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Wavy bedforms and channel-like structures on the shelf slope near the Oki-Danjo Hills in the East China Sea:

the developed process of bedforms by internal gravity waves
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Abstract

According to Aoki et al. (2023, in Japanese), there are distinctive bathymetry and geological structures,
e.g. lineaments or faults, near Oki-Danjo Hills (ODH) in the East China Sea. In this report, we research
wavy bedforms and channel-like structures typically distributed near the ODH, which is unprecedented in
the past. The observational data comes from the Japan Coast Guard survey vessels. We described the
characteristics of the bathymetric and backscatter data obtained with a multibeam echo sounder, acoustic
profile images acquired with a sub bottom profiler and multi-channel seismic reflection system, and
sediment cores collected with a grab sampler. The bathymetric data showed that wavy bedforms and
channel-like structures were distributed in the depth range of 220 — 300 m, 160 — 220 m, respectively. Wavy
bedforms are a few meters high with a spacing of about 200 m, on average. Channel-like structures are
typically about 30 m high. Acoustic images indicated those structures were not formed by faults or elasto-
plastic deformations due to their internal structure. We plotted observational data on scatter diagrams
based on height vs. wavelength, wavelength vs. grain size and height vs. grain size, and those distributions
were shown to be consistent with previous studies. Therefore, those wavy bedforms might be formed by
internal gravity waves. In addition, we also analyzed oceanographic data obtained with an expendable
conductivity temperature depth profiler and an acoustic doppler current profiler, etc. From the oceanographic
data, the baroclinic eastward current speed showed approximately a semi-diurnal phase-inversion in the
vertical structure. That may be caused by internal tides. The acoustic anomalies in the water column data
were seemed like internal solitary waves. The anomalies and peaks of squared buoyancy frequency were
at the almost same depth. Hence, internal gravity waves can be occurred on the East China Sea slope.
Moreover, the water depth zones where the wavy bedforms and channel-like structures were distributed
roughly coincided with the water depth zones of internal solitary waves seen in the water column images.
Based on the insights from observational data, we analyzed theoretically utilizing the slope criticality of
internal gravity waves. As a result, near wavy bedforms it was under supercritical condition and near
channellike structures it was under near-critical condition. This implies that internal gravity waves
occurred on the East China Sea slope can contribute to the developed process of wavy bedforms and
channel-like structures near the ODH.
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Fig. 1. The observational area. (a) Overview of the East China Sea slope. (b) Survey lines, survey points, and a vertical

cross-section for analysis.
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Fig. 2. Multibeam mapping results (10 m grid). (a) Overview of the observational area. (b), (c), and (d) An example of
wavy bedforms and channel-like structures ((b) northern area, (c) central area, (d) southern area).
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(a)

Fig. 3. Backscatter intensity mosaic maps (10 m grid).
Dark and light colors correspond to high and low
backscatter, respectively. (a) Overview of the
observational area. (b) An example of wavy
bedforms and channel-like structures.
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Fig. 4. The scatter diagram of the height and wavelength
of wavy bedforms. The horizontal axis indicates
wavelength [m] and the vertical axis indicates
height [m]. Note that both are logarithmic. The
lines are taken from Flemming (1988).
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Fig. 5. The sub bottom profiler image. The horizontal axis indicates pings No. and the vertical axis indicates the two-

way travel time [ms]. A part of seismic survey line: ODH13.
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(a) ODH13

(b) ODH14
FFID 238

Fig. 6. Seismic reflection profiles. The horizontal axis
indicates pings No. at intervals of approx. 10 m
and the vertical axis indicates the two-way travel
time [ms]. (a) A part of seismic survey line:
ODH13. (b) A part of seismic survey line:
ODH14.
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Fig. 7. Photographs of the seafloor. The arrow indicates
north from a tilt/orientation sensor. (a) The
sedimentary sampling site: HU17. (b) The
sedimentary sampling site: KE17.
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Fig. 9. Histograms of grain size analysis. The horizontal
axis indicates grain size [ ¢ ] and the vertical axis
indicates weight frequency [%]. (a) The
sedimentary sampling site: HU17. (b) The
sedimentary sampling site: KE17.
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Fig. 10. Wavelength and height of wavy bedforms as a
function of grain size. We plotted the modal
grain size from the grain size analysis, and the
wavelength and height of the wavy bedform
which is localized the nearest to 2 sedimentary
sites. (a) A scatter diagram of wavelength and
grain size of wavy bedforms (The horizontal axis
indicates grain size [mm] and the vertical axis
indicates wavelength [m]. Note that both are
logarithmic. Dashed lines are from Flemming
(2000)). (b) A scatter diagram of height and
grain size of wavy bedforms (The horizontal axis
indicates grain size [mm] and the vertical axis
indicates height [m]. Note that both are
logarithmic. Dashed lines are from Flemming
(2000)).
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Fig. 12. Contour diagrams of baroclinic currents on the
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indicates lateral distance [m] and the vertical axis
indicates depth [m]. (a) Eastward current speed
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Fig. 13. Water column images. Dark and light colors correspond to high and low intensity, respectively. (a) The

vertical cross-section along the ship track. The horizontal axis indicates time (UTC) and the vertical axis

indicates depth [m]. (b) The across-track view. The horizontal axis indicates lateral distance [m] and the

vertical axis indicates depth [m].
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Fig. 14. The profile of the squared buoyancy frequency
(Brunt-Vaisilid frequency). We calculated the
profile with the water temperature and salinity
profile utilizing the thermodynamic library
TEOSI10. The horizontal axis indicates the
squared frequency [s?] and the vertical axis
indicates the depth [m].

14. #H3REE (Brunt-Vaisild 3RENE) o 2 Foh
707 7 A V. WG L 72K - 0087
077 AN SENFEER T 4 7 ) TEOSIO0
ZIHWTHB L. #llIRE o 2 5% [s7],
e KR [m].

BEFE A S N7z Fig. LR TRz Iy -
F, WEMIE T — 5 LR T — 556, (26) K

DGEMEE W TERA &G 285N L2k % Fig.
I51IRT. STy &2RkDBIIH7zoTiE, 25
(2" L7 MBES @ g i HL 2 7 — % X 0 Wi (2
HoTIOmBOKTEEZ, KDz y TBET
a7z )i, @28 o8, PIEREDN
OIRBY I OHEPEIRBYF 1 Yoshikawa et al. (2010)
ASEIL, w=145 x 10" [s'] CEHBMONE
Wi M), f=765x10"[s"] &L, #HIR
B % (Brunt Vaisild IREj %) @ 2 F 2 1 Fig. 14
H1o) 280 m D ¥ — 7 fili N* = 3.75 x 10" [s7] %
fiEH L7z, Fig. 15 o #hi#iix (26) o &%
BN THNTE Y, y 237 A T ZADYEIIAG
FTHHEICH LTI 2 HMOFHERT 720, 7
Ty FLTwWZWw, Fig. 156 X0, WEREHKRD
fEHHEEIRETr»2HmmE LT ML
subcritical &£ T2 1), shelf break X U8 F ¥ %
WV AEHE TS A5 C near-critical 44, Bl #hm sk X
supercritical &b & %% Z Eb b, 2Nk
78 @ Miramontes et al. (2020) DOFEF L —3HT 5.
WEFES S BTN E WA S b X9 2k
JEHE#& D & %, shelf break I2& 5 F ¥ & WV ik
1Y Tl near-critical S&fF D728, WEE I

_32_



Wavy bedforms and channel-like structures on the shelf slope near the Oki-Danjo Hills in the East China Sea: the

developed process of bedforms by internal gravity waves

PEIICHE SN D Z L T AV F—Bngs
AU, g FR AT T erosional R BRI L 4 5.
ke B DS ch b L &, MRS NN
WEDWINT L BB EITHNTF v IV L
W2HET 5 & & 7% A (Cacchione et al., 2002 ;
Miramontes et al., 2020). —7J5, FEMIFHEIZ B W
T, WA S AGF LT & 22 NFRE I B ph I~
THEIIEHTZ L) REHTICHL. WKy
N7 4 — 503904 $ % #) 220 — 310 m D K
1%, Fig. 13X Fig. 14 T/RL72&B ) NHEIIP
DR L TWD Z EAURIE SN, WKEANITICH
Wl A D SR E T 1) & A RS S M NERE Dk
& o THERI OBREDEL, Ry P74+ —
A EINTEE 2 5N b,. Maetal (2016)

W&k BE, HEBIHEREPRE RBEIRNY F7 4+ —
2%, supercritical 51 CTHRAT S Nz NEE )
WICLDFELLDOLERINTBY, K
THBIR I NWHEIRX Y 7 + — A 2% Flemming
(1988), Flemming (2000) ® X4 —1) » 7 ET
BB CHo7-2 L MFETHAL LT R
5.

42 SHEDRE
421 WK - WETFT—F ZH 2Ry F
T+ — AT v R OVERRE S DO BI%E
AR BT MBES THUHN S 7z g i #
F=FI2i, BELL 7y MY v MEAENE
NENNEIWATr— VD7 =547 727 bEHY

> 10" 1 /W/WW\NW
.(_L_g ,\WJ f' critical
= 10-1 4
; 10 subcritical
S
o 10-3 — criticality]
0 0 2000 4000 6000 8000 10000 12000
— 100 -
E
S 200 A
o
[
2 300 -
00 —— bathymetry
4 I I I I I I
0 2000 4000 6000 8000 10000 12000

Lateral distance[m]
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