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Fig. 1 Developmental state of hydrate pingoes in Kwanza basin, offshore Angola
A the site of Kwanza basin and submarine hydrate pingoes; B: pingoes morphology and distribution and theirs relation to salt diapir-related
bathymetric high; C: two-dimensional seismic profile of bathymetric high formed by mini basins, salt nappes, and salt diapirs;

D: two-dimensional seismic profile illustrating pingoes geometries, discontinuous BSR, and deep plumbing system. (After reference[ 27])
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Table 1 Geomorphology and geophysical characteristics of submarine hydrate pingoes in Kwanza basin,

offshore Angola (after reference [27])
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Fig. 2 geomorphology of submarine hydrate pingo and the development of its surface organism

A the pingo“Icel” in pockmark G11, in Norwegian Sea; B: the pingo“Ice4” in pockmark G11, in Norwegian Sea; C: the pingo“Ice6”

in pockmark G11, in Norwegian Sea; D: the pingo in Barkley Canyon, in the northern Cascadia Margin (After references [ 16, 26])
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Fig. 3 Schematic diagram of submarine hydrate pingo formation and evolution (after references [26,27])
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Fig. 4 Schematic diagram of submarine hydrate pingoes formation in complex pockmark G11, Nyegga region, Norwegian Sea
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SUBMARINE HYDRATE PINGO

ZHANG Jinhua'?, WEI Wei*, LIU Jie*', YANG Rui*', XIAO Hongping®,
PENG Yong*, ZHANG Qiaozhen’, CONG Xiaorong®*

(1. China University of Geosciences, School of Ocean Sciences, Beijing 100083, China; 2. Research Institute of
Petroleum Exploration and Development-Langfang, Hebei Langfang 065007, China; 3. Guangzhou Institute of Energy Conversion,
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Abstract ; Submarine hydrate pingo is a special kind of seabed topographic features, whose appearances vary
from smooth, well-rounded, steep-sided mounds to rough, uneven, gently dipping mounds. Submarine
hydrate pingo usually emerges as blank reflection in seismic profiles, and is closely related with bottom-
simulating reflection (BSR). This paper summarizes the previous researches on the submarine hydrate pin-
go. On this basis, we believe that, the relatively large-scale submarine hydrate pingo is usually formed ad-
jacent to high-flux focused fluid migration pathway; the occurrence of submarine hydrate pingo possibly in-
dicates the occurrence of hydrate and hydrocarbon reservoir under the pingo, and the continental margin
focused-fluid migration. At the same time, in the function of focused-fluid migration, upward migration of
heat flow and highly saline fluids may result in the shoaling of BSR. Furthermore, the formation and evo-
lution of submarine hydrate pingo is a dynamic process, conducted in an open flow system, which is divid-
ed into three phases, including hydrate nucleation, hydrate aggregation/pingo formation, and hydrate dis-
sociation/pingo collapse. The gases of hydrate pingo formed in the open flow system are derived from ex-
ternal fluid after “deep” sediment percolation, which can form hydrate deposits with larger-scale and high
saturation, and have the exploration value. To better understand the evolution history of submarine hy-
drate pingo, and the relationship between submarine hydrate pingo and focused migration pathway as well
as the location of BSR distribution, more seabed survey and high-resolution multi-channel seismic survey
should be carried out, and a comprehensive evaluation should be conducted combined with geochemical
methods.
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