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Subsurface gas geochemistry and its
implication to possible gas hydrates
in the Qinghai-Tibet permafrost
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Field investigation shows that gases from lower
atmosphere, cold vent, subsurface ice and sediment are mainly
composed of hydrocarbons. Their gas geochemistry indicates
that gases from subsurface sediment can be expressed in a
mixture of 91.13% CH; + 6.54% C,H¢ + 2.33% C;H; if
hydrocarbons are normalized. Similarly the composition of
gases from subsurface ice can be characterized by 96.38%
CH,4 + 2.93% C,Hg + 0.69% C3Hg; the composition of gases
from cold vent is almost 100% CH,4 or 99.20% CH,4 + 0.80%
C,Hg and that of gases from low atmosphere is 100% CHj.
These gases from varied media appear anomalous in some
locations. Theoretically if under appropriate temperature and
pressure conditions hydrocarbons could be formed into gas
hydrate. Hence these anomalous gases could be the result of
dissociation of gas hydrate due to environmental change in the
permafrost.

Given the existence of heavy hydrocarbons, the
phenomenon of gas variation from varied media, and the
development of active faults or fractures [1], these anomalous
gases could also be partly derived from the deep layer in the
course of faulting activities, or partly from the shallow layer
under the transformation of organic matter, or partly from the
relic gas reservoir in the glacier displacement process [2]. If
these gases have a common source and potentially form gas
hydrate in the permafrost, the source could be indicated by
two cases: one from subsurface ice and the other from cold
vent. Based on such gas compositions, together with the mean
annual surface temperature, thermal gradients above and
below the base of permafrost, possible gas hydrates are
modelled. The minimal permafrost thickness necessarily for
gas hydrate to occur is 50.57 and 134.41m respectively in the
two cases. In possible gas hydrates the upper occurrence depth
is ~67m to ~186m; the lower depth is ~244m to ~1000m; the
thickness is ~145m to ~935m.
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Ikaite is a calcium carbonate hexahydrate (CaCO;*6H,0)
considered to be stable only at low temperatures. It has been
used as an indicator of near freezing bottom water, and the
hydration water contained in the crystals has been suggested to
be a potential record of ice volume[l]. We determined the
chemistry of two sediment cores collected by U.S. Antarctica
Program cruise NBP0703, containing large ecuhedral ikaite
crystals in the Antarctica Peninsula region (Bransfield Strait
and Firth of Tay). Strong organic matter degradation and
anaerobic oxidation of methane (AOM) in both cores results in
rapid consumption of sulfate and large variations in 8" *Cpyc at
relatively shallow depths (< 2m). A rapid build-up of DIC is
accompanied by a sharp decrease in dissolved Ca
concentrations around the SMTZ, presumably due to
precipitation of authigenic calcium carbonate, including ikaite.
Organic matter diagenesis and AOM both affect the DIC and
pH of the pore water, which controls the statuation state of the
ikaite. Here we investigate the role of these two processes in
ikaite precipitation using pore water data[2], archaeal
biomarkers[3] and a 1D solute transport reaction model[4] to
simulate these processes and investigate relative contributions
of organic matter degradation and AOM to DIC accumulation.
Saturated and unsaturated PMI (pentamethylicosane), among
the most widespread archaeal lipids, are abundant in all
samples and their concentrations increase across the SMTZ.
The biomarker abundance and isotopic compositions will be
compared with other marginal settings to constrain the AOM
rates at our ikaite sites.
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