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Abstract

This study investigates the extent of post-depositional alteration of dD values of n-alkyl lipids, isoprenoids, and kerogen isolated
from a continuous 450 m core that covers the transition from thermally immature to early mature sediments in the lacustrine Kissenda
Formation, Lower Cretaceous, Gabon Basin. Large variations in dD values (up to 40& for nC17 and up to 30& for nC29 alkanes as
well as up to 10& for kerogen) in closely spaced samples are evident throughout the core and remain preserved even at the bottom of
the section. dD values of individual n-alkanes show a slight overall D-enrichment with depth, and a general trend of increasing dD
values with increasing n-alkane chain length characterizes all samples, particularly in those below 600 m depth. Hydrogen isotopic
compositions of kerogen samples overlap with those of n-alkanes throughout the section. dD values of pristane and phytane are more
negative than those of nC17 alkane by as much as 120& at shallow depths but increase dramatically and approach dD values of nC17

alkane in the samples closest to the oil window. Integration of analytical and computational results indicates that: (1) n-alkanes and
isoprenoids have the potential to preserve the original biological signal before the onset of oil generation; (2) isomeric and structural
rearrangements taking place at the beginning stages of oil generation do not influence significantly the dD values of n-alkanes and
kerogen. However, these processes have a major effect on the isotopic composition of isoprenoids, causing isotopic D-enrichment
up to 90&.
� 2006 Elsevier Inc. All rights reserved.
1. Introduction

Recent advances in hydrogen isotope analyses (Bur-
goyne and Hayes, 1998; Hilkert et al., 1999) open new
opportunities for using dD values of lipids as a hydrologi-
cal proxy for paleoenvironmental research. For example,
variations in dD values of individual compounds record
changes in paleohydrology during the Late Miocene
(Andersen et al., 2001), the Late Quaternary (Huang
et al., 2002; Liu and Huang, 2005; Schefuß et al., 2005),
and the Holocene (Xie et al., 2000). Application of this
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proxy to older sediments was explored by Radke and
Gleixner (2003), who used dD values of n-alkanes to recon-
struct paleoclimatic and paleoenvironmental conditions
during the Permo-Carboniferous. Li et al. (2001) recog-
nized different sources (marine vs. lacustrine) of environ-
mental water during the deposition of Paleozoic and
Mesozoic rocks based on dD values of oil-derived
n-alkanes. However, improved interpretations and future
applications of organic hydrogen isotope data demand in-
sights to the key factors that influence dD values of sedi-
mentary organic matter (OM). These factors include: (1)
complexities in the composition of paleoenvironmental
waters, (2) D/H composition of biological precursor com-
pounds, and (3) post-depositional processes that exchange
hydrogen between OM and formation waters.

Normal alkanes and isoprenoids (specifically pristane
and phytane) provide an attractive target for exploring
the fate of sedimentary OM hydrogen because of their wide
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distribution in sedimentary samples and well-constrained
OM precursor-sedimentary compound relationships. Mod-
ern laboratory and field studies of aquatic and terrestrial
plants and lacustrine sediments show that n-alkyl lipid
dD values generally fall between ��150& and �250&,
with an isotopic depletion relative to environmental water
by �100& to 200& (Sessions et al., 1999; Sauer et al.,
2001; Chikaraishi and Naraoka, 2003, 2005; Yang and
Huang, 2003; Sachse et al., 2004; Smith and Freeman, in
press). However, phytol (the most likely precursor for sed-
imentary pristane and phytane) is significantly more D-de-
pleted, with dD values being typically more negative than
�300& (Sessions et al., 1999; Chikaraishi et al., 2004,
2005; Chikaraishi and Naraoka, 2005), indicating very
large isotopic fractionation relative to growth water.

Preservation of large differences between dD values of n-
alkanes and isoprenoids (i.e., pristane and phytane) in ther-
mally immature Late Carboniferous to Late Permian tor-
banites were reported by Dawson et al. (2004). Both
pristane and phytane are D-depleted by ca. 60–80& rela-
tive to n-alkanes. Another study by Dawson et al. (2005)
reported isotopic composition of n-alkanes and isoprenoids
in Lower Triassic thermally immature to late mature sedi-
ments and oils. The difference in dD values of pristine and
phytane vs. n-alkanes progressively decreases from ca.
115& in immature to ca. 0–19& in late mature sediments.
dD values of pristane/phytane in oils show a slight overall
D-enrichment of isoprenoids by ca. 13–14&. An absence of
significant hydrogen isotopic differences between n-alkanes
and pristane/phytane in oils was also reported by Li et al.
(2001), Schimmelmann et al. (2004), and Sessions et al.
(2004). This similarity of dD values between n-alkanes
and isoprenoids in late mature sediments and oils indicates
a significant alteration of biological dD signature. The
interpretation that isoprenoids become more D-enriched
faster than n-alkanes with increasing maturity is tied to
the branched nature of these compounds (Dawson et al.,
2005). Branched structures undergo faster D-enrichment
because of the presence of tertiary carbon carbocation cen-
ters, which promote extensive hydrogen exchange at the
adjacent carbons (Alexander et al., 1984).

The above studies are based on either isolated snapshots
of OM maturation process, e.g., thermally immature tor-
banites (Dawson et al., 2004) and oils (Li et al., 2001;
Schimmelmann et al., 2004; Sessions et al., 2004) or a lim-
ited number of samples (2–3 per maturity level) from four
different wells (Dawson et al., 2005). Here, we test the influ-
ence of thermal maturity on molecular deuterium signa-
tures with a new continuous record of dD values of
n-alkanes, pristane/phytane, and kerogen through the tran-
sition from thermally immature to early mature Lower
Cretaceous (�120 to 140 Ma) lacustrine sediments in West
Africa. Lacustrine systems are highly sensitive to paleohy-
drological and paleoclimatic changes and isotopic signals
preserved in lacustrine derived OM are more variable than
that from marine systems. Hence the wide range in deute-
rium signatures in OM from lacustrine settings provides
an ideal opportunity for investigating post-depositional
alteration of biological dD signal during thermal matura-
tion. We attempt to advance our understanding of post-de-
positional alteration of indigenous dD signatures by
integrating our empirical observations with theoretically
determined isotopic parameters.

2. Methodology

2.1. Sample description and preparation

A total of 27 core samples of shale from the well ONEZ-
1 representing a 450-m thick section (�7 Ma years) of
lacustrine sediments from the Kissenda Formation (Neoco-
mian) (Fig. 1) were used in this study for bulk OM and bio-
marker analyses. The Kissenda Formation, which extends
from 415 to 908 m depth in this well, abruptly but con-
formably overlies medium to coarse grained sandstones
of the Grès de Base, the basal unit of the rift sequence
and is unconformably overlain by sandstones, siltstones
and shales of the Aptian Gamba Formation. In this well,
the Kissenda consists largely of shale, with approximately
1.5% sandstone and a similar proportion of limestone
and dolomite, which occur as interbeds from 10 to
120 cm thick within the shale.

Total organic carbon (TOC) ranges between 0.9 and
7.9 wt.% (Fig. 2). Hydrogen Index (HI) values vary be-
tween 219 and 839, the majority are >500. Oxygen Index
(OI) values range between 7 and 65, most of the values
being <40. Based on HI and OI, kerogen type from the
majority of the samples can be characterized as predomi-
nately Type I. However, elevated OI values in samples
from 495 to 869.2 m depth indicate that these two samples
contain Type I kerogen with a significant proportion of
Type III kerogen. Predominance of short- and mid-chain
n-alkanes in the saturate fraction (Fig. 3) also indicates a
high proportion of algal-derived OM in these samples.

The total bitumen fraction was obtained by extracting
ground samples for 24 h in a Soxhlet apparatus with
dichloromethane. The saturate fraction was eluted using
hexane, the aromatic fraction by hexane/dichloromethane
(1:1 v/v), and the resin fraction by methanol, respectively.
Normal alkanes were separated from isoalkanes and cyclo-
alkanes using urea adduction, following the procedure de-
scribed by Wakeham and Pease (1992).

2.2. Gas chromatography/mass spectrometry of biomarkers

Identification of compounds were made using an Agilent
Technologies 6890 gas chromatograph interfaced with a
HP 5973 mass spectrometer with hydrogen as the carrier
gas. Hopane and sterane biomarker parameters from the
saturate fraction were determined on GC/MS data and
interpreted according to Peters and Moldowan (1993).
The following ratios were calculated using peak areas on
m/z 191 and 217 chromatograms: Ts/(Ts + Tm), Ts/C30

hopane, 22S/(22S + 22R) C31 homohopanes, 20S/(20S +
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Fig. 1. (a) Location of the Gabon Basin on the equatorial West African margin, simplified from Davison (1999). (b) Gabon map showing well ONEZ-1,
simplified from Teisserenc and Villemin (1990). (c) Stratigraphy of the Gabon Basin.
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20R) C29 steranes, and Dia/Regular C27 steranes. Carbon
preference index (CPI) values were determined on n-al-
kanes from the saturate fraction using integrated peak
areas on m/z 57 chromatograms following Bray and Evans
(1961).
2.3. Kerogen isolation and dD analyses

Kerogens were prepared from 20 samples following a
modified HF-BF3 method introduced by Robl and Davis
(1993). Soxhlet-extracted powdered rock samples were first



Fig. 2. Bulk organic matter parameters: Total Organic Carbon (TOC), Hydrogen Index (HI), and Oxygen Index (OI).

Fig. 3. Representative chromatogram of the saturate fraction, sample
656 m. All samples investigated in this are characterized by significant
contribution from short-, mid-, and long-chain n-alkanes as well as
pristane and phytane in the saturate fraction.
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treated by 0.5 N HCl. The remaining portion was subjected
to HF and then to H3BO3. Heavy minerals remaining after
HF treatment were isolated from kerogen using ZnBr2 heavy
liquid separation. Kerogen was washed with distilled water
and freeze-dried. Following hydrogen isotopic analyses
(see below), five randomly chosen samples were re-extracted
with dichloromethane and reanalyzed for their H isotopic
composition. dD values of kerogen measured before and
after the second solvent extraction differed by less than
2&. Hence we assume that the initial soxhlet extraction re-
moved the major portion of soluble OM. Hydrogen isotopic
compositions of kerogen samples were determined using a
ThermoFinnigan Delta-Plus XP mass spectrometer connect-
ed to a ThermoFinnigan TC/EA. Pyrolytic conversion of
organic hydrogen to H2 was conducted at 1450 �C followed
by separation of gas products by a GC operating at 70 �C.
The H3-factor was determined daily using H2 reference
gas. Precision of isotopic measurement of H2 reference gas
after H3

þ correction was <±1&. Analytical accuracy and
precision of TC/EA/IRMS system were determined using
Polyethylene Foil (PEF1, National Institute of Standards
and Technology (NIST)) (dDvsmow = �100.3&) standard.
The root-mean-square error (RMS = (Rd2/n)1/2, where
d = dDexpected � dDmeasured, n = number of measurements)
was 1.3&. Hydrogen isotopic compositions of kerogen sam-
ples are reported based on triplicate analyses. Standard devi-
ations of kerogen dD values range between 0& and 1&. dD
values are reported relative to VSMOW based on a reference
gas calibrated against PEF1 analyzed online.

2.4. Compound-specific dD analyses

Twenty-three samples from the adducted fraction and 7
samples from the non-adducted fraction were analyzed
using a ThermoFinnigan Delta-Plus XP mass spectrometer
connected to an Agilent 6890A gas chromatograph through
the ThermoFinnigan GC/TC pyrolysis interface. Com-
pound co-elution and the presence of unresolved complex
mixture in the non-adducted fraction limited the number
of samples available for isoprenoid measurements. The
H3-factor was determined similarly to the procedure de-
scribed above. Reproducibility of H2 reference gas dD val-
ues after H3

þ correction was <±1&. Analytical accuracy
and precision of the GC/TC/IRMS system were determined
using two sets of external coinjected mixtures of organic D/
H reference compounds: ‘‘nC16–nC30 alkane’’ mixture and
‘‘5a-androstane, squalane, hentetracontane (nC41)’’ mix-
ture; isotopic ratios measured off-line by A. Schimmelmann,
Indiana University. RMS error for hydrogen isotopic mea-
surements of these compounds was 5.1& (n = 325).

Hydrogen isotopic compositions of n-alkanes and isopre-
noids from Gabon samples are reported based on duplicate
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analyses of well-resolved peaks. Isodat NT Version 1.5 was
used for data processing of n-alkane measurements. Because
this version of Isodat does not account for large increases
(up to 750 mV during analyses of non-adducted saturate
fractions of the Gabon samples) in mass 2 background dur-
ing H3

þ correction, a modified version of Excel Visual Basic
codes (specifically developed for this purpose by Alex Ses-
sions et al. (2001)) was used to process data for the isopren-
oid fractions. Standard deviations of n-alkane dD values
range between 0& and 10&; for the majority of compounds
the values were <4&. Standard deviations of pristane and
phytane varied between 0& and 7&. Hydrogen isotopic
compositions of individual compounds are expressed rela-
tive to VSMOW based on coinjected internal standards
(5a-androstane and hentetracontane).

3. Results

3.1. Biomarkers and vitrinite reflectance

Changes in OM maturity with depth are displayed
graphically in Fig. 4. Both bulk and biomarker indicators
show an increase in OM thermal maturity down the core
from immature to early mature. Based upon the data from
22S/(22S + 22R) C31 homohopanes (the value of 0.6 for
this ratio is equivalent to Ro = 0.6; (Peters and Moldowan,
1993)), 20S/(20S + 20R) C29 steranes (0.4 � Ro = 0.6), and
Ts/(Ts + Tm) (0.5 � Ro = 0.6) ratios, we estimate the onset
of oil window at a depth interval between �750 and 800 m.
Somewhat greater levels of thermal maturity indicated by
the vitrinite reflectance can be attributed to a lower sensi-
tivity of this parameter (when compared to biomarkers)
at this level of OM maturity (Peters and Moldowan, 1993).

3.2. Kerogen and compound-specific dD values

Fig. 5a shows the distribution of dD values of nC17 and
nC29 alkanes, pristane, phytane, and kerogen plotted
against depth in well ONEZ-1. Analysis of these data indi-
Fig. 4. Maturity bulk and biomarker parameters. Literature-based numerical
dashed lines (see Section 3.1 for further discussion). The oil window in core O
cates a slight overall D-enrichment over depth and with
increasing maturity in both nC17 and nC29 alkanes as well
as approximately 5–10& decrease in the isotopic difference
between these compounds (DD = dD nC17 � dD nC29).
The dD values of kerogen samples generally fall within
the range of the n-alkanes throughout the section. Howev-
er, no close correspondence between isotopic patterns of
kerogen and n-alkanes of either short or long-chain length
is observed. Large variations in dD values (up to 40& for
nC17, up to 30& for nC29 and up to 10& for kerogen)
among closely spaced samples are evident throughout the
core and are preserved even at the bottom of the section.
Standard deviations (r) of a moving average of 5 points
calculated for nC17 and nC29 fluctuate from 5& to 16&

and from 2& to 12&, respectively (Fig. 5b). r maximum
values correspond to the middle and bottommost parts of
the section. r values of kerogen range between 6& and
11&, peaking between 500 and 600 m depth. dD values
of isoprenoids behave very differently in comparison with
those of n-alkanes and kerogen. Hydrogen isotopic ratios
of pristane and phytane increase dramatically and ap-
proach those of nC17 in the samples closest to the oil win-
dow (Fig. 5c). Fig. 6 displays the distribution of dD values
of n-alkanes of various chain lengths. A general pattern of
increasing dD values with increasing n-alkane chain length
characterizes all samples. The pattern is particularly evi-
dent below 600 m depth.

4. Discussion

4.1. Hydrogen isotopic exchange

Mechanisms for hydrogen isotopic exchange between
lipids and formation water fall into two broad categories.
In the first, reversible ionic hydrogen exchange is catalyzed
by clays (Alexander et al., 1984). This process is favored in
branched molecules that contain tertiary carbons, which
induce hydrogen exchange at the adjacent secondary car-
bons. Isoprenoids like pristane and phytane have a large
values corresponding to the onset of oil window are shown using vertical
NEZ-1 is shown using the shaded area.



Fig. 5. (a) Hydrogen isotopic composition of nC17 and nC29 alkanes, kerogen, and DDnC17–nC29. (b) Standard deviations of a moving average of 5 points
calculated for nC17, nC29, and kerogen. (c) Hydrogen isotopic composition of pristane, phytane, and nC17.
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number (18 and 20, respectively) of secondary carbons
adjacent to tertiary carbon sites. If the hydrogen on such
secondary sites exchanged with isotopically enriched for-
mation waters, this would result in an extensive shift of
dD values of these compounds.

The second category involves the irreversible isotopic
transfer between OM and formation waters as a result of
free-radical reactions during OM thermal maturation
(Lewan, 1997). Free-radical sites are formed either by
abstraction of hydrogen atoms through reactions with
other free radicals or by thermal cracking. This process fa-
vors hydrogen transfer at tertiary and secondary carbons in
comparison with primary carbons, because of a greater sta-
bility of radicals at the former sites.

Free-radical reactions are typically associated with ele-
vated thermal conditions and significant molecular stereo-
chemical and structural alteration. However, both
maturation of OM and a prolonged contact with excess
formation water in the presence of catalysts can yield
hydrogen exchange reactions in sedimentary OM. Unlike
the free radical processes, equilibrium exchange reactions
do not require (at least theoretically, Sessions et al., 2004)
high temperatures (>30 �C). Equilibrium fractionation fac-
tors are likely larger at lower temperatures, although exper-
imental data are needed.

Recognizing the effects of equilibrium exchange in
immature samples is difficult. Large contrasts between dD
values of different types of compounds, the approach taken
by Andersen et al. (2001), could arise from differences in
water–lipid fractionation factors. Large fractionation fac-
tors at low temperatures may mimic the magnitude of bio-
logical fractionation of sedimentary lipids with ambient
water (e.g., Yang and Huang (2003)). The problem of iden-
tifying the extent of isotopic exchange is compounded
when OM is derived from multiple sources having similar
biological dD values or when the isotopic composition of
growth water does not vary significantly (e.g., compare
arguments for a lack of extensive hydrogen exchange in
Yang and Huang (2003) and Dawson et al. (2004)). An
alternate approach is to compare calculated (for equilibri-
um) and observed dD values for different types of com-
pounds. This approach, however, is limited by large
uncertainties regarding equilibrium fractionation factors
(Sessions et al., 2004).

Our hydrogen isotopic and thermal maturity data are
considered in the context of hydrogen exchange processes
in order to address the following questions. To what ex-
tent are D values of n-alkyl lipids from Gabon affected
by post-depositional hydrogen equilibrium exchange?
What is the influence of thermal maturity on dD values
and can thermal maturity indicators be used to estimate
the potential for isotopic alteration of preserved biomark-
er compounds?

4.2. Effects of equilibrium exchange on dD values

Sessions et al. (2004) surveyed previous literature and
provided results of their own laboratory experiments con-
cerning the factors that may influence equilibrium ex-
change reactions of carbon-bound hydrogen. Such
factors (primarily OM type, temperature, and the pres-
ence of catalysts) control both equilibrium isotope frac-
tionation and rates of hydrogen exchange. Data
provided by Sessions et al. (2004) for these parameters
are used here to calculate the isotopic composition of n-
alkanes and isoprenoids in equilibrium with formation
water. Calculation results are then compared with the
empirical data from well ONEZ-1.



Fig. 6. Hydrogen isotopic composition of n-alkanes for nine representa-
tive samples from the upper, middle, and lower sections of the core.
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We use theoretically calculated equilibrium fraction-
ation factors (a) between lipid and water hydrogen for
three different organic H positions (Sessions et al., 2004):

Primary H ðCH3�Þ al=w ¼ 0:837; r ¼ 0:078;

Secondary H ð�CH2�Þ al=w ¼ 0:944; r ¼ 0:102;

Tertiary H ð�CHÞ al=w ¼ 0:812; r ¼ 0:080;

to calculate the isotopic equilibrium composition of nC17

alkane, pristane, and phytane.
Table 1
Calculated dD values (&, VSMOW) of pristane, phytane, and nC17 alkane at

Number of primary H atoms Number of secondary H atom

Resultant molecular isotopic compositions

Pristane 18 18
Phytane 18 20
nC17 alkane 6 30

Two different isotopic compositions of hypothetical formation water were use
Two isotopic compositions of water were used (0& and
�70&, VSMOW) to cover a possible range of isotopic
compositions of formation water originating from tropical
rift lakes within the interior of Gondwana in Early Creta-
ceous. The results of these calculations are shown in Table
1. Experimental a values (at 35 �C; Thomson, 1960; Mel-
oche et al., 1977), match theoretical (at 27 �C) values for
the primary and secondary hydrogen atoms, although we
caution that the a values used for calculations are not ade-
quately constrained for thermal conditions typical of sedi-
mentary basins. a values (Sessions et al., 2004) have
uncertainties that are similar in magnitude to the calculated
dD values of n-alkanes and isoprenoids (Table 1).

Isotopic differences in observed n-alkanes (nC17) and
isoprenoids dD values (Fig. 5c) in the upper section of
the well ONEZ-1 are larger than those calculated for equi-
librium, (60–100& observed vs. �40& at equilibrium). A
drastic shift in dD values of both pristane and phytane
deeper in the section could indicate a values are significant-
ly reduced at depth and, in fact undergo a sudden drop
over 150 m (with only <5 �C rise in temperature). However,
it is more likely that n-alkanes and isoprenoids were out of
equilibrium with formation water above �750 m and that
hydrogen exchange reactions are accelerated below this
depth. In support of this interpretation, we note maturity
biomarker parameters experienced more extensive stereo-
chemical rearrangements below �750 m (Fig. 4).

Our results confirm previous findings of a shift toward
less negative dD values of isoprenoids in both thermally
mature sedimentary OM and oils (Li et al., 2001; Dawson
et al., 2004, 2005; Schimmelmann et al., 2004; Sessions
et al., 2004). Large isotopic differences (in excess of
100&) between n-alkyl and isoprenoid lipids reported for
modern organisms (Sessions et al., 1999, 2002; Chikaraishi
et al., 2004; Chikaraishi and Naraoka, 2005), and which
appear to have been preserved in the upper section of the
core in this study, were rapidly diminished due to a more
extensive D-enrichment of isoprenoids in comparison with
n-alkyl lipids.

4.3. Effects of thermal maturation on dD values

We find an overall slight D-enrichment of n-alkanes
with depth over the interval corresponding to significant
stereochemical changes associated with thermal matura-
tion (Fig. 5a). Because of absence of a similar shift in oxy-
gen isotopic composition of lacustrine carbonates from the
equilibrium with formation water

s Number of tertiary H atoms dD of water 0& dD of water �70&

4 �117 (±89) �179 (±83)
4 �114 (±90) �177 (±84)
0 �74 (±98) �139 (±92)

d for calculations.
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well ONEZ-1 (Pedentchouk, 2004), we rule out a paleoen-
vironmentally driven long term shift in dD values of
source water. Likewise, it is unlikely that dD values of for-
mation waters differ drastically within just several meters
in the well ONEZ-1, as suggested by the observations of
Schimmelmann et al. (2004). Persistent and large differenc-
es between dD values of n-alkanes and large variations in
dD values among closely spaced samples throughout the
core (Fig. 5b), suggest against extensive alteration of bio-
logical dD values of n-alkanes by free radical processes
which would homogenize molecular dD values (Hoering,
1977). However, we suggest the n-alkane isotopic shifts
represent a slight post-depositional alteration of primary
dD signal and progressive D-enrichment of longer chain
n-alkanes with increasing maturity down the core
(Fig. 6). An extensive review of the factors that may cause
this phenomenon was provided by Schimmelmann et al.
(2004), who argued that kinetic isotope effects accompany-
ing hydrocarbon generation from kerogen may provide
the most viable explanation. Progressive decrease of CPI
values (Fig. 4) over depth in the well ONEZ-1 supports
this explanation. Newly formed n-alkanes may have ac-
quired characteristic D-depletion/D-enrichment pattern
and started to gradually dilute the primary biological de-
rived dD signature.

Hydrogen isotopic composition of pristane and phytane
increase dramatically and approach those of n-alkanes in
the samples closest to the oil window. We speculate that
free radical processes were not a major factor in the
observed changes because these compounds have signifi-
cantly fewer secondary and a greater proportion of primary
carbons in comparison with n-alkanes (Table 1). Currently
information regarding the kinetics of free radical H-trans-
fer processes suggests exchange at tertiary sites is favored;
however, mass balance calculations indicate that having 4
tertiary carbons would be insufficient to account for the
large shift in dD values observed in Fig. 5c. Thus, free-rad-
ical hydrogen transfer could actually affect pristane and
phytane less than n-alkanes. Therefore, we propose that
significant changes in dD values of isoprenoids were caused
mainly by enhanced equilibrium exchange reactions which
favor the more abundant secondary sites adjacent to the
tertiary centers.

The overlapping of dD values of kerogens and n-alkanes
even at the top of the section is surprising, because kerogen
is typically D-enriched in comparison with saturated
hydrocarbons at low levels of OM maturity (Schoell,
1984; Schou et al., 1985). Kerogen preferential D-enrich-
ment is anticipated due to its overall higher susceptibility
to H-transfer in comparison with saturated hydrocarbons
(Schimmelmann et al., 1999). This pattern of dD values
suggests that thermal maturation had a similar effect on
hydrogen isotopic composition of both kerogens and n-al-
kanes. The fact that the pattern of kerogen dD values over
depth does not correspond to that of individual n-alkane
values may indicate differences in the proportion of materi-
al contributed to the kerogen by n-alkanes of different
chain length and perhaps contribution from other OM
fractions.

5. Conclusion

Hydrogen isotopic measurements complemented by
bulk and molecular maturity parameters were conducted
on a continuous 450 m core from the Lower Cretaceous
lacustrine Kissenda Fm., in the Gabon Basin. This study
provides the most continuous uninterrupted record of dD
value of n-alkanes, isoprenoids, and kerogen through the
transition from thermally immature to early mature OM.
Integration of high resolution analytical data and compu-
tational results indicates the following:

1. Large hydrogen isotopic differences (up to 100&)
between n-alkanes and isoprenoids (the pattern typical
of modern biomass) are maintained in the upper section
of the core, indicating that both compound classes have
the potential to preserve the original biological isotopic
signal in ancient sediments before the beginning stages
of oil generation and in the absence of extensive hydro-
gen exchange reactions.

2. Physico-chemical processes that resulted in OM matura-
tion in the deeper section of the early mature part of the
core did not significantly affect the hydrogen isotopic
composition of either n-alkanes or kerogen. However,
dD values of isoprenoids (pristane and phytane) were
affected greatly (D-enrichment up to 90&) at depth cor-
responding to the beginning of the oil window.

3. Extensive alteration of the primary biologically derived
dD signal in isoprenoids could be attributed to the pres-
ence of tertiary carbon atoms in their structure, resulting
in greater hydrogen isotopic transfer during equilibrium
exchange reactions after sedimentary burial. A minor
alteration of dD values of n-alkanes exhibited by a slight
overall shift toward D-enrichment over depth and by a
characteristic D-enrichment of long-chain homologues
could have resulted from addition of newly formed
n-alkanes during bitumen generation at higher thermal
maturity.

This study demonstrates that future applications of
hydrogen isotopes in geological samples are more likely
to benefit from analysis of n-alkanes in comparison with
isoprenoid compounds. Greater resistance of n-alkanes to
hydrogen isotope exchange/transfer over geologic time
(particularly in organic rich rocks with low permeability)
combined with a comparatively easy methodology for iso-
lation and purification make n-alkanes an ideal target for
compound-specific work. However, greater susceptibility
of isoprenoid compounds to hydrogen transfer should
not be regarded as a disadvantage. Extensive isotopic shifts
observed in this continuous record provide further evidence
that dD values of isoprenoids may serve as a useful tool for
determining the state of OM maturity in sedimentary
basins.
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