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Fig 1 Various tectonic evolution and burial history models of petroliferous basins
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Fig 2 Transformation ratios of hydrocarbon generations versus evolution timing under different tectonic and burial conditions
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4 ( Lin Changsong et al. ,2012 )

Fig 4 Generalized stratigraphic column of the Tarim basin (modified from Lin Changsong et al. ,2012)
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Fig 5 Cross plots of Ph/nCs versus Pr/nC;; (a) and methylphenanthrene index MPI-1 versus

methylphenanthrene ratio F, (b) for reservoir oils, free oils and inclusion oils in the Shunbei area
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1988; Boreham et al. ,1988),
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Fig 6 Paired photomicrographs of fluid inclusions under plain transmitted light and UV illumination in the

Ordovician reservoirs in the Shunbei area

(a.b)— 1 ,SB5  ,7427. 30 m; (e d)— N (Spi—
La-V) | s ,SB5  ,7427. 30 m;(e . D)— | C2
,SB5  ,7427. 30 m;(g.h) (Loi=V) @l ).SB2  ,7361 50 m;(D— 1]

,SB2  ,7361 50 m
(a, b)—group I oil inclusions assemblages occurring mainly along annealed microfractures within the calcite cements,well SB5, 7427, 30
m; (c, d) —near white fluorescing, triphasic (Sp;-Loi—V) group I oil inclusions at room temperature, with solid bitumen occurring along
inclusion walls, well SB5, 7427. 30 m; (e, {) —group I oil inclusions and coeval aqueous inclusions occurring along the growth zone of the
C2 calcite cement, well SB5, 7427, 30 m; (g, h) —near blue fluorescing, diphasic (L,;-V) group Il oil inclusions at room temperature,

well SB2, 7361. 50 m; (i) —group [l oil and coeval brine inclusions occurring along annealed microfractures, well SB2, 7361 50 m
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Fig 7 Hydrocarbon fluid inclusion fluorescence spectral signatures (a), and microthermometric data

(T} and T,,) (b) of oil and coeval brine inclusions in the Shunbei area



2830 http://www.geojournals.cn/dzxb/ch/index.aspx 2023

8 (a.b) U-Pb Tera-Wasserburg
(e d)( ,2022a )
Fig 8 Petrographic characteristics (a, b) and U-Pb Tera-Wasserburg concordia plots (c. d) for the calcite

cements in the Ordovician reservoir in the Shunbei area (modified from Yang Peng et al. ,2022a)

9 5 -

Fig 9 Burialthermal history and hydrocarbon charge timing of well SB5 in the Shunbei area
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Fig 10 Oil accumulation and charge evolution model for the Shunbei deep oil reservoirs (see Fig 3 for cross

section location; the structural evolution model was modified from Qi Lixin, 2016)
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11 102 \
Fig 11 Petrography, microscopic fluorescence characteristics and homogenization temperatures

of hydrocarbon and aqueous inclusions in the Cretaceous reservoir of well BZ102

(a.b)— 1 .6762. 8 m,(a): (uv) ,(b): (S seud)— 1

,677L 6 m, (c): (UV) s ()
(CL);(eD il L6761 0 m, (e): (uv) (D
(CL);(g.h) il ,6775. 5 m,(g): (Uv) N L(h) ) ; (1)
1 5 (1) Il (k) (Ty)

(a, b)—photomicrographs of type I oil inclusion assemblages occurring in annealed microfractures within quartz grains, 6762.8 m, (a) under
UV light showing oil inclusions with blue-greenish fluorescence colours, (b) under plain light; (¢. d)—photomicrographs of type I oil inclusion
assemblages occurring in overgrowth bands and annealed microfractures in quartz grains, 6771.6 m, (¢) under UV light showing oil inclusions
with blue-greenish fluorescence colours, (d) under cathodoluminescence light (CL); (e, f)—photomicrographs of type II oil inclusion
assemblages occurring in annealed microfractures that cut through overgrowth bands of quartz, 6761. 0 m, (e) under UV light showing oil
inclusions with blue fluorescence colour, (f) under cathodoluminescence light (CL); (g, h)—photomicrographs of type II oil inclusion
assemblages occurring in annealed microfractures that cut through quartz grains, 6775.5 m, (g) under UV light showing oil inclusions with pale
yellowish and blue fluorescence colours, (h) under plain light; (i)—fluorescence spectral characteristics of type I oil inclusions; (j)—
fluorescence spectral characteristics of type II oil inclusions; (k)-—homogenization temperature ( T}) histogram of hydrocarbon and coeval

aqueous inclusions
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Fig 12 PVT simulation results of two type oil inclusions in well BZ102
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13 102 - (a) (b)
Fig 13 Burial-thermal history (a) and hydrocarbon charge timing (b) of well BZ102 in the Kuqa depression
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Abstract

The progressive expansion of oil and gas exploration to the deep and ultra-deep strata suggests a great
potential in deep parts of petroliferous basins for oil and gas exploration. A number of scientific issues have
also emerged including hydrocarbon generation, reservoir development and hydrocarbon accumulation in
the deep and ultra-deep strata. On the basis of extensive literature review, this paper elaborates upon the
unique environments for deep oil and gas accumulations and factors controlling the deep source, reservoir
and cap rock formation, and focuses on four fundamental issues that need to be paid more attention in
studying the formation and evolution of deep and ultra-deep oil and gas reservoirs: D research on oil and
gas generation, reservoir storage space formation, oil and gas phase behavior and hydrocarbon migration in
deep strata needs to be carried out on the premise of the basic laws of material balance and energy
conservation; (@ the deep strata has experienced the entire basin evolution process from shallow to deep; it
is thus necessary to study oil and gas accumulation from the perspective of dynamic evolution; @ it is
necessary to explore new experimental methods and enhance our understanding on the stability of liquid
hydrocarbons in deep basin and their maximum preservation depth (temperature) ; @ more attention needs
to paid to the integration of multidiscipline and intersecting multiple technologies to unravel deep and
complex geological issues. Two possible reservoir forming models for deep and ultra-deep reservoirs are
proposed: (D middle-shallow depth emplacement and deep-burial preservation type; @ prolonged shallow
burial and rapid late-stage deep burial (condensate) gas accumulation type. Taking the Shunbei area in the
central carbonate platform of the Tarim basin and the Bozi-Dabei area in the Kuqga depression as two typical
examples, oil and gas accumulation in the two areas were studied using reservoir geochemical analysis, a
suite of fluid inclusion analysis techniques, in-situ calcite U-Pb geochronology and basin modelling. The
results show that the Ordovician deep oil and gas reservoirs in the Shunbei area are characterized by “an
early middle-shallow accumulation, a late-stage deep burial and sustained preservation”. Relatively stable
structural settings after oil and gas being entrapped is the key factor for oil and gas reservoirs to be
preserved. The formation of the Cretaceous ultra-deep condensate gas reservoirs in the Bozi area mainly
occurred in deep-to ultra-deep settings. A “prolonged shallow burial and late-stage rapid deep burial” is
crucial to the formation of this type of deep condensate gas reservoirs. Both examples attest the two
reservoir forming models proposed for deep oil and gas reservoirs. The findings may have significant
implications for enhancing our understanding of deep and ultra-deep oil and gas accumulations and may

provide new insights for deep and ultra-deep oil and gas exploration elsewhere.

Key words: deep petroleum accumulation models; hydrocarbon charge geochronology; fluid

inclusions; basin modeling; Tarim basin



