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Accepted 22 October 2020 In July 2011,archaeological exploration tried to apply the physics
Online: 2 Decembe020 method for the first time in Muarojambi, Indonesia. We combined

Published 31 Decembe2020  physics with geoscienseand called it geophysical forensic. Our

SPEKTRA: Jurnal Eisika dan method is known as Ground Penetrating Radar (GPR). GPR used

Aplikasinya high-frequeny electromagnetic (EM) waves between3®0 MHz

p-ISSN: 25413384 to imaging subsurface based on dielectric permitigitphysical

e-ISSN: 25413392 parameters. Changes in the electrical properties, rock magnetism, and

water content of the material under the surface will provide a response
BY recorded on the radargram as a function of distance to timenayo

travel time). Data processing performs to reduce the noise recorded
when collecting data. We have successfully obtained@®RR lines

three lines gathered near Gumpufgmpleand oneihe at Telago
RajoPool The GPR method succeeded in giving a subsurface image
and possibility of the archaeological objects near the Gumpung
Templeand Telago Raj®ool
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Muarojambi has many unexposed archaeological objstttarojambi, as an archaeological
site, has a high historical and cultural value related to the Srivijaya Kingdom. Srivijaya is the
most maritime power in Southeast Asia durthg@ ancient periodl]. Since 1820 many
archaeological objects founded. Only ten objéetee been given names and identified in a
scientific publication[2]. More than 82 objects still unpublished. was costly to do
archaeological exploration with convenional method like excavation. We neadast and
accurate method to support archaeological exploraifBURE 1 shows the distribution of

archaeologicabbjects in Muarojambi
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FIGURE 1. Muarojambi Archaeological Site Distribution.

The application of phsics to supporarchaeologicagxploration is still limited in Indonesia.
This study intends to revearchaeologicalbbjects below the surface of the land using
geophysial forensic The combination of physics and analysis of geologyplygsics/earth
physics, and ar@eologysupports thé/luarojambitemple complex.

Our research objective is to get the possibility of archaeological objects in Guifpunpde
and TelagdRajo Pool A previous study6] presented the possibility of the archaeological

object in Kedatomemple, Muarojambi

METHODS AND MATERIALS

Muarojambis located in the lowlands arg#ot exceedin@0 meters above sea level. Although
located 100 kilometers from the preseanastline, the existence of the Bathag River and

its connected branches allows this area reached using water transportation. This area is far
from geological hazards like earthquakes, tsunami, and volcanic eruptions.

FIGURE 2 showvs the tectonic map ofi8natra plotted using Generic Mapping Tod]. The

study areas located in Mareebo Districtés Muargambi Regency, indicated wita blue
rectangulablock in FIGURE 2. FIGURE 3 shovs ageological map of Muarojambi modified

from [4].
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FIGURE 2. Tectonic map of Sumatra. Map generated using Generic Mapping [Bpohis map shows the
plate tectonic interactions betwetre Indian-Australian Plate anthe Eurasian PlateA purple line witha
triangle is subduction (convergent) cressadrench.The adange line dash line is a transform (strétp) create

Great Sumatra Faults Zone. Plate boundary generated[fjorhocation ofthe study indicated witha blue
rectangle.

10330 10400 104730 10500

Be;hila_ Strait \

-100
"
-~
.00.1-

Legends

Qs
W Quaternary
Swamp Volcanic
AIWVISD  Deposits
Basaltic
Lava
o i i .
- ) \ Formation
s

o o DistrictRegen
Muara Enim o,

"(_:" LU s

.
.
\
. \

S
N -

R . ANCE g 98 -

AR

S ‘

o 4 \\;7,{4

8 Banywasinl 7T/

‘4 vx o

i

8 ! ' : ey AL N 0 km 20

Sk %07 (@) SAM S @ O

1

10330° 10400 10430" 10500’

FIGURE 3. Geological Map of Muarojambi, modified frofd]. The study are# located in Marosebo Sub
District, Muarojambi Regency, indieat with Red Rectangular Block near Batanghari river.
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Geophysical forensic is the application of raestructive geophysical methods to study,
discover, and map invisible objects buried or hidden either in layers of soil, rock, underwater,
on walls[7]. Geophysical forensic is about creating a more efficient investigation. It can
covers large areas rapidly]. Geophysical forensic can detect various phases of burial over

different periods[9]. Geophysical forensic give recommendation for archaeological
excavation10].
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The Ground Penetrating Radar (GPR) metlsodearly the same as the seismic reflection
method FIGURE 4a showthe basic princile of GPR[11]. If the mechanical waves are used
in seismic, the GPR method uses higgguency electromagnetic (EM) waves from 18260
MHz [11]. The EM wavads transmited by transmitter antennas, then the enesgletected

by the receiver antenna. The transmitter antena#ien joined with the receiver antenna and
called a transducer.

Data Control Data
Storage Unit Display

|

Transmitter Receiver

FIGURE 4. (a) Basic Principal of GPR [11]; (b) GPR acquisition at Gumpung Temple; (c) GPR acquisition at
Telago Rajo.

We usethe GSSI SIR20 GPR System with 200 MHz antenna for data acquisition. Basic
processing like editing, move start time, gain recovand stacking doing in RADAN 6.
Filtering and visualizing doing with MATGPR [12]

RESULT AND DISCUSSION

The Gumpung Temple condition was clear from noise. FIGBREovs animage from UAV
(drone). Our GPR line positida near the main temple. It was ftatrain condition. & can
not see the anomaly in the surface
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FIGURE 5. Image of GumpundempleusingUAV (droné. Red line shows our GPR scans.

FIGURE 4b and 4c show phottbocumentation while data acquisition at Gumpiegnple
and Telago Raj®ool (inlocal language Telago Rajo mean the place where king and queen
take a bath)FIGURE 4 shows the location of GPR data acquisition.

FIGURE 6. Location of GPR data acquisition; GumpuFgmpleshow with green balloon symbdiwo parallel
blue lines WesEsast direction on Gumpung are Line-8land Line 02.Telago RajoPool show with yellow
balloon symbol. Bluéne at Telaga Raj@oolis Line 04.

We have successfully imaging three GPR in Gumptemgpleand one GPR in Teladiajo
Pool We compare each GPRaiging with four view modes: grayscale, wiggle, btad, and
jet view.

GPR imaging LineGumpung 04A is shown in FIGURE 7. Theras the possibility ofan
archaeological objedn the 2D GPR Crossection inFIGURE 7.GPR anomaly1) located
between scaaxis 4.0280 meters at 6400 ns approximately 3.66.0 metersdepth. GPR
anomaly(2) locatedbetween scanaxis 52.076.0 meters at 6000 ns approximately 3.6.0
meters depth. GPR anomaly(3) between scaaxis 30.048.0 meters at 180 ns
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approximately 0.82.0 meterslepth.GPR anomaly4) between scaaxis 65.083.0 meters at
10-40 ns approximately 0.82.0 metersiepth.
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FIGURE 7. GPR Imaging Gumpung @4; (a) Grayscale view; (b) Wiggle view; (c) BkiRed view; (d) Jet
view.

GPR imagingLine Gumpung @ is shown in FIGURE 8. Theres a possibility of the
archaeological objedn the 2D GPR Crossection inFIGURE 8.GPR anomaly1) located
between scaaxis 16.0-20.0 meters ab-95 ns approximately0.254.75 metersdepth. GPR
anomaly(2) locatedbetween scaiaxis 20.0-48.0 meters at 600 ns approximately 3.65.0
meters depth. GPR anomaly3) between scaaxis 52.0-620 meters at60-100 ns
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approximately 3.66.0 metes depthGPR anomaly4) between scaaxis 90.0-95.0 meters at
60-100 ns approximately3.0-5.0 meterdepth; GPR anomalfb) between scaaxis 110.0-
120.0 meters at0-90 ns approximateh0.5-4.5 meterslepth GPR anomaly6) between scan
axis130.0-140.0 meters aP0-100 ns approximatelyl.0-5.0 meterslepth
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FIGURE 8. GRR Imaging Result Gumpung 02; (a) Grayscale view; (b) Wiggle view; (c}Badview; (d) Jet
view.

GPR imaging result Lin&umpung 8 is shown in FIGURE 9. Theras a possibility ofthe
archaeological objean the 2D GPR Crossection inFIGURE 8.GPR anomaly1) located
between scaaxis 2.0-8.0 meters ab-55 ns approximately0.254.75 meter depths. GPR
anomaly(2) locatedbetween scaaxis 12.0-24.0 meters af0-60 ns approximately 3.65.0
meters depth. GPR anomaly3) between scaaxis 30.0-35.0 meters at20-50 ns
approximately 3.66.0 metes depthGPR anomaly4) between scaaxis25.0-55.0 meters at
50-100 ns approximately3.0-5.0 meterddepth; GPR anomalgs) between scaaxis 40.0-
45.0 meters at0-50 ns approximately0.54.5 metergdepth GPR anomaly6) between scan
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axis 50.0-70.0 meters aB0-55 ns approximatelyl.0-5.0 metersdepth GPR anomaly7)

between scaaxis 50.0-70.0 meters aB0-100 ns approximatelyl.0-5.0 meterslepth GPR
anomaly(8) between scaaxis 70.0-115.0 meters al0-60 ns approximatelyd.0-5.0 meters
depth GPR anomaly9) between scaaxis 1150-1380 meters afl0-70 ns approximately

0.5 3.5metersdepth GPR anomaly10) between scaaxis110.0-130.0 meters aB5-100 ns

approximatelyt.25 5.0 metes depth
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SPEKTRA: Jurnal Fisika dan Aplikasinya

(D SPEKTRA | 228

140

120

A

e S 4]

100

80

Scan Axis (meters)

60

FIGURE 9. GPR Imaging Gumpung 03; (a) Grayscale view; (b) Wiggle view; (c)-Rkeview; (d) Jet view.
GPR imaging result Line Telaga R&&-A is shown in FIGURE 10. Therés the possibility
of anarchaeological objeain the 2D GPR Crossection inFIGURE 10.GPR anomaly1)
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locatedbetween scaaxis 2.0-6.0 meters a60-100 ns approximately3.0i 5.0 meter depths.
GPR anomaly?) locatecbetween scaaxis12.0-18.0 meters a65-95ns approximateh2.75
4.75 metersdepth. GPR anomaly3) between scaaxis 19.0-24.0 meters at50-75 ns
approximately2.5 3.75 metes depthGPR anomaly4) between scaaxis 24.0-31.0 meters
at 60-80 ns approximately3.0-4.0 metersdepth; GPR anomalfb) between scaaxis 32.0-
39.0 meters aB0-80 ns approximately3.0-4.0 metersdepth GPR anomaly6) between scan
axis 43.0-46.0 meters av0-100 ns approximately3.55.0 meterslepth GPR anomaly7)
between scaaxis46.0-50.0 meters a5-90 ns approximately3.254.5 metersdepth
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FIGURE 10. GPR Imaging Telago Rajo; (a) Grayscale view; (b) Wiggle view; (c)-Blegt view; (d) Jet view.
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