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Petrologic and geochemical records of interaction between reducing fluids and
mudstone caprocks:A case from the mudstone in the Qingshankou
Formation of Wangfu Depression in southern Songliao Basin
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Abstract ;: Reducing fluids percolated from natural gas reservoirs or fields may cause composition variation ( especially the
macro and trace elements) of mudstone caprocks. The variation records the interaction between the reducing fluids and
mudstone caprocks and may be used as an indicator of the locations of oil and gas reservoirs. By resorting to natural
analogy , we studied the mudstone samples from the the Qingshankou Formation of Wangfu Depression in southern
Songliao Basin to analyze the variation of mudstone composition caused by reducing fluids and the migration of the fluids
in cap rocks of gas fields (reservoirs). The results show that the reducing components in the fluids are mainly methane,
followed by hydrogen sulfide. During the fluid-rock interaction process, the red Fe’* in the mudstone was reduced to
colorless Fe’* | causing a phenomenon called bleach. The Fe’* then migrated in the form of colloids with the fluids and
reprecipitaed as iron concretions elsewhere. During the bleach process,the increasing U content,and decreasing Ga and
Sec contents,as well as the veritical changes of the U, Mo,V and Ni contents, are suggested to be connected with the
reductivity of the fluids. In mudstone caprocks,the reducing fluids were driven by buoyancy to migrate vertically and the
uplifting of strata might cause dropping of fluid surface. The regular variation of trace elements in the mudstone caprocks
may be used as indicators to the flow pathways and directions of the reductive fluids.

Key words ;: mudstone caprock ,reducing fluid , bleached mudstone ,iron concretion ,natural analogy ,natural gas field (reser-

voir) ,Songliao Basin
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Fig. 1 Geologic sketch map of the Wangfu Depression (a) and sampling locations (b) in southern Songliao Basin
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Fig.2  Characteristics of gray mudstone, ostracod limestone and iron concretions in Wangfu Depression, southern Songliao Basin
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Table 1 X-ray diffraction analysis data of gray and red mudstone samples in Wangfu Depression ,southern Songliao Basin( % )

NS = Q Kfs Pl Cal Dol Anl Sme il /S Kln Chl
H2-1-19 FANGN ey 11.6 4.9 8.6 5.2 10.8 10.8 1.9 17.3 27.9 0 1
H2-1-18 FARCR =3 12.1 4.1 9 4.2 8.8 11.9 2.5 15.5 31.4 0.5 0
H2-1-17 afales 8.7 5.6 7.1 3.3 11.2 13 1.5 14.8 34.2 0 0.5
H2-1-16 FARCER 23 15.2 5 10.6 2.9 7.3 13 1.8 16.6 26.7 0 0.9
H2-1-15 KEEE 16.5 5.1 11.5 3.1 7.1 13 1.7 11.4 30.2 0.4 0
H2-1-14 TR 19.1 5.4 13.1 3.9 4.9 14.7 1.2 9.3 28 0 0.4
H2-1-13 KENEE 25.2 5.2 13.6 17.2 4.5 13.6 0.8 7 12.6 0 0.2
H2-1-12 TR 17.7 5.3 11.8 11.4 6.2 14.4 1.3 13.9 17.6 0.3 0
H2-1-3 TR A 9.6 4.4 8.9 3 9.2 11.9 2.1 19.1 30.7 1.1

H2-1-2 KAV 8.3 4.5 7.6 2.8 13.6 16.4 1.4 15.9 29 0.5
H2-1-1 WA 8.9 4.3 7.9 2 22.1 14.5 1.6 12.9 25 0.8
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Fig.3 Vertical variation of mineral content (a) and geochemical composition (b) in mudstone and ostracod limestone samples in

Wangfu Depression, southern Songliao Basin
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Fig.4 X-ray diffraction spectrums of iron concretions in Wangfu Depression, southern Songliao Basin
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Table 2 Statistical parameters for macro and trace elements in gray and red mudstone samples in Wangfu Depression,

southern Songliao Basin

ERROR(E Fe, 05/ % Na, 0/ % U/10-° Ni/10 ¢ TI/10 -° Ga/10 ~° Sc/107° Cd/10-°
B (RM) 5.51 2.92 1.65 25 0.88 22.8 15.2 0.13
SEI{E (RM) 5.33 2.91 1.69 25 0.91 23.1 15.4 0.13
FrufEZE (RM) 0.63 0.11 0.14 0.7 0.13 0.7 0.7 0.01
FE (GM) 3.12 3.36 2.96 18.7 1.34 20.9 12.4 0.17
SEI{E (GM) 3.06 3.41 3.3 20.3 1.3 20.6 12.1 0.18
FrifE2E (GM) 0.85 0.23 0.95 3.2 0.18 1.7 2 0.04
R P(T<t) W 0.000 97 0.001 0.004 5 0.008 0.003 5 0.007 7 0.004 8 0.012
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Fig.5 Harker diagrams showing geochemical composition in gray and red mudstone samples in Wangfu Depression, southern Songliao Basin
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Fig.6 Discriminant diagrams showing the rock types in provenance
of gray and red mudstone samples in Wangfu Depression,

southern Songliao Basin
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Table 3 Characteristic values of REE in gray and red mudstone

samples in Wangfu Depression,southern Songliao Basin

T S A S
H2-1-19 Zi@jess  196.28  176.80 19.48 9.08
H2-1-18 zrajess  192.21  172.32 19.89 8.66
H2-1-17 Z@jes  174.26 156.27 17.99 8.68
H2-1-16 ZIfajs 182.47  165.81 16.66 9.95
H2-1-15  JREIEAE  197.09  180.09 17.00 10.59
H2-1-14 JR@EHE 176.00  160.85 15.15 10.61
H2-1-13  JKEJAE  275.05 251.59 23.46 10.73
H2-1-12 k@A 174.29  155.88 18.41 8.47
H2-1-3  Jkfalesr 171.02  153.72 17.30 8.89
H2-1-2  JRfalés 183.68  164.21 19.47 8.43
H2-1-1 JRfales 166.49  148.93 17.56 8.48

VE: X REE. 40 % & 4t LREE. ##% + 70 % & s HREE. T +
JE% 4 LREE/HREE. % 5 + 70 2 B R 4 70 % & B L1
3Eu =2Euy/(Smy + Gdy ) ;8Ce =2Cey/ (Lay + Pry) ;N R F T
F LRI BRMEAL , BRUEAL B ) Sun il McDonough[ 36 ] ,
T 27 A T Ak S R B 4 BT R 5T P
F, =30.638Ti0,/Al,0, —12.541Fe,0."" /AL O, +
7.329Mg0/ Al 0, +12.031Na,0/AL, 0, +
35.402K,0/A1,0, - 6.382 (1)
F, =56.5Ti0,/AL 0, —10.879Fe,0,"" /AL 0, +
30.875Mg0/AlL, 0, —5.404Na,0/AL,0, +
11.112K,0/A1,0, -3.89 (2)
IR AR % U, Ni, TI, Ga, Sc fil Cd % &
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Table 4 Carbon and oxygen isotopic data of calcite vein and

calcite cement in gray and red mudstone samples in Wangfu

Depression , southern Songliao Basin

3BC(PDB)/ $"O(PDB)/ $"®0(SMOW)/

R&S Gle %o %o %o

H2 -2 ik -7.2 -15.9 14.5
H2-1-19 RELEY) 0.7 -7.9 22.7
H2 -1-18 BELEY) 0.9 -7.5 23.2
H2 -1-17 ek 0.8 -7.1 23.6
H2 -1-16 TRELEY) 2.6 -6.2 24.5
H2 -1-15 ek 2.3 -6.1 24.7
H2-1-14 TRELEY) 1.9 -8.1 22.5
H2-1-13 ek 1.7 -10.7 19.9
H2-1-12 TRELEY) 1.6 -8.0 22.7
H2-1-3 ek 2.1 -7.4 23.3
H2-1-2 RELEY) 1.7 -6.4 24.3
H2-1-1 ek 0.3 -6.8 23.9
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Fig.8 Carbon and oxygen isotopic characteristics of calcite vein
and calcite cement in gray and red mudstone in Wangfu

Depression , southern Songliao Basin
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