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Abstract: As the seafloor extreme environmental systems, both hydrothermal vents and cold seeps are the critical pathways between the
lithosphere and exosphere (biosphere, hydrosphere and atmosphere) for transfer and exchange of materials and energies. There are significant
differences, but also many similarities between the two systems. Recent investigations show that in some special tectonic units, hydrothermal
vents and cold seeps are not isolated from each other, but instead there are some interactions or coupling relationships in terms of tectonic
geology, biological ecology and element cyclicity. As a typical back-arc basin in the western Pacific Ocean, there are abundant hydrothermal
vents and cold seeps developed in the Okinawa Trough (OT). Therefore, it has become an ideal natural laboratory for studying the two extreme
environmental systems and their interactions. On the basis of literature researches and careful field case studies, we investigate the material
diffusion process and biogeochemical process between cold seeps and hydrothermal vents adjacent to each other within the trough. A conceptual
model is then established for the interactions between the fluids from the two extreme systems. Our results suggest that it would help to establish
a more complete model of the coupling relationship between the two systems in the future, if the structural development characteristics, pore
fluid evolution, biological communities, and mineral chemistry of the two deep-sea extreme environments are systematically analyzed.

Moreover, it will help to reveal the interaction between them in biological ecology and finally establish a model of interaction between
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hydrothermal vents and cold seeps on the basin scale, so as to better understand the interaction process between cold seeps and hydrothermal
systems and even the coupling of “flow-solid” in the Western Pacific Ocean or the whole Earth.

Key words: hydrothermal activities; cold seeps; interaction; material and energy cycle; Okinawa Trough
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Fig.1 Geological settings where hydrothermal fields and cold seep systems coexist in the global oceans
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Fig.2 Typical profiles of seafloor mud volcanic cold seeps (A) and hydrothermal vents (B) on a mid-ocean ridge

In subfigure A, AOM: anaerobic oxidation of methane, GHSZ: gas hydrate stability zone, MDAC: methane-derived authigenic carbonate. Subfigure A

is modified from Ceramicola et al.”” and subfigure B from German et al.”"
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Fig.3 Relationship between seafloor cold seeps and nearby igneous sills across the northern Guaymas spreading segment,

according to seismic observations™"

A. Time-migrated MCS section with the amplitude coloured for large values, which tend to indicate sills, gas or turbiditic strata. The green rectangles indicate

the bottom panels of depth-migrated detail; B. Sills with overlying disturbed region (green), lateral termination of disturbed region, thickness of post-

intrusion sediments, and onlap onto the post-intrusion sea floor indicated; C. Shallow gas above interpreted young sill; a seafloor community is

located above this feature; D. Sills beneath mound within axial graben; E. Saucer-shaped sills beneath turbiditic sediments
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Fig.4 Comparison of extreme ecological communities between adjacent hydrothermal vents and cold seeps in the Okinawa Trough

A. Tubeworm clump in the Minami-Ensei Knoll, c.f. Watanabe et al. (2015)*%; B. Typical rocky fauna in the Minami-Ensei Knoll, c.f.

Watanabe et al. (2015)"%; C. Tubeworm and clam from the GT-D1 cold seep site. Image by ROV Beaver during the integrated environmental

and geological expedition of R/V Zhangjian in 2017; D. Clam bed observed in the GT-D1 cold seep site. Image by ROV FCV3000 during

the integrated environmental and geological expedition of R/V Zhangjian in 2018
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