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Mechanical properties of Carboniferous volcanic rock reservoirs and correction of dynamic and

static parameters

Abstract: [Objective] To address the challenges posed by the strong heterogeneity of the volcanic reservoirs of the
Carboniferous C2 Formation in the Junggar Basin and the low accuracy of rock mechanical parameters derived from
logging data, this study aims to precisely determine the relationship between dynamic and static mechanical parameters for
typical lithologies to enhance the reliability of static parameter predictions. [Methods] Based on systematic laboratory
testing of four representative lithologies (andesite, basalt, tuff, and volcanic breccia), lithology-specific dynamic-to-static
conversion models were established and calibrated by introducing a confining pressure sensitivity parameter. An integrated
microstructural analysis via thin-section and scanning electron microscope (SEM) observations was conducted. [Results]
The research yielded clear quantitative relationships between the dynamic and static parameters for all four lithologies and
confirmed the high accuracy of the newly established, confining-pressure-corrected conversion model. [Conclusion] The
analysis further reveals an intrinsic link between the differences in macroscopic mechanical properties and dynamic-static
parameter responses on the one hand and specific microstructural characteristics(including mineral composition, grain
structure, and pore-fracture development) on the other. This link confirms the fundamental control that the rock
microstructure has. The model developed and calibrated in this study effectively improves the accuracy of predicting static
mechanical parameters, thereby providing critical technical and theoretical support for accurately obtaining these essential
parameters from conventional logging data. [Significance] This model is of significant practical value for the efficient
exploration and development of similar volcanic hydrocarbon reservoirs.

Keywords: volcanic rock; Carboniferous System; dynamic and static parameters; rock mechanical properties; microscopic
mechanism
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Fig.1 Core samples of volcanic rocks of four different lithologies
(a) Basalt core sample; (b) Andesite core sample; (c) Tuff core

sample; (d) Volcanic breccia core sample
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Fig.2 Comparison of static and dynamic mechanical parameters of four types of volcanic rock

(a) Inter-lithology static elastic modulus range comparison; (b) Inter-lithology dynamic elastic modulus range comparison; (c) Inter-lithology

static Poisson's ratio range comparison; (d) Inter-lithology dynamic Poisson's ratio range comparison

The blue diamonds represent the data points for each lithology, and the bar charts show the data ranges for elastic modulus and Poisson's ratio.
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Table 1 Conditions and results of in-situ tests

i [/MPa  FLBUEJ)/MPa  JREE/C BEE/(g - om”)  FIASHMERGL/GPa  ZIAIAMALL  ERASTRMERL/GPa FRASIOMALL  BURSRE/MPa

AS1 0 0 25 2.56 62.08 0.26 48.74 0.239 232.49
AS2 10 10.99 35 2.66 63.69 0.26 41.48 0.152 214.8
AS3 10 9.85 35 2.63 60.42 0.24 28.99 0.101 230.84
AS4 10 9.63 35 2.72 65.88 0.25 38.69 0.164 290.95
ASS 15 12.36 40 2.69 55.13 0.21 31.64 0.158 266.26
AS6 15 14.32 40 2.75 62.67 0.26 32.88 0.129 224.85
AS7 15 12.69 40 2.63 61.88 0.26 45.36 0.156 215.69
AS8 20 15.78 45 2.55 60.30 0.25 33.37 0.125 265.14
AS9 20 15.63 45 2.71 55.66 0.24 46.32 0.145 218.44
AS10 20 16.01 45 2.65 59.07 0.26 35.21 0.158 248.08
XWI 0 0 25 2.86 65.90 0.32 52.58 0.191 214.8
XW2 10 9.56 35 293 64.22 0.30 522 0.182 280.9
XW3 10 8.99 35 2.84 66.94 0.29 40.96 0.197 184.85
XW4 10 9.23 35 2.71 67.48 0.31 50.37 0.213 229.37
XW5 15 11.32 40 2.81 62.54 0.31 46.99 0.194 264.75
XW6 15 11.69 40 2.95 59.12 0.24 39.29 0.198 246.76
XW7 15 12.03 40 2.86 64.29 0.30 50.06 0.202 307.21
XW8 20 15.32 45 2.88 66.76 0.29 5291 0.221 327.88
XW9 20 14.98 45 2.95 63.66 0.29 52.47 0.206 266.02
XW10 20 15.33 45 5.96 66.89 0.29 36.45 0.198 226.86
NH1 0 0 25 1.98 46.78 0.13 26.69 0.16 85.12
NH2 10 10.21 35 1.96 58.27 0.27 21.5 0.16 87.12
NH3 10 10.36 35 2.03 55.03 0.23 28.25 0.16 97.21
NH4 15 16.55 40 234 53.94 0.16 38.01 0.15 134.48
NH5 15 16.52 40 2.14 53.72 0.23 27.67 0.19 129.86
NH6 20 16.69 45 2.45 51.34 0.21 26.37 0.19 201.95
NH7 20 17.34 45 1.99 46.78 0.13 26.69 0.16 179.14
JL1 0 0 25 2.36 12.42 0.14 2.63 0.19 28.61
JL2 10 7.65 35 2.74 11.66 0.13 2.81 0.19 69.54
JL3 10 8.69 35 2.61 12.85 0.14 2.44 0.22 57.48
JL4 15 10.66 40 2.45 12.44 0.13 2.95 0.18 56.56
JLS 15 11.45 40 2.31 11.75 0.12 3.54 0.16 66.19
JL6 20 12.36 45 2.03 11.93 0.13 2.19 0.16 71.67
JL7 20 10.74 45 2.38 12.41 0.14 2.69 0.18 79.52
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Fig. 3 Linear fitting of dynamic and static elastic moduli and dynamic and static Poisson's ratios of each lithology

(a) Dynamic—static Poisson's ratio fitting curve for volcanic breccia; (b) Dynamic—static Poisson's ratio fitting curve for tuff; (c) Dynamic—static

Poisson's ratio fitting curve for andesite; (d) Dynamic—static Poisson's ratio fitting curve for basalt; (¢) Dynamic—static elastic modulus fitting

curve for volcanic breccia; (f) Dynamic—static elastic modulus fitting curve for tuff; (g) Dynamic—static elastic modulus fitting curve for andesite;

(h) Dynamic-static elastic modulus fitting curve for basalt
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Fig. 4 Linear fitting of static elastic moduli and dynamic and static Poisson's ratios of sedimentary rocks (cloudified sandstone) from an
adjacent block
(a) Dynamic—static Poisson's ratio fitting curve for sedimentary rocks from an adjacent block; (b) Dynamic—static elastic modulus fitting curve

for sedimentary rocks from an adjacent block
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Fig. 5 Trends in average dynamic and static mechanical parameters for each lithology with confining pressure (elastic modulus)

(a) Variation of average dynamic—static mechanical parameters with confining pressure for basalt; (b) Variation of average dynamic—static
mechanical parameters with confining pressure for andesite; (c) Variation of average dynamic—static mechanical parameters with confining

pressure for tuff; (d) Variation of average dynamic—static mechanical parameters with confining pressure for volcanic breccia
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Fig. 6 Typical micro-textures of volcanic rocks under cross- and plane-polarized light

(a) Typical texture and fracture development of andesite under cross-polarized light; (b) Typical texture and fracture development of andesite
under plane-polarized light; (c) Mineral arrangement and mineral filling of andesite under cross-polarized light; (d) Mineral arrangement and
mineral filling of andesite under plane-polarized light; (¢) Typical intergranular—intersertal texture and mineral arrangement of basalt under cross-
polarized light; (f) Typical intergranular—intersertal texture and mineral arrangement of basalt under plane-polarized light; (g) Cementation and
mineral filling of basalt mineral grains under cross-polarized light; (h) Cementation and mineral filling of mineral grains under plane-polarized
light; (i-1) Morphology and density of natural fractures in tuff under cross-polarized / plane-polarized light; (m—p) Development of natural

fractures and morphologies of clay minerals, phenocrysts, pores, etc., in volcanic breccia under cross-polarized / plane-polarized light
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fractures and clay minerals in tuff; (m—p) Matrix, clay mineral cementation, and natural fracture development in volcanic breccia
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