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ABSTRACT: The Ulleung Basin (Tsushima Basin) in the southwestern East Sea (Japan Sea) is floored
by a crust whose affinity is not known whether oceanic or thinned continental. This ambiguity resulted
in unconstrained mechanisms of basin evolution. The present work attempts to define the nature of the
crust of the Ulleung Basin and its tectonic evolution using seismic wide-angle reflection and refraction
data recorded on ocean bottom seismometers (OBSs). Although the thickness of (10 km) of the crust
is greater than typical oceanic crust, tau-p analysis of OBS data and forward modeling by 2-D ray tracing
suggest that it is oceanic in character: (1) the crust consists of laterally consistent upper and lower layers
that are typical of oceanic layers 2 and 3 in seismic velocity and gradient distribution and (2) layer 2C,
the transition between layer 2 and layer 3 in oceanic crust, is manifested by a continuous velocity increase
from 5.7 to 6.3 km/s over the thickness interval of about 1 km between the upper and lower layers.
Therefore it is not likely that the Ulleung Basin was formed by the crustal extension of the southwestern
Japan Arc where crustal structure is typically continental. Instead, the thickness of the crust and its velocity
structure suggest that the Ulleung Basin was formed by seafloor spreading in a region of hotter than
normal mantle surrounding a distant mantle plume, not directly above the core of the plume. It seems
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that the mantle plume was located in northeast China. This suggestion is consistent with geochemical
data that indicate the influence of a mantle plume on the production of volcanic rocks in and around
the Ulleung Basin. Thus we propose that the opening models of the southwestern East Sea should incorporate
seafloor spreading and the influence of a mantle plume rather than the extension of the crust of the Japan

Arec.

Key words: Ulleung Basin, Crustal structure, layer 2C, mantle plume

(Kim, Han-Joon, Marine Tectonics lab., Korea Ocean R & D Institute, Ansan P.O. Box 29, 425-600,

Korea. email: hanjkim@kordi..re.kr)
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Fig. 1. Physiographic map of the East Sea (Japan Sea) showing the discrimination of crustal type (from
Tamaki et al., 1992); JB, YB and UB = Japan, Yamato and Ulleung Basins, respectively, YR = Yamato
Ridge, KP = Korea Plateau, and OK = Oki Bank. Bathymetry is shown in meters. The numbers indicate
the locations of DSDP and ODP sites. Inset shows the plate configuration; OP, PT, PP and AP = Okhotsk,
Pacific, Philippine and Amurian plates, NT and JT = Nankai and Japan Trenches, respectively. Note
that the crustal structure and type of the Ulleung Basin are under assumption.
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Fig. 2. Location map of wide-angle seismic profiles with magnetic anomaly of 100-400 nT along the
southeast coast of the Korean Peninsula (Isezaki and Shevaldin, 1996; Han et al., 1997). Circles indicate
the positions of 13 OBSs that returned with seismic signals from the crust. Bathymetric contour interval
is 200 m. Thick line segment 91 is the multichannel seismic profile whose section is shown in Fig.
14. Position of extrusive volcanic rocks (25-17 Ma) in the southeast Korean Peninsula is shown by
shading (from Chough and Lee, 1992; Yoon and Chough, 1995).
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Fig. 3. Part of the record section of OBS-12 (a) before
and (b) after spectral balancing and SSD (spatial signal
detection) filtering. Arrows indicate noisy traces of resonant
character.
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Fig. 4. (a)-(f) Record sections of OBS-4, 6, 12, 13, 19, and 22, respectively. Data portions processed by spectral
balancing and spatial signal detection filtering are underlined. Circles denote the calculated traveltimes from

crustal models in Fig. 10.
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Fig. 6. (a) The crustal velocity-depth function derived by tau-sum inversion of the OBS-13 tecord.
The surrounding band represents confidence bounds for —+ 0.005 of picked p values. (b) The
measured velocity distribution of oceanic layer 2 in ODP Hole 154B (from ODP Leg148 Scientific
Party, 1993). Velocities higher than 5 km/s from Fig. 6a are shown by circles for comparison.
{¢) A comparison of velocity(=5 kmjs)-depth profile in Fig. 6a (thick curve) with those (H5,
H6, and H10) from oceanic crust in areas affected by the Iceland mantle plume (from White
et al., 1992). The Moho depth of 16 km under OBS-13 was computed from PmP arrivals (see
Fig. 11d). The curves were aligned with 5 km/s at 6.2 km depth.
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Fig. 13. Distribution of alkaline basalts in northeast Asia
(from Nakamura, 1989; Yoon and Chough, 1995). Three
provinces produced by the hot region, designated as 1,
2, and 3, are centers of intense volcanic eruption of
Miocene (26-13 Ma), Pliocene-Pleistocene, and Pliocene-
Holocene, respectively (from Miyashiro, 1986). The
basalt fields in northeast China are scattered along the
failed rift system in the NE-SW direction (Tatsumi and
Kimura, 1991).
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