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Advance, challenge, and suggestion in geophysical technology for underwater archaeology survey

LI Yonghang'?, WEN Mingming'*’, CHEN Zongheng'*®, YAO Huigiang'®, WAN Peng', LI Bin', LIN Hai', CHEN Zhijian'

1. Key Laboratory of Marine Mineral Resources, Ministry of Natural Resources, Guangzhou Marine Geological Survey, China Geological Survey, Guangzhou
511458, China

2. National Engineering Research Center for Gas Hydrate Exploration and Development, Guangzhou 511458, China

3. Southern Marine Science and Engineering Guangdong Laboratory (Guangzhou), Guangzhou 511458, China

Abstract: Underwater archaeology involves different stages of investigation, and the survey scope, underwater environment, and survey
objective vary greatly. Therefore, corresponding survey techniques and strategies are also different. We analyzed conventional method and
cutting-edge geophysical vehicle techniques of underwater archaeology, including acoustics (multi-beam echosounder, side-scan sonar, sub-
bottom profiler, and single-channel/mini multi-channel seismic), electromagnetic, electric, LiDAR, and underwater operated vehicles
(HOV/ROV/AUV) etc. At present, many challenges remain in underwater archaeology in terms of image recognition of seabed relics, detection
of buried small-scale artificial relics, detection and excavation of cave leftovers, detection of intertidal remnants, and the exploration of deep-sea
archaeology and excavation. It is our device to strengthen cooperation in marine industry, upgrade and improve existing survey technology, and
establish a mechanism for hardware sharing to increase the probability of archaeological site discovery, avoid damage and loss of the sites, and
reduce economic costs.
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Fig.1 Sea level reconstruction of underwater archaeological sites !
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Fig.2 Distribution in the depth of all submerged prehistoric sites and major ancient shipwreck site in China

The number of known sites decreases rapidly with depth. The red curve uses arbitrary units to indicate that the population density and tool technology decreases

as we go back in time and depth, and the blue line indicates the increasing cos twith depth and technical difficulty of working. Black stars indicate depth of

major underwater archaeological sites in China!*.
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Table 1 Different stages, scale, underwater environment, and

corresponding resolution of underwater archaeological survey

B VR KR IRBE PR

X I A ERiE S PN ok
BEIXEE KL R K

ERX R TR K ARG

bu:siIR VIEAN KRG gk, B kg

AR KSR REGRS ALY JE K 2

T 2l P T R T A A €, T OB
HEWE 2.

WLAEk, D O, B RESE H Bk W B 7 vk
R ERK T o R P RIS T B Ragik 2k,
A AR IR B I ST | KR HARR B o P
b2 S5 K15 B . 20 M | T 2
T o B 7S 25 MR T T M BR ) B R R T vk B &R AE
AT TR U 2% iy R0 v 5 3 S Bk g O A LAk
SROSUCE] 4), HE G — KRR X MR AT TR
SRR T A B . H AT T
b Bk P R U N R ST K R R R R — A B
AR, 24350 A7 S VA VS e B 2

BAEHEFNE

g PRAE A7 2 i R E AR M A, &
BCALAR TS WA A L 2 PR IR A . 2R

2.1

—_——

™~ GPS vl

K3 MABEKNEERET EREE
a: VM 2T, b: Z2WAMBRAL, o: MR R G, d MEFH RS,
e: AUV, £ TUBR Y ICEESR, g T AWLBOLE B, he N T KIZHE .

Fig.3 Typical setup for underwater archaeological survey

a: sub-bottom profiler; b: multibeam echosounder; c: Reflection seismic
system; d: side scan sonar; e: autonomous underwater vehicle; f: sediment
sampling gravity corer; g: UAV-airborne LIDAR bathymetry; h: Diver-

controlled excavation.

(multi-beam) . Z ik # ( multi-pulse 5 multi-ping) . 5/
AR G HFLIE M (SAS, synthetic aperture sonar)
SR — AR B Y 0 B, (A5 IR 2R s B R
PR AR B 43 9 3 T RO SRRAIE, 8 7R T IS DT
SRR R BRI A S T s . MOV T2
Wr it A0, (45 505 R PR 2 I 42 32 495 A 42 S AE /N AL I
A KT JC A RE™, TR R G WK AR SRR



194 YRR M J5 5 56 D0 20 b TR 2023 4F 12 A

®2 KTEHETEMKRMERRREBEES LR

Table 2 Main geophysical techniques and data information types of underwater archacology
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Fig.4 Exploration of the ancient shipwreck site off the coast of Island

a: schematic presentation showing basic operation principles of the side scan sonar (SSS) and sub-bottom profiler (SBP); b: the SSS transmits high-frequency
sound pulses in a vertically wide fan shape from a moving vessel, which scans the seafloor. The reflected pulses from the seafloor (backscatter) are recorded
and processed to produce a perspective image of the seafloor; c: the SBP emits a narrow acoustic beam, which penetrates the layers beneath the seafloor. The
reflected acoustic pulses from the seabed and the deeper layers are recorded and processed to produce a vertical plane seismic section of the seabed along the

vessel’s trajectory!''.
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Fig.5 Relationship between resolution and penetration depth of different acoustic/seismic detection techniques
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Fig.6  Exploration of archaeological sites by 3D sub-bottom profiler

a: SES-2000 quattro parametric sub-bottom profiler mounted on a small survey vessel; b: remains of resident pilings as shown by underwater photography;

c: 3D data of SES-2000 quattro reveals the remains of resident pilings, sedimentary layer, buried objects, and archaeological culture layer in b,
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