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Application of Multiple Geophysical Methods in Investigating
the Lava Tunnel of Manjanggul in Cheju Island

Byung-Doo Kwon*, Heui-Scon Lee**, Seok-Hoon Oh* and Chun-Ki Lee*

ABSTRACT : Various geophysical methods have been applied to the survey of the lava tunnel of Manjanggul in Cheju
Island to study the effectiveness of each method in investigating underground tunnels. The surveys employing gravity,
magnetic, electrical, AMT and VLF methods were carried out along seven profiles across the Manjanggul; especiaily,
all the five methods were used on one representative profile. Several aspects of different methods pertinent to their use
in investigation of underground tunnels have been noted. The clectrical method employing the dipole-dipole array ap-
peared to be the most effective one among five methods. Therefore, we have tested the electrical method more carefully
by using various electrode spacings, and obtained successful resistivity sections showing the existence of lava tunnels.
The gravity method provided relatively successful responses associated with the tunnel although the gravity readings
were contaminated by wind blowing during the survey. The gravity data were also useful for the quantitative modeling
study. The magnetic data were also successful in delineating the tunnel qualitatively. The AMT data were not suc-
cessful because the used frquency band was not appropriate in detecting very shallow target. The VLF data were sev-
erely influenced by the neighboring noise sources such as power lines and were not successful in detecting the tunnel
responses. The comprehensive result of electrical, gravity and magnetic surveys suggests that undiscovered lava tunnels
may exist adjacent to the Manjanggul.
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Fig. 1. Location map of the laval tunnel of Manjanggul in Cheju Island. The contour interval of altitude is 2.5 m.
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Fig. 2. Plan and section views of the Manjanggul indicating seven profiles along which geophysical surveys were carried out.
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Table 1. Geophysical exploration methods applied to the
lava tunnel of Manjanggul in Cheju Island on respective
profiles indicated in Fig. 1.

Profile Geophysical Remarks

A-A' DC, VLF

B-B' DC, VLF

cC VLF, Magnetic

D-D' DC, VLF, Magnetic, 3 different dipole leng-

(Reference profile) Gravity, AMT ths were used in dipo-
le-dipole DC survey

E-E' VLF, Magnetic

F-F DC, VLF, Magnetic

G-G' VLF
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Fig. 3. Observed and calculated gravity anomalies along
the reference profile D-D' and the single tunnel model for
calculation.

Ag D-D' 2 o2A F YR ZA 23 A il
gad, 29 A% zol7l 5 mAE, o] emA =M, 2
o] AL A FAA 20 m 3] $X3ta ek o] A
& FZo] Ate # FolA Aidez A, F57t
Ze A Y 3@t (Fig. 2 F2).

ZE 23 220 ¥4 BEo| AXH| & T2
Lt 95 m Ao R, E2X FoA] Bo] Hol it A FdME

D D’
0.1
0.0 - . . €& observed value
= L -
m a
=)
E
>, 0.1
E=
]
b calculated value
0.2
03

200-180-160-140-120-100 -80 -60 -40 -20 ¢ 20 40 60 80 100

20 g o =) 0

Depth (m)

-200-180-160-140-120-100 -80 -60 -40 20 0 20 40 60 80 100
Distance(m})

Fig. 4. Observed and calculated gravity anomalies and the
model with additional tunnels nearby the Manjanggul for
calculation.
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Fig. 5. Total magnetic anomalies observed along various profiles. The arrows indicate the expected range of the tunnel po-
sition.
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Fig. 6. Composite diagram showing the magnetic anomalies.
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Fig. 7. Composite diagram showing the VLF anomalies of
real part (a) and imaginary part (b).
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Fig. 8. (a) Tunnel embedded two layer model and (b) 10% Brown noise added to the model used to calculate MT responses.
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Fig. 9. Apparent TM resistivities calculated for the tunnel in a homogeneous region having 1000 Qm resistivities ((a) and (b)),
and in a two-layer region having 1000 Qm and 100 Qm resistivities ((c) and (d)). The tunnels of (a) and (c) have the size of 5
mX7 m at 17 m depth, and (b) and (d) have the size of 15 mX 13 m at 10 m depth.
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Fig. 11. Model responses of Brown noise added models. (a) 10% noise (left) and 30% noise (right) were added to the model
of 5m X 7m tunnel at 17m depth. (b) 10% noise (left) and 30% noise (right) were added to the model of 15m X 13m tunnel at

10m depth.
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Fig. 12. Dipole-dipole array DC resistivity section along
the profile A-A'. Dipole length a=7.5 m. The unit of color
scales is Qm. The dashed lines in the inverted section in-
dicate the expected range of the horizontal position and
depth of tunnel.
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Fig. 13. Dipole-dipole array DC resistivity section along
the profile B-B'. Dipole length a=7 m.
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Fig. 14. Dipole-dipole array DC resistivity section along
the profile D-D'. Dipole length a=7.5 m.
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Fig. 15. Dipole-dipole array DC resistivity section along the
profile F-F'. Dipole length a=7.5 m.
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Fig. 17. Dipole-dipole array DC resistivity section
the profile D-D'. Dipole length a=5 m.
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