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REPORT Ol THE COiPOSITION OF OIL FROM THE REGION
OF NEW HYDROCARBOW UPYELLIMNG Ii THE SA(TA BARBARA CHAILIEL

Background

On the morning of 4 June 1973, workers on Atlantic Richfield Company's
Piatform Holly in the Santa Barbara Channel reported to the U.S. Coast
Guard the presence of a sizable oil stick emanating from a submarine
source approximately one mile ESE of the platform. Along with the oil,
workers also reported that large quantities of gas were issuing forth,

Although this region of the Santa Barbara Channel is widely known to
contain numerous areas of natural hydrocarbon seepage, the new o0il and
gas upwelling was occurring at a location that, over the past five years
or more, was normally free of seepage. Because of its potential pol-
Tuting effects and its unknown cause, this new region of hydrocarbon
upwelling became the subject of considerable attention and scrutiny.
Among those investigating the new seepage were the California Division
of State Lands, the California Department of Fish and Game, the U.S.
Coast Guard, Clean Seas, Inc. {an 0il industry cooperative for o0il spill
cleanup), and Atlantic Richfield 0i1 Company.

Scope of the Report

During the past four years, ] have participated in a number of studies
dealing with various aspects of natural oil seepage.* Of principal
interest has been the physicochemical behavior of oil from the nearshore
seeps in the vicinity of Coal Qi1 Point. Having this background data,

1 immediately became interested in comparing the composition of oil from

* A bibliography of some of these studies is presented at the end of this
report.



this new upwelling with that from the previously existing seeps at and
around Coal 011 Point, and with produced oils from various formations
in the same general vicinity.

This report, therefore, deals with certain chemical analyses of the oils
in question. [lore specifically, these analyses are gas chromatography
(gc), and trace concentrations of nickel (i} and vanadium (V) as deter-
minted by atomic absorption spectrophotometry. The oiis analyzed during
this effort are listed in Table 1.

The geographical setting of the oil seepage areas is shown in Figure 1.
This figure, taken from a recent study by Fischer and Stevenson {1973),
shows the location of the new upwelling * in relation to hydrocarbon
seeps that were documented during the period 1946 to 1947 by geologists
from Signal (i1 Company. As mentioned previously. this region has been
generally free of hydrocarbon seepage for the past five years or so.

Preliminary Efforts

Because of the widespread interest in this new hydrocarbon seep, efforts
were made to determine, as quickly as possible, how this oil compared
with oil from the previously existing nearshore seeps. Two samples of
the 0il were therefore obtained on 6 June 1973. The first sample,
amounting to less than 1 cm3, was collected on 4 June by U.S. Coast Guard
personnel (Group Santa Barbara). The second sample was collected the
following day by Clean Seas, Inc., and contained substantially more oil
than the first (100 cm3 or more). Both samples were collected from the
ocean surface immediately above the area of upwelling.

* As_determined by information provided by Clean Seas, Inc.
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TABLE 1. OILS AJALYZED FOR THIS REPCRT

Descrintion

Natural seepage oils collected from the
ocean floor one-half mile offshore
from Isla Vista

011 collected by the U.S. Coast Guard
from the ocean surface above the area
of new hydrocarbon upwelling

Same as 2. above. Sample collected by
Clean Seas, Inc.

Same as 2. above. Sample collected by
Atlantic Richfield 0i1 Co.

Produced oil from the Sisquoc formation,
Santa Barbara Channel

Produced oil from the ilonterey formation,
Santa Barbara Channel

Produced o0il from the Vaqueros formation,
Santa 3arbara Channel

Analyses
Performed

gc. iii’ v

gc

ge, M, v
gc, N, V
gc, N, V
gc, Mi, ¥

gc, Mi, V
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Figure 1
Location of the area of new hydrocarbon upwelling,
and the Isla Vista (IV) natural oil seep, in
relation to natural hydrocarbon seeps reported

during the period 1946 to 1947. After Fischer
and Stevenson (1973).



Gas chromatography analysis using our standardized procedure (Sivadiar
and iikolaj, 1973) showed the samples to be identical. Because of
insufficent sample size, no additional work was done with the 4 June
sample. The 5 June sample, however, was further analyzed for trace
concentrations of Ni and V using an atomic absorption procedure developed
by Delaney (1972).

Results of these preliminary analyses were communicated to the U.S.
Coast Guard on 8 June 1973. The major findings were:
1. The oil from the area of new hydrocarbon upwelling was
significantly different in its composition from oil ori-
ginating at the nearshore natural seeps off Isla Vista and
Coal 0il1 Point.
2. The two major differences vere
a. 0il1 from the new seep had a much higher concentration
of nickel.

b. 0i1 from the new seep contained noticeable amounts of
normal paraffins out to carbon number 30, and possibly
beyond.

Subsequent to these preliminary findings, discussions with other indi-
viduals and groups who were also studying the problem raised some
questions concerning the accuracy of the findings listed above. In view
of the fact that the instruments used in cur analyses had been on standby
for several months, and the operators were somewhat "rusty", it appeared
desirable to repeat the analyses under less hectic conditions. Also,

" the significant differences (at least apparent) in composition invited
further analyses to compare the new seep oil with various produced oils
from the Santa Barbara Channel.



Comparison of Seepage 0ils with Produced 0ils

Samples were obtained of oils from four different producing formations
in the Santa Barbara Channel. As listed in Table 1, these cils are
identified by their source rock. In order of increasing depth and
geologic age, these formations are the Sisquoc, lonterey, Rincon, and
Vaqueros.

Finally, the remaining oil sample 1isted in Table 1 was collected from
the ncw ceepage area on 27 June for the nurpose of determining if the
composition of the seep o1l was remaining constant.

In preparation for these more thorough and detailed analyses, new g¢
columns were prepared, and tested for their ability to resolve the n-C17:
Pristane and n-C,,: Phytane doublets as suggested by Kreider (1971).

These tests showed that the new columns were significantly more sensitive
than those used in the preliminary analyses. The atomic absorption
spectrophotometer was also recalibrated to ensure retiable metal analyses.

A1l of the oils were analyzed in their "fresh" state, i.e., no laboratory
weathering or distillation was done to remove the more volatile com-
ponents. Figure 2 shows a chromatogram of the IV seep oil, and Figure 3
shows the oil from the new seep. The difference is striking. As found
in the preliminary analysis, the most pronounced difference is the
presence of significant amounts of identifiable normal paraffins in oil
from the new seep.

Another difference, though not necessarily characteristic, is the absence

of volatile components in oil from the new seep. Figure 4 illustrates

the effect of progressive stages of evaporation on the composition of IV
seep 0il, The upper trace corresponds to a 4.5 percent 10ss in weight,

the middle trace to a 10.4 percent loss, and the lower trace to 16.0 percent
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Chromatograms of oil from the IV séep showing
progressive stages of evaporation. Sample A
has lost 4.5 weight percent, Sample B 10.4
percent, and Sample C 16.0 percent.



1oss. A1l of the other oils analyzed for this report (as well as crude
oil analyzed in previous studies) contained measurable amounts of volatile
components, i.e., their chromatograms up to n-C8 - n--(:]0 resembled that
showun in Figure 2. Comparison of Figure 3 with Figure 4 would thus
indicate that approximately 10 percent of the oil from the new seep was
lost by evaporation.

Since all the samples obtained at the new seep were collected from the
ocean surface, it may be possible that natural weathering phenomena were
responsible for the decrease in volatiles. On the other hand, atmospheric
evaporation takes a certain amount of time to occur. Samples 2, 3, and 4
in Table 2 were reported to have been collected immediately over the site
of upwelling, and in sea and wind conditions that were reasonably calm.
Therefore, it may be possible that the absence of volatiles is indeed a
characteristic of this seepage oil.

Results of the metal analyses are presented in Table 2. These results

also show that the new seepage 011 is noticeably different from oil
originating at the IV seep {which is characteristic or typical of all the
previgusly existing seeps in the Coal 0il Point area). They also bear

out the suspicion that our preliminary finding of an abnormally high nickel
concentration was in error. The final row in Table 2 presents the average
metal content of the new seep 0il under the assumption that the oil samples
analyzed had undergone a 10 percent weight loss by atmospheric evaporation.

The question of whether any changes had occurred in the new seep oi)
during the first three weeks or so of upwelling is resolved in Figure 5.
Although the chromatogram of the 5 June sample i$ not quite as sharp as
the 27 June sample, there appears to be little doubt that the two oil
samples are identical. This is also borne out by the metal analyses shown
in Table 2.

Addressing now the topic of similarity between oil from the new seep and
produced oils from various formations in the general vicinity, Table 2



TABLE 2  RESULTS OF TRACE METAL ANALYSES

0il Sample i * V{ppm)* Ni/V
IV Seep 115 245 0.47
ilew Seep (5 June) 59 137 0.43
New Seep (27 June) 61 140 0.43
Sisquoc a4 110 0.40
Monterey _ 65 158 5.0
Rincon 12 <10 -
Vaqueros 5 <10 -
New Seep (adjusted 54 125 0.43

for 10% weathering loss)

* The accuracy of these measurements is estimated to be plus or
minus 10 percent.
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shows that the deeper Rincon and Vaqueros formations can be ruled out as
potential sources by virtue of their very low concentrations of nickel
and vanadium. 0ils from the shallower Sisquoc and ilonterey formations,
however, do show considerable similarity to the new seep oil in their
metal content.

As a more detailed means for comparison, Figure 6 shows the central
portion (611 to C27) of chromatograms for each of the three oils, 1.e.,
Sisquoc, Mew Seep, and Monterey. Inspection of Figure 6 shows all of the
0i1s to have the same features in general, but to differ, each from the
other{s) in some of their detail. The general similarity is illustrated
in Figure 7 where the ratio of n-paraffin peak height to 020 is plotted
against the carbon number. In this plot it should be noted that peak
heights were not corrected for possible drifts in baseline due to column
bleed. UWhile this effect is believed to be small, there nevertheless

is some uncertainty in the results for the higher carbon numbers.

On the other hand, it can be observed from Figure 6 that the structure
between 01] and CIZ’ and between C]3 and C]4 is noticeably different for
cach of the three oils. Similarly, the new seep oil resembies ionterey

in the region 012 to C13’ while both differ from the Sisquoc. Conversely,
in the region 615 to clﬁ' the new seep oil resembles Sisquoc and both of
these are different from Monterey.

Another point of comparison is provided by examining the structure of the
doublets at n—C17 and n-Cyq. These doublets are produced by the presence
in the oil of isoprenoid hydrocarbons, pristane and phytane. Recent
studies on the origin, migration, and accumulation of oil and gas
(Colombo, 1971) have shown that the relative amounts of these isoprenoids
bear a definite relationship to the age of the host rock in which the oil
is found.



*poleoUNnIy UPSq daey C D 03 'H usamisq

syead syl 3o auwos Jo uorizod zaddn sy3z 3eY3 230N *T9uUueRYy) ®vIivgarg
'juEs 3Y3l UT sSuoTiewIOoy ASI9juUOW pur oonbsIig Syl woIl sTTO poonpoxd
yitm abedess jo eeae msu 3yl woay TTO JoO surexbojewoays jo uostaeduio)

9 oanb1d
1 A[ {1HH 1
T 1
A i A
bl _“:e
i ,H i
_”._.‘_L_u
W@.:wy\ j/\

w.“_
_..r\“ +a1H
iy
111t 1
ol .w.h i “
- 1] e - Il
: . ~ Ay 1 4 - 1
TR RR T !




21

UL LAl WU AR

03 3o9dssa Y3 TM pazTTewiou usaq aaey sjybrey jyeed jeyl 830N *Tsuuey)d
eleqaeqg vIURS 9UY3 UT SUOT3Iewiod Aa219jucl pue o>onbsTg ayjz woajy sT10 poonpoad
Yy3Tm obedoss jo eaae mau a2yl woxy TTO 3O so1r3oxd urzjeaed-u jo uostaeduo)d

{ oanbta
HIANNN NOSHYD
82 [ ¥ 4 ve ce 02 af 9l b 1
| 1 1 ] 1 I 1 Aﬁo
_.lnN.o
AJUILNOW _
.-f..tl..’
Ny RN
SR Y -0s°0
d33S M3N //
N\
20 :cm_m\
G20
4
~00'1

—gZ'1

Oliv¥ LH9I3H MXNvid

(9%a/Y)



In Figure 8, the structure of these doublets, as determined from normalized
chromatograms, is shown in bar graph form for the ilonterey and Sisquoc

oils and for the new seep oil. The characteristic features are the rela-
tive heights of the n-paraffin and isoprencid peaks, and the minimum
between them. It should be pointed out that these features are a very
strong function of the experimental conditions of analysis, and therefore
should not be interpreted on an absolute basis. Mevertheless, since each
of the o0ils was analyzed at the same time under identical conditions,

and the features shown in Figure 8 were reproducible to within * 2 percent,
the differences among oil samples indicate that each originates from a
different geological formation.

Summary

Analysis by gas chromatography, and measurement of trace concentrations

of nickel and vanadium by atomic absorption spectrophotometry were per-
formed on 0il from the area of new hydrocarbon upwelling in the Santa
Barbara Channel., Results of these determinations were then compared to
similar analyses made on oil from previously existing natural seeps near
Coal 0i1 Point, and from produced oils originating in the Sisquoc, ionterey,
Rincon, and Vaqueros formations of the Santa Barbara Channel.

The major findings from these comparative analyses are summarized below:
1. The chemical composition of 0il from the new area of hydrocarbon
upwelling ¥s significantly different from oil originating at the
nearshore natural seeps in the vicinity of Coal 0il Point.
a) Compared to oil from the Coal 0i1 Point region, the new seep
01l contains approximately one-half the concentration of nickel
and vanadium.
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2.

b) Coal 0i1 Point seepage o0il is highly naphthenic in its base,
while oil from the new seep contains significant amounts of
normal paraffins out to carbon number 30 and beyond.

011 from the new area of seepage is significantly different from
produced 0ils originating in the Rincon and Vaqueros formations of
the Santa Barbara Channel.

0i1 from the new seepage area is generally similar to oils produced
from the Sisquoc and iionterey formations of the Santa Barbara
Channel, both in its concentration of nickel and vanadium, and in
its gc¢ fingerprint. However, detailed inspection and comparison
of the chromatograms made during this study indicate that neither
of the production oils analyzed were identical to oil from the

new area of seepage.

The site of the new hydrocarbon upwelling is located in the middle
of an area where, during the period 1946 to 1947, previous oil
and gas seeps of natural origin have been reported.
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