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INTRODUCTION
Re-Os geochronology studies of petroleum 

systems are suggested to record the timing of 
hydrocarbon generation and migration (Alberta 
Tar Sands, Selby and Creaser, 2005; Polaris 
Mississippi Valley–type deposit, Selby et al., 
2005). However, these studies have focused on 
petroleum systems in which both the timing of 
petroleum generation and the identity of the 
source unit are highly debated. Therefore, it is 
uncertain if the Re-Os ages record the timing of 
oil generation, migration, or emplacement. The 
UK Atlantic margin (UKAM; Fig. 1) is a well 
understood petroleum system, predominantly 
sourced from a Late Jurassic, marine, organic-
rich shale (equivalent to the North Sea Kim-
meridge Clay Formation, KCF) with a minor 
input from Middle Jurassic shallow-marine 
and terrestrial shale (e.g., Holmes et al., 1999; 
Lamers and Carmichael, 1999; Scotchman 
and Carr, 2005; Rooney et al., 1998; Cornford, 
1998; Scotchman et al., 1998, 2006; Mark et al., 
2005). Therefore, comparison of Re-Os ages 
from UKAM oil with existing basin models and 
Ar-Ar geochronology will identify what event 
Re-Os petroleum geochronology records.

The UKAM petroleum system comprises a 
belt of Devonian–Miocene rift basins between 
the Shetland platform and Faroe Islands (e.g., 
Spencer et al., 1999; Carruth, 2000; Mark et 
al., 2010; Fig. 1). Two main phases of rifting 
occurred during the Early Cretaceous and Late 
Cretaceous–Paleocene, forming local depocen-
ters. Reservoirs are found in Devonian–Car-
boniferous sediments and fractured, weathered 
basement (e.g., Clair fi eld; Carruth, 2000) and 
Jurassic and Paleogene sedimentary units (e.g., 

Foinaven and Schiehallion fi elds; Spencer et 
al., 1999; Fig. 1; see Fig. DR1 in the GSA Data 
Repository1).

This study presents Re-Os data for 18 oils 
from the Clair, Schiehallion, Cuillin, and Foi-
naven fi elds of the UKAM, and high-perfor-
mance liquid chromatography, carbon isotope, 
gas chromatography, and high-resolution gas 
chromatography mass spectrometry geochemi-

cal data of the studied oils that confi rm a Late 
Jurassic marine shale source. When compared 
to published basin histories and Ar-Ar geo-
chronology (Lamers and Carmichael, 1999; 
Mark et al., 2005; Scotchman et al., 2006), we 
demonstrate that the Re-Os age corresponds 
with the timing of oil generation. This confi rms 
the hypothesis that Re-Os oil geochronology 
records the timing of petroleum generation. 
Furthermore, we demonstrate that the hypoth-
esis that the Os isotopic composition of oil is 
related to the source unit is valid and that it is 
therefore possible to aid oil source rock identi-
fi cation using Os isotopes (Selby and Creaser, 
2005; Selby et al., 2005, 2007).

UKAM SOURCE ROCK 
IDENTIFICATION

The main source of oil in the UKAM is the 
Late Jurassic KCF; however, Middle Jurassic 
shallow-marine terrestrial shales are consid-
ered to be a secondary source (e.g., Scotchman 
et al., 2006). To investigate if the oils analyzed 
for Re-Os are all from the same source, high-
performance liquid chromatography (HPLC), 
carbon isotope (δ13C), gas chromatography 
(GC), and high-resolution gas chromatog-
raphy mass spectrometry (GCMS) analy-
sis was undertaken (Fig. 2; Table DR1). The 
δ13C and organic geochemical analysis were 
determined using the standard ENV/E1–1003, 
ENV/E1–2002, ENV/E1–3008, and ENV/
E1–3017 protocols at LGC Limited (Tedding-
ton, UK) (Table DR1). The HPLC analysis 
demonstrates that studied oils are composed 
of 39.6%−70.1% saturates, 25.5%−42.7% 
aromatics, and 4.4%−21.0% residual (nitro-
gen and sulfur compounds). δ13C analyses of 
whole oil (δ13CWO), saturate (δ13Csat), and aro-
matic (δ13Caro) fractions range from −29.8‰ to 
−29.7‰, −29.7‰ to −30.3‰, and −28.8‰ to 
−29.3‰, respectively. GC analysis of isopren-
oids and n-alkanes produced pristane/phytane 
(Pr/Ph) values ranging between 1.4 and 1.9. 
The Pr/nC17 and Ph/nC18 results positively 
correlate and range from 0.5 to 1.6 and 0.3 to 
1.0, respectively. GCMS oil analysis provides 
C27, C28, and C29 sterane biomarker values that, 
when normalized to 100%, range from 29.5% 
to 35% (mean 33.1; standard deviation, S.D. 
1.7), 26.6% to 36.4% (mean 30.0; S.D. 3.0), 
and 32.2% to 40.4% (mean 36.9%; S.D. 2.4), 
respectively.
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ABSTRACT
We demonstrate that the Re-Os system can be used to understand the temporal evolution 

of a petroleum system as well as aid in the identifi cation of source units. Traditional geo-
chemical methods (high-performance liquid chromatography, carbon isotope, gas chroma-
tography, and biomarker analysis) indicate that the main source of 18 oils analyzed for Re-Os 
geochronology from the United Kingdom Atlantic margin (Clair, Schiehallion, Cuillin, and 
Foinaven fi elds) is Late Jurassic marine shales. This is supported by the Os isotopic composi-
tion (187Os/188Os) of the Late Jurassic source (~0.9–2.4) at the timing of oil generation being 
similar to that of the oil (68 Ma; 0.92–1.12), indicating that the Re-Os system can potentially be 
used to fi ngerprint the source of an oil. The Re-Os data for the 18 oils yield an age (68 ± 13 Ma) 
that agrees with both the relative (basin models) and absolute (Ar-Ar geochronology) timing 
of oil generation, indicating that that Re-Os oil geochronology records oil generation events.
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Figure 1. Location map of oil fi elds (in black) 
used in this study (Carruth, 2000; Scotch-
man et al., 2006). 

1GSA Data Repository item 2011152, geology, 
analytical methodology, and tables of results, is 
available online at www.geosociety.org/pubs/ft2011
.htm, or on request from editing@geosociety.org or 
Documents Secretary, GSA, P.O. Box 9140, Boulder, 
CO 80301, USA.
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The δ13C data show very little spread in 
δ13CWO (mean, −29.5; S.D. 0.1), δ13Csat (mean, 
−30.1; S.D. 0.2), and δ13Caro (mean, −29.0; 
S.D. 0.2) values, suggesting a single source 
(Fig. 2A). Furthermore, the δ13CWO, δ13Csat, and 
δ13Caro values are within the range of North Sea 
oils sourced from the KCF (Table DR1; Corn-
ford, 1998), and are very similar to those attrib-
uted to a Late Jurassic KCF-equivalent source in 
the Clair fi eld (Rooney et al., 1998). Therefore, 
the δ13C data imply that the source of the oils 
in this study is the marine Late Jurassic KCF 
analogous unit. This conclusion is supported by 
the δ13Caro/δ13Csat ratio (~1), which suggests that 
the source organic matter was predominantly 
marine with a minor component of mixed terrig-
enous material (Sofer, 1984; Peters et al., 1999), 
as expected from a Late Jurassic marine source 
(Cornford, 1998).

The HPLC data indicate that oils from within 
the same oil fi eld have a similar composition; 
however, the four different oil fi elds have dis-
tinct compositions (Fig. 2B). Previous stud-
ies of UKAM oils suggest that biodegradation 
controls these compositional variations (e.g., 
Rooney et al., 1998). The Clair fi eld is the least 
biodegraded; the Cuillin, Schiehallion, and Foi-
naven fi elds show increased levels of biodegra-
dation. This is supported not just by the HPLC 
data in this study, but also by the isoprenoid 
data, which demonstrate an increase in biodeg-
radation from the Clair to the Foinaven fi elds 
(Fig. 2C). Furthermore, the isoprenoid data 
demonstrate that all samples contain a similar 
mix of Type II and III oils, supporting their for-
mation from the Late Jurassic source unit. The 
similar sterane biomarker data also support a 
single source unit, with the ratios of C27, C28, and 
C29 steranes suggesting that the oil was mainly 
from a mixed planktonic-bacterial source with 
some terrigenous material, as expected from the 
Late Jurassic marine shale (Fig. 2D).

It has been suggested that Re-Os data can 
provide information on the oil source unit, as the 
produced oil will inherit the 187Os/188Os of the 
source rock (Selby and Creaser 2005; Selby et 
al., 2007; Finlay et al., 2010a). The 187Os/188Os 
value at the time of generation (Osi; 68 Ma, 
see following) of UKAM oils is 1.05 ± 0.05 
(Fig. 3). The KCF (deposited ca. 147 Ma; e.g., 
Cohen et al., 1999; Finlay et al., 2010a) at the 
time of oil generation (68 Ma) had 187Os/188Os 
values calculated to be between ~0.9 and 2.4, 
values that span those of the oils (Cohen et al., 
1999; Selby, 2007; Finlay et al., 2010a). How-
ever, 187Os/188Os ratios for the older Middle 
Jurassic shales (Cohen et al., 1999) calculated 
at 68 Ma range from 1.28 to 1.77. Given that 
the oil has Osi values that are less radiogenic 
than these, they cannot be inherited from the 
Middle Jurassic units, but more likely inherited 
the Osi from the KCF. Based on the organic 

geochemistry and the Os isotope analysis, 
we are confi dent that the oils analyzed in this 
study are sourced predominantly from the Late 
Jurassic marine shales (KCF equivalent; e.g., 
Cornford, 1998); there is little evidence of 
input from the Middle Jurassic shallow-marine 
and/or terrestrial source.

Re-Os UKAM OIL GEOCHRONOLOGY
Re-Os isotope data for the asphaltene frac-

tion of studied oils are presented because Re 
and Os are predominantly complexed within the 
asphaltene fraction of oil, and the Re-Os isotope 
data for the asphaltene fraction of oil approxi-
mate that of the whole oil (Table DR2; Selby 
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Figure 3. Re-Os isochron 
for asphaltene from Clair, 
Foinaven, Schiehallion, 
and Cuillin oil fi elds. Un-
certainty ellipses and all 
uncertainties are at 2σ 
level. Dashed box inset 
shows lower left portion 
of isochron. MSWD—
mean square of weighted 
deviates. See text for dis-
cussion.
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et al., 2007). Re-Os analysis was conducted at 
the Northern Centre for Isotopic and Elemental 
Tracing, Durham University, following the ana-
lytical protocols by Selby and Creaser (2003), 
Selby (2007), and Selby et al. (2007; see the 
Data Repository). Oil from the UKAM contains 
between 0.4% and 8.0% asphaltene (n = 18). 
These asphaltene fractions contain 0.74–20.77 
ppb Re and 54.6–316.9 ppt Os. The 187Re/188Os 
(35.1–673.0) and 187Os/188Os (1.037–1.340) pos-
itively correlate and yield an age of 68 ± 13 Ma 
(mean square of weighted deviates, MSWD = 
20; Fig. 3), similar to generation and charging 
ages produced by basin modeling (Late Creta-
ceous–Paleogene; Scotchman et al. 2006).

To produce a reliable Re-Os age, three crite-
ria must be met. (1) Re-Os isotopic systematics 
must remain in a closed system. (2) There must 
be a suffi cient range in 187Re/188Os. (3) The ini-
tial 187Os/188Os (Osi) must be similar (Cohen et 
al., 1999). Our Re-Os date has a large MSWD of 
20 and signifi cant uncertainty (19%), suggest-
ing that one of these criteria has not been met. 
Our age agrees with both relative timing (basin 
models) and Ar-Ar geochronology (Mark et al., 
2005; see following),  therefore we believe it 
unlikely that there is any open-system behav-
ior. Furthermore, the spread in Re-Os isotopic 
data is similar to published precise Re-Os ages 
(e.g., Selby, 2007). Therefore we attribute the 
low precision in the age, and large MSWD, 
to variations in the oil sample Osi. There are 
two explanations for this variation in oil Osi. 
(1) The regional KCF source rock has been 
shown to have a range in Osi from 0.39 to 1.43 
(Cohen et al., 1999; Selby, 2007; Finlay et al., 
2010a). However, the exact range of Osi of the 
KCF in the UKAM is not known. The Osi of 
organic-rich sediment refl ects the 187Os/188Os 
composition of seawater at the time of deposi-
tion, which is governed by the differing inputs 
of radiogenic weathered continental crust and 
unradiogenic extraterrestrial matter and hydro-
thermal fl uid (e.g., Cohen, 2004, and references 
therein; Turgeon and Creaser, 2008; Finlay et 
al., 2010b). (2) Oil generation is not an instan-
taneous event and, within the UKAM, genera-
tion has been modeled to occur over ~30 m.y. 
(the main period of generation coinciding with 
the uncertainty in our Re-Os age; Lamers and 
Carmichael, 1999). Therefore it is likely that 
the large MSWD and uncertainty in the age are 
governed by data deviating from the isochron 
because the oil samples were generated over a 
signifi cant geological time from portions of the 
KCF with differing Osi.

The 68 ± 13 Ma Re-Os oil age is in agree-
ment with 40Ar/39Ar K-feldspar cement geochro-
nology of the Victory Field (~24 km north east 
of the Clair fi eld; 80.1 ± 5.6 Ma, 71.6 ± 7.1 Ma, 
and 62.7 ± 8.6; Mark et al., 2005). The dated 
K-feldspar cements contain mixed aqueous and 

oil fl uid inclusions. According to Mark et al. 
(2005), the oil was sourced from Late Jurassic 
shales, and therefore the Ar-Ar dates defi ne the 
youngest possible timing of oil generation in 
the UKAM. In contrast, a 40Ar/39Ar date from a 
K-feldspar cement bearing oil and aqueous fl uid 
inclusions, from a single Foinaven well, records 
an earlier oil charge at 113 ± 3.5 Ma (Mark et 
al., 2010). However, no oil-to-source correlation 
was undertaken in this study and therefore these 
oils could be sourced from deeper units than 
the Jurassic. Furthermore, the 40Ar/39Ar date is 
produced from a single well in the Foinaven 
fi eld and has not been recorded in other UKAM 
40Ar/39Ar studies (Mark et al., 2005), suggesting 
that it is from a very minor oil generation event. 
It is, however, possible that the 113 Ma charge 
(Mark et al., 2010) is recorded by the two Foi-
naven samples that have Osi distinct from the 
main data (G2075 = 0.92, G2763 = 1.75).

In addition to the similarity of the Re-Os 
and Ar-Ar geochronology, the Re-Os age 
agrees with separate basin models for timing 
of oil generation in the UKAM (Lamers and 
Carmichael, 1999; Scotchman et al., 2006). 
This indicates that the Re-Os oil age yields 
the timing of oil generation and thus supports 
the hypothesis by Selby and Creaser (2005) 
and Selby et al. (2005). There are two separate 
models of petroleum generation in the UKAM, 
a motel (e.g., Lamers and Carmichael, 1999) 
and not-motel model (Scotchman et al., 2006). 
The motel model is that oil was generated dur-
ing the Late Cretaceous, stored in deep hold-
ing tank reservoirs, then migrated into younger 
Paleocene and Oligocene–Miocene traps after 
they were deposited (e.g., Lamers and Carmi-
chael, 1999), in agreement with our Re-Os age. 
However, the validity of these models has been 
questioned due to the lack of evidence for the 
deep holding tank reservoirs (e.g., Scotchman 
et al., 2006). An alternative hydrocarbon gen-
eration and migration model, which takes into 
account the multiple rifting and igneous events 
in the Faroe-Shetland Basin without the need 
of holding tank reservoirs, also supports our 
Re-Os age (PresRo model; Scotchman et al., 
2006; Fig. 4). This model suggests that three 
separate oil generations occurred: (1) during 
the Late Cretaceous as subsiding source rocks 
in the Foinaven subbasin started to generate 
oil, trapped in Late Cretaceous sandstones, and 
ceased in response to the end-Cretaceous uplift; 
(2) during the Paleocene as a result of sudden 
renewed subsidence, trapped in Paleocene 
turbidites, and (3) during the Oligocene–Mio-
cene, driven by basin inversion and a reduction 
in overpressure rather than increased genera-
tion, trapped in Oligocene–Miocene reservoirs 
(Scotchman et al., 2006). Our Re-Os age (68 
± 13 Ma) agrees with the modeled timing of 
the Late Cretaceous and Paleocene oil genera-

tion and reservoir deposition. However, no evi-
dence of the Oligocene–Miocene generation of 
Scotchman et al. (2006) is observed in either 
our Re-Os age or the Ar-Ar dates of Mark et 
al. (2005). The PresRo model predicts that the 
oils trapped in Late Cretaceous and Paleocene 
turbidite units should be biodegraded; how-
ever, the Oligocene–Miocene generation pro-
duced light oil and gas that is not biodegraded 
(Scotchman et al., 2006). All the oils analyzed 
in this study have been demonstrated to be bio-
degraded (Fig. 2; Table DR1; see discussion 
herein), and therefore are unlikely to be from 
the Oligocene–Miocene event.

This Re-Os oil geochronology produces an 
age that is indistinguishable from basin model-
ing and Ar-Ar geochronology for the UKAM 
petroleum system. Given that there is little 
scope for oil mixing within petroleum reservoirs 
(e.g., Leythaeuser and Rückheim, 1989), and 
the agreement with other relative and absolute 
oil generation models, we interpret the Re-Os 
oil geochronology to record the timing of petro-
leum generation.

CONCLUSIONS
We present the fi rst Re-Os study of a petro-

leum system with a clearly defi ned source and 
good constraints for the timing of petroleum 
generation. Organic geochemistry of 18 oils 
from the Clair, Schiehallion, Cuillin, and Foi-
naven fi elds of the UKAM demonstrate that 
they were sourced from Late Jurassic marine 
shales, in agreement with published literature 
(e.g., Holmes et al., 1999). We further support 
the hypothesis that the Os isotopic composition 
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of oil is inherited from the source unit, and 
therefore may aid in identifying or ruling out 
potential source units (Selby and Creaser, 2005; 
Selby et al., 2005, 2007; Finlay et al., 2010a). 
The agreement of the Re-Os date produced from 
the UKAM oils (68 ± 13 Ma) with both Ar-Ar 
geochronology (Mark et al., 2005) and basin 
models (e.g., Lamers and Carmichael., 1999; 
Scotchman et al., 2006) provides the fi rst clear 
evidence that Re-Os oil analysis yields the tim-
ing of oil generation within a petroleum system. 
As a result we demonstrate how Re-Os petro-
leum geochemistry can increase our understand-
ing of both the temporal and spatial aspects of 
petroleum system evolution.
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