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Correlation of Reservoired Gases Using the Carbon Isotopic
Compositions of Wet Gas Components!

Alan T. James?

ABSTRACT

The carbon isotopic compositions of the wet gas com-
ponents, particularly propane, isobutane, and normal
butane, have been found to be particularly valuable for
correlating one reservoired gas with another. The useful-
ness of these components for correlation results from
their carbon isotopic compositions reflecting both the
nature of their source and their maturity. This source
control is strongest for gases derived from the more high-
ly structured types of kerogen (i.e., woody-coaly; type
III), although the wet gas components’ carbon isotopic
compositions of most gases are at least partly controlled
by their source for levels of maturity below the point at
which thermal destruction of the wet components occurs,
As a result, the wet gas components are found to provide
more positive correlations than is methane alone.

Three exploration examples illustrate the use of the
carbon isotopic compositions of the wet gas components
for correlation: the Leduc reef trend of Alberta, Cana-
da; the Sleipner area in the North Sea; and the Lena
field, offshore Louisiana, United States. The three exam-
ples also illustrate the need to integrate geochemical
interpretations with regional geology to obtain a good
understanding of the hydrocarbon source.

INTRODUCTION

In an exploration effort, hydrocarbon plays can be better
defined by knowing whether separate hydrocarbon occur-
rences in different parts of a basin, or in different parts of
the geologic section, are related. In addition, an improved
understanding of the distribution of oil and gas throughout
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the basin can be obtained by knowing the source-to-reser-
voir and hydrocarbon-maturity relationships of widely dis-
tributed hydrocarbon occurrences.

In this paper, the use of the carbon isotopic compositions of
wet gas components (i.e., propane, isobutane, and normal
butane) for correlating both associated and nonassociated
gases is demonstrated using three examples from different
exploration areas. These examples illustrate the mobility of
hydrocarbons in the subsurface and show the need to integrate
geology and geochemistry to obtain an improved understand-
ing of source-to-reservoir relationships for many hydrocarbon
accumulations. These examples also show the application of
the carbon isotopic compositions of wet gas components for
determining a gas’s maturity (cf. James, 1983) and for recog-
nizing gases that have migrated from other parts of the section.

PREVIOUS GAS CORRELATION APPROACHES

Previous regional gas correlation studies in the literature
have relied primarily on the use of carbon and hydrogen iso-
topic compositions of methane to correlate one reservoired
gas to another or to its source. Selected examples of this
approach include the work of Galimov et al. (1973) and Pra-
solov and Lobkov (1977) in the Karakum basin; Boigk et al.
(1971) and Schoell (1977, 1983b) in the Molasse basin; Rice
(1983) in the San Juan basin; Matavelli et al. (1983) and
Colombo et al. (1966) in the Po basin; and Stahl and Carey
(1975) in the Delaware basin. (For a further discussion of the
use of methane in correlation, refer also to Schoell, 1983a.)

Although useful, interpretation of the detailed source and
maturity relationships of an individual gas occurrence relative
to another using methane alone is often tenuous. Uncertainties
in such correlations result from the similarity of multiple
sources found within the section, mixing of hydrocarbons
from unrelated sources, secondary microbial and thermal
alteration of mature hydrocarbons, and from structural com-
plexities that may result in unrecognized migration pathways.
Publications by Fuex (1977), James (1983), Sundberg and
Bennett (1983), Burns et al. (1984), Galimov (1988), and
Chung et al. (1988) suggested that measurement of the wet
gas components’ carbon isotopic compositions can help over-
come many of these gas correlation difficulties.

BASIS AND CONCEPTS FOR CORRELATION

While evaluating the maturity approach described by
James (1983) in a wide variety of exploration areas, it has
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been recognized by the author that the carbon isotopic com-
positions of the wet gas components reflect both the level of
maturity at which a gas was generated as well as the nature
of the gas’s source. That is, the carbon isotopic composi-
tions of the wet gas components appear to be dependent on
(1) the level of maturity at which the gas was generated,
(2) the carbon isotopic composition of the organic material
from which the gas was derived, and (3) the extent to which
the kerogen structure influences the gaseous products. As a
result, the carbon isotopic compositions of wet gas compo-
nents have been found to be useful for correlating one reser-
voired gas with another, in addition to being useful for esti-
mating a gas’s maturity. [In this paper, the maturity of a
reservoired gas refers to the maturity of the source from
which the bulk of the gas came, realizing that a reservoired
gas represents an integration of products derived from a
source during progressive burial over a range of maturities,
both on and off structure (refer to James, 1983).]

The relative amount of source control vs. maturity con-
trol on the carbon isotopic compositions of the wet gas com-
ponents appears to depend on the source type. Through the
analysis of several hundred associated and nonassociated
gases derived from a variety of source types, it has been the
author’s observation that the carbon isotopic compositions
of the C, to C, gas components derived from the more high-
ly structured types of kerogen (i.e., woody-coaly; type IIT)
commonly appear to exhibit a greater degree of source con-
trol (and, hence, less maturity control) than compounds
derived from the more lipid-rich, oil-prone sources (type II).
For both source types, however, the carbon isotopic compo-
sitions of the wet gas components are at least partly inherited
from their source for maturity levels below the point at
which thermal destruction of wet gas components occurs
[about level of organic matter (LOM) = 12 or R, = 1.5%]
(see James, 1983; also see Hood et al., 19785, for a discussion
about LOM). This source control is exhibited by the carbon
isotopic compositions of propane, isobutane, and normal
butane exhibiting smaller carbon isotopic separations than
would be expected for gases derived from lipid-rich sources
at the same level of maturity. Minor reversals in the normal
progression of the carbon isotopic compositions of the high-
er molecular weight wet gas components are also commonly
exhibited in gases derived from woody-coaly types of organ-
ic matter as a result of this source control, i.e., normal butane
may be isotopically lighter than propane, with propane being
lighter than isobutane. (In the usual progression, propane is
the lightest, followed by isobutane, then normal butane,
although the relative position of isobutane may vary depend-
ing on the nature of the source and on the maturity. This dis-
tribution, and both the source and maturity control, have also
been described by James, 1983.)

The greater degree of source control exhibited by gases
derived from woody-coaly sources is probably the reason
for the observations made by James (1983) and by Burns et
al. (1984), which suggest that gases derived from such
sources often have carbon isotopic compositions that give
source maturities about 1 to 2 LOM units too high when
using James’s (1983) maturity approach. In these instances,
the carbon isotopic composition of normal butane usually
has too strong of a source influence to be used in maturity
estimates. In such situations, the carbon isotopic separation

Correlation of Reservoired Gases

of ethane and propane gives more reliable maturity esti-
mates, even though the methane values may plot above
their expected positions. This same source control is proba-
bly also one of the principal reasons for the different matu-
rity relationships observed by Stahl (1977) and by others
for the carbon isotopic compositions of methane derived
from sapropelic and from humic sources. This source con-
trol is also one of the main reasons for the differences in the
carbon isotopic compositions of the “natural gas plots”
shown by Chung et al. (1988) for gases derived from unre-
lated sources. Galimov (1988) also suggested that a source
control, as reflected by differences in the abundances of
aromatic and lipid-rich compounds contained in humic and
sapropelic sources, may result in differences in the carbon
isotopic compositions of gases as well as differences in the
mechanism and timing of gas generation.

As a result of the source control exhibited by the carbon
1sotopic compositions of the wet gas components, propane,
isobutane, and normal butane have been found to be particu-
larly useful for correlation purposes. With increasing molec-
ular weight, the carbon isotopic compositions of these com-
ponents appear to approach the carbon isotopic composition
of their source, and in fact, the carbon isotopic composition
of isobutane generally appears to be largely inherited from
its source. Propane does exhibit a considerable amount of
maturity dependence, especially when it has come from a
lipid-rich, oil-prone source, but when its carbon isotopic
composition is considered together with the carbon isotopic
compositions of isobutane and normal butane, all three are
valuable for correlation. The carbon isotopic compositions
of propane, isobutane, and normal butane generally seem to
be unaffected by migration. For LOMs greater than 13
where thermal destruction of wet gas and oil is significant,
the carbon isotopic compositions of propane, isobutane, and
normal butane become isotopically heavier, losing both their
source and maturity signatures, which they obtained at the
time of their formation (James, 1983). With increasing
extent of thermal destruction, the carbon isotopic composi-
tions of these components may become significantly heavier
than their source (refer to James, 1983). For an additional
discussion of the relationship of the carbon isotopic compo-
sitions of the higher molecular weight wet gas components
to their source, see Chung et al. (1988).

EXAMPLES

Several examples illustrate the use of the carbon isotopic
compositions of the wet gas components for correlating one
reservoired gas with another, for estimating gas maturities,
and for understanding the relationship of one accumulation
to another.

Leduc Reef Trend, Alberta

The carbon isotopic and molecular compositions of asso-
ciated and nonassociated gases from Upper Devonian reser-
voirs along the Homeglen-Rimbey-Leduc reef trend in the
Western Canada basin are shown in Table 1. The locations
of these accumulations are shown in Figure 1. With the
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LOM~6 ~,
(R~ 0.42)

LOM~8
~ ~
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(R~ 0.83) N

RiEin_us West

Homeglen
Rimbey

Reef Complex

Figure 1—The Upper Devonian Homeglen-Rimbey-Leduc reef trend in the Western Canada basin. The approximate maturity of
the Duvernay shale in the adjacent basins is shown by the dashed lines. Modified after Creaney (1989). R, values are in percent.

exception of two gases (from Ricinus West and Sundre
fields) that appear to have undergone significant amounts of
thermal degradation at high maturities, the carbon isotopic
compositions of the wet gas components shown in Table 1

are similar from one sample to the next. Overall, these
gases display a carbon isotopic maturity profile similar to
that described previously for west Texas (Figure 2) (com-
pare with James, 1983, his Figure 10). [The carbon isotopic
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Figure 2—Associated gases from the Western Canada reef trend plotted on James’s (1983) maturity diagram. The vertical axis

is a sliding scale that is the algebraic difference in parts per m
more detail see James, 1983.)
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Figure 3—Generalized stratigraphic cross section showing
the relationship of the basinal Devernay Formation to the
Leduc reefs. From Stoakes and Creaney, 1984.

compositions of the Ricinus West and Sundre gases are iso-
topically heavier than the other gases listed in Table 1 as a
result of their having undergone thermal degradation. They
are similar to the thermally degraded gases described previ-
ously by James (1983) in west Texas, and are located within
the highly thermally mature deep basin and overthrust belt.]

il between the 313C values of the natural gas components. (For

The similarity of the carbon isotopic compositions of the
individual wet gas components from one sample to the next
for gases from the Olds, Innisfail, Bonnie Glen, and Leduc
fields (Table 1) suggests that all of these gases probably
have been generated from the same source interval. Based
on the work of Creaney (1989) and Stoakes and Creaney
(1984), as well as additional unpublished work on crude oil
correlation, the organic-rich Upper Devonian Duvernay
Formation found in the shale basins on either side of the
reef trend is believed to be the source of these hydrocarbons
(Figure 3).

When the carbon isotopic compositions of gas from the
Olds, Innisfail, Homeglen-Rimbey, Bonnie Glen, and
Leduc fields are plotted on James’s (1983) maturity dia-
gram, the gases appear to have been generated at LOMs of
11-12 (Figure 2). These interpreted maturities agree with
the maturities of the Duvernay shale in the basins on either
side of the reef trend (Figure 1), and they also agree with
the interpreted maturities of the associated oils determined
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Table 2. Carbon Isotopic and Molecular Com

Correlation of Reservoired Gases

Upper Devonian Gas from Caprona Field, Alberta

Field Caprona
Reservoir Leduc
Upper Devonian
Depth (ft) 5320-5329
Molecular Composition (mole %)
H,S 0.50
CO, 9.15
N, 18.19
¢ 59.66
C, 7.11
C; 4.01
iCy 0.35
nCy 0.74
iCs 0.11
HCS 0 11
Ces 0.07
Cy/ZCn 0.83
Carbon Isotopic Composition (%o, 5!3C vs. PDB)
Methane -47.88
Ethane -37.90
Propane -35.00
Isobutane -32.10
N-butane -31.04
Interpreted LOM ~9-10

position of  from Cy, sterane isomerization, naphthene ring distribu-

tions, and other analyses not discussed here. Although it is
clear that the Homeglen-Rimbey sample fits with the other
gases listed in Table 1 for LOMs in the range of 10 to 12,
due to the particular wet gas carbon isotopic compositions
of the Homeglen-Rimbey sample and because of its isotopic
reversal of propane with respect to the butanes, the sample
cannot be uniquely positioned on the maturity diagram on
Figure 2. This reversal may be due to mixing from multiple
facies or maturities within the same source interval. Gas
chromatograms of the associated oil suggest that the sample
has not undergone any alteration.

The Redwater gas listed in Table 1 is a mixture of the
mature Upper Devonian gas previously described and imma-
ture (or biogenic) methane. When plotted on the maturity dia-
gram (Figure 2), the position of the Redwater wet gas compo-
nents suggests that the mature components of the gas have
been generated at an LOM near 11, similar to the other Leduc
gases shown in Figure 2. In contrast, the Redwater methane
value plots well above its expected position, suggesting that a
significant contribution of low-maturity methane (possibly of
bacterial origin) is also present within the accumulation. Note
that the Redwater field is located in an immature portion of
the basin at an LOM of about 6 (Figure 1).

The similarity of the carbon isotopic compositions of the
wet gas components at Redwater and the mature Devonian
gases reservoired deeper in the basin (Table 1) suggests that
all of these gases have come from the same source at about
the same level of maturity. The mature gas constituents at
Redwater are thought to have migrated to their present loca-

Table 3. Comparison of Devonian- and Cretaceous-Reservoired Gases within the Leduc Field, Western Canada

Reservoir Upper Devonian
Leduc Fm.

Depth (ft) 5313-5319

Molecular Composition (mole %)

H,S 0.00

CO, 0.51

N, 4,79

C 72.07

C, 13.65

Cy 6.15

iCy 0.62

nCy 1.34

iCs 0.21

nCs 0.24

Ces 0.42

Cy/ZCn 0.76

Carbon Isotopic Composition (%o, 813C vs.

Methane —44.34
Ethane -34.39
Propane -30.59
Isobutane -30.61
N-butane -28.92
Interpreted LOM 10

PDB)

Lower Cretaceous Upper Cretaceous

Basal Quartz Fm. Cardium Fm.
5303-5308 3068-3074

0.76 0.00
0.22 0.80
3.17 3.41
75.80 91.92
12.53 2.34
5.14 0.92
0.58 0.24
1.18 0.26
0.22 0.07
0.27 0.01
0.13 0.03
0.79 0.96
—43.82 -57.20
-33.29 -37.53
-30.09 -34.34
-29.82 -33.12
-28.50 -33.65
10 ~8-9,

possibly mixed with
bacterial methane
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Figure 4—Comparison of Western Canada gas families.

tion from deeper in the basin and mixed with immature
methane.

A comparison of the associated oil at Redwater with oils
found deeper in the basin supports the interpretation made
from the gases, and indicates that the oil has also originated
deeper in the basin and from the same source as the other
Leduc oils found along the reef trend (refer to Creaney and
Allan, 1989; see also Gussow, 1955).

For comparison purposes, an example of low-maturity
gas generated from the Duvernay Formation at an LOM of
about 9 is shown in Table 2. This gas from the Caprona
field is located south of the reef trend and is distinct from
the Redwater mixture.

Due to the abundance of possible migration pathways
along fractures and permeable layers, considerable move-
ment and mixing of hydrocarbons is suspected to have
occurred within the Western Canada basin. Based on the
carbon isotopic compositions of wet gas components from
several additional accumulations, the same mature Devoni-
an gas previously discussed is also believed to be present in
some of the overlying Lower Cretaceous reservoirs found
along the eastern part of the reef trend. At the Leduc field
for example, where the Lower Cretaceous unconformably
overlies the Upper Devonian, associated gas from the Basal
Quartz Formation reservoir (located just above the sub-Cre-
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taceous unconformity) is nearly identical, both isotopically
and compositionally, to the gas in the underlying Devonian
Leduc Formation (Table 3). This similarity suggests that the
Basal Quartz gas in this field may have migrated from the
Devonian. A similar suggestion has also been made by
Deroo et al. (1977) for the oils associated with these same
gases. As a result, the reservoir age does not necessarily
correspond with the age of the hydrocarbon source in this
part of the basin. Although the depths of the two samples
shown in Table 3 are similar, they are from different wells,
located in different parts of the field.

To help demonstrate that the carbon isotopic composi-
tions of the wet gas components reflect, at least in part, the
isotopic compositions of their sources, gases from addition-
al hydrocarbon sources in the Western Canada basin are
shown in Figure 4 and in Tables 3 and 4. At the Leduc field,
gas from the Upper Cretaceous Cardium Formation is read-
ily distinguished from Upper Devonian Duvernay-derived
gas found deeper in the section (Table 3, Figure 4). These
differences are believed to result from differences in the
maturity of the gases and also from differences in the iso-
topic compositions of their sources. To illustrate that the
differences are not entirely maturity related, a comparison
of the Cardium sample with low-maturity Duvernay-
derived gas from the Caprona field (Table 2) shows that the
carbon isotopic compositions of the butanes, as well as the
molecular compositions, are distinct.

Additional Western Canada basin gases, which are dis-
tinct from both the Upper Devonian and Upper Cretaceous
gases previously discussed are shown in Table 4 and in Fig-
ure 4. These gases have significantly more positive wet-
gas component carbon isotopic compositions (6!13C near
—22 %o) than the gases previously reported. In the deep part
of the basin at Simonette and Edson fields (Table 4), these
gases occur in both Mississippian and Cretaceous reser-
voirs. Although their source or sources are presently
unknown, the significantly more positive wet-gas compo-
nent carbon isotopic compositions probably result from
their sources being enriched in 13C relative to the others. As
a result, gases derived from such sources are readily recog-
nizable, even when they are encountered in various reser-
voirs within the complexly faulted and structured overthrust
belt (Table 4). In this author’s opinion, the source control
exhibited by the wet gas carbon isotopic compositions of
these gases is an alternative explanation for why the gases
described by Krouse et al. (1988) in the overthrust belt have
such isotopically heavy carbon isotopic compositions in
contrast to the sulfate reduction process proposed by
Krouse et al. (1988). Although the sulfate reduction mecha-
nism may well occur in some accumulations, the consistent
carbon isotopic compositions of the wet gas components
from one sample to the next shown in Table 4 are more like-
ly to be inherited from their source. (In fact, on Table 4 note
that one of the gases, which is reservoired in front of the
overthrust belt in the deep basin, contains no hydrogen sul-
fide, suggesting that thermochemical sulfate reduction is
unlikely to have been significant in this specific accumula-
tion.) Additional examples of these isotopically heavy gases
have also been found to have undergone fairly severe ther-
mal destruction of their wet gas components, leaving their
remaining wet gas components even more isotopically posi-
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Table 4. Comparison of Western Canada Deep Basin and Overthrust Belt Gases

Location Deep Basin Overthrust Belt
Field Simonette Edson Hanson Creek Wildcat Hills Jumping Pound
Reservoir Cadotte Elkton Turner Valley Turner Valley

Lower Cretaceous Mississippian Mississippian Mississippian Mississippian
Depth (ft) 7058-7109 9142-9156 11,940-12,129 6591 9799-10,139
Molecular Composition (mole %)
H,S 0.00 1.11 2.85 3.29 2.38
CO, 1.15 5.25 3.15 1.77 6.26
N, 0.18 0.70 0.10 1.16 0.13
C, 90.80 89.65 87.58 87.44 85.38
C, 5.98 2.38 452 3.60 4.05
Cs 1.18 0.51 1.03 0.77 0.93
iCy 0.21 0.14 0.20 0.21 0.25
nCy 0.24 0.14 0.19 0.23 0.24
iCs 0.11 0.00 0.07 0.11 0.13
nCs 0.06 0.00 0.04 0.05 0.09
Ces 0.09 0.12 0.17 1.37 0.16
C,/ZCn 0.92 0.96 0.93 0.95 0.94
Carbon Isetopic Composition (%o, 8C!3 vs. PDB
Methane -39.22 -37.30 -38.53 -39.13 -39.62
Ethane -24.27 -23.59 -24.93 -23.52 -24.52
Propane -22.25 -23.29 -23.93 -21.74 -22.73
Isobutane -22.41 -22.40 -23.02 -22.77 -23.34
N-butane -22.23 -22.42 -23.63 -21.05- 22.17
CO, -3.35 -1.55 -7.56 -1.17 -2.15
Interpreted LOM  11-12 ~13 ~12 ~12 ~12
tive. Possible sources for the gases listed in Table 4 include T T T
the Lower Cretaceous (Mannville) coals as well as several . 1740 2 E
additional Triassic and Jurassic units cut by the sub-Creta- ’
ceous unconformity (cf. Creaney and Allan, 1989). ['

15/5
r8°30° | e 9
Sleipner Area, North Sea " 3
In the Sleipner area located in the Norwegian part of the HETA
North Sea, hydrocarbons are contained in a number of Tri- 3.
assic, Jurassic, and Paleocene reservoirs located within or s ALPHA
overlying a series of fault blocks stepping outward onto the oy .
Norwegian shelf from the eastern side of the Viking Graben 16/181
(Figures 5, 6). From the beginning of the exploration effort, &/ SLEIPNER
the Middle Jurassic (particularly the Sleipner Formation) \ EAST
was thought to be the most likely source of the hydrocar- \
bons found in the Jurassic and Triassic reservoirs. When gas . 14 J 4
was discovered in the overlying Paleocene sandstones in It mkm'. < &
the eastern part of the area, its origin was unknown. \.
Table 5 is a summary of the carbon isotopic and molecu- \ & 15012

lar compositions of selected gases from the Sleipner area. \
The locations of these accumulations and their relative .

structural positions are shown in the accompanying map
and cross section (Figures 3, 6). A total of 19 gases from
various wells and intervals throughout the area have been
analyzed. The structural and stratigraphic setting of the

Figure 5—Sleipner area well locations, offshore Norway. Line
shows the location of the eastern part of Figure 6 cross
section. Note that cross section continues to the west.
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U.K. : NORWAY E
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- 4000 m
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Sleipner area, as well as its exploration history, has been
previously described by Pegrum and Ljones (1984).

Except for having variable amounts of nonhydrocarbon
gas constituents (N, and CQ,), all of the gases shown in
Table 5 are similar to one another, both isotopically and
compositionally, regardless of their reservoir age. Although
the carbon isotopic compositions of methane do vary
among the samples to some extent, the isotopic composi-
tions of the wet gas components show only minor variations
from sample to sample. The similarity of these gases is even
more apparent when the molecular compositions of the
hydrocarbon components are normalized to 100%, effec-
tively removing the nonhydrocarbons (CO,, N,) (Table 5).

When the carbon isotopic compositions of methane,
ethane, and propane are plotted on James’s (1983) maturity
diagram using the ethane to propane separations, all of the
gases cluster together indicating a source LOM of 11 to 12
(Figure 7). The carbon isotopic compositions of the normal
butanes were not used in this plot because the isotopic com-
positions of propane and normal butane are reversed from
that which would be normally expected (Table 5). Because
the isotopic compositions of the wet gas components are so
consistent from one sample to the next over the entire area,
it is unlikely that these reversals are the result of hydrocar-
bon mixing from multiple sources. Rather, the reversals are
thought to result from a source control superimposed on the

carbon isotopic compositions of the higher molecular
weight gas components. If the gases were a result of mixing
from multiple source intervals, it is unlikely that the iso-
topic compositions of the wet gas components (including
the propane—normal butane reversals) would be so consis-
tent from sample to sample, especially in view of the geo-
graphic and structural distributions of the samples.

Based on (1) the similarities of the carbon isotopic com-
positions of the wet gas components, (2) the similarity of
the normalized hydrocarbon gas compositions, and (3) the
clustering of the isotopic data on the maturity diagram, all
of the hydrocarbon gases listed in Table 5, including those
reservoired in the Paleocene, are thought to have been gen-
erated from the same source interval at about the same level
of maturity regardless of their reservoir ages.

A maturity profile from the Viking Graben onto the Nor-
wegian shelf, based on measured thermal alteration indexes,
vitrinite reflectance, and calculated maturities obtained
from burial histories and time-temperature calculations
(modified after Lopatin, 1971, and Hood et al., 1973), is
shown in Figure 8. When compared with the interpreted
maturities of the gases, the distribution of maturities in the
geologic section suggests that the hydrocarbon gases reser-
voired in the Sleipner area (including those in the Pale-
ocene) were all generated from Jurassic beds deep within
the Viking Graben. The hydrocarbon gases appear to have
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Figure 7—LOM determination of the Sleipner field gases. The sample numbers correspond to those shown in Table § and

Figure 6.

migrated through permeable sandstones and up faults and
fractures to successively shallower reservoirs in the various
fault blocks, culminating in the Paleocene sandstones. As a
result, similar hydrocarbon gases are found at various
points along these pathways in reservoirs of different ages.
The minor differences in hydrocarbon gas compositions and
methane isotopic compositions are thought to result either
from organic matter variations within the source or from
minor mixing of hydrocarbons derived from multiple
sources within the Jurassic. However, because the carbon
isotopic compositions of the wet gas components are so
consistent from sample to sample throughout the area, the
extent of mixing from multiple hydrocarbon sources is not
thought to be very great.

In the Sleipner area, the kerogen contained in the Juras-
sic rocks ranges from 30 to 80% structured, woody-coaly
material and exhibits considerable vertical and lateral facies
variations. These observations fit with the interpretations
previously made concerning the source control on the varia-
tions exhibited by (1) the carbon isotopic compositions of
the hydrocarbon gas components, and (2) by the differences
in the molecular compositions of the hydrocarbons.

The compositional differences observed among the non-
hydrocarbon gas constituents shown in Table 5 are suspect-
ed to be unrelated to the origin of the hydrocarbons. Multi-
ple sources for the CO, are thought to be present. The gases
containing the highest amounts of CO, are found deep with-
in the section (Figure 9), either in or near the Viking
Graben. This CO, has carbon isotopic compositions of -3 to
—5%o (Figure 10) and appears most likely to have been
derived from thermal degradation of carbonates located
deep within the section. Farther eastward and higher on the
Norwegian shelf, the amount of CO, contained in the gases
decreases systematically with increasing distance from the
graben (Figure 11). This CO, is typical of that derived from
normal maturation of organic matter and has 813C in the
range of —8 to —12%o (Figure 10). As a consequence, the
variability of CO, contents observed in the Sleipner gases
appears to be the result of CO,, derived from deep within
the section in the Viking Graben, migrating outward to shal-
lower reservoirs and mixing in varying proportions with
hydrocarbon gases (including CO,) derived from normal
maturation of organic matter. Hence, the variations of non-
hydrocarbon gas constituents found in the Sleipner gases
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appear to be related more to migration, mixing, and differ-
ences in migration pathways than due to hydrocarbon
source variations.

In this example, the carbon isotopic compositions of the
wet gas components are shown to be valuable for allowing
us to see through the variability of nonhydrocarbon gas
components and for recognizing the common origin of the
hydrocarbon gases. Had the Paleocene-reservoired gases
not been compared in detail with the other gases, their rela-
tionship to gases contained in the older reservoirs and to a
Jurassic source might have been overlooked.

Lena Field, Offshore Louisiana

Selected gases from the Lena field, offshore Louisiana
(Mississippi Canyon Block 281) (Figure 12), are shown in
Table 6. These gases are from stacked producing sands,
which occur at depths of 4930-8613 ft (1503-2625 m)
within the same fault block. The two deepest gases listed
are associated with oil. All of the reservoirs are located in
an immature part of the section within the Pliocene.

In the Lena accumulations listed in Table 6, the carbon
isotopic compositions of ethane, propane, isobutane, and
normal butane are nearly identical from one sample to the
next, even though the methane isotopic compositions and
the molecular compositions vary considerably. When plotted

on James’s (1983) maturity diagram, the gases are seen to be
mixtures in varying proportions of bacterial methane and
mature gas, which has been generated at an LOM of about
12 (Figure 13). The similarity of the carbon isotopic compo-
sitions of the individual wet gas components from sample to
sample and the similarity of the interpreted maturities sug-
gest that the wet gases have all come from the same source.
These mature, wet gases are thought to have migrated verti-
cally along faults from deeper in the section and mixed in
varying proportions with bacterial methane in the shallow
section. In such mixtures, the mature gas is diluted with bac-
terially derived methane, leaving the isotopic compositions
of ethane and higher molecular weight components unaffect-
ed. The resulting methane isotopic compositions are vari-
able, depending on the relative proportions of the end mem-
bers. With regard to specific accumulations, the Lena A-26
gas (Table 6) has the lightest methane carbon isotopic com-
position of the three gases listed and appears to be composed
of predominately bacterial methane mixed with minor
amounts of mature gas. In contrast, the Lena A-23 gas has
the heaviest methane carbon isotopic composition and is the
most representative of mature gas migrating from depth. The
other gas listed in Table 6 exhibits an intermediate methane
carbon isotopic composition and represents an intermediate
mixture of the two end members.

The Lena A-23 and A-26 gases together with several addi-
tional gases from different reservoirs in other fault blocks
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Figure 10—CO, in the greater Sleipner field area.

within the Lena field are shown in Figure 14. The additional
gases represent a wide range of mixtures of the two end mem-
bers previously described. Just as before, the carbon isotopic

compositions of the wet gas components of the additional
gases show only minor variations from one reservoir to anoth-
er, whereas their methane carbon isotopic compositions range
considerably, from -42 to —-57%o. By characterizing the gases
with their wet-gas component carbon isotopic compositions,
the Lena gases can be recognized easily as mixtures, with
their mature gas components having a common origin. Had
the gases been characterized only by the carbon isotopic com-
positions of methane, this relationship probably would have
been missed. The gases might even have been characterized
as having come from multiple sources at different maturities.
As a result of bacterial alteration, the wet gas component
carbon isotopic compositions of some of the additional
gases shown in Figure 14 vary somewhat from the three
gases listed in Table 6. The altered gases display progres-
sively heavier propane and n-butane carbon isotopic compo-
sitions whereas their ethane and isobutane isotopic composi-
tions remain nearly the same as the A-23 gas (Figure 15)
(see also James and Burns, 1984). Gas chromatograms of
associated oils at Lena also show varying amounts of bacte-
rial alteration, some of which are fairly severe (Figure 16),
supporting the interpretation that some of the gases are
altered, although the extent of alteration of the gases and oils
reservoired together do not necessarily parallel each other.
No direct relationship appears to exist between the
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extent of bacterial alteration and mixing in the Lena gases,
although several of the gases display the effects of both. If
several gases within the area had not been available for
comparison, the mixing and alteration effects of the gases
would have been more difficult to recognize.

DISCUSSION

The source control exhibited by carbon isotopic compo-
sitions of the wet gas components (particularly normal and
isobutane and to a lesser extent propane) make these com-
ponents particularly useful for correlating one reservoired
gas with another. Although no direct correlations of reser-
voired gases to their sources are available for the examples
presented here, the inference of a source control superim-
posed on the carbon isotopic compositions of the wet gas

Figure 12—Location of the Lena platform, offshore Louisiana
(Mississippi Canyon Block 281).

components is strong. At the Sleipner field for example, the
carbon isotopic compositions of propane and normal butane
are reversed from the normal order expected from a maturi-
ty influence alone. In western Canada, gases derived from
three different source intervals have been differentiated by
their wet gas component carbon isotopic compositions,
which are at least partly source controlled.

Limitations of the use of the wet gas component carbon
isotopic compositions for correlation purposes do exist
however. Thermal destruction at high maturities causes the
wet gas components to lose their source and maturity char-
acteristics inherited at the time of their formation. This pro-
cess may be so extensive that the carbon isotopic composi-
tions of the affected components can be dramatically
changed (refer to James, 1983). At more moderate maturi-
ties where the destruction process appears to start, i.e.,
LOMs in the range of 12 to 13 (just past the range of gener-
ation of most liquids), the effects are subtle and are more
difficult to recognize. For example, where propane and the
higher molecular weight components are partly degraded, it
may not be readily apparent that the gas has undergone ther-
mal degradation. In such instances, the sample could be
incorrectly placed at too low of a maturity on James’s
(1983) maturity diagram, e.g., at LOMs of 8 to 9 instead of
12 to 14. Reliable butane data usually allow such secondary
alteration phenomena to be recognized and frequently help
to reduce the interpretational problems.

Bacterial alteration of gas can also cause the wet gas
components to lose their original carbon isotopic composi-
tions that they obtained at the time of their formation (James
and Burns, 1984). The process can dramatically alter the car-
bon isotopic compositions of propane and the butanes,
removing all of their original source character. If subtle bac-
terial alteration is present and not recognized (or even if
more extensive alteration is not recognized), miscorrelations
and misinterpretations of the gas’s maturity can result.

A significant effort to obtain a reliable sample represen-
tative of the subsurface accumulation is required for very
wet gases and when liquid hydrocarbons are present in the
reservoir or in the well stream. Errors of up to 4%o in the
813C of the wet gas components (especially the butanes) can
result from sampling procedures alone if inadequate meth-
ods are employed either at the well site or in the laboratory.
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Figure 13—LOM determination of the Lena field gases. The ethane, propane, and normal butane carbon isotopic compositions
of the gases are so similar from one sample to the next that the gases plot on top of each other.

We use evacuated cylinders to obtain several hundred or
several thousand psi gas and fluid samples representative of
flow streams and subsurface accumulations, and do not
allow the cylinders to be purged or depleted. We found that
many published sampling methods give unreliable butane
and propane isotopic data, especially for wet gases associat-
ed with liquid hydrocarbons due to pressure, volume, and
temperature phase effects. In general, sampling procedures
that allow flow through a sample cylinder or allow the
cylinder to be purged often provide unreliable results.

CONCLUSIONS

Use of the carbon isotopic compositions of the wet gas
components for correlating one reservoired gas with another
and for estimating a gas’s maturity has distinct advantages
over using methane alone: more positive correlations general-
ly can be made. These components also allow bacterial alter-
ation, mixing from multiple sources, and thermal destruction
to be more easily recognized. Specifically, the carbon isotopic
compositions of propane, isobutane, and normal butane gen-

erally are the most valuable because of the source control they
exhibit, although ethane is also helpful. When geochemical
interpretations based on the wet gas components are com-
bined with interpretations made on the associated liquids, the
result is particularly powerful. Overall, use of the wet gas
components for correlation generally outweighs the difficulty
of obtaining representative samples of the accumulations.

Through the application of the correlation approach
described here, it has been recognized in many sedimentary
basins that hydrocarbons have migrated significant dis-
tances from their source, either vertically or laterally,
depending on the stratigraphic and structural relationships
within the area. As a result, the age of a reservoir frequently
does not correspond with the age of the hydrocarbon source.
In many areas, hydrocarbon mixtures from multiple sources
(or source facies) are also common.

The three exploration examples presented here illustrate
the necessity of integrating geochemical interpretations
with a good understanding of the regional and detailed
geology if a true understanding of the hydrocarbon source
and level of maturity are to be attained for many hydrocar-
bon accumulations.
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True Vertical
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*tr = trace.
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