Geochemical and petrological evidence for Tertiary terrestrial and Cretaceous marine potential petroleum source rocks in the western Kamchatka coastal margin, Russia
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Rock–Eval pyrolysis and microscopic analyses of Palaeogene terrestrial strata from the western Kamchatka coastal margin, Russia, indicate that good oil-prone source rocks are present in both coals and shales. Hydrogen Indices (HI) of up to 493 mg HC/g TOC are present in low maturity (0.45 %Ro vitrinite) shale samples from the Irgirninvayam River Delta region, whereas coals with 0.37–0.75 %Ro and HI of 270–310 mg HC/g TOC comprise potential oil/gas- and oil-prone source rocks in the Kvachincha Bay, Tigel coastal, and Rassoshina–Napanskaya River areas. The shales and coals with the highest petroleum potential were deposited in a freshwater paleo-setting, and consist of gelovitrinite, cutinite, suberinite, sporinite, resinite and matrix bituminite. Molecular geochemistry was also used to group genetically related oil samples and to postulate the likely petroleum systems in this area. While the preliminary data confirm the origin of two families of oils from the Palaeogene deltaic to marginal lacustrine source rocks, the chemical composition of oils in two other families suggests the possible presence of marine source rocks in not yet penetrated Upper Cretaceous–Paleocene sequences of the basin.
Introduction
Tertiary Palaeogene terrestrial source rocks in lacustrine sequences of carbonaceous mudstone, shale and coal are well known from Cenozoic syn-rift succession basins in Asia (e.g., in Petersen et al., 2004). Rock–Eval/TOC and petrographic data collected in the present study indicate that similar freshwater, potential petroleum source rocks also exist in the western Kamchatka peninsula area of Russia. Maceral composition, TOC (total organic carbon), Hydrogen Index, Oxygen Index, S1, and S2 for coaly petroleum source rocks have been applied previously to establish limits for generative potential (e.g., oil-, oil and gas-, or, gas-prone) and thresholds for expulsion (e.g., Peters, 1986, Sykes and Snowdon, 2002).
Biomarkers are used routinely by the oil industry to group genetically related oils, to correlate discovered oils with source rocks and to postulate the probable source rock depositional environments for migrated oils of uncertain origin. Dahl et al. (1994) suggested that biomarker distributions in reservoired oils could be used to monitor lateral facies changes in the underlying source rocks in vertically drained basins. Several case studies (e.g., McCaffrey et al., 1994, Li et al., 2001) showed that this biomarker approach, if used with petroleum mass fraction in mind, could allow petroleum geologists to constrain source rock quality, one of the key variables in petroleum systems, even in cases where the source rock has not been penetrated. The present preliminary study was based on a recent sample collection from the western Kamchatka Trough, Far East Russia (Fig. 1(a)). As no rock samples are available from Mesozoic strata, the results obtained from discovered petroleum fluids exemplify the value of using a biomarker approach for predicting the petroleum systems in a frontier exploration area.
Section snippets
Geological setting
The Kamchatka back-arc basin is a relatively unexplored petroleum province of Far East Russia. As summarized most recently by Maxwell and Chinakayev (1999), this volcanic arc basin was formed by the subduction of the Pacific Plate along the Kurile Trench, with uplifted and thrusted Mesozoic sediments in the west, and over seven kilometers of Tertiary sediments being deposited in this basin since the Paleocene. The structural style of this basin is remarkably similar to the South Sumatra back
Samples and analytical methods
CEP International Petroleum Ltd. in partnership with the local operating company Kamchatgasprom is undertaking an exploratory drilling program on the west coast of Kamchatka. From a large number of drill-stem-test fluids, cores and outcrop samples collected, 21 source rock samples (Table 1) and seven fluids (Table 2) were selected and sent to the Organic Geochemistry and Organic Petrology Laboratories of the Geological Survey of Canada-Calgary for characterization.
Detailed analytical methods
Tertiary potential source rocks: Rock–Eval, petrography and thermal maturity
The Paleocene–Eocene reservoirs in the study area rest unconformably on Cretaceous strata (Fig. 1). As no samples from the Mesozoic strata were available for this study, only Tertiary rock samples were collected for geochemical and organic petrographic analyses. The sample set consists of coals (sub-bituminous to medium volatile rank) and organic-rich shales to slightly silty shales, with vitrinite reflectance ranging from 0.35 to 0.80 %Ro (Table 1). Most of the samples are considered to show T
Conclusions
Rock–Eval pyrolysis and microscopic analyses indicate that good oil-prone source rocks are present in both coals and shales of the Palaeogene strata in the western Kamchatka coastal margin, Russia. The preliminary molecular geochemical data confirm the origin of two families of oils from the Palaeogene deltaic to marginal lacustrine source rocks. More importantly, the chemical composition of oils in two other families suggests the possible presence of marine source rocks in not yet penetrated
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