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Introduction
Over the past more than ten years, oil and gas production from marine shale has increased rapidly in North America and China, such as Barnett shale, Marcellus shale, Eagle Ford shale, Wufeng-Longmaxi shale and Niutitang shale. Besides, major breakthroughs have also been made in lacustrine shale gas exploration in recent years. Lucaogou formation shale, which is also lacustrine shale, also yields a high production in recent years, such as wells M1, M6 and ML2, yielding a daily oil production of 5.6 ton, 37.4 ton and 13.56 ton, respectively.

Lithology and lithofacies obviously control the distribution of oil and gas in lithological reservoirs, so it is of great significance to finely describe characteristics of lithology and lithofacies of reservoirs (Hickey and Henk, 2007; Loucks and Ruppel, 2007; Dong et al., 2015; Han et al., 2016).

No matter for marine shale or lacustrine shale, oil/gas content and hydraulic fracturing are important factors to high productivity. Hence, TOC and mineral composition are indispensable factors to fine-grained sedimentary rocks lithofacies classification and identification.

Sediment facies reveal the sediment environment of the interest interval, the origin and distribution rule of the reservoir. Hence, besides TOC and mineral composition, sedimentary characteristics of fine-grained sedimentary rocks, such as sedimentary structures and fossils, were also used in lithofacies identification and classification. Consequently, lithofacies modeling on the basis of measured rock properties is the cornerstone of lithofacies prediction.
The deficiency is that Lucaogou formation fine-grained sedimentary rocks were usually considered as one body in previous researches, ignoring the diversity in sedimentary structures and lithology. It is still unknown which part of Lucaogou formation the oil comes from.
Method and/or Theory
This study identifies and classifies lithofacies of Lucaogou formation in terms of qualitative description quantitative analysis. The qualitatively description include core description, petrographic thin section observation, fluorescent thin-section observation, cathode luminescence observation and scanning electron microscope observation. The quantitatively analysis include X-ray diffraction, total organic content analysis, ROCK-EVAL.II Methodology, soxhlet extraction, porosity and permeability analysis and oil saturation analysis.
Petrographic Thin Section Observation
According to the petrographic thin section observation, three main Types of massive rock can be identified, which is shale, tuffaceous shale (Fig. 1 (1, 2)) and argillaceous dolomite (Fig. 1 (3)). Both shale and tuffaceous shale contain several relatively large particles which are quartz or dolomite. Quartz will become less bright and display pale grey or light-blue because of extinction and first order grey interference color under perpendicular polarized light, while dolomite will become brighter because of higher white interference color (Fig. 1 (1-A, B, 2-A,B, 3-A, B)). The best way of distinguishing dolomite and calcite from other minerals, such as clay minerals, quartz and feldspar, is cathode luminescence, under which dolomite and calcite display luminous yellow or orange (Fig. 1 (1-C, 2-C and 3-C)). The lithology of third petrographic thin sections should be argillaceous dolomite. Detrital quartz, which is usually formed under high temperature condition, will show blue color. Feldspars, especially K-feldspar, will display blue or green according to different trace elements contained in them. Tuffaceous shale should contain some content of dolomite (Fig. 1 (1-C)) because dolomite will develop during tuffaceous materials devitrification. Fig. 1 (1-C) and Fig. 1 (2-C) indicate that the first petrographic thin section contains more dolomite and less detrital quartz than the second petrographic thin section. Hence, the lithology of three petrographic thin sections should be tuffaceous shale, shale and argillaceous dolomite, respectively. Petrographic thin sections of shale and tuffaceous shale show yellow fluorescence, while that of dolomite or argillaceous dolomite scarcely displays fluorescent characteristics (Fig. 1 (1-D, 2-D and 3-D)).
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	Fig. 4 petrographic thin section observation of massive bedding rocks
White arrow represents quartz. Yellow arrow indicates dolomite. A: images of plane polarized light; B: images of perpendicular polarized light; C: images of cathode luminescence; D: images of fluorescence. A, B and D belong to the same vision field. C belongs to the same petrographic thin section with A, B and D


Oil Saturation
On the basis of lithologic descriptions, petrographic thin section observation and SEM observation, three Types of lithofacies were preliminarily classified. Type I includes massive bedding shale and tuffaceous shale. Type II includes rocks with lamina structure and rocks containing cloddy particles and strip belts structure because lamina structures and cloddy particles structures are usually blended together in most cases. Type III contains massive bedding fine-grained carbonate rocks and laminated rocks, in which carbonate lamina accounts for the main part.
Oil saturation for Type II lithofacies samples is within the range of 0.2~64%, average of 18.4%, while that for Type I lithofacies samples ranges from 0.1% to 95.2% with an average of 27.94%. Oil saturation for Type III lithofacies samples vary from 0.1% to 64.8% with an average of only 15.6%. Type I lithofacies present higher frequency for samples with oil saturation larger than 40%, which means more samples from Type I lithofacies exhibit higher oil saturation than samples from the other two lithofacies (Fig. 2). More Type III lithofacies samples exhibit lower oil saturation than samples from Type I lithofacies and Type II lithofacies. Moreover, the thicker Type III lithofacies are, the lower oil saturation is (Fig. 2).
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Fig. 2 Histogram of oil saturation
Conclusions
Lucaogou formation fine-grained sedimentary rocks can be classified into three lithofacies, which is organic-rich massive shale lithofacies, organic-rich laminated and cloddy hybrid sedimentary lithofacies and organic-lean massive carbonate lithofacies.
Organic-rich massive shale lithofacies contain large scale of tuffaceous materials and solid organic matter, which released organic acid to accelerate tuffaceous material devitrification. Cracks developed and connected the three lithofacies. Organic-rich laminated and cloddy hybrid sedimentary lithofacies develop more cracks. Generally speaking, organic-rich massive shale lithofacies is the most favorable type of lithofacies. Organic-lean massive carbonate lithofacies is impossible for large scale oil accumulation.
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