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Observation of a Subsurface Oil-Rich Layer in the Open Ocean

Abstract. A layer of water at a depth of 200 meters containing 3 to 12 milligrams
per liter of oil was found during February and March 1978 over a distance of 800
nautical miles in the southwest North Atlantic and the eastern Caribbean. The geo-
chemistry and carbon-14 activity of the oil shows it to be a weathered crude, prob-
ably from a submarine seep. Although the dimensions of the oily layer were not
determined, conservative estimates indicate that more than I megaton could have

been present.

During February and March 1978, on a
cruise investigating the chemistry of the
subtropical underwater (/), we found
an extended layer of unusually oil-rich
water about 200 m below the surface
of the southwestern North Atlantic
Ocean and the eastern Caribbean Sea
(Fig. 1). At stations 11 to 24, a transect of
800 nautical miles, hexane extracts of
seawater obtained from depths of 150 to
250 m yielded 3 to 12 mg of weathered oil
per liter (average of 6 mg per liter). Ex-
tracts of samples from both above and
below the oily layer at stations 11 to 24
and from all depths at stations 26 to 38

had hydrocarbon concentrations (micro-
grams per liter) and distributions typical
of the open ocean (2). Because the sam-
pling at each station was centered about
the subtropical underwater, the discov-
ery of the oily layer was serendipitous.
Water was collected in a 90-liter poly-
vinyl chloride drop-top sampler and
transferred into 20-liter glass bottles
through steel tubing. Forty liters of each
sample was batch-extracted with hexane
within 1 hour of collection. The extracts
were concentrated by means of a vacu-
um within 1 hour of collection, esterified
with boron trifluoride-methanol reagent,

Fig. 1. Sampling sta-
tions of NOAA Re- :
searcher cruise R-78- |1____re ™ ¢
1. The oily layer was =

found at stations 11 o
(12.6 mg, 200 m), 13
(5.8 mg, 200 m), 17
(9.6 mg, 270 m), 21
(3.2 mg, 145 m), and [
24 (2.8 mg, 150 m and
5.7 mg, 200 m).
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Table 1. Percentage of fatty acid distributions.

Depth

Station (m) 14:0% 15 br 15:0 16:1 16:0 17 br 17:0 18:1 18:0 20:1 20:0 22:0 24:0
11 56 10 1.7 3.0 6.5 33.6 2.9 1.5 13.6 15.4 0.5 0.8 0.8 0.8
11 200 0.2 0.0 0.0 0.0 32.1 0.4 0.0 33.2 13.6 1.0 5.0 0.8 2.9
17 130 6.2 2.0 3.0 9.6 26.8 1.9 2.3 4.3 10.3 0.6 0.6 0.1 0.2
17 270 0.0 0.0 0.0 0.0 28.1 0.3 0.0 31.1 12.7 0.9 6.1 0.3 5.1

*In this nomenclature, 14:0 is a 14-carbon straight-chain acid with no pi bonds, 16:1 has one pi bond, and br indicates branching as determined by the GC retention

index and mass spectral analysis.

and fractionated (3). The paraffinic and
aromatic hydrocarbons, fatty acid meth-
yl esters, and silated sterol fractions
were analyzed at sea by gas chromatog-
raphy (GC) on 30 m by 0.25 mm wall-
coated, open tubular glass capillary col-
umns coated with either SE-30 silicone
oil or Dexsil 300. During the cruise, all
likely sources of extraneous contam-
ination, such as the ship’s fuel, lubri-
cants and hydraulic fluid, the water sam-
pler, and other associated hardware,
were extracted, fractionated, and ana-
lyzed by GC. None of these extracts re-
sembled those from the oily layer. Proce-
dural blanks, run at regular intervals dur-
ing the cruise, did not resemble the
subsurface oil.

The fractionated oil consisted of 60 to
70 percent hydrocarbons, 5 to 10 percent
fatty acids, and 4 to 8 percent sterols and
fatty alcohols. The GC of the paraffin
fraction showed a narrow-range (C;4 to
C,s) symmetrical, unresolved complex
multiplet (¢) centered at n-C,, with only
traces of n-alkanes evident. Such sym-
metrical distributions are usually not ob-
served in pelagic tars (5). The pristane to
phytane ratio varies from 0.9 at station
24 to 1.2 at station 11. The Cy4 to phytane
ratio of 0.3, the C,, to background ratio
of 0.2, and the absence of alkanes above
C,; indicate a biochemically weathered
oil that has not undergone evaporative
weathering (6). Comparison of these ra-
tios with those from sunken tar weath-
ering studies (7) indicates that the sub-
surface oil was weathered for 1 to 2 years
when we found it. The infrared and mass
spectra indicate only normal, saturated,
cyclic and branched hydrocarbons in
fraction 1 (3). Gravimetric and GC calcu-
lated weights agree within 10 percent.
The aromatic fraction was analyzed by
computer-assisted GC and mass spec-
trometry. In addition to abundant ions
due to alkylated naphthalenes, anthra-
cenes, and phenanthrenes, mass frag-
mentograms of mass to charge ratios of
184, 198, and 212 revealed the presence
of dibenzothiophenes. Dibenzothio-
phenes are not biosynthesized and are
known only in fossil fuels.

The nonhydrocarbon fractions in the
extracted oil were distinct from those ex-
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tracted from samples outside the oily
layer and must have a different source.
Table 1 shows the fatty acid distribution
at two typical stations above and in the
oily layers. The shallower samples had
distributions similar to those observed
by others in open-ocean waters (§). In
contrast, the distribution of acids associ-
ated with the oil is biased toward the
longer chain lengths, and C,3., accounts
for one-third of the total acids.

The sterol distribution of open-ocean
water has been studied by Gagosian (9).
In the present study, analyses of water
outside the oily layer agree with his work
and indicate that cholesterol is the domi-
nant sterol at a concentration of about 1
ug per liter. In contrast, the dominant
sterol in the oil was g-sitosterol or clio-
nasterol (9) at a concentration of more
than 300 ug per liter; cholesterol was on-
ly a minor component at 5 ug per liter.

Because of its quantity, quality, and
observed distribution, we believe this oil
layer results from a natural seep. This is
supported by the absence of natural "C
activity in the sample from station 11,
which thus has an apparent age of
>22,000 years before present. The total
amount of oil entering the sea from natu-
ral seeps is unknown. On the basis of
limited data from known seeps and con-
servative extrapolations, Wilson et al.
(10) estimated that between 0.2 x 10°
and 6.0 x 10° tons of oil per year enter
the oceans from seeps. Blumer (/7) ar-
gued that such estimates were too high.
The currently used estimate of 0.6 x 10°
ton/year reported in a workshop of the
National Academy of Sciences (/2) is ob-
viously a compromise figure.

The breadth and thickness of the oily
layer reported here is not known, but in-
tegrating over a conservative estimate of
its dimensions, that is, 800 nautical miles
long, 1 nautical mile wide, and 100 m
thick, results in a total of more than 1
megaton.

Accurate assessment of the quantity,
frequency, and duration of subsurface oil
seeps is beyond present resources or
technology. Similar discharges of crude
oil may occur elsewhere and would pass
undetected except by chance. The quan-
tity of the oil described here may have

been greater than the total estimated oil
entering the sea annually (/2). An at-
tempt was made, on another cruise in
January 1979 to determine the width of
the oily layer. Sampling was done be-
tween 10° and 21° north latitude on a
course of 130°. This cruise crossed the
1978 track near Martinique. Gravimetric
and GC analyses of detailed profiles from
seven stations revealed no trace of the
oil found 11 months before.

We believe the most likely source of
the oily layer is a seep located on the
Venezuelan shelf at a depth of about 200
m. This is an area where offshore seeps
have been reported. Such oil could be
carried north at depth, probably in a dis-
persed state, by the Guyana and Antilles
currents until entrained by midwater
easterly flows into the southern Sargasso
Sea as discussed by Reid (/3). In fact,
observations of subsurface oil east of the
Antilles represent independent evidence
supporting physical indications of a mid-
depth easterly return of water into the
subtropical North Atlantic (/3).

GEORGE R. HARVEY
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Oxidant Effects on Californian Coastal Sage Scrub

Abstract. Causes for the reduced cover of native species of coastal sage scrub in
certain southern Californian sites were sought among 43 habitat variables. The mean
annual concentration of oxidants (which averaged 18 parts per 100 million on the 11
most polluted sites) is statistically indicated as the most likely causal factor. Sites of
high oxidarit levels in the region are also characterized by declining species richness

and equitability.

Southern California experiences the
highest mean annual concentrations of
photochemical oxidants in the United
States. In 1976, for example, the federal
standard for oxidants [8 parts per hun-
dred million (pphm)] was exceeded on
206 days in the South Coast air basin (/).
While the effect of these oxidants on
montane conifer vegetation (2) and crop
species (3) grown in the region has been
investigated in some detail, information
is lacking on the effect of oxidants and
other air pollutants on the predominant
native shrubland vegetation of the re-
gion: chaparral and coastal sage scrub. I
report here suggestive evidence that re-
gional oxidant levels are causing a deteri-
oration of the natural structure of sage
scrub communities in the most polluted
portions of their range.

Coastal sage scrub dominants (such as

0.255+0.064

Distance

species of Salvia, Eriogonum, and En-
celia) are drought-deciduous, mesophyl-
lic, shallow-rooted, and typically 0.5 to
2.0 m tall. By contrast, the dominant
shrubs of the chaparral are evergreen,
sclerophyllous, deep-rooted, and typi-
cally 1 to 3 m tall. Coastal sage scrub oc-
cupies lower elevations (generally below
500 to 900 m) on the coastal and interior
sides of the coast ranges, from San Fran-
cisco to El Rosario (Baja California).
The chaparral occupies upper elevations
of the coastal mountains, extending into
the North Coast ranges, east to central
Arizona, and south into Baja California
).

In 1977-1978 1 sampled 67 sites of
coastal sage scrub throughout its range. I
recorded foliar cover of all plant species
along four 25-m line transects within a
sample plot 25 m on a side, and recorded

Mean annual

the presence of any additional species
within the plot which did not intercept
the transect. This sample intensity was
shown to be adequate for 99 percent rep-
licability in chaparral vegetation (5). In
addition, for each site I obtained infor-
mation on 43 habitat variables concern-
ing community structure, topographic
position, substrate, climate, fire. and
grazing history, and mean annual air pol-
lution concentrations (6). No sampled
site had burned less than 7 years pre-
viously, and past or present grazing in-
tensity at the sites was such that the
present shrub cover was not noticeably
affected. Sites were embedded within
areas supporting comparable vegetation,
extending at least an additional 25 m on
all sides.

Data for eight air pollutants monitored
in a network in southern California were
obtained from the California Air Re-
sources Board and the South Coast Air
Quality Management District. Annual
mean concentrations of each pollutant
were calculated for as many years as
data were available [mean * standard
deviation (S.D.) =7 * 4 years; range
1963 to 1977] at each monitoring station.
The mean concentration of the air pol-
lutant at the sampling site was esti-
mated by averaging values from nearby
monitoring stations and adjusting the val-
ues by distance from the site by using
the formula of Oshima (7). No sta-
tion was used if it was (i) more than 30
km from the site, except for six coastal
sites where prevailing wind conditions
made the use of closer inland stations in-
appropriate; (ii) separated from the site
by a topographic barrier greater than
1000 m in elevation and 5 km in length;
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Fig. 1. Path model relating environmental factors to a reduction in the percentage foliar cover of native species of coastal sage scrub in 67 sites in

California and Baja California. Single-headed arrows are causal paths (numbers are

indicate correlations; HC indicates total hydrocarbons; NO, indicates oxides of nitrogen.
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