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Abstract The main Ordovician reservoirs of the central Changqing gas fields include the eight beds of the M5 Member of the Early
Ordovician Majiagou Formation M5,' M5,> M5,° M5,* M5, M5,> M5,° and M5,' in descending order. Beds M5,"' MS5,”
and M5, are mainly finely-crystalline penecontemporaneous dolomites with abundant anhydrite nodules —generally 1 ~ 5mm wide
indicating upper supratidal environments. Beds M5,* M5,' M5, are mainly laminated dolostones of upper intertidal environments.
Beds M5,” and M5,' are mainly anhydrite rock with chicken-wire structure indicating continental sabkha environments and finely-
crystalline dolomites with abundant anhydrite nodules 1 ~5mm wide indicating upper supratidal environments. The most important
diagenetic processes undergone by the M5 Member include [  precipitation of gypsum nodules in interstitial pores in the tidal-flat
deposits due to evaporation and the penecontemporaneous dolomitization of the original calcium carbonate deposits I  partial or total
replacement of the gypsum/anhydrite nodules by dolomites caused by mixing of seawater and freshwater ~ [lI  dissolution of the
gypsum in nodules by meteoric water and formation of nodule-moldic pores [V  partial or total filling of the nodule-moldic pores by
fine early calcites 'V  partial or total filling of the remaining pores by coarse late calcites and VI filling of the remaining pores
by sylvite. Processes [ ' and I improved the reservoir quality while IV V and VI reduced the reservoir
quality. Seven main diagenetic patterns were recognized from the M5 Member dolomitization interstitial dissolution dolomitization-
interstitial dissolution -calcite filling dolomitization -gypsum dissolution dolomitization -dolomite replacement -gypsum dissolution
dolomitization-dolomite replacement-gypsum dissolution -early calcite filling dolomitization -dolomite replacement-gypsum dissolution-
early calcite filling-late calcite filling and dolomitization-dolomite replacement-gypsum dissolution -early calcite filling -late calcite
filling-sylvite filling. Dolomitization-gypsum dissolution dolomitization -dolomite replacement-gypsum dissolution and dolomitization
interstitial dissolution accounted for formation of the main reservoirs. The main pore systems in the M5 Member include a nodule-
derived pores b nodule-derived pores and nodule-swell fissures ¢ nodule-derived pores and intercrystalline pores d  gypsum
crystal moldic pores and e intercrystalline pores. Pore systems a b and ¢ are the main types in this Member. Gypsum
nodules are abundant in beds M5, M5,> M5,® and M5, especially M5,'. Diagenetic processes | I and Il occurred
in beds M5,' M5, M5, M5,* M5, M5,> M5,° and M5,' while IV V and VI mainly occurred in M5,* MS5,'
M5,> and M5,'. Consequently beds M5,> M5,” and M5,’ constitute the main reservoirs while M5," M5,> and M5,* have
relatively poor reservoir quality.
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Fig.2 Lithology of M5," to M5," of the M5 Member of the X
Lower Ordovician Majiagou Formation in the Changqing gas
fields
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1~ Table 1 Carbon and oxygen isotopic composition of
4mm penecontemporaneous dolostone of the M5 Member in the
1mm central Changqing gas fields
3mm 3mm s % PDB 8“0 %o PDB
S23  8-36-53 0.552 0.008 -7.543 0.017
S21 8-57-128 1.231 0.011 -6.718 0.017
823 9-55-72 0.589 0.008 -7.417 0.028
S23  8-34-53 0.663 0.004 -7.705 0.011
549 4-33-110 0.610 0.009 -7.531 0.015

3 lower supratidal $49  4-25-110 0.565 0.016 -7.852 0.062
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Fig.3 Spherical anhydrite nodules and their derived structures with various diagenetic products in the M5 Member of the Ordovician
Majiagou Formation in central Changqing gas fields.
Anhydrite in nodules has been replaced by dolomites or dissolved out with local remains a . Khaki poriferous dolomites have replaced anhydrite from
the lower b ¢ d g orupper part ¢ of the nodules constituting arc boundary. Dissolution of anhydrite formed pores b ¢ d e g which can
be filled by blocky calcite d e orsylvite f . Hydration of anhydrite formed fissures g . a b ¢ d and g are slabs of core samples e and f thin
section photomicrographs with pores impregnated with blue epoxy resin and h SEM image. a-Well Shan-24 Bed M5,° b-Well Shan-49 Bed M5;> c-
Well Shan-49 Bed M5;° d-Well Shan23 Bed M5;° e-Well Shan-186 Bed M5, f-Well Shan-23 Bed M5,® g-Well Shan-186 Bed M5,* h-
Well Shan-186 Bed M5,*. An-anhydrite Do-dolomite Cal-calcite Por-pores.
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Table 2 Carbon and oxygen isotopic composition of dolomites in
gypsum nodules in the M5 Member in the central Changqing 3.5
gas fields
shc % PDB 50 %o PDB 3e
S23  8-36-53 -6.495 0.008 -10.989 0.023
49 4-25-110 -2.218 0.017 -10.224 0.043
S23  8-34-53 -2.278 0.021 -10.628 0.067
S49  4-33-110 -3.032 0.012 -10.911 0.026

3.6



2176

3 5%0
12.65%0 ~ —12.93% PDB §°C  -23.74 ~ — 4. 19%o0
PDB %0 s"C
Sr Mg Mn
Sr Mn
Veizer 1983
8%0 -2.74~ -10.65% PDB §°C -0.17 ~
-9.48%0 PDB 1993
Girard 1998
90 ~ 110°C
8"0 -15%0 PDB §"C
-12% PDB
94.5 ~163.9C
1997
3

Table 3  Carbon and oxygen isotopic composition of late calcite

fillings in gypsum nodules in the M5 Member of the central

Changqing gas fields

sBC % PDB 5'%0 % PDB
23 5-56-77 —4.194 0.008 —14.930 0.024
23 8-36-53 ~23.743 0.005 ~12.646 0.018
3.7
3 f
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Fig. 4  Relationship between various diagenetic products in
gypsum nodules in the M5 Member in central Changging gas 3
fields. a-anhydrite and replacement dolomites b-early calcites
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e-early calcites and late calcites.
5.5 - - -
80 -7.61%0 PDB -
60°C
60°C Bathurst 1971 6e

60°C 8"0



2178 Acta Petrologica Sinica 2006 22 8

| I S 4 f. =l Tik, LR LI |
5

Fig.5 Timing sequence of diagenetic processes in the M5 Member of the M5 Member in central Changqing gas fields.
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Table 4  Permeability and porosity of different pore system types in some samples from the Majiagou Formation of the Majiagou

Formation in central Changqing gas fields

md %
21 3-194-138 14.9 12.9
23 57730 7.04 10.2
126 141-17 6.69 10.8
23 8-53-36-2 + 6.38 11.9
23 577-17 + 4.25 8.5
128 3-68-29 3.51 8.3
Y3 7-52-13 2.38 7.4
186 3.92.82 + 1.59 9.3
186 392-83 + 2.057 9.6
186 392-85 0.667 8.7
186 39285 0.476 10.1
23 8-5336-1 0.346 10.8
186 392-8 0.323 2.2
L5 62421 0.046 1.9
5.6 - -
6.1
6f 3e
5.7 L ; -
62 7.04 10.2%
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Fig.6  Diagenetic patterns in the M5 Member in central Changqing gas fields.

a-dolomitization -interstitial dissolution  b-dolomitization-interstitial ~ dissolution-calcite filling  c-dolomitization — gypsum
dissolution d  dolomitization-dolomite replacement-gypsum dissolution e-dolomitization -dolomite replacement -gypsum
dissolution -early calcite filling f-dolomitization-dolomite replacement-gypsum dissolution-early calcite filling-late calcite filling g-

dolomitization-dolomite replacement-gypsum dissolution-early calcite filling-late calcite filling-sylvite filling
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Table 5 Distribution of anhydrite nodules and important
diagenetic processes in the M5 Member of the Majiagou

Formation in central Changqing gas fields

1 2 3 4 1 2 3 1
1 1 1 1 2 2 3 4
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