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INTRODUCTION

Carbon and hydrogen isotopic compositions in n-Cjs. alkanes have been used for oil
classification, as proxy for paleoenvironmental and paleoclimatic conditions of source rocks
(Santos Neto and Hayes, 1997; Li et al., 2001; Santos Neto and Takaki, 2000; Santos Neto et al.,
2004; Schimmelmann et al., 2004). Compound specific isotope analysis of stable carbon for the
C;-C4 range has been used to determine the origin of biogenic and thermogenic natural gases and
aspects related to kerogen type and thermal evolution (James, 1983, 1990; Schoell, 1980, 1983;
Prinzhofer and Huc, 1995; Lorant et al., 1998; Boreham et al., 2001). Although newly developed
technologies have allowed reliable and fast measurements of 3D in C;-C4 hydrocarbons, there
are relatively few results published using them as indicators of the source rocks
paleoenvironment (Boreham et al., 2001; Boreham and Edwards, 2007). The objective of this
work was to study the combined use of carbon and hydrogen isotopes in thermogenic gases on
investigation of the depositional paleoenviroment of their source rocks.

The samples studied in this work were gases obtained by MSSV-micropyrolysis (Micro
Scale Sealed Vessel) of asphaltenes precipitated from marine and lacustrine oils, and marine and
lacustrine source rocks, under different temperatures. Additionally, gases collected in
representative petroleum fields from South American basins were also studied. **C/*2C and D/H
ratios were measured using different Agilent 6890 GCs, each one connected to Thermo Electron
isotope ratio mass spectrometers: MAT 252 and Delta Plus XL, respectively. Isotopic
compositions are expressed in parts per thousand using delta notation, 8 = [(Rspi — Rstd)/Rsta] X
1000, and were reported against VPDB for carbon and VSMOW for hydrogen. Rsy and Rsg
stand for **C/*2C or D/H of the sample and of the standard, respectively.

DISCUSSION

83C and 8D values of the gaseous hydrocarbons obtained by micropyrolysis (MSSV) of
lacustrine and marine oil asphaltenes showed the already expected depletion in **C and H, and
the lost of the heavier components due to the increment of the thermal evolution (Figure 1).

Regarding the composition of the profiles showed in figure 1 for carbon isotopes, there
was a trend in 8'°C towards relatively more negative values for the lacustrine sample. On the
other hand the marine sample presented more negative values for 6D under the same pyrolysis
temperatures. Such variations are probably reflecting the geochemical characteristics of the
organic matter sources from wich asphaltenes were originated, and the genetic influence of the
physicochemical conditions of the lacustrine and marine paleoenvironments.
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Based on Schoell’s approach for differentiating oil and gas windows, where 8*3C values
for methane range from -50%o to -40%o0 and from -40%o. to -30%o., respectively (Schoell, 1983), it
was possible to compare simultaneously 8*3C and 8D values for methane generated in the MSSV
experiments (asphaltenes and source rocks) and methane present in natural gases with different
degrees of thermal evolution, associated to lacustrine and marine petroleum systems from South
American basins (Figure 2). The trends of isotopic ratios are consistent with the thermal
evolution, and the methane in the lacustrine gases is depleted in hydrogen when compared to the
marine gases. Such variations are typical of each depositional environment of the gas source
rocks.

CONCLUSIONS

Lacustrine C;-C4 hydrocarbons generated by MSSV experiments using asphaltenes and
source rocks samples are D and *C enriched compared with their marine counterparts.

Within the estimated oil and gas windows marine gases presented more negative 6D
values for methane in comparison with lacustrine gases.

The interpretative scheme presented here can be very useful in cases where gases did not
experience significant post-genetic alterations in the reservoirs.
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Figure 1: Comparison between 8'*C and 8D for C;-C, of gases obtained by MSSV-micropyrolysis of lacustrine ( A )
and marine ( B ) oil-asphaltenes.
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Figure 2: Comparison between 8*3C and 8D for C, of lacustrine and marine natural gases with gases generated by
MSSV-micropyrolysis of lacustrine and marine oil-asphaltenes.
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