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Fig. 1 Simplified geological map of Sichuan foreland basin and diagenetic facies map

of Xujiahe Formation(base map from Zheng Rongcai et al. , 2009&)
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I —diagenetic facies of compaction—fracture—calcium—silica cement; II —diagenetic facies of compaction—fracture—calcium cement; I[—
diagenetic facies of chlorite cement — authigenic quartz; [V—diagenetic facies of compaction— authigenic quartz; V —diagenetic facies of intense

compaction— siliceous cement; VI—diagenetic facies of chlorite cement; VI—diagenetic facies of chlorite cement—secondary pore; Vll—diagenetic

facies of compaction—siliceous cement
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Fig. 2 Sandstone microscopic photos of Xujiahe Formation in central-west Sichuan Basin

(a) —HIPRCA A b, T DL — 2R el &, ISR b 46, 22 5 1 98,2168, 79 m, Tya* 5 (b) —4IDKE 24 T b, 8 LA 1007 45 i
L ESSREE RGP RGN E(A) AT R RA S AR (B)  IF I, Ty 27 5 (o) —& B A e85, HOSC R 250 78 X
TP IEFEIR A BREME 80 (A) , WU (B) MERAE AL AL (C) )42 130 3,2337.39 m, Tya* 5 (d) —A 509 1 Wk A:dm
KA, ZJG el A B B (B) , ZJ5 A e B Fo R A S A BiE£L (C) L )¢ 130 3,230, 48 m, Tyx* s (o) —GHR AWM (A) KK A
AL (B) )74 101 H,2304. 62 m, Tyt s (1) — 3Rl B8 T F kAt AR A7 (A) W 101 H:,2663. 28 m, Tyx* 5 (g) —HEA (1) (FHir
B8) JRTR R BORAE T G AT , BT 101 H,2663. 28 m, Tyt s (h) —Jr g7 (A) FEBUAERURLIE WO U LB P (B) | W 39 7 18 47 G 2, &
JII5 3F,2105.2 m, Tyx* 5 (i) —HPRLABERD 2, A YA INRIREL, o] =4 (A) 5k B/ BRI FLER(B) 5 24 H,2017. 94 m, Ty
(a) fine-grained lithic quartz sandstone, the main debris is point to line contact, medium compaction, Anju 1 well, 2168.79 m,T;x*; (b) fine-
grained lithic sandstone, the debris is mainly concave to convex contact, high compaction, main cement is calcite( A) , calcite can replace feldspar
(B), Lion Mountain profile, Tya?;(¢) lithic quartz sandstone, debris of graphic texture granite and acid extrusive rock(A) , chlorite coatings(B)
and residual primary intergranular pore(C) , Guangan 130 well, 2337.39 m,T;x*;(d) 1 phase secondary enlargement of quart(A), then chlorite
coatings formation(B) , siliceous filled in residual primary intergranular pore( C) ,Guangan 130 well, 2309. 48 m,T;x*; (e) chlorite coatings (A)
and feldspar moldic pore(B) , Guangan 101 well, 2304. 62 m, T;x* ; (f) chlorite coatings in scanning electron microscope (A) , Lianshen 101 well,
2663.28 m,T;a*;(g) rosettes chlorite, local magnification of Photo (f), Lianshen 101 well, 2663. 28 m,T;x*; (h) calcite( A) filled in pores of
particle dissolution(B) , it is late calcite cementation, Hechuan 5 well ,2105.2 m,T;x*; (i) medium-grain quartz sandstone, secondary outgrowth

cementation of quartz is intense( A) , only a few intergranular pore retains, Mo 24 well, 2017. 94 m,T,x*
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Fig. 3 Sampling position distribution map
(base map from Zheng Rongcai et al. , 2009&)
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Table 1 X diffraction analysis data of Xujiahe Formation sandstone( % )
) ) R+ ) ) o ) ) )
Be S BB IHE(m) ‘ — ———— A HEE A KA AKA
e e e PHE P RRE
A1 001-1 T3xf’ 1458. 14 2.7 5.2 2.9 2.4 0 0 68.1 3.8 14.8
B 1014 T3x4 2803.38 6.3 0 5.4 1.2 5.5 0 65.6 6.9 9.2
TR 1-1 T3x4 2663.28 8.4 0 2.9 0.4 5.1 0 59.6 9.6 12.9
HEE 12 T3x4 2680. 60 1.4 0.1 2.5 0.3 0.6 0 78.6 6.5 8.6
TG 14 T3x4 2695. 60 3.6 0.2 0.7 0.2 12.4 0 62.9 8.3 11.4
T 1022 T3x4 2704.34 1.0 0.3 4.8 0.5 7.9 0 64.5 8.3 12.1
TR 102-3 T3x4 2719.60 2.1 0.0 1.4 0.3 0.7 0 77.4 7.7 9.6
A3 T3x2 2258.41 2.0 0.1 1.4 0.2 0.3 0 70.5 12.2 12.8
411 101-1 T3x2 2072.73 3.0 0.1 5.8 1.5 00 0.5 66.6 8.8 13.3
4111082 T3x4 2045.20 1.1 0.0 0.7 0.1 00 0 84.3 6.5 6.7
A1 1092 T3x2 2231.00 3.6 0.1 3.2 0.5 0.3 0.6 67.5 10.6 13.0
A)11109-3 T3x2 2237.40 2.8 0.1 4.3 0.8 0.1 2.4 67.7 9.1 12.0
EEHT-1 T3x2 3271.03 2.1 0.1 2.5 0.5 00 0 75.0 8.7 10.7
81 T3x4 2118.39 3.4 0.2 1.3 0.7 00 0 77.1 8.5 8.3
w224 T3x4 2490. 00 1.7 0.1 3.5 0.3 00 0 78.5 6.7 8.8
JT4E 1012 T3xf’ 2038.01 5.6 0.2 6.2 0.8 00 0 62.8 7.1 16.3
4 101-8 T3x4 2289.91 4.8 0.1 1.4 0.1 1.1 0 71.8 7.8 12.2
J42101-13 T3x2 2426.90 5.0 0.2 3.2 0.6 0.7 0 66.2 10.1 13.6
ST 1111 T3x4 2187.42 2.5 0.5 3.5 0.5 0.5 0 71.6 6.6 13.6
i 9-2 T3x2 2306. 50 1.5 0.0 2.1 0.3 0.6 0 80.8 5.8 8.9
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Fig 4. Classification diagram of chlorites of Sichuan basin
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Table 2 Chlorite electron microprobe analyses and characteristic values of Xujiahe Formation sandstone

= J7# 101 Jf & )11 108 Jf: &0t 158 I JTE L HNS I 9 I

HEH(m) 2038.1 | 2426.9 2045.2 2072.73 2118.39 2187.42 2258.41 2306.5

JZL HNE | B Zia B B 25 B 7S BL N B B
Si0, 28.81 27.13 | 26.25 | 25.69 | 25.87 | 25.65 | 21.88 | 29.73 | 24.13 | 24.60 | 22.85 | 24.40 23.60
TiO, 0.03 0.00 0.01 0.04 0.09 0.01 0.00 0.04 0.03 0.03 0.01 0.04 4.66
Al, 04 24.47 | 22.70 | 23.96 | 24.02 | 23.45 | 25.55 | 22.17 19.11 | 23.81 23.65 | 23.75 | 26.38 21.17
Cr, 05 0.06 0.12 0.04 0.08 0.08 0.07 0.11 0.05 0.09 0.05 0.05 0.03 0.11
FeO 25.59 | 24.86 | 25.87 | 31.90 | 33.64 | 32.73 | 37.42 | 31.36 | 26.59 | 26.77 | 30.51 | 30.36 26.22
MnO 0.03 0.05 0.05 0.02 0.07 0.07 0.05 0.39 0.05 0.07 0.22 0.26 0.13
MgO 3.22 7.58 3.45 4.35 6.05 5.53 3.83 10.59 13.08 13.00 9.54 9.98 12.73
Ca0 0.14 0.14 0.04 0.29 0.16 1.63 0.01 0.11 0.03 0.07 0.03 0.01 0.03
Na, O 0.34 0.12 0.22 0.32 0.18 0.20 0.13 0.47 0.12 0.10 0.13 0.10 0.10
K,O0 1.78 1.79 1.81 1.22 0.28 0.20 0.27 0.76 0.10 0.05 0.05 0.14 0.14

FHESF 80 (LURUS F50 28 Sy SEui43)

B 84.47 | 84.49 | 81.69 | 87.93 | 89.87 | 91.62 | 85.87 | 92.61 | 88.02 | 88.38 | 87.14 | 92.71 88.89
Si 3.03 2.9 2.91 2.74 2.73 2.65 2.53 3.01 2.55 2.58 2.50 2.5 2.47
ALY 0.97 1.1 1.09 2.26 1.27 1.36 1.47 0.99 1.46 1.42 1.51 1.5 1.53
Al 2.167 1.83 2.12 1.83 1.68 1.78 1.57 1.32 1.51 1.51 1.56 1.694 1.09
Ti 0.0025 0 0.0009 | 0.0032 | 0.007 | 0.0008 0 0.0031 | 0.0024 | 0.0024 | 0.0009 | 0.0031 0.37

Cr 0.005 0.01 |0.0035 | 0.0071 | 0.0069 | 0.0057 | 0.0098 | 0.004 | 0.0076 | 0.0042 | 0.0044 | 0.0024 0.009
Fe?* 2.25 2.23 2.39 2.63 2.97 2.82 3.62 2.65 2.35 2.35 2.79 2.61 2.29
Mn 0.0027 | 0.005 | 0.0047 | 0.0018 | 0.0063 | 0.03 | 0.0049 | 0.0334 | 0.0044 | 0.0062 | 0.02 0.02 0.01
Mg 0.51 1.21 0.57 0.69 0.95 0.85 0.66 1.59 2.06 2.03 1.55 1.52 1.98

Ca 0.02 0.02 |0.0047 | 0.03 0.02 0.18 ]0.0012 | 0.01 |0.0034 | 0.0079 | 0.0035 | 0.0011 0.0031
Na 0.14 0.05 0.09 0.13 0.07 0.08 0.06 0.19 |0.0482 | 0.0403 | 0.06 0.04 0.04

K 0.49 0.49 0.51 0.33 0.08 0.05 0.08 0.19 0.03 0.01 0.01 0.037 0.04
Fe/(Fe +Mg)| 0.79 0.65 0.79 0.81 0.76 0.77 0.85 0.62 0.53 0.54 0.64 0.63 0.54
d001/0. Inm | 14.18 14.17 14.17 14.14 14.17 14.17 14.1 14.17 14.12 14.13 14.11 14.11 14.11
T(C) 157 172 174 198 166 174 243 168 216 210 229 226 229
SEECC) | 157 172 186 170 206 214 228 229

5 B2 I FEW 102 JF FER 101 JF
HE(m) 2490 2663.28 2680.6 2695.6 2704.34 2719.6 |2803.38
=0 7D Bt 250 B Zi 0 B A4 B 250 B B | N B
Si0, 24.14 | 23.45 | 27.27 | 23.77 | 23.05 | 23.65 | 23.90 | 31.65 | 21.73 | 26.48 | 25.69 | 23.48 22.72
TiO, 0.03 0.00 0.02 0.00 0.02 0.04 0.08 0.01 0.04 0.02 0.05 0.03 0.04
Al, 05 23.78 | 23.57 | 26.38 | 21.58 | 22.51 | 22.68 | 23.07 | 26.56 | 21.23 | 22.24 | 21.02 | 23.83 22.00
Cr,y 05 0.06 0.09 0.06 0.13 0.15 0.02 0.02 0.30 0.07 0.06 0.05 0.04 0.05
FeO 35.83 | 36.80 | 34.36 | 32.13 | 34.28 | 30.95 | 29.93 | 20.82 | 34.02 | 22.44 | 20.15 | 35.52 34.00
MnO 0.07 0.07 0.08 0.98 0.04 0.21 0.16 0.05 0.07 0.16 0.21 0.08 0.07
MgO 4.05 3.87 3.96 8.47 4.45 9.52 10.19 2.82 3.95 14.54 18.70 4.14 3.85
CaO 0.02 0.04 0.04 0.30 0.19 0.00 0.03 0.45 0.19 0.15 0.08 0.07 0.46
Na, O 0.12 0.21 0.17 0.27 0.30 0.02 0.16 0.18 0.24 0.10 0.08 0.50 0.39
K,0 0.38 0.32 1.11 0.06 0.16 0.24 0.30 3.36 0.21 0.62 0.07 0.34 0.35
FHESF 80 (LURUS 5028 Sy BEuiTT43)

Total 88.49 | 88.41 | 93.45 | 87.68 | 85.15 | 87.32 | 87.84 | 86.18 | 81.75 | 86.79 | 86.09 | 88.03 83.94
Si 2.64 2.59 2.74 2.66 2.63 2.59 2.58 3.15 2.61 2.79 2.69 2.57 2.63
ALY 1.36 1.41 1.26 1.35 1.38 1.42 1.43 0.85 1.39 1.21 1.32 1.43 1.37
AlY 1.73 1.69 1.92 1.46 1.68 1.51 1.53 2.39 1.63 1.54 1.27 1.7 1.67

Ti 0.0025 0 0.0015 0 0.0021 | 0.0033 | 0.0065 | 0.0008 | 0.008 | 0.002 | 0.004 | 0.003 0.0035

Cr 0.0052 | 0.008 | 0.0048 | 0.012 | 0.013 | 0.002 | 0.002 | 0.024 | 0.007 | 0.0038 | 0.0042 | 0.004 0. 0046
Fe?* 3.28 3.4 2.89 2.73 3.27 2.83 2.71 1.73 3.4 1.95 1.77 3.28 3.3
Mn 0.0065 | 0.0066 | 0.0067 | 0.093 | 0.0041 | 0.019 | 0.015 | 0.0042 | 0.0072 | 0.014 0.02 0.007 0.01
Mg 0.66 0.64 0.59 1.41 0.75 1.55 1.64 0.42 0.71 2.26 2.91 0.68 0.67
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Ca 0.0024 | 0.0047 | 0.0043 | 0.037 | 0.02 0 |0.0032] 0.05 | 0.024 | 0.02 | 0.01 | 0.0l 0.06
Na 0.051 0.09 0.07 0.12 0.13 0.008 0.07 0.07 0.11 0.04 0.03 0.21 0.18
K 0.11 0.09 0.14 0.02 0.05 0.07 0.08 0.85 0.07 0.17 0.02 0.09 0.11

Fe/(Fe +Mg)| 0.83 0.84 0.83 0.66 0.81 0.65
d001/0. Inm | 14.12 | 14.11 | 14.14 | 14.13 | 14.11 | 14.12

0.62 0.81 0.83 0.46 0.38 0.83 0.83
14.12 | 14.21 | 14.11 | 14.16 | 14.15 | 14.11 14.12

SERME(C) | 217 218 220 181

183 231 224

N4, 1998 AL RAF,2011) , 45 /R W L4005
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Authigenic Chlorite Compositional Evolution and Temperature Calculation of
Xujiahe Formation Sandstone in Central Sichuan Basin

DAI Chaocheng' >, LIU Xiaodong" ,RAO Qiang'’ ,ZHANG Huaisheng"’
1) East China Institute of Technology ,College of Earth Sciences,Nanchang , Jiangxi 330013 ;
2) State Key Laboratory Breeding Base of Nuclear Resources and Environment, East China Institute of Technology,
Nanchang , Jiangxi 330013

Objective: In the central of Sichuan Basin, Xujiahe Formation sandstone of Upper Triassic existence a large
number of authigenic chlorite, recent years, it has given more and more attention about chlorite characteristics,
chemical composition, formation temperature, the relationship between chlorite and reservoirs in geology. In this
paper, authigenic chlorite is the research object, On the basis of detailed geological survey, through the method of
electron microprobe, scanning electron microscopy, X-diffraction to Identify chlorite characteristics and chemical
composition.

Methods ; Using X-ray diffraction to determine the content of chlorite, The test conditions is Cu target, voltage
35kV, current 15mA. Using electron microprobe to analysis chemical composition of the authigenic chlorite, the
equipment is JEOLJXA-8800M type electronic probe instrument, working conditions are: accelerating voltage
15kV, probe current 10mA, beam spot diameter < 1pum. Using scanning electron microscope to see chlorite
crystal.

Results ; Xujiahe formation authigenic chlorite contains chlorophaeite aphrosiderite and Fe—Mg chlorite, With
the burial depth from shallow to deep, chlorite species change from chlorophaeite to Fe—Mg chlorite, The
temperatures calculated by authigenic chlorite have a good relation with burial depth(from 157 to 231°C). Thus it

is estimated that the temperature gradient of the area is 34°C/km, the results show great consistent with the
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previous study paleogeotemperature dates, so paleogeotemperature calculating from chlorite is credible.

Conclusions: The paleotemperature is much higher than current temperature in this area, high
paleogeotemperature promote chemical densification effect, while it is more easier changed Solid type III cheese to
gaseous hydrocarbons, like CH,. There are a large number of oil and gas fields in the area, high paleotemperature
should be an important factor to its formation.

Keywords: Sichuan Basin; Upper Triassic Xujiahe Formation; authigenic chlorite ; compositional evolution
Paleogeotemperature
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