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Introduction

The purpose of this study is to characterize natural occurrences of petroleum at the
surface and in the subsurface within northern Californiain order to define and map petroleum
systemsfor U.S. Geological Survey energy resource assessments. Furthermore, the chemical
characterization and mapping of natural petroleum occurrences could also be used to
discriminate natural occurrences from accidental oil spills during the activities of extraction or
transportation of petroleum. Samples include petroleum from exploratory well tests, producing
fields, natural seeps, and oil-stained rocks, and condensates from gas wells. Most of the sample
localities are in northern California but a few samples from central and southern California are
included for comparison (table 1). Even though other analyses were performed, only stable
carbon isotope (3'°C) data are presented here for brevity and because 5°C values are one of the
most discriminating characteristics of California petroleum.

Magoon and others (1995) identified four hydrocarbon typesin northern California based
on stable carbon isotopic compositions of 16 oil and 6 condensate samples (figure 1). Stanley
and others (1996) presented additional data and focused on the oil types found in the San
Francisco Bay area of northern California. Lillis and Stanley (1999) identified three oil types
(two Miocene and one Eocene) in the La Honda basin (northern California) and presented oil-
source rock correlations for each oil type. This report redefines and subdivides the petroleum
types based on the isotope data from these studies as well as from new data.

Methods

For oil-stained rocks, the oil was extracted from the rock sample by soaking the samplein
chloroform for about one hour at room temperature. Filtered extracts were vacuum evaporated to
about 3 milliliters (ml) using arotary evaporator with moderate vacuum and water bath
temperature of about 35° C, and transferred to a volumetric flask for a gravimetric determination
of concentration. An aliquot of known concentration was placed in avial and the volume was
reduced to approximately 1 ml in a stream of nitrogen gas at room temperature. About 2 ml of
Iso-octane was added and mixed with a vortex mixer on low speed, and gently evaporated in a
stream of nitrogen gas to about 1 ml. The iso-octane addition and evaporation step was repeated
at least three times until the chloroform was compl etely displaced by iso-octane precipitating the
asphaltene fraction of the oil out of solution. The asphaltenes were removed by filtration and the
remaining solution (maltene fraction) was gently evaporated in a stream of nitrogen to about 1
ml in preparation for column chromatography.

For petroleum samples, about 50 milligrams of oil sample was mixed with about 2
milliliters (ml) iso-octane (1:40 weight/volume ratio) with a vortex mixer on low speed. The
asphaltene fraction of the oil precipitated out of solution and was removed by filtration. The
maltene fraction (prepared from both oil-stained rocks and from petroleum samples) was
separated into saturated hydrocarbon, aromatic hydrocarbon, and resin fractions by column
chromatography using alumina/silica columns and elution solvents of increasing polarity (iso-
octane, benzene, and benzene-methanol). Elution solvents and light hydrocarbons (less than C;s)
were removed from each fraction by evaporation using a nitrogen gas stream under a fume hood
or arotary vacuum evaporator.



Stable carbon isotope ratios were determined for the Cys+ saturated and aromatic
hydrocarbon fractions, and in afew cases, the entire oil sample. Two methods were utilized that
are believed to have comparable results. Prior to 1997 all isotope measurements were determined
by placing an aliquot of each sample in a quartz tube with cupric oxide and a silver strip. The
tubes were sealed under a vacuum and combusted at 840°C for 4 hours. The evgivasl CO
collected in a liquid nitrogen trap, and further purification and/dedtion of the gas was
accomplished cryogenic distillation under vacuum. Carbon isotope ratios of thewade
measured on a Finnigan MAT 251 dual-inlet isotope ratio mass spectrometer. During 1997 a
change in instrumentation occurred and during the transition both old and new methods were
used. After 1997 all samples were gmal with a Carlo Erba elemental ayzadr (EA)
interfaced with a Micromass Optima continuous-flow isotope ratio mass spectrofiRM&) (
Sample aliquots were heated to approxinyat@°C in the EA quartz combustion tube filled
with oxygen. The evolved C{passed through chromiurtide (to complete xidation), copper
granules (reducing agent), and waitone (to remove water) before being swept intd RS
with a helium carrier gas. The results are expressed in thgdeftatation that represents the
deviation of thé*C/*C ratio in parts per thousand (per mil, or %o) relative to the Peedee
belemnite (PDB) standard.

Results and Discussion

Results of the stable carbon isotopic gses(3*>C) are listed otable 1and shown on
figure 2along with a line proposed/tsofer (1984) that separatesxyails from non-way oils.
Waxy oils are usuayl derived from terrigenous organic matter, whereas notywés are
usuall derived from marine organic matter. Ngaall of the samples plot on the marine side of
the Sofer line (figure 2). Pgdonal boundaries that are rougpharallel to the Sofer line trend are
placed around data grougiable 2) Unclassified samples are individyalhbeled on figure 2.

Classification of condensate samples intoygies using th&“C values of the G+ hydrocarbon
fractions is problematic for two reasons. First, condensates are predoymeoatplosed of

volatile hydrocarbons and the,; & fraction of the saturated and aromatyditocarbons

constitutes oyl a small weght percentge of the total sample. Thus, thgs€stable carbon

isotope values of condensates are not as representative as are the values for normal crude oil.
Second, the saturate/aromaty@tocarbon ratio is usuglkso high (greater than 10) that the€
aromatic fraction weht is too small to measure tB€C value.In mary cases, column
chromatograpphwas not performed and the isotope measurement was made g -th&Hdle

oil. In addition to these methodolpgroblems, there is some question as to whether condensates
should be compared with crude oils; that is, condensates are not crude oils but rather are the
minor liquid fraction that condenses out of gas during natural gas production. For these reasons,
the condensates are classified as separate groups.

Cretaceous (K) Oil Group

K1 Subgroup
The K1 samples were collected from the Wilbur Springs area east ofL@leaand

include several oil seeps and an oil sample fromxaloeator well. Although the source is

unknown, K1 oils are speculated to be derived from Cretaceous source rocks based on the age of
the rocks in which the oil is found (EpiCretaceous). Furthermore, Peap(tP90) found that
petroleum from the Wilbur Springs quicksilver district has a chemical composition compatible

with the Tithonian to Valanginian Stpi€reek Formation as their prinyagource. Magoon and

others (1995, 1996) considered oil samples from the Arbuckle and Bunker gas fields (Oils 26-28,
table 1) to be part of this group, but are here classified with K4 oils discussed below. The
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McLaughlin Mine (Oil 103) and Rathbun (Oil 105) seeps are isotopically heavier than the other
K1 seeps, possibly due to mixing of Miocene with Cretaceous sources.

K2 Subgroup
Many of the mercury deposits of the California Coast Ranges have small quantities of ail,

solid bitumen, and hydrocarbon minerals that are genetically associated with the mercury ore
(Bailey, 1959; Peabody, 1990, 1993; Peabody and Einaudi, 1992). The K2 samples are oils
genetically associated with mercury deposits and have an isotopic composition similar to the
other Cretaceous oils. However, three samples associated with mercury ore are isotopically
distinct from the K2 subgroup: (1) the oil in vugs of the mercury ore from the Mirabel Mine (Oil
107), (2) the curtisite sample (a hydrocarbon mineral) from the Mirabel Mine (Oil 108), and (3)
an oil-coated silica gel in mercury-bearing silica-carbonate rock from near the Helen mine (Qil
109).

K3 and K4 Subgroups

The K3 and K4 samples are liquid hydrocarbons produced from gas fields along the west
side of the Sacramento basin. The K3 samples are clear to straw-yellow liquids with insufficient
Cus+ aromatic hydrocarbons to measure C values, whereas the K4 samples are yellow, red,
and brown liquids and have measurable 3*C aromatic hydrocarbon values. All of K3 and some
of K4 samples are assumed to be condensates based on their light color, high saturated/aromatic
hydrocarbon ratio (greater than 10) and their origin from gas fields. The K4 samples from
Arbuckle, Bunker, and Winters gas fields have a darker color and lower saturated/aromatic
hydrocarbon ratio (less than 8) and are reported to be oils; the Winters gas field has had minor ail
production (California Division of Oil and Gas, 1983). The K3 and K4 samples are speculated to
be derived from Cretaceous source rocks based on their intimate association with natural gas
accumulations that, in turn, are believed to be derived from Cretaceous source rocks (Magoon
and others, 1994). Although K4 and K1 samples have similar isotopic compositions, they are
considered separate groups because K4 samples have an association with gas production.
Sherman Island (Qil 106) and Concord (Oil 101) gas field condensate samples are located in the
same area (west side of Sacramento basin) as the K3 and K4 samples, but are isotopically
distinct possibly due to mixing of Eocene and Cretaceous sources.

Eocene Oil Group

The Eocene oil group includes crude oil samples from three northern California oil fields:
Brentwood, Livermore, and Oil Creek. Several oils analyzed from central and southern
Cdiforniafall into the Eocene group, including samples from Coalinga, North Antelope Hills,
and Antelope Hills oil fields. These oils are believed to be derived from Eocene source rocks
based on similar isotopic composition with other proposed Eocene oils in California (Sofer,
1984; Kornacki and McNeil, 1996) and based on oil-source rock correlation studies (Peters and
others, 1994, Lillis and Stanley, 1999). The produced oil from Cymric field (Oil 102) is probably
amixture of Eocene and Miocene oils based on correlations of other Cymric oils to either
Eocene or Miocene sources (Peters and others, 1994).

Miocene Oil Group

M1 Subgroup
The M1 ail group consists of four crude oils from the Half Moon Bay field, San Mateo

County. Lillisand Stanley (1999) show that the source of these oilsis the lower Miocene
Lambert Shale, and that these oils are isotopically heavier than oils derived from middle and
upper Miocene source rocks. Similarly, oils from lower Miocene source rocks in central
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California are isotopically heavier than the middle and upper Miocene Monterey oils (Kornacki,
1988; Lillis, 1988; Lillis, 1994; Peters and others, 1994; Kornacki, 1996).

M2 Subgroup
The M2 ail group includes oil seeps and stains from Marin, Mendocino, Santa Cruz and

San Mateo Counties and most of the northern California oil field samplesincluding Petrolia,

Petaluma, Pinole Point, La Honda, South La Honda and Sargent fields (table 1). Nearly all oils
analyzed from central and southern California oil fields fall into the M2 group, including South
Belridge, Edison, Hollister, King City, San Ardo, Kern Front, and portions of Antelope Hills.

Magoon and others (1995) defined the Miocene oil group boundaries with saturated

hydrocarbons being -22.9 + 0.6%o. and the aromatic hydrocarbons being -22015%. (figure 1).

We redefine the boundaries as shown on figure 2 and listed in table 2. These oils are likely
derived from middle and upper Miocene marine source rocks (mostly Monterey Formation but
also including some other units) based on similar isotopic composition with other Miocene oils
in California (Magoon and Isaacs, 1983; Sofer, 1984; Crain and others, 1985; Curiale and others,
1985; Orr, 1986; Zumberge, 1987; Kornacki, 1988; Lillis, 1988; Lundell and Gordon, 1988;
Sofer, 1988; Jeffrey, and others, 1991; Lillis, 1994; Peters and others, 1994; Kornacki, 1996).

M3 Subgroup
Two condensate samples from the Tompkins Hill gas field are classified as a separate

subgroup (M3) because of their distinct isotopic composition, although we consider them to be
genetically related to the Petrolia oils (subgroup M2). We speculate that the Tompkins Hill
condensat&™*C saturated hydrocarbon values are lower (isotopically lighter) because the source
rock has higher amounts of Miocene vascular plants and/or pre-Miocene organic matter.
However, the>**C aromatic hydrocarbon values may be lower due to low sample weights. The
composition of the oil from Table Bluff gas field (Oil 110) is suspiciously different from the
Tompkins Hill condensates although both fields share the same stratigraphy and producing
formation and are in close proximity (less than 5 miles). The Table Bluff sample was donated
from the Chevron oil collection and we speculate that the sample may be mislabeled.

M4 Subgroup
The M4 samples are mudstones and sandstones with a kerosene odor (the so-called "stink

muds") exposed in the sea cliffs in the False Cape and Bear River areas of Humboldt County.
Gas chromatography ad&’C hydrocarbon data suggest that these oils are genetically related to
the Tompkins Hill (M3) and Petrolia oils (M2). However, most of these samples plot farther
from the Sofer line than the other Miocene oils. This shift is possibly due to low aromatic
hydrocarbon sample weights that may yield lowerXfi€ aromatic hydrocarbon values.

Because these “stink muds” are an unusual sample type and have slightly different isotopic
characteristics, they are excluded from the Miocene boundary box. Sample 104 is
compositionally distinct from all other oil-stained rocks collected in Humboldt County (M4 oils),
and may be derived from sources older than Miocene.



Conclusions

Naturally occurring petroleum in northern California can be classified into Cretaceous,
Eocene, or Miocene oil groups based on 5"*C hydrocarbon composition. Cretaceous subgroups
include oil seeps from the Wilbur Springs area (K1), oil associated with mercury deposits (K2),
and condensates and oils associated with natural gas production (K3 and K4). Miocene
subgroups include lower Miocene oils (M 1), middle and upper Miocene oils (M2), Tompkins
Hill condensate (M3), and Humboldt County oil seeps (M4).
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Table 1. Stable carbon isotope composition of crude oils, oil seeps and oil-stained rocks from northern and central California

Group Ot Field (Area) ‘Sample Identiication AP1 Number Comments” Latiude® _Longitude’ _SecTwnRng __County
KL 1 seep- Cuver Ranch Culver Ranch AJ0997 Soosie9 122 -1aNSW  Golusa
Ki 2 seep-Gibson Gusher Gibson Gusher 2 Heaily biodegraded. 3905231 12241023 2114NSW  Colusa
Ki 3 seep-Gibson Gusher Gibson Gusher AJ-0996 Severely biodegraded. 3905231 12241023 2114NSW  Colusa
Ki 4 seep- SalCreek Sall Creek AJ-0999 Heaiy biodegrade. 3910261 1223349 SLISNAW  Colusa
Ki 5 seep- Thompson Thompson Seep A1-0995 Heauily biodegrade. 3915731 12234898 TASNAW  Colusa
Ki 6 seep-Thompson “Thompson Seep 2 Heaily biodegrade 3915731 12234898 TASNAW  Colusa

KL 7 widcatwell Amalgamated 1 0011002530000  Onsom et Aromaiic dgraec 3903119 12240415 2714NSW  Colusa
KI B widcatwel or 3903119 12240415 27A4NSW  Colusa
K2 9 seep- Abboit Mine b Sevrey b yades 3002015 12244482 21ANSW  Lake

K2 10 st -Contact mine Contact mine O oxract fom sla carbonate Hg ore. 3875017 12276333 SIONBW  Somoma
K2 11 s@in-CuberBaermine  Cuver Baer mine Ol fled vugs insica carbonate H or. 3878050 12251883 24-1INOW  Somoma
K2 12 stin-Helen mine telen mi O st shcacabrat g 38741 12269948 1IONGW  Lake

K2 13 stin-New Alm 1y Almaden Mi Ol extract rom mecury mi 3718083 -12184389 9S1E  Sania Clara
K3 14 Duich Siough (Bethelsland) ~TransAmer. Development 3 0401300100101 Condensate. 3800806 12164919 212N3E  Contra Costa
K3 15 Knighsen Cecehini 132, R ondensate. Deep pool . 379717 12167057 322N3E  ConaCosta
K3 16 Lindsey Slough Kroutch 16-1 0409520931000 Condensate. 818652 12175010 164N2E  Solano
K3 17 Maine Praire Uibery Farms 1 04095201290000  Condensate. 3820078 12171157 1LSN2E  Solano
K3 18 Maine Praire e 383373 42073071 276N2E  Solano
K3 19 Pleasant Creek Units-1 e 3854603 1220035  I78NAW Yoo

@ 2 RoveaEwMdmd  RUGUIZ 3814835 1216401  I3ANIE  Sacrameno
K3 21 RioVia(astMidand)  RVGU Condensate. 812064 12166852 BINIE  Sacrameno
K3 2 Rovea(wesMdan) RO 10 TechelFee)  OAIGTIOLONI000 Condensme. Wi segred 10990 12166226 1T3N3E  Sacramento
K3 23 RioVisa(WestMidand)  Triguero 4 04095208520000  Condensate. 81678 12170349 254N2E  Solano
K3 24 SuisunBay Stisun Commurity 7 0409500408000 Condensate. 1372 12109284 SINIW 0

K3 25 W ThomionWalnut Grove I odoTrnas7ocn Conderet, 382205 12144265 44NSE  Sacrameno
Ka 26 Arbuckle Marsh 1 o%000480000 e eyt f o g el 3900498 12208030  41N2W  Colusa
K& 27 Bunker OKeete 1 0409520581010  Micly degraded ol fom gas f 3836390 12178449 1TEN2E  Solano
K& 28 Bunker OKeele 1 0403S705610000  Midy deyaded o oo ol 3836390 12178449 ITEN2E  Solano
Ke 29 Kiby Hil Wagenet 2 0409500780000 Condensate. 381697 12191100  194NE  Solano
K& 30 Ryerlsiand Ryer3 0409520030000 Gondensate. Midy degradec. o768l 12201122 I0INAW  Solano

Ke 31 Winers MeCune 1 0409520716000 Condensate(?) Midly degraded. 384065 12188715 SR2BNAE  Solano
K& 32 Winers MeCune 1 0409520716000 Condensate(?) Midly degraded. 384065 12188715 R2BNAE  Solano

K& 33 Winers Wiers Unit 41 (7) Condensate. 3853123 12189713 198NE  Solan

E 34 Antciope Hils x 0402913441000  Moderately biodegraced. 3353185 11085739 3121S20E  Kem

E 35 Anciope Hils Hopkins A 62 0402913443000 353074 11985468 3121S20E  Kem

E 36 Antclope Hils, North Fussel Fee 214 0403001587000  Moderately biodegraded. 357393 11990219 1427S19E  Kem

E 37 Brenwood (Eastarea) Ginachio 1 0401300075020 370394 12174483 1SINZE  ContraCosta
E 3 Coainga Fee 122130 3618475 12039792 1320514 Fresno

E 30 Lvermore Nissen 3 0400120120000 _ Midly bioiegraded. 3760359 12168289 73SIE  Aameda
E 40 Lvermore Schenone 1 00420000 _ Midly biodegrade. 370519 12168423 63SIE  Aameda
E 4l OiCreek Costa 7-A 0401200200000 3723027 12216484 14853W  SanMateo
L g2 ratvoon ooy ) Conel 1 (Wilhire) ltsioomeoos . Depet et ekt 1O ez 373722 12240471 21655W  SanMat
Moa3 7D, Partnership. 3739650 12240228 22655W  SanMateo
Wi ratieon v ) DeBenedett 1 0401001620000 3740156 12240795 21655W  SanMateo
M1 45 Hall Moon Bay area Cowell1 ortn 3742199 1224323  BESSW  SanMateo
M2 45 Antlope Hils Phippen 18 0402961579000  Moderately biodegracded. 3351158 11084815 B2BSZE  Kem

M2 47 Belidge, South Sec1388A 0402620765000  Moderately biodegraded. 3548505 11976203 1328520E  Kem

M2 a8 Edson Ryan Brown 48 0402906546000 _ Heavly biodegraded. 3337200 11886720 2629529 Ker

M2 49 Hal Moon Bay (Purisima CK) Layne 2 (John Tedesco) 0401000160000 741511 12230808 IS6SSW  SanMateo
M2 50 Hollster-FintHilsarea  Justo 1 0406900050000 _ Petrolex Ic operator. 368677 12141718 28-125SE  SanBenio
M2 51 KemFront Fee 1011 0402910662000 ~ Heaviy bodegraded. 3545659 11004887 2728527E  Kem

M2 52 KingCiy BCB Dovd 432 0405300997000  Heavly biodegraded. 315286 12112717 322058E  Monterey
M2 53 LaHonda Lane Union Oi 4 0408100730000 Wl name formerly Neaves Urion Lane 4. 373218 122315 7754w SanMateo
M2 54 LaHonda, Souh 30524 12220546 21754W  SanMateo
M2 55 LaHonda, Souh Neaves-Burms Well # unknown, location center of sec 21. Heavly biodegraded. 373076 1223042 217S4W  San Mat
M2 56 Petaluma 25549 12255575 S0SNEW  Sonoma
M2 57 Petola Hidden Valley 1 0402320027000 Wel shut n. 03721 12020039 211520 Humboldt
M2 58 Petola Hidden Valley 1 0402320027000 Wel shut n 03721 12020039 21152W  Humboldt
M2 59 Petola Shelby Woods 1 0402300970000 Wel shut in 037369 12428996 211520 Humboldt
M2 60 Petola oy Woods 1 0402300097000 Chevron sample collcton. 037369 1242899 21152W  Humboldt
M2 61 Petola ‘Whitchurch 14 0402320065000 Sample 1 of 3. Well shutin. 03759 1242892 161520 Humboldt
M2 62 Petola Whitchurch 1 0402320065000 Sample 3 of 3. Well shutin. 03759 1242892 161520 Humboldt
M2 g prseo Betichem 1 0401320043000 3709988 12234032 192N4W  Contra Costa
M2 64 San Alexander 23 0405320660000 ~ Heaviy bodegraded. 304882 12081090 B23SIIE  Monierey
W %5 Semads Hambey 46-18 0405300162000 _ Heavly biodegraded. 350343 12082057 1823511E  Monierey
M2 66 Sargent 303113 12156987  311S3F  SaniaClara
M2 67 Sagent GultJames W. Rea . et al. M-1 302074 1215826 3-11S3F  SanaClara
M2 68 Sagent ol 302023 12158663  3-11SSE  SanaClara
M2 69 seep- Tarvater Creek Tarvater Creek Seep Severely biodegracded. somes 1222393 6853W W
M2 70 stain- Majors Cr ajors Creek Oistained sandstone. Severely bodegraded. 360878 12214216 121153W  SanaCuz
M2 71 stain-Majors Creek area  SBSM-L Point Quarry Bt sexione PryecsSecTwig. 700681 12210889 61152W  Samacuz
M2 72 stain-Majors Creek area  9BSM-2 Point Quarry ‘Asphalt i factured mudstone. Projecet O0BB1 12210889 611S2W  SamaCruz
M2 73 stain-Majors Creek area  9BSM-3 Coast Road el e dloe concrenon. Poced SecTung,  ORALT 221478 ALAteIW  Sencre
M2 74 sain-Majors Creek area  9BSM-4 Back Ranch R Bituminous sandstone. Projected SecTwnR1G. o902 12213722 1211S3W  SamaCruz
M 7 985M15 Hiy 0m92 12214222 121153W  SamaCuz
M2 76 siain- YelowBank Creek  SBSM-5 Yelow Bark Creek iP-stained sandstone. Projected SecTwnRg. 39913 12216006 10-1153W  SanaCuz
M2 77 stain- Point Avena Point Arena Cove Oilstained sandstone. Severely bodegraded. 3801639 12371139 AL12N-TW  Mendocino
M2 78 stain - Point Montara cs1 Oilstained sandstone. Severely bodegraded. 3753733 2251767 334S6W  SanMateo
M2 79 sain-PiReyes PR-1 Palomarin Beach e dike, 7cm, visite o, strong HC odor. 7063 12273667 AHANGW  Marn

M2 B0 siain- PiReyes PR-2 Palomarin Beach Sandstone dike, 180 , vsible il o681 12273750 AwANGW  Marin

M2 Bl sain-PiReyes PR3 Palomarin Beach Thin braided” sandstone dike, vsible 702604 12273006 AHANGW  Marin

M2 B2 sain-PiReyes PR-4 Palomarin Beach Sandstone dike, visbe o, HC odor. STo201T 12274167 ARANGW  Marin

M2 B3 sain-PiReyes PR-6 Widcat Beach Sandstone sil or bed, visite of, HC odor. STose 1227823 ARANGW  Marin

M2 B4 siain-PiReyes PR.7 Widcat Beach Sandstone sil or bed, visite o, HC odor. 3705569 12278319 ARANGW  Marin

M2 85 sain- PiReyes PR3 Widcat Beach Sandstone sil or bed, visite o, HC odor. 3795778 12278403 #wANGW  Marin

M2 85 siain- PiReyes PR-9 Widcat Beach Sandstone sil or bed withvisibe ol 3706125 12278625 AHANGW  Marn

M2 87 sain-PiReyes PR-27 Wildcat Beach Sandstone, oi-stai 3707500 12279500 362NOW  Marin

M2 85 unnamed field " Production rom Dr. Peck's wel Heavly biodegraded. 724514 12195632 1085IW  SaniaClaa
M2 B9 wideatvel Etter1 0402300054000 2013558 36251 Humbol
M2 90 vildeatvel Pearson USL 1.8, 0405321170000 Inclan Valley area eastof San Ardo feld. 360463 12063676 122512E  Monierey
M3 91 Tompkins Hil i 206343 12416260 223NAW  Humboldt
M3 92 Tompkins Hil tank battry ol Contarse apechc e ke, e secz2 ot w083 12416 23NIW  Humbolt
M 93 seep-Bear River o7PGL22 Sandstone, o stained, H 045000 12440906 22ANIW  Humboldt
Ma 94 seep-Bear River o7PGL23 Fachred ck. o Sests abo  tapart 044657 12440472 Z7-ANIW  Humboldt
Ma 95 seep- Faise Cape 97PGL10 Limestone, Ol stained wgs, HC oo 050351 12438583 3INIW  Humboldt
Ma 96 seep- Faise Cape o7PGLT Sandstone, HC odor 051556 12438250 352NIW  Humboldt
Ma 97 seep- Faise Cape 97PGL3 Mudstone, HC odor. 205 2437611 262N3W  Humbolt
Ma 98 seep- Faise Cape o7PGL4 Sandstone, w ol staned veins, HC odor 052144 12437909 262N3W  Humboldt
Ma 99 seep- Faise Cape 97PGLS Sandstone, HC odor 051022 12438149 262N3W  Humboldt
Ma 100 seep- Faise Cape 97PGLs Sandstone, HC odor 05163 12438222 3I5ANIW  Humboldt
X 101 Concord Boylan 1 0401300080000~ Condensate. 380033 12202547 242N-2W  Contra Costa
X 102 Cymic Sauer Dough 25 0402974508000 3538520 5 2329521F  Kem

X 103 seep-McLaughinMine  McLaughiin Gold Mine ety ot Lokt I NENE ot e SaaIsss 1223597 LLNSW  Napa

X 104 seep-Oil Creek 7PoL Sandstone, back. 052528 12437556 262N3W  Humboldt
X 105 seep-Ratnbun Ratnbun AJ1000 Sovaoyodegtes. 3901070 12237758 3514NSW  Colusa

X 106 Sherman siand Signal-Upham 1 0407002560000 Condensate. SBo7E0 12172089 21N2E  Sacramento
X 107 siain - Mirabel mine Mirabel mine Okl wos o s catat g 3BEOUIT 12250611 2310NTW  Lake

X 108 stin - Mirabel mi Mirabel mine curtiste Gurtse - hydrocarb 3BE0ULT 12250611 2310NTW  Lake

X 109 sain-nearHelenmine  unnamed mine "Paul’s mine’ oot gl m sl capante g ot 3873044 12260773 LIONGW  Lake

X 110 TableBuft(7) 1) 06742 12021832 GIIW  Humbolat
X 111 waterwell Granny Creek H20 Near confluence wi Matole River. Possive distlate. 2026229 12419900  28251W  Humboldt
X 112 widcatwel (7) Eter1(7) 2084 12013556 3625IW  Humbot
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Table 2. Stable carbon isotope boundaries of petroleum types from northern and central
Cdlifornia. Vauesrefer to corners of boxes shown on figure 2.

513C 513C
Sats  Arom
Cist Cyst

Boundary for Cretaceous -25.70 -24.90
-26.80 -23.70
-27.90 -24.90
-27.00 -26.40

Boundary for Eocene -27.70 -27.47
-28.60 -26.46
-30.00 -28.00
-29.20 -29.12

Boundary for Miocene -21.20 -20.60
-22.00 -20.00
-24.80 -24.00
-24.30 -24.70
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5"C Aromatic Hydrocarbons
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0O Group 4- Eocene
-32.0 '
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3"C Saturated Hydrocarbons

Figure 1. Hydrocar bon typesin northern California (after Magoon and others, 1995)
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5'3C Aromatic Hydrocarbons
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3"C Saturated Hydrocarbons
Figure 2. | sotopic composition of oils, oil seeps, and oil stains, northern California. Seetable 2 for oil boundary coor dinates.
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