 1.5m below the top of
the bank and the paddy fields. The site was subject
to both an earth resistance and fluxgate gradiometer
survey. As the area was under cultivation, no
shallow features were expected. This is reflected
by the lack of clear anomalies from the resistance
survey. However, the magnetometer results show
strong positive anomalies which appear to be related
to a rectangular structure of about 10m in length.
The outline of the anomalies is rather blurred, which
indicates a greater depth of these features. It is
possible that the anomaly is caused by buried brick
structures related to the exposed wall, however,
further investigations are necessary to identify the



nature of this structure in more detail. Local farmers
informed us that whilst digging a burial trench in the
field immediately to the west of the grid they had
discovered a substantial brick platform. Clearly this
is another area worthy of survey.

3.2 Results of the 1999 Mission Upon investigation
in 1999, the results from Site 1 were seen to be
abutting to the south of Site B surveyed in 1997.
No further magnetic anomalies were found on
this site indicating that the structure on Site 2 does
not extend South. Some broad earth resistance
anomalies are identified (both low and high) and are
in their character similar to those found on Sites A,
5and 7. It is possible that this is due to underlying
soil variations but no specific interpretation can
be made. It is also possible that these anomalies
are related to the irrigation of paddy field. To the
western end of the investigated area is Site 2 which
is intersected by a bund of about 0.5m height. The
magnetic anomalies show again two 'concentric'
square positive anomalies (about 2m wide) of about
22.0m and 10.2m side length, respectively. They are
most likely caused by underlying brick structures.
In addition, the anomalies suggest a cellular internal
segmentation, giving further evidence to the
interpretation as a Buddhist Vihara. To the north-
west, a cell seems to protrude further north. Some
magnetic anomalies are extending Eastward in
alignment with the main structure. To the north-east
a strong positive magnetic anomaly was surrounded
by a negative 'halo' indicating a very strong magnetic
signature. The location of the feature could suggest
that it is the base of a round stupa but the strong
magnetic response is probably related to firing, as in
a kiln or furnace, The earth resistance data do not
correlate with these findings.

Site 3 encompasses two paddy fields at the
eastern end of the investigated area; close to the
modern river course. The earth resistance data clearly
show the layout of earlier paddy fields (with a bund
offset from the current boundary) but no significant
anomalies can be identified. Site 4 to the south-east,
close to the intersection between old river bed and the
new course, lies on a sandy field used for lentil crops.
Some linear magnetic anomalies are found with a
trend northwest to southeast but an interpretation
of these anomalies is not possible. They could be
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related to buried brick structures but the anomalies
are much weaker than on other sites (2nT compared
with 15nT on Site 2). Site 5 covers the garden area
south of the inner compound, which is characterised
by the dense planting of cherry trees. A number of
broad low and high earth resistance anomalies are
intersecting the site. They are similar to those found
on Sites A, 1 and 7 (see discussion for Site 1). The
anomalies seem unaffected by the tree planting. No
significant magnetic anomalies were detected. Site
6 lies to the northeast of the investigated area and
covers a number of paddy fields around a group of
trees. Some broad anomalies are visible in both earth
resistance and magnetometer data but no correlation
canbe identified. The features are unspecific. The final
site, Site 7 lies outside the outer compound wall, on
the banks of the original riverbed. The high and low
earth resistance anomalies are similar to those found
on Sites A, 1 and 5 (see discussion for Site 1) and are
unspecific. No significant magnetic anomalies were
identified.

3. Conclusion

Our two pilot missions to the site had
extremely promising results and we can confirm
that the site appears to be of highly significant
archaeological value, however, our knowledge of
the chronology and layout of the complex is still
limited. It is possible to propose a Kushan date for
the smaller votive Buddhist monuments to the west
of the main stupa as they have many similarities
to Kushan structures elsewhere. Such a proposal
would also closely link the later devclopment
of this site with a similar redevelopment at the
site of Lumbini itself, suggesting that this region
continued to be an important focus and inspiration
for Buddhist pilgrimage during Kushan rule. It
is strongly recommended that this site is further
studied in order to build up a fuller chronological
and spatial understanding of the monuments and
their relationship to each other. Bearing in mind the
pristine nature of the complex, we would further
recommend that non-destructive techniques are used
in order to preserve the striking visual appearance
of the site. Further geophysical and topographical
surveys of the fields immediately adjacent to the
stupa and the exposed wall are recommended in
order to obtain this information.
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Ramagrama Stupa Complex
Site D Geophysical Data

N
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Figure 5:

Ramagrama Stupa Complex
Site 2 Geophysical Data
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Ramagrama Stupa Complex
Geophysical Data
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Ramagrama Stupa Complex
Site 3 Geophysical Data
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Figure 8:
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Ramagrama Stupa Complex
Site 4 Geophysical Data
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Ramagrama Stupa Complex
Site 5 Geophysical Data
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Ramagrama Stupa Complex

Site 6 Geophysical Data
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Ramagrama Stupa Complex
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Ramagrama Stupa Complex
Earth Resistance Data
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Ramagrama, Nepal

OF | 20m

Site 97-A, Just S of Stupa, inside inner compound

October 1997 N
Earth resistance survey: 20 .. 33Q (white to black, linear)
Fluxgate gradiometer survey: -11 .. SnT (white to black, linear)
50m x 10m @ 0.5m x 0.5m

Figure 15:

Ramagrama, Nepal

OF  — d 20m

Site 97-B, Unlucky and Lentil Field

Ocrober 1997

Earth resistance survey: 12 .. 2502 (white to black, lincar)

Fluxgate gradiometer survey: -20 .. 18nT (white to black, linear)

Fluxgate gradiometer survey (HP Filtered): -9 .. 9nT (white to black, linear)
20m = 46m @ 0.5m = 0.5m

—

Figure 16:




Ramagrama, Nepal

Site 97-C, Garden to SW, to be developed into temple area

October 1997

Earth resistance survey: 11 .. 23Q (white to black, linear)
Fluxgate gradiometer survey: -4 ., 6nT (white to black, linear)
40m x 40m @ 1m x Im

— >

Figure 17:

Ramagrama, Nepal

Site 97-D, Area S of Exposed Wall

October 1997

Earth resistance survey: 12 .. 1702 (white to black, linear)
Fluxgate gradiometer survey: -11 .. 6nT (white to black, linear)
40m x 16m @ 0.5m = 0.5m

Y— >

Figure 18:
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Ramagrama, Nepal

0F i 20m

Site 99-1, South of "Lentil Field"

September 1999 N
Earth resistance survey: 17.91 .. 36.38€) (white to black, linear)
Fluxgate gradiometer survey: -6.63 .. 4.703nT (white to black, linear)
I_3Crm % 30m @ 0.5m x 0.5m

Figure 19;

Ramagrama, Nepal

] —

Site 1999-2, W, near old river

22 Sept 99, AS and RY

4

Earth resistance survey: 10.53 .. 16.790 (white to black, linear)
Fluxgate gradiometer survey: -6.8 .. 19.89nT (white to black, lincar)

34.5m = 50m @ 0.5m x 0.5m

Figure 20:
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Ramagrama, Nepal

Site 99-3, Paddy Flelds, E

September 1999

Earth resistance survey: 8.9 .. 11.102 (white to black, linear)

Fluxgate gradiometer survey: -3.49 .. 3.506nT (white to black, linear)
40m = 18m @ 0.5m = 0.5m

—

Figure 21:

Ramagrama, Nepal

.

Site 99-4, Bare Lentil Field, SE

September 1999

Earth resistance survey: 10.3 .. 14.402 (white to black, linear)
Fluxgate gradiometer survey: -2.1 .. 2.304nT (white to black, linear)
20m x 30m @ 0.5m x 0.5m

Figure 22:
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Ramagrama, Nepal

Ramagrama, Nepal

Sits 9.5, Garden with Cherry Trees, § of Stupa

Site 99-6, Paddy Flelds, near tree group, NE

Sepaeember 1999

Earth resistance survey: | 1.65 .. 28.40) (white to biack, linear)
Fhsgate gradiometer survey: -3.46 . 2.452nT (white to black, linear)
&« 20m @ 0.5m « 0.5m

September 1999
| Earth resistance survey: 11.1 .. 12.90 (white o black, linear)
Fluxgate gradiometer survey: -1.4 .. 1.89%6nT (white 1o black, finear)
‘ 20m x 30m @ 0.5m x 0.5m

D—

Figure 23:

Figure 24:

Ramagrama, Nepal

Site 99-7, S of Stupa Garden, outside fenced compound

September 1999

40m x 10m @ 0.5m x 0.5m

Earth resistance survey: 18 .. 710 (white to black, linear)
Fluxgate gradiometer survey: -2.2 .. 2.499nT (white to black, linear)

—

Figure 25:
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