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Abstract: The source rocks of the Permian Fengcheng Formation in the Junggar Basin possess considerable hydrocarbon
exploration potential. However, the hydrocarbon sources and main factors controlling hydrocarbon enrichment in
volcanic rock reservoirs along the northwestern margin of the basin have long remained unclear, resulting in a low
success rate of sweet-spot drilling and limited reserve expansion, thereby constraining further exploration in the region.
This study investigated the dynamic mechanisms of hydrocarbon accumulation and conducted quantitative evaluation of
the volcanic rock reservoirs in the Jinlong 2 well block on the northwestern margin of the Junggar Basin, with the aim of
precisely addressing key exploration challenges and identifying favorable exploration targets and their productivity
potential. The investigation was based on the dynamic field-controlled accumulation theory of the whole petroleum

system and incorporated 47 sets of geochemical data from the study area and well-test data from multiple high-yield
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wells. As indicated by the research results, (1) the critical thresholds defining the lower limit of buoyancy-driven
hydrocarbon accumulation for local volcanic rocks stand at porosity of 9% and permeability of 1 X 107* wm?. These two
core parameters enable reliable classification of two major hydrocarbon accumulation domains—the free dynamic field
and the confined dynamic field. (2) Quantitative characterization of four functional elements for primary accumulation
(i. e. , source, facies, potential energy, and cap rock) confirms buoyancy as the dominant migration force within the
free dynamic field, and a hydrocarbon-rich accumulation model was constructed based on the spatiotemporal
configuration of these functional elements. (3) The dynamic field threshold of the facies-potential-source index (FPSI)
served as a benchmark to quantitatively map hydrocarbon-rich sweet spots and precisely delineate potential exploration
zones in the study area. (4) A quantitative dynamic-field model delivered calibrated productivity estimates for proposed
drilling prospects. One new wildcat well location was prioritized and re-evaluation schemes covering eight prospective
intervals across five existing wells were formulated. These findings clarify the hydrocarbon accumulation patterns and
enrichment mechanisms of volcanic rock reservoirs in the study area. lts theoretical framework lays a solid foundation for
refined exploration, efficient development, and reserve upgrading of volcanic hydrocarbon resources in the study area.

Key words: whole petroleum system, sweet-spot prediction and evaluation, dynamic field-controlled accumulation,

volcanic rock, Junggar Basin
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Fig. 1 Geographic location of the Jinlong oilfield study area in the Zhongguai Uplift, Junggar Basin (a), and corresponding composite

stratigraphic column (b)!
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Fig. 2 Dynamic field-controlled accumulation model of the whole petroleum system and technical workflow for its application to the
prediction and evaluation of hydrocarbon enrichment zones in volcanic rocks
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Table 1 Comparison of oil-source geochemical characteristics in the well block Jinlong 2, northwestern margin of the Junggar Basin
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Fig. 4 Volcanic lithology identification and reservoir physical and and hydrocarbon-bearing characteristics of various lithofacies in the well

block Jinlong 2, northwestern margin of the Junggar Basin
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Fig. 5 Paleo-structural elevation distribution before the deposition of the Jiamuhe Formation and control of the formation distance to the

unconformity surface on hydrocarbon enrichment in the well block Jinlong 2, northwestern margin of the Junggar Basin
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Fig. 11 Principles for classifying multi-driving force joint hydrocarbon accumulation and evaluating the relative contributions of different

forces in the well block Jinlong 2, northwestern margin of the Junggar Basin
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Fig. 12 Characteristics of hydrocarbon accumulation jointly driven by four driving forces and variations in their relative contributions in the

well block Jinlong 2, northwestern margin of the Junggar Basin
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Table 2 Correlation between total hydrocarbon (TC) values from gas logging and reservoir categories (X) in volcanic rocks

HEYZAL-B IR (%)

KMSEH (TC,%)

WA= 6E (Q,ud)

H ; ; X ; - - - -
1 36/x, 11 38/x, I, 28/X, I, 2%/x, EM T EM T
42201 63. 64 0 9.09 27.27 76.71 75.24 70. 14 61.32
4201 59.09 4.55 0 36. 36 45.47 37.20 23. 47 23.29
45204 12. 50 37.50 25.00 25.00 35. 41 34.12 20. 32 20.21
45204 0 8.33 8.33 83.33 38. 62 28.04 37.73 14.13
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Fig. 13 Predicted hydrocarbon productivity and reliability analysis for volcanic rocks in the well block Jinlong 2, northwestern margin of

the Junggar Basin
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Table 3 Summary of re-evaluation and expected outcomes for volcanic target intervals in five wells in the well block Jinlong 2,

northwestern margin of the Junggar Basin
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