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distribution of the Yanchang Formation in the research area
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Fig.3  Mineral compositions of samples from different depositional facies within Chang 8 to Chang 6 members of

the Upper Triassic Yanchang Formation, southwestern Ordos Basin

(a) siliceous mineral composition (quartz, plagioclase and potash feldspar); (b) carbonite mineral composition (calcite, dolomite and siderite); (c) clay mineral composition
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Table 1 The type, origin, and microscopic morphological features of the predominant reservoir space within the

Chang 8 to Chang 6 tight reservoirs of the Upper Triassic Yanchang Formation, Ordos Basin """
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moldic pores, sheet sands (Chang 6, 1 840.46 m, ¢ = 14.9%, K=0.417x10" pum?); (j) ferrocalcite cements, beach bar (Chang 6, 1 831.76 m, ¢= 12.7%, K = 0.235%
107 wm?); (k) pore-filling calcite and illite, shallow lacustrine mudstone (Chang 6, 1 892.8 m, ¢ = 7.03%, K = 0.02x107° wm?); (1) pore-filling illite, semi—deep la-
custrine mudstone (2 126.28 m, ¢ = 0.64%, K=0.011x107 wm?)
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Table 2 Types and indicators of depositional microfacies within the Chang 8 to Chang 6 tight reservoirs of the

Upper Triassic Yanchang Formation, Ordos Basin
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Table 3 Average values of pore structure parameters of different depositional microfacies within the Chang 8 to

Chang 6 tight reservoirs of the Upper Triassic Yanchang Formation, Ordos Basin

DURTHAH LB % <107 ) HEZR K 71/ MPa Sy UETR{ILIS e BN RS P E/MPa
JKF 43I 9.283 0.282 3.571 249 19.423
TR St 8.746 0.192 21.829 36 167.610

1130 10.923 0.727 1.156 716 9.173

RN 7.684 0.160 1.593 750 9.491
e 5.726 0.012 20.878 33 160.728
HE 5.924 0.038 7.100 106 10.100
LRIV 6.193 0.126 21.851 43 264.139
L] 9.360 0.018 3.372 315 16.420

TUBHAR AL A2 P /mm LSk R A FLIGETE BE T R RMIFEE % BORECRI%
KT 53 45 1.218 0.057 76.140 27.938
TR 3t A 4 2.302 0.044 74.908 42.676

I 11391 129 1.715 0.036 79311 30.860
RN 113 0.145 2.394 64.356 32.224
e 4 2.793 0.043 75.606 39.760
HEI 74 0.021 2.287 63.971 33.515
EVRWE 3 1.650 -0.523 44.674 38.932
UG AL 46 1.183 0.047 77.318 28.659
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Fig.5 Porosity and permeability of samples from different depositional facies within Chang 8 to Chang 6 members of the

Upper Triassic Yanchang Formation, southwestern Ordos Basin
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Fig.6  Pore-size distribution of samples from different depositional facies within Chang 8 to Chang 6 members of the Upper

Triassic Yanchang Formation, southwestern Ordos Basin
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Fig.7 3D micro-CT images of pore structure of interdistributary bay sample within Chang 6 member of the Upper Triassic

Yanchang Formation, southwestern Ordos Basin

(a,d,g) pore-throat structure; (b,e,h) extracted pores and throats; (c.f,i) connected pores
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Fig.8 3D micro-CT images of pore structure of shallow lacustrine sample within Chang 8 member of the Upper Triassic
Yanchang Formation, southwestern Ordos Basin

(a,d,g) pore-throat structure; (b,e,h) extracted pores and throats; (c.f,i) connected pores
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Table 4 Contributions of different pore-size ranges to total pore volume of different depositional microfacies reser-

voirs in the Chang 8 to Chang 6 members of the Yanchang Formation, Ordos Basin

. RRIFLARIX [ LA R Sk /%
TR
<100 nm 100~1 000 nm >1 000 nm

P/ R CIB 78.43 21.09 0.48
IR Gt 84.62 12.33 3.06
JA] 1 36.15 59.95 3.91
RS 35.67 62.96 1.37
HEIL 87.12 12.88 0.00
e 84.68 14.52 0.81
BRI 93.75 6.25 0.00
IR 70.38 29.62 0.00
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Fig.9 Microscopic morphology and occurrence of authigenic clay cements in tight reservoirs within different depositional microfacies

(a) grain-coating chlorite, distributary channel (Chang 6, 1 835 m, feldspar intergranular pores, ¢ = 9.7%, K = 0.045x107 wm?); (b) grain-coating chlorite, distributary channel
(Chang 6, 1 839 m, intergranular pores, ¢ = 14.2%, K = 0.473x10” um?); (c) fracture-filling chlorite in feldspar grain, distributary bay (Chang 7, 1 087 m, ¢ = 10.4%, K =
0.544x107 wm?); (d) pore-filling authigenic chlorite and pyrite microcrystals, distributary bay (Chang 8, 1 599 m, ¢ = 11.4%, K = 0.072x10 pum?); (e) grain-coating chlorite,
mouth bar (Chang 6, 1 774 m, intergranular pores, ¢ = 14.5%, K = 1.063x107 pum?); (f) grain-coating chlorite, mouth bar (Chang 6, 1 898 m, intergranular pores and good pore-
throat connectivity, ¢ = 14.7%, K = 3.496x10™ um?); (g) plate-like authigenic chlorite crystals, shallow lacustrine mudstone (Chang 6, 1 883 m, ¢ = 7.3%, K = 0.021x10™ pm?);
(h) pore-filling sheet-like illite, shallow lacustrine mudstone (Chang 6, 1 381 m, ¢ = 8.4%, K = 0.096x10™* wm?); (i) pore-filling kaolinite, shallow lacustrine mudstone (Chang 6,
1831.51 m, ¢ = 9.7%, K = 0.065x10 pm?)
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Triassic Yanchang Formation, southwestern Ordos Basin
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Diagenetic Responses to Delta Front-Lacustrine Depositional
Microfacies and Implications for Tight Reservoir Quality Differences
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Abstract: Depositional microfacies is an important influencing factor in the development of continental hydrocarbon-
bearing reservoirs. However, the diagenetic responses to the depositional microfacies and their implications for reser-
voir quality variation remain enigmatic, which limits detailed reservoir description and prediction of the location of
high-quality reservoirs. The tight continental reservoirs of the Yanchang Formation in the Ordos Basin were targeted
with the aim of clarifying the differences in diagenetic, petrophysical and pore-structural characteristics of tight reser-
voirs within different microfacies. A multi-methodological approach, involving petrographic assessments, logging
evaluations, physical property experiments, digital SEM imaging analyses, 3D micro-CT imaging analysis, X-ray dif-
fraction mineral identification and mercury intrusion experiments, was utilized to identify eight delta-front-lacustrine
microfacies in this study. The results show that different microfacies reservoirs vary in compaction, dissolution, and
clay mineral cementation. Interdistributary bays, shallow lacustrine mudstones, and semi-deep lacustrine mudstones
that are rich in plastic clay and mica are those most likely to be affected by physical and chemical compaction. Reser-
voirs affected by meteoric water percolation and hydrocarbon generation, such as distributary channels, mouth bars
and sheet sand reservoirs, are characterized by well-developed dissolution pores. Interbedded sand-mud deposits and
lacustrine tidal incursions lead to strong ferrocalcite cementation into beach bar sandstones. The occurrence of authi-
genic chlorite and illite cements displays prominent microfacies zonation; kaolinitic and siliceous cementation show
less variation than other diagenetic processes in different microfacies reservoirs. Finally, this study proposes two eval-
uation parameters: a pore connectivity index, K, and a pore structure evaluation parameter, A, to assist in clarifica-
tion of the differences in reservoir quality resulting from the range of depositional microfacies. This provides guide-
lines for detailed reservoir description and grading evaluation.

Key words: Ordos Basin; Yanchang Formation; tight reservoir; depositional microfacies; reservoir quality; pore

structure ; diagenesis



