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Abstract: Continental shale oil and gas have emerged as an important contributor to petroleum reserve growth and
production addition in China. However, their efficient development of multiple reservoirs simultaneously in a three-
dimensional space, that is, cube development, requires fine-scale geological sweet spot evaluation. The Lucaogou
Formation in the Jimusar Sag, Junggar Basin represents one of China’s three major demonstration areas of shale oil
production capacity construction. This study aims to ascertain the shale oil resource prospects and sweet spot

distribution of the Lucaogou Formation to provide theoretical support for its future cube development. Based on a
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detailed analysis of the geological characteristics of the formation, we assess its “four key properties” , that is, oil-
bearing property, oil mobility, reservoir property, and fracability. Accordingly, the concept of sweet spot index is
proposed to quantitatively assess the resource quality of shale oil plays. Furthermore, we systematically identify the
lithofacies and lithofacies assemblages of shales, quantitatively evaluate the resource potential of varying lithofacies
assemblages, and determine the vertical distribution of sweet spot layers. The results indicate that 11 lithofacies can
be identified in the Lucaogou Formation based on variations in mineral composition, organic matter abundance, and
sedimentary structures. These lithofacies can be further classified into four lithofacies assemblages according to the
source rock-reservoir configurations. The most favorable lithofacies for shale oil exploration is identified as the
lamellar organic-rich argillaceous siltstone within two lithofacies assemblages: (1) an assemblage consisting of
lamellar organic-rich mudstones and limy dolomites and lamellar organic-rich siltstones and (2) an assemblage
composed of lamellar organic-rich mudstones and limy dolomites, lamellar organic-rich siltstones, and massive
organic-rich to organic-lean siltstones and mudstones. Within the lithofacies assemblage of lamellar organic-rich
mudstones and limy dolomites, parts of lamellar organic-rich felsic mudstones and lamellar organic-rich mixed
mudstones exhibit considerable potential for shale oil exploration. Shale oil hosted in oil plays characterized by
adjacent and integrated source rock-reservoir configurations represents a favorable exploration target in the Lucaogou
Formation within the Jimusar Sag. This formation contains multiple sweet spot layers with significant resource
potential. Overall, the study area holds promising resource prospects. For continental shale oil systems with multiple
superimposed sweet spot layers, the cube development should be adopted based on a fine-scale geological sweet spot
evaluation to reducing costs.

Key words: assessment of four properties, cube development, continental shale oil, Lucaogou Formation, Jimusar Sag,

Junggar Basin
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Fig. 1 Tectonic location of the Jimusar Sag, Junggar Basin
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Fig.2 Comprehensive logs of the Lucaogou Formation in well J1X, Jimusar Sag, Junggar Basin
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Fig. 3 Ternary diagram showing the mineral composition of the

Lucaogou Formation in well J1X, Jimusar Sag, Junggar Basin
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Fig. 4 Pictures and micrographs showing the sedimentary structure characteristics of the Lucaogou Formation in well J1X, Jimusar Sag,

Junggar Basin
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Table 1 Geological features of shales of varying lithofacies in the Lucaogou Formation, well J1X, Jimusar Sag, Junggar Basin
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Fig. 7 Geological characteristics and lithofacies (lithofacies assemblage) distribution of the Lucaogou Formation, well J1X, Jimusar Sag,

Junggar Basin
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Table 2 Four properties of shales of varying lithofacies in the Lucaogou Formation, well J1X, Jimusar Sag, Junggar Basin

HA PER e ERUINEEER Al Bl A fEENETR R

LUK E ARG 0. 068 ~ 0. 876 (0.592) 042 ~0.917 (0. 249) . 007 ~ 0. 665 (0. 177) . 034 ~ 0. 697 (0.332)
GUARE AN KIETRE  0.166 ~0.829 (0. 654) 038 ~ 1.000 (0. 354) 011 ~0.767 (0.351) . 020 ~ 0. 694 (0. 351)
P IN=EERIN iy vk e 0. 343 ~ 0. 806 (0. 674) 072 ~ 0. 576 (0. 284) 080 ~ 0. 687 (0. 356) 168 ~0.616 (0. 419)
PORF A YR G 7 0. 000 ~ 0. 876 (0. 503) 000 ~ 0. 428 (0. 112) 000 ~ 0. 718 (0. 229) 000 ~ 0. 626 (0. 299)
PORTAT ML e i) 0. 403 ~ 0. 904 (0.701) 162 ~ 0. 301 (0.208) 316 ~ 0. 839 (0. 560) . 084 ~ 0. 354 (0.227)
SURREAYTIRTK =4 0.741 ~ 1.000 (0. 861) 027 ~ 0.733 (0. 159) 009 ~ 1.000 (0. 146) . 044 ~ 0. 697 (0. 380)
S INZEERIN Ay e e 0.935 0. 500 0. 664 —

A =
©c oo o o 9
o o o o o o

HORTTAT I BT K 2= % 0.720 ~0.761 (0.741)  0.005~0.078 (0.042)  0.006 ~0.223 (0. 115) 1. 000

SRR EAHTIRFA A 0.378~0.947 (0.752)  0.019 ~0.875 (0.481)  0.023 ~ 0. 866 (0. 533) 0. 008 ~ 0. 738 (0.424)
Holk & A PLBTJe Bp b 0.700 ~0.816 (0.758)  0.216~0.442(0.319)  0.249 ~ 0. 445 (0. 347) 0.370
QISR N AT e 0.272~0.894 (0.534)  0.023~0.278 (0.113)  0.053 ~ 0. 587 (0. 285) 0.013 ~ 0. 458 (0.253)
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