U
U

41° ]
00'

40°
30'

S. DEPARTMENT OF THE INTERIOR
S. GEOLOGICAL SURVEY

W\

)

U

SGS

science ftor a changing world

Introduction

The Eel River basin of northern

California is a

upper Cenozoic depocenter containing more than

3,000 meters of sedimentary rock located near the
Mendocino triple junction. Active tectonism has resuited

in folding, faulting and rapid sedimentation. Both thermogenic
and microbial hydrocarbons are known to be present in the

sediments. In August 1997, we sampled two submarine gas seeps, one

at a water depth of 520 m that supports a chemosynthetic-based

ecosystem very near an area of previously recovered gas hydrate. Another
vent site was sampled in sand covered with white bacterial mats at a water
depth 41 m. We compared the hydrocarbon gas composition and methane
isotopic composition of these seeps with land-based gas occurrences that

include: 1) a gas seep and 2) gas from a 2360 m-deep gas well.
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Comparison of Offshore and Onshore Gas Occurrences, Eel River Basin, Northern California N U

Onshore Seeps

Analyses of the hydrocarbon gases from the onshore Salmon Creek seep
and the Tompkins Hill gas field, show that the gas is about 96 to 98%
methane with the remainder composed of higher molecular weight
hydrocarbon gases at least up to heptane. In contrast to the mixed
microbial-thermal source of the gases at the submarine gas seeps, the
onshore gas seeps have molecular and isotopic compositions
indicative of a thermal source: C1/(C2+C3) ratios are below 100;

methane isotopic compositions are
-31.0 and -33.5%o0 respectively.
Other onshore gas occurrences to
the south have nearly identical
molecular compositions to tha
of Tompkins Hill, however [
there is a divergence of
methane isotopic
compositions. We
think that the
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Offshore Seeps

microbial source.

to the south are the result of
fractionation during sampling.
We conclude that all onshore
gas occurrences stem from
the same source.
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Gas Analysis Results
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The offshore gas seeps (520m and 41m) are nearly 100% methane (C1) with Is()t()plc Ana]yses
only 80 to 160 ppm ethane (C2) and 13 to 9 ppm propane (C3) respectively, 100000
and C1/ (C2+C3) ratios over 3500 suggesting a microbial methane source.
Trace amounts of thermogenic gases, notably neopentane, 2,2-
dimethylbutane, and other branched hydrocarbons are present at both
seeps, however these gases are much more abundant in concentration and o
variety at the 520-m seep. Carbon dioxide concentrations are less than
0.12% and hydrogen sulfide was not detected. The methane carbon isotopic
composition of the 520-m and 41-m seep measured -49.5%o0, and -42.6%eo,
respectively. These carbon isotopic compositions are unexpectedly heavy
relative to the methane in gas hydrate (-59.6%o0) previously observed by
Brooks et al., 1991 at the site of the 520 m seep. Analyses of the molecular
and isotopic compositions of the submarine seep gases suggests that the
gas currently escaping at the sea floor has a mixed thermogenic and
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Isotopic analyses of methane show that the gases are of
thermal or mixed origin. All onshore gases are of thermal
origin. The source of the offshore gas seeps is likely a mix
of some thermal gas components with microbial methane
generated at the seeps. Gas hydrate methane carbon
isotopic composition previously measured in the offshore
Eel River basin ranges from -57.6 to -69.1%Surprisingly,
gas seeping from the offshore seeps are heavier than that of
local gas hydrate. Five lines of evidence suggest that
offshore gas is related to onshore thermal gas; 1. The
geologic framework of the onshore and offshore are closely

related, thus the likelyhood of the same petroleum system is
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e Onshore and offshore gas occur in similar geologic settings.
e Gas hydrate methane is mainly from a microbial source (Brooks et al., 1991).
e Offshore seeps are likely a mixture of microbial gas and modified thermogenic gas.

This map is preliminary and has not been reviewed for conformity with U.S. Geological Survey
editorial standards or with the North American Stratigraphic Code. Any use of trade, product, or
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