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Archaeomagnetic prospecting in Indian
archaeology: comprehending its application in
excavations at Lothal, Sisupalgarh and Keeladi

Jennice Singh

In recent times, a profound number of scientific tools are being employed by social scientists to
study topography and get an insight of the material remains during archaeological explorations,
before commencing field excavations. One such tool which is progressively being used during geo-
physical surveys is the magnetometer. This article aims at understanding the working mechanism
and use of magnetometry in detecting archaeological sites. Further, the gravity and urgency of this
machinery are supported by presenting the successful use of magnetometer surveys in three promi-

nent excavation projects in India over the last two decades.

Keywords:

MAGNETOMETRY is a branch of geophysics which studies
the constituency, direction and strength of magnetic fields
at a particular location. The principal device used in this
discipline is known as a magnetometer, which provides
high-resolution images of the Earth’s magnetic field from
the present to thousands of years ago'. However, this branch
is not limited to the inquiries of geology, but is also a tool
of assistance in detecting the corroboration of past human
activities like tombs and foundations, sites of cremation,
fire materials like kilns, bricks, and burned organic mate-
rials, and (probably) area of intensive habitation.

The amalgamation of this phenomenon of natural sci-
ence and geology, physics and chemistry with humanities
(archaeology, anthropology and art history) is what is
referred to in academia as archaecomagnetism. In 1956,
magnetometers were used for the first time in an Arc-
haeological excavation in England by John C. Belshe’.
Since then, its application has progressed, incorporating
various new advanced technologies like ground penetrat-
ing radar (GPR) and surface resistivity meters that are to-
gether revolutionizing archaeology”.

Understanding magnetometry in archaeological
surveys

Electromagnetic force is one of the four fundamentals
(along with gravity, strong interactions and weak inter-
actions) which governs not only the Earth, but the entire
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universe. Now Earth contains a large number of ferro-
magnetic materials, each having its own magnetic field
and strength. Had the Earth been composed of uniform
substances, the magnetic lines would have been evenly
distributed between the poles. Since a variation exists bet-
ween these substances, the magnetic lines of force are
distorted. Therefore, these distortions can be used to ana-
lyse the activities of our ancestors using the magnetometer.

Among all activities, burning is the most crucial aspect
of human activity that is studied using magnetometry.
This is because the act of burning makes permanent
changes in the magnetic properties, by altering the pro-
portion of iron particles, of not only the intended material
(animal, pottery or any other substance which was set on
fire) but also of the soil where the activity was perfor-
med. For instance, kilns have very high magnetic suscep-
tibility because of the constant burning of matter.

An important property that a magnetometer uses to
study the Earth’s crust is magnetic susceptibility. This is
a measure of the degree to which some substances get
magnetized under the force of an external magnetic field.
So when the remains of activities like fire for heating,
cooking, cremation, etc. and objects like walls, kilns and
burnt bricks are brought under an extrinsic force of mag-
netic fields, notable patterns of magnetic anomalies are
recorded due to the variance in the magnetic property of
these materials from their relatively uninfluenced sur-
roundings®. Since these structures and materials have dif-
ferent magnetic susceptibilities, primarily based on their
density and composition, the magnetic lines recorded by
the magnetometer in pre-excavation surveys are distorted
accordingly. The resultant graph comprising all these
magnetic lines is referred to precisely locate any underly-
ing structures®.
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The curves show magnetic declination (positive) and
inclination (negative). This coalescence of ups and downs
in a graph over various archaeological structures gives
archaeologists an understanding regarding the material
buried under the surface. This process is then followed by
digital image processing, where these curves and graphs
are transmuted to a digitized form for a more accurate
processing of data (Figure 1). The diversification of mag-
netic susceptibility is so sensitive and small in scale that
it is practically invisible even to a magnetic compass and
is only detectable by magnetometers’.

Archaeomagnetism in modern Indian archaeology

In the past few years, many archaeologists and institutions
in India have employed archaeomagnetism in pre-excava-
tion surveys in almost every conceivable way. Here we
discuss three excavation projects where magnetometer
surveys proved to be rewarding in the planning and exe-
cution of these projects

The Lothal Revisitation Project (2008—09)

First discovered in 1954, Lothal, Gujarat, is a prime arc-
haeological site of the Indus Valley Civilization, and
home to what is considered to be one of the oldest dock-
yards in the world. The Lothal Revisitation Project was
carried on by Denny Frenez (University of Bologna, Italy)®.
Along with many tools of geospatial archaeology like GPR,
satellite imagery, GPS, etc., magnetometric survey was
also used for collecting the required data for the excava-
tion project. Helmet Becker (Bavarian State Office for
Monument Protection, Germany) used a cesium magne-
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Figure 1. Magnetometer map of a palace of Ramses Il in Qantir,

Egypt (courtesy: Jorg W. E. Fassbinder).
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tometer in the unexcavated part of the site, to find the fol-
lowing structures:

e A baked brick embankment canal running east to west
and perpendicular to the dockyard, probably connect-
ing the dockyard to the palaco-channel of Sabarmati.

e A compound with rooms along a narrow street and sepa-
rated lanes.

e A possible monumental gateway or a large drainage
outlet on the southwest corner of the fortification’.

Post survey, Frenez carried out ‘test trenches’ in the
above mentioned areas, which further verified the virtual
data with actual buried structures (Figure 2). Within these
three trenches objects like pottery, bronze knives, struc-
tures like mud bricks and a possible artificial baked
brick-embanked canal superimposed by a kiln were also
found. These findings in archacomagnetism proved to be
significant for deciphering the layout of the Lothal site.

Sisupalgarh excavation (2007-08)

Sisupalgarh is an archaeological site in Odisha, which is
considered to be one of the largest and best-preserved for-
tified cites of historic times in India®. Archacomagnetic
survey conducted at this site by Mohanty and Smith (Costen
Institute of Archaeology, UCLA, USA) in 2008 helped in
prospecting an area of 13 acres, which distinctly demon-
strated a 300 m long section of an ancient road, and various
structures and streets connected to it. Further geophysical
investigations at the site revealed the presence of long
‘roads’ entering the main site from all the formally exist-
ing gateways, and adjoining large ‘empty’ spaces which
were probably used as courtyards or plazas (Figure 3)°.

Lothal Revisitation Project

Figure 2. Photomosaic of the magnetograms obtained during the
Lothal Revisitation Project showing the major anomalies and location
of three trenches (courtesy: Dennys Frenez).
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Figure 3. Areas of magnetic gradiometry survey at Sisupalgarh
(shaded) indicating the presence of long linear features between gate-
ways, projected here as dotted lines (courtesy: Monica L. Smith).

Figure 4. Magnetometer map showing a wall-like structure (courtesy:
Department of Archaeology, Government of Tamil Nadu).

Keeladi Excavation Project (2015—present)

A recent testimony of archacomagnetism in India comes
from the Keeladi Excavation Project undertaken by the
Archaeological Survey of India (ASI) and the Department
of Archaeology, Government of Tamil Nadu. Excavations
during the past few years in the tiny hamlet of Keeladi in
Tamil Nadu have established evidence of an urban civili-
zation of the Sangam era, i.e. the Vaigai Valley Civilization.
The site has succeeded in attracting visitors and archaeo-
logists from around the globe because of the fascinating
material remains recovered from the site and its supposed
connections with the Indus Valley Civilization.

The fifth round of excavations (2018—-19) was a ‘guided
excavation’ as a GPR and magnetometer survey was con-
ducted by the Indian Institute of Geomagnetism, Mumbai.

The survey led to the discovery of an important wall-like
structure, 350 m long and 20 m wide along a straight line'.
Figure 4 suggests a multitude of moderately magnetized
sources. A GPR was then used to further narrow down
the primary spots in the area with salient features. Using
similar technology, ten priority zones spread over an area
of approximately 450 ha were deciphered.

Conclusion

Although archaecomagnetism has been used as an archaeo-
logical tool for more than seven decades now, it is still a
relatively new concept in Indian archaeology, being used
only for the past two and a half decades. However, in recent
years it has become clear that archacomagnetics and other
geospatial innovations could help Indian archaeologists in
surveying archaeological sites remotely and non-destruc-
tively. Magnetometer surveys provide the required infor-
mation to refine crucial sites in large, multi-acre areas.
This has helped ASI and institutions involved in various
archaeological projects, to save time and money, which
are already severely limited. Although magnetometers do
not map out accurate depth information like GPR, they
surely give a direction for the same. When combined with
other modern technologies like long- and short-range laser
scanners, mass spectrometer and photogrammetry, it can
aid in the advancement of Indian archaeology.

1. Gallet, Y., Genevey, A. and Courtillot, V., On the possible occur-
rence of ‘archacomagnetic jerks’ in the geomagnetic field over the
past three millennia. Earth Planet. Sci. Lett., 2003, 237-242.

2. Aspinall, A., Gaffney, C. and Schmidt, A., Magnetometry for Arc-
haeologists, Rowman Altamira, 2009, vol. 2.

3. Berger, R. (ed.), Scientific Methods in Medieval Archaeology,
University of California Press, Berkeley, 1970, vol. 4, pp. 423—
434.

4. Leute, U., Archaeometry: An Introduction to Physical Methods in
Archaeology and the History of Art, 1987.

5. Herbich, T., Magnetic prospecting in archaeological research: a
historical outline. Archaeol. Polona, 2015, 53, 21-68.

6. Frenez, D., The Lothal revisitation project, a fine thread connect-
ing ancient India to contemporary Ravenna (via Oman). BAR Int.
Series 2690, 2014, pp. 263-277.

7. Prabhakar, V. N. and Ravi Korisettar, Ground survey to aerial sur-
vey: methods and best practices in systematic archaeological ex-
plorations and excavations. Curr. Sci., 2017, 113(10), 1873—-1890.

8. Smith, M., Urban empty spaces. Contentious places for consensus-
building. Archaeol. Dialogues, 2008, 15(2), 216-231.

9. Smith, M. L. and Mohanty, R. K., New investigations of an old
city: research at Sisupalgarh, India, Bakdirt. In Annual Review of
the Cotsen Archaeology, 2007, pp. 55-59.

10. Sivanantham, R. and Seran, M., Keeladi: An Urban Settlement of
Sangam Age on the Banks of River Vaigai, Department of Arc-
haeology, Government of Tamil Nadu, Chennai, India, 2019.

Received 17 October 2020; revised accepted 5 October 2021

doi: 10.18520/cs/v122/i1/26-28

28

CURRENT SCIENCE, VOL. 122, NO. 1, 10 JANUARY 2022




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


