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Diagenesis and porosity evolution of deep reservoirs in Huizhou depression,
Pear] River Mouth basin

LONG Geng-sheng!, SHI He-sheng', ZHENG Rong-cai’, DU Jia-yuan', LIU Jun' and ZHANG Xiao-yu'
(1. Shenzhen Branch of CNOOC Co., Ltd., Guangzhou 510240, China; 2. Chengdu University of Technology,
Chengdu 610059, China)

Abstract: Huizhou depression is one of the most prolific hydrocarbon areas in Pearl River Mouth basin. Plentiful
Neogene oil and gas have been found, but no breakthrough has been made in Paleogene sediments. Reservoir
porosity and permeability are thought very low in Paleogene, and this inhibits the exploration progress. As to
the deep reservoir, the factor of porosity is in connection with petrographic composition and architecture. The
skeleton components and matrix components of the sandstone are basic substances participating in diagenesis.
Feldspar sandstone, feldspathic quartz sandstone and lithic arkose are main rock types in Zhuhai and Enping For-
mations, which are characterized by coarse grains, poor grading, subangularity, low compositional maturity,
and moderate to bad textural maturity. The storage capability is considerably impacted by diagenesis and porosi-
ty evolution. Based on slices observation and cores analysis and using such means as scanning electron microscope
(SEM), X-diffraction, cathodoluminescence and organic acid test, the authors studied diagenesis and porosity
evolution. The results show that the sandstone porosity is decreased mainly by compaction and cementation and
subordinately by quartz overgrowth and authigenic mineral filling. Abundant secondary pores are produced by
the denudation of such unstable components as feldspar, matrix and cuttings, and this leads to the increase of the
percentage of voids. Researches reveal that the deep reservoir has experienced four diagenesis evolution phases, i.

e., syngenetic stage, eogenetic stage (composed of A-stage and B-stage), anadiagenetic stage (comprizing A-stage
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& B-stage and late diagenetic stage. Well data show that most of the reservoirs have attained the eogenetic
stage whereas segmental sandstone under 4 000 m has entered into the late diagenetic stage. Primary porosity
was decreased quickly by compaction at the eogenetic stage A—>B because of the increasing overlying load.
Linear contact occurred at the B-eogenetic stage. Hydrothermal fluid of organic acid was discharged to fastigium
with most kerogen being transformed into hydrocarbon at the anadiagenetic stage A—>B . Due to increasing
acidity the unstable components of aluminosilicate framework ingredients such as feldspar matrix and cuttings
were dissolved so a lot of secondary pores were generated and the physical property of reservoir was improved.
At the late diagenetic stage organic material was changed from mature to highly mature organic acid concen-
tration was decreased to the lowest and destroyed by thermal activity stratigraphic water was gradually turned
into alkaline authigenic minerals were developed generally and the reservoir physical property was changed to
bad by the cementation of anhydrite. Just because lots of secondary pores were generated at the eogenetic stage
it improved the physical property and increased the potential of deep reservoir exploration.
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Table 1 Granularity data of boreholes ZJ19-1 7J19-2 and ZJ23-2 in Huizhou depression
m

3906.05 19-131 0 2.33 47.01 45.34 4.66 0.33 0.33

3913.1 63-131 0 9.67 56.33 29 4.67 0.33 0
3914.65 72-131 0 0.33 17.67 71.33 9.33 1.33
7J19-1 3916.2 85-131 0 0.67 19.33 69.67 8.66 1.66

3918 97-131 0 46 38.25 8.25 0.5 0
3920.4 112-131 0 11.99 29.33 22.66 30.33 5.34 0.33
3921.1 115-131 0 1.66 13.66 32 42.01 8.34 2.32
0.00 4.66 27.62 29.18 32.99 4.69 0.85
3684.5 99-150 0 0 0.5 7.75 49.75 35.25 6.75
3686.1 110-150 0 0.67 23.34 56 16.67 3 0.33

3686.3 112-150 0.33 6.01 44.66 37 12 0 0

21192 3686.9 116-150 0.81 10.52 45.28 39.62 3.78 0 0
3687.7 123-150 6.62 41.32 36.36 14.82 0 0 0.83

3688.5 128-150 1.3 14.29 55.06 26.24 2.34 0.78 0
3689.3 135-160 2.82 24.86 49.15 20.34 1.97 0.28 0.56
3689.5 137-150 0 0 5.5 22.75 56.5 17.5 2.25
1.49 12.21 32.48 28.07 17.88 7.10 1.34
3985.2 85-160 0 0 0 4.99 62.67 30.33 1.99

3981.8 134-160 9.6 26 27.2 31.2 0 0
3978.05 23-160 1.67 6.32 35 47 8.33 1 0.67
3974.6 60-160 0.33 6 27 49.33 16 0.99 0.33

3977.64 94-160 0 0.33 6.32 46 44.34 3 0

71232 3978.4 107-160 3.67 35.32 39.45 19.27 2.3 0 0

3979.2 114-160 0.33 6.33 48.66 40.99 3.66 0 0
3980.05 121-160 3.67 33.34 39.34 21.66 1.66 0 0.33

3983.3 145-160 3.33 26.99 42.66 22.34 4.33 0.33 0

3980.4 150-160 3 18.66 29.33 39 10 0 0

3980.4 150-160 6.66 52.01 33.67 6.67 0.99 0 0
3985.32 157-160 0.67 21.99 58.66 16.32 2 0 0.33
2.74 19.44 32.27 28.73 13.52 2.97 0.30
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Table 2 Mean content of filling matter in Zhuhai Formation

ZJ19-1 37 2.15 0.60 0.54 0.37 0.00 0.04 0.65 0.23 2.44 0.00
7]26-3 34 10.18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7]19-2 7 2.16 0.17 0.15 0.01 0.00 0.10 0.07 0.66 0.00 0.00
7)23-2 0.00 0.00 0.00 0.00 0.00 1.20 0.40 0.00 0.00 0.00
7J08-1 1 0.00 0.00 0.00 0.00 26.00 0.00 0.00 0.00 0.00 0.00
2.90 0.15 0.14 0.08 5.20 0.27 0.22 0.18 0.49 0.00

3 %

Table 3 Mean content of filling matter in Enpin Formation

2)232 31 1.65 0.00 0.00 0.23 0.00 0.30 0.74 0.00 0.19 0.13
7J08-1 13 0.00 0.00 0.00 0.00 1.55 0.00 0.03 0.00 0.00 0.00
0.82 0.00 0.00 0.11 0.78 0.15 0.38 0.00 0.10  0.06

0.1%~1.2% 0.23%
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Fig. 2 Triangular diagram of petroclastic components
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Table 4 Intensity grades of mechanical compaction
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Fig. 3 Devastating diagenesis of deep reservoir sandstone
a— T 2 S s I S e R (RO FLIBE /N, BRI, Z19-1 9153 91465 m( — s b— BB LRI AL N 19 2 1 se AR 45, JE 4, 7J08-1 JF,

3726 m( + )z AL D E AT AL G AT A1 e

ey,

WAL, BRHEAL 20192 53 686.9 m( + )5 d—/REBFLIH WA (14 0 = A1 7838, P4,
7J23-2 953 978.05 m( +)

a—linear-contact due to compaction and diagenesiss interparticle pores diminished, Zhuhai Formation, well ZJ19-1, 3914.65 m ( — )5 b—local in-

terparticle porosity filled and cemented by dolomite, Enping Formation, well ZJ08-1, 3726 m( + ); ¢—secondary outgrowth cementation appearing

on the edge of a few quartz grains, Zhuhai Formation, well ZJ19-2, 3686.9 m( + ); d—authigenic dolomite filling appearing in local pores, En-

ping Formation, well Z]J23-2, 3978.05 m( +)

Kl 4 RIERE e a1 s A R
Fig. 4 Constructive diagenesis of deep reservoir sandstone
a—a A PILBBRE , KR RS 2, S P AL, RS, 2)23-2 1,3 977,64 m( = )y b—2& 41 R i UL A6 1 o ke 240 IR 23 AT
A, 77232 9F,3978.4 m( )
a—fairly well-developed pores; solution pores mainly in feldspar grains, concurrently with casting pores, Enping Formation, well ZJ23-2, 3977.64

m( — ); b—petroclastic cracked veins distributed in stockwork in some rocks, Enping Formation, well ZJ23-2, 3 978.4 m( —)
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Table 5 Diagenetic phases of deep reservoir in Huizhou depression
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