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Abstract

Resistivity surveys can identify the distribution of geological units and structures (including
fragmented fault zones), the extent of weathered and modified geological strata, and the characteristics
of groundwater. This study aims to analyze the underground sedimentary layers and geological
structures near the Nari and Albong Basins of Ulleung-do, Korea, focusing on six survey lines to
identify the spatial trends in subsurface resistivity. A modified dipole array method (D method) was
employed, combining resistivity results obtained by existing dipole array methods (A and C methods).
The modified method provides optimal analysis of the cross-section of underground resistivity, and
shows a clear boundary between a low-resistivity zone (<500 & - m) of sedimentary layers and weak
zones, and a high-resistivity zone (=5,000 £ - m) of volcanic rock (trachyandesite). The estimated
average thickness of the sedimentary layers is 50~100 m for the Albong Basin and 100~200 m for the
Nari Basin. An anomaly zone, different from the weak zone in the bedrock, is identified as a caldera

fault, and the low-resistivity zone extends from the surface down to the lowest survey depths.
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Fig. 1. Detailed geological map of the Nari and Albong Basins, Ulleung-do (modified after Kimand Kim, 1977; Kimand Lee,
2008; Hwang et al., 2012; Kim and Kim, 2018).
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Table 1. Various types of dipole-dipole array and their expected effects
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Method Applying method

Expectation effect

* Basic dipole-dipole array

* Accurate measurement of resistivity in
basic depth.

Apparent resistivity pseudosection in
dipole-dipole electrical resistivity survey
(electrode distance = a, distance between
potential electrode and current electrode =
na, travel distance of all electrode = a).

* Increase of survey depth by wide
electrode distance.
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Apparent resistivity pseudosection in wide
dipole-dipole electrical resistivity survey

(electrode distance = 2a, distance between
potential electrode and current electrode =
2na, travel distance of all electrode =2a).

* Modified dipole-dipole array

* Complement of small anomaly in B.

2 2 2

Apparent resistivity pseudosection in
modified dipole-dipole electrical resistivity
survey (electrode distance = 2a, distance
between potential electrode and current
electrode =2na, travel distance of all
electrode = a).

* Accurate measurement and high
resolution.
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Apparent resistivity pseudosection with A
method and B method (O: measurement
point of A method, @: measurement point
of C method).
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Fig. 2. Map showing the electrical resistivity survey lines (Nari caldera).

Table 2. Details of the resistivity survey for each of the survey lines at Nari Basin, Ulleung-do

LineNo.  iskofline L kngh(m) 00 i‘iﬁfﬁi read P Tty oot Tabe 1
20 =9 306 100 A
Linel  N77W 800 40 n=9 126 200 B
40 n=9 243 200 C
20 n=9 396 100 A
Line2  N59W 1,000 40 n=9 171 200 B
40 n=9 333 200 C
10 n=10 335 50 A
Line3  NI4W 400 20 n=11 142 100 B
20 n=11 275 100 C
10 n=13 676 50 A
Line4  N24W 600 20 n=9 216 100 B
20 n=9 423 100 C
20 n=13 936 100 A
Line 5 NSIE 1,600 40 n=13 416 200 B
40 n=13 819 200 C
10 n=13 364 50 A
Line6  N33W 360 20 n=10 115 100 B
20 n=10 220 100 C
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Fig. 3. Analysis results for inverted resistivity section and anomaly zone of Line 1. The point at 620 m on Line 1 coincides in
terms of horizontal distance with the point at 510 mon Line 5. The section of Line 1 from 460 to 540 mis a high-resistivity
zone. Both sides have a low-resistivity zone at 400 m elevation or lower.
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Fig. 4. Analysis results for inverted resistivity section and anomaly zone of Line 2, showing 1000 m of the survey line. The
point at 760 m on Line 2 crosses Line 4 at 300 m. Low-resistivity zones B, C, and D are inferred to be sedimentary layers
and weathered bedrock; they extend to 150 m elevation.
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Fig. 6. Analysis results for inverted resistivity section and anomaly zone of Line 4, surveyed for 600 m. The high-resistivity
zone (5000 Q- m) shown as a solid line is assumed to correspond to volcanic products (trachyandesite or volcanic rocks).
The low-resistivity zones C and D are assumed to be sedimentary layers and weathered bedrock.
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Fig. 8. Analysis results for inverted resistivity section and anomaly zone of Line 6, surveyed at the 100 m distance point,
wheretheline crosses Line 5. Ejected trachyandesite volcanic rocks occur near small-scale vents to create a low-resistivity
zone. In particular, Zone D, which has low resistivity, is attributed to caldera sedimentary layers or caldera faults.
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Fig. 9. 3D fence diagram showing optimal analysis results for the cross-sectional resistivity distribution. A survey was
conducted along four survey lines crossing Line 1 for the Albong Basin and Line 2 for the Nari Basin. The survey revealed
low-resistivity zones (500 Q-m) comprising sedimentary layers or weak zones, and high-resistivity zones of trachyandesite.
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Fig. 10. Map showing the electrical resistivity survey lines with the inferred caldera fault and its anomaly zone.
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