Terr. Atmos. Ocean. Sci., Vol. 30, No. 5, 605-611, Ocober 2019

doi: 10.3319/TA0O.2019.08.27.01

Introduction to the special issue on tectonic environment and seabed resources
of the southern Okinawa Trough

Song-Chuen Chen', Jing-Yi Lin 3", Chih-Chieh Su*, and Wen-Bin Doo?

! Central Geological Survey, Ministry of Economic Affairs, New Taipei City, Taiwan
2 Department of Earth Sciences, National Central University, Taoyuan City, Taiwan
3 Center for Environmental Studies, National Central University, Taoyuan City, Taiwan
*Institute of Oceanography, National Taiwan University, Taipei City, Taiwan

Received 25 August 2019, Accepted 27 August 2019

Keywords: Southern Okinawa Trough, Hydrothermal system, Taiwan, Back-arc basin

Citation: Chen, S.-C., J.-Y. Lin, C.-C. Su, and W.-B. Doo, 2019: Introduction to the special issue on tectonic environment and seabed resources of the south-
ern Okinawa Trough. Terr. Atmos. Ocean. Sci., 30, 605-611, doi: 10.3319/TA0.2019.08.27.01

Okinawa Trough (OT) is a back-arc basin behind the
Ryukyu arc-trench system and located along the eastern
margin of the Eurasian continent. It extends from the south-
west Kyushu Island to the Ilan Plain of Taiwan (Fig. 1). The
width and water depth vary from about 230 km and 200 m
in its north to 60 - 100 km and 2300 m in its south (Sibuet
et al. 1998). Based on geophysical and geological studies,
the Okinawa Trough is considered to be in the rifting stage
(Lee et al. 1980; Letouzey and Kimura 1986; Sibuet et al.
1987, 1998; Uyeda 1987; Kimura et al. 1988). Such a tec-
tonic setting is characterized by active normal faulting in
its upper crust and numerous intrusions of magma. Hence,
the OT is expected to have a favorable environment for the
development of a hydrothermal system. Recently, diverse
microbial communities and other hydrothermal minerals
have been discovered in the middle and northern Okinawa
Trough (Uyeda 1987; Kimura et al. 1988; Halbach et al.
1989; Sakai et al. 1990; Glasby and Notsu 2003; Liiders
and Niedermann 2010; Ishibashi et al. 2014; Toki et al.
2016; Minami and Ohara 2017). The southern OT is close
to Taiwan and topographically has the lowermost trough
throughout the Okinawa Trough (Fig. 1), suggesting a pro-
nounced back-arc basin. However, restricted by the limited
sampling and sequencing studies, our understanding of its
marine environment and hydrothermal potential is poor.
Supported by Central Geological Survey (CGS), Ministry
of Economic Affairs (MOEA) of Taiwan, a 4-year program
entitled “Geological Investigation of Mineral Resource Po-
tential in the Offshore Area of Northeastern Taiwan” was
launched in 2016. Significant contributions have been made
in understanding the origin, distribution, and characteristics
of hydrothermal deposits in the southern Okinawa Trough.
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Integration of geological, geophysical, geochemical and
seafloor observation studies of the background environment
is very helpful for understanding the hydrothermal mineral
deposits in the southern OT.

The beginning of the Okinawa Trough back-arc rift-
ing is suggested to be in Late Miocene (Hirata et al. 1991,
Miki 1995; Shinjo et al. 1999; Chung et al. 2000; Shinjo and
Kato 2000). The earliest opening, probably associated with
the formation of the Japan Sea, may start in the middle and
northern OT between 10 - 6 Ma (Sibuet et al. 1987; Miki
1995; Shinjo et al. 1999). Together with the clockwise rota-
tion of the southernmost Ryukyu Arc, the southern OT start-
ed to open in Plesistocene (~2 Ma) (Miki 1995; Park et al.
1998; Shinjo et al. 1999). Based on seismic data, Sibuet et al.
(1998) suggested two last extensional phases in the SOT: a
rifting along N150° during Pleistocene (2 - 0.1 Ma) and one
along N170° during late Pleistocene-Holocene (0.1 - 0 Ma),
respectively. Active rifting structures and extrusion or intru-
sion of magma display the most pronounced tectonic features
in the SOT. The excessive magma supply and the extension-
al normal faults provide thermal sources and conduits, which
facilitate the hydrothermal fluid circulation. The multi-beam
bathymetric and seismic data in the southern OT indicate the
presence of more than 70 submarine volcanos in the SOT.
Although several volcanic structures have been recognized
in the previous investigation (Sibuet et al. 1998; Tsai 1999;
Lee et al. 2004), a lack of a consistent name for those struc-
tures makes it difficult for discussions in related studies. In
this special issue, we group and label the major structures on
the basis of their geological characteristics, which provides
a more systemically idea about the geological structures in
the SOT (Fig. 2). Yunaguni Knoll IV-1 (YK4-1) is the first
reported hydrothermal site in the SOT. It is characterized
by massive sulfide deposits, sulfide chimney, active black
smoker and extremely high heat flow (Inagaki et al. 2006;
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Fig. 1. Tectonic setting of the Ryukyu subduction and the Okinawa Trough system. SOT and MOT indicate the southern and middle Okinawa
Trough; IP shows the Ilan Plain.
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Fig. 2. Bathymetry and geological structures in the southern Okinawa Trough. The main normal faults and mineral potential sites are indicated by
blue lines and yellow stars, respectively.
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Suzuki et al. 2008; Nunoura et al. 2010; Gena et al. 2013;
Ishibashi et al. 2015), which shows a high hydrothermal po-
tential site. Fire Dragon volcanic group, including Fire Drag-
on Volcano 1 (FDV-1) and Fire Dragon Volcano 2 (FDV-2),
represents the submarine volcanos with significant volcanic
morphology, which can be well identified by the seafloor
morphology. This type of volcanos is generally located in
the central axis. However, the Mienhua Volcano (MHV)
is situated at the foot of the Mein-Hua Submarine Canyon
(MHSC) and may be related to post-collisional volcanoes in
northern Taiwan (Wang et al. 1999). The volcanos without
outcrops on the seafloor are defined as Earth Dragon volca-
nic group, which comprises Earth Dragon Volcano 1 (EDV-
1), Earth Dragon Volcano 2 (EDV-2), and Earth Dragon
Volcano 3 (EDV-3). All these volcanos are located at the
continental slope, to the northeast of the MHSC. Two po-
tential hydrothermal sites without volcano-like shape have
also been identified in the SOT, the Geolin Mounds (GLM)
and the Penglai Fault zone (PFZ) (Hsu 2017). The two sites
are discovered during the implementation of the “Geological
Investigation of Mineral Resource Potential in the Offshore
Area of Northeastern Taiwan” project, supported by CGS.
Offshore northeastern Taiwan, the seafloor displays three
particular features of bathymetry: the Yilan Ridge (YR), the
North Yilan Ridge Spur (NYRS), and the South Yilan Ridge
Spur (SYRS). However, few volcanic bodies were reported
around this area.

Being aware of the importance of enquiring the related
tectonic and environmental processes for the generation of
hydrothermal mineral resources and its possible impact on
the surrounding microbial communities, this special issue
has collected 9 papers, mainly addressing the tectonic envi-
ronment and seabed resources of the southern OT.

First of all, the formation and evolution of hydrother-
mal fields are largely affected by magma activities, which
are deeply associated with the regional tectonics, i.e., the
subduction and back-arc rifting. Lo et al. (2019) has docu-
mented the crustal stress field of the southernmost end of
the Okinawa Trough, the Ilan Plain (IP), by using the fo-
cal mechanisms shallower than 15 km during the period
1996 - 2016. They show that the dominant stress regime
in that region is of extension and the E-W trending axis of
the IP, cutting through the plain, plays the role of a distinc-
tive stress boundary. The o3 is along the NW-SE direction
in the north, but changes to N-S in the south. Nevertheless,
the distribution of o, is relatively complex. Although the
0, is consistent in N-S direction off IP, the directions are
uncertain but mainly along the NW-SE and NE-SW in the
northern and southern part of the IP, respectively. Their re-
sult infers that the opening process of the SOT is undergo-
ing in its western end and could be affected by the inland
geological structures.

The submarine volcanos are generally considered as an
indicator for the presence of a hydrothermal system. Howev-

er, dominated by the complex extensional faults in the SOT,
the volcanos locations may not be the direct response of the
heat supply from the source below the seafloor. To study the
distribution of low frequency (LF) volcanic events, Lin et al.
(2019a) examined the waveforms of 2263 earthquakes col-
lected by the inland Central Weather Bureau Seismic Net-
work (CWBSN) stations between 1991 and 2011. The LF
earthquakes are regarded worldwide as an indication of the
motion of magmatic fluid at great depths. They found 80 LF
earthquakes and compared the hypocenters with an updated
relocation seismicity catalog to obtain more reliable epi-
center locations. Their results show that the LF events were
mainly located along the central axis of the SOT or to the
southeast of the Kueishantao (KST) Island. The depths of
the LF events change from about 15 km near KST to 20 km
along the central axis of the SOT. Additionally, the LF
earthquake clusters near the KST show a spatial migration
over a span of 4 years. The distribution of LF earthquakes
shows that the hydrothermal sites of the SOT system should
be located near its central axis or near the KST. Besides heat
source supplies, host rock composition is also crucial for
the hydrothermal alteration in the submarine mineral sys-
tem. To analyze this aspect, Lin et al. (2019b) analyzed the
mineral resource potential based on the geochemical char-
acters of the cored sediment pore-water. They quantified
that the sedimentary carbon remineralization rate in SOT is
1.68 = 0.21 mmol C m? d! in the upper 30 cm sediment
column, which is 10 times lower than the East China Sea
area. This descend remineralization rate was attributed to
the lower bottom-water temperature and carbon flux in the
SOT. In addition, a high carbon burial efficiency of 68%
also infers the combined effects of small rivers and rifting-
induced particle trapping processes. On the other hand, ex-
tremely high Fe?* concentrations (up to 450 pmol L") in the
pore-water were observed, which indicates the incorpora-
tion of hydrothermally derived reactive Fe into sediments.
Finally, all the observations lead to the conclusion that the
general diagenetic condition is the main factor controlling
the sediment composition with a slight affection from the
hydrothermal activities.

Bearing all the background information in mind, the
discovery of the potential hydrothermal sites relies on the
use of marine geophysical and geochemical methods. In
hydrothermal circulation sites, hot water brings volcanic
materials through the conduits, known as a “black smok-
er”, forming a smoky zone (Baker et al. 1995). This vent-
ing black smoker emits jets of particle-laden fluids to the
water column, which could be detected by echo-sounder
water-column imaging technology. In this special issue,
Tsai et al. (2019) analyzed the 38 kHz single-beam echo
sounder (EK60) acquired from 13 surveys and recognized
266 gas plume acoustic images, which are probably asso-
ciated with the SOT hydrothermal circulation system. The
distribution of the gas plumes is an important indicator for
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the hydrothermal sites. In addition, they further used the im-
ages to estimate the bottom current speeds, which vary from
2 - 160 cm s in volcanic area to 20 - 50 cm s™! in relatively
flat area. Their results also indicate a periodic variation of
bottom current direction linked to the semi-diurnal tide. On
the other hand, active venting hydrothermal sites are often
characterized by high heat flow and specifically geochemi-
cal features with high metal element content. Both factors
should influence the magnetic field. Doo et al. (2019) ex-
tracted short-wavelength magnetic signals from a deep-
towed magnetic survey to study the shallow subsurface
structures of hydrothermal systems. Assume a magnetized
layer with a constant thickness of 500 m and seafloor as the
top surface, the crustal magnetization map could actually
reflect the magnetic characteristics of subsurface materi-
als. Compared with the gas plumes distribution and other
geochemical/geophysical observation, several low magnet-
ic anomalous zones, i.e., GLM and PFZ, are suggested to
have high hydrothermal potential. Except for the magnetic
data acquired from a larger scale survey, the magnetic sus-
ceptibility measured from sediment cores can also provide
magnetic signatures for the hydrothermal system. Huang
et al. (2019) analyzed the marine sediment cores obtained
near the YK4-1 hydrothermal site. They found that the core
samples extracted from the sites with no gas disturbance ex-
pose a stable magnetic susceptibility of about between 20 x
10 and 60 x 107 SI, which is close to the background value
of the SOT. However, the magnetic susceptibility from the
sediment cores affected by gas activities could have large
variation. They suggest that authigenic iron sulfides asso-
ciated with the hydrothermal alteration could be the main
cause for the abrupt change of the susceptibility. Regard-
ing to hydrothermal alteration, fluid flow in porous rocks is
one of the main mechanisms to transport minerals from the
lower crust into upper crust of the Earth. In order to under-
stand the fluid flow pattern in a hydrothermal field, Wu et
al. (2019) use in-situ 4 temperature profiles data and apply
1-D- “Péclet number analysis” and 3-D numerical modeling
methods to estimate the fluid flow rate in the YK4-1. The
objective is to understand the physics behind the fluid flow
rate and in-situ temperature observations. Their results show
that the fluid migration rates are about 84 and 117 m yr'
based on the 1-D and 3-D modeling methods, respectively.
Importing the parameters of 30 cm as fissure diameter and
1.025 g cm? as fluid density, the 3-D modeling can also
derive a flux-emitting rate at site of about 0.27 g s™', which
offers a quantitative estimation for the fluid migration.

For the investigation of the hydrothermal systems near
Taiwan, the most stunning thing could be the discovery of
the unconventional hydrothermal sites of GLM and PFZ.
No obvious submarine volcanos are associated with those
two sites, but only with numerous morphological mounts of
several to tens of meters (Hsu 2017). The finding of those
two sites was mainly accomplished by deep-towed side-

scan sonars (Hsu 2017). Acoustically blanking zone in the
shallow sediments was also imaged by sub-bottom profilers.
The water columns above these two sites contain several gas
flares (plumes) that may reach the sea surface. To further
understand the nature of these two sites, Hsu et al. (2019)
performed a pseudo-3D processing to the multi-channel
seismic (MCS) surveys data conducted in 2018 and create a
pseudo-3D seismic image of the GLM. The seismic cube al-
lows a better determination of fault structures and provides
estimation of blanking zones on selected time slice. They
also suggested that GLM is in its embryo stage of evolution
for its hydrothermal system, which can explain why no sub-
marine volcanos were found on the seafloor. Furthermore,
the obvious blanking zone determined from the seismic data
infers also constantly the vigorous subsurface hydrothermal
circulation. They suggested that extensive studies in the
GLM could be helpful for understanding the development
of the seafloor edifice and ore mineralization associated
with hydrothermal circulation activities.

For the exploration of marine mineral resources, it is
very important to develop independent observational re-
search capabilities. In this special issue, Chou et al. (2019)
introduced the new-developed deep-towed vehicles and sea-
floor survey results obtained in 2016 and 2017 to demon-
strate the instrument ability and the seafloor characteristics
in the SOT. Their instrument includes 4 main components,
the Abyss Twist-pair Imaging System (ATIS), the Video-
guided Multi-corer (V-Corer), the TV-guided Grabber
(TVG), and the Fiber-optical Instrumentation Towed Sys-
tem (FITS), which allows real-time visual observation for
the seafloor. Several videos, samples of animals, sediments,
and mounds, have been acquired and analyzed for various
research proposes. In their paper, the video data are cross-
checked and various of seafloor features are classified. Bio-
logical communities, including deep-sea mussels and squat
lobsters, are the most popular aspect which can be observed
for all the hydrothermal sites. The presence of bubble phe-
nomenon and active hydrothermal chimneys provide the di-
rect evidence about the hydrothermal potential in the SOT.

Through the collection of the papers in this issue, we
wish to promote our understanding of hydrothermal sys-
tem in the SOT and to stimulate more multidisciplinary
researches on hydrothermal potential in Taiwan. All the ef-
forts cannot only provide an opportunity for the discussion
of research results, but also emphasize the support from the
government for the study on the marine sciences.
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