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Hfetn, FEBIEW H K5 % (Jacob, 1985; F H F
FIBRERE » 1988 XU A 447 ,1994; £ K FH,
2003) .\ ZF I 1 6678 18 X (Epstein et al. ,1977; H &
%, 1999; B EFMPL4h4, 20005 Gawlick et al. ,
2000; Harris et al. , 2000; Garcia et al., 2001;
Rasmussen and Smith, 2001; Orchard, 2002;
Repetski et al. , 2002; Brime et al. , 2003; X H: &
2 ,2004) DR MK 7 §F % (Buchardt et al. , 1990; 78
TARES,1995; EKF%H, 1996; MHEF,1999 .4
Y RE B B9 )X 5T % (Goodarzi and Norford, 1989 ; {E B
KA ,1992; BRE K, 1995; B KBS, 20000, Bl
i B B3t ik F (Pusey, 1973; Bakr et al. ,1988;Qiu
et al. , 1995, 1998) . WOEH B 43 (B, 1993;
Marshall et al. , 2000) Fifi B 4.
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Kiah f1 F A (Lastett et al. , 1987; Duddy et al. ,
1988; Green et al. , 1989; Donelick et al. , 1999;
Ketcham et al. ,1999) , i &5 A F8 A A LA 2708
KBNS R NR WA e 2N 75— T B
TRAT 85 A0 R A 4 AR A2 578 1) 3 P VR B 45 AN A 1), B
KARBEBHHAREEIO~125CZHE, 8 A
ROE IR E H210~240C (Mattias et al. ,2002), 48
A1 #E H R E FE 265 ~ 310CZ 7] (Coyle and
Wagner, 1998),%&% Bi& F FRB A F &R E, 7T L
HA*IE.

#L4F R (U-Th) /He € £ AR ME N —F KR
PAE R BT BT B AR, 75 R i E 4F (Kohn et
al. ,2000; Reiners et al. , 2000,2003) ¥ & -1k
(House et al. , 2002; Reed et al. , 2002; Green et
al. ,2003) FIME B AL BF R E HHAAR T &2
B RE T, o A b R SRR B AR T BT g2 B
B, AT (U-Th) /He $JE F R 897 YK R LABE IR
. 850 FAEA 8 E; AR P H (U-Th) /He th &
9 P R R 22 A K B IR A0 B9 He 3f P IR BE 8L
H375°C(Wolf et al. ,1996) , B 4R Fi| F 8% Ik A #9 (U-
Th) /He #E 7] LK BT RARIR T M9 20 7 52,
{E7E A T UUAR 2 b 50 R D SRR B2 e, 0 0 5 LAl oy
RAFBERARERD BRARFREEEERK,
5K A AR 42308 F1 He $E B H R B 456 7T LUB 7R
110~ 45°C YR B 3 B (908 40 ¥ 20 B 38 5 45 7 i (U-
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and Farley,1999), BRI EEINRFTE1L70~190 CZ [a]
(Reiners et al. ,2002, 2004) ; ¥& 4 B (U-Th)/He &f
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B B M 191 ~218C (Reiners et al. , 2000), H It,,
XFET T B ERE R . R L E X R
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Brime et al. ,2003;Di, 2003; Miller and Macdonald,
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SN ERE SO BARICICERE S A S
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(Pusey, 1973; Bakr et al. ,1988;Qiu et al. , 1998),
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HERRBIREMNITE.
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MBS EETEEBPEARKMEGHMEAS
TR HE“ LR o T B AR 4 88 07 27 (SY/T5123-
1995) B RLRE #EAT PR LI 38 B0 07 ¥ R 7R R A8 1
1B P K R BE T 7o B R IR B O AR 4R R — E B
[] , A BT 52 B4 18 3L I 3 V8 L 9 300~ 550°C , A L Y
18 JR B[] 3 30~480 min 454 Waples(1985) R H 1)
BEE-I EHEE(TTDE R T E T A R B A ()
F1 REAZRHTHRAEANEHERENTTI &
Table 1 The free radical concentration and T7T1 values

of thermal simulation kerogen samples

EREE | EiEE BT RR 1 & T Rg R
¢Cy (min) N TTI N TTI
JRER — 0. 24 0.88 0.11 0. 46
30 — - 0. 30 0.48
60 0. 35 0.91 0. 35 0. 50
300 90 — — 0.38 0.52
120 - — 0. 36 0.53
180 0.30 0.98 0. 41 0. 57
30 — — 0. 40 3. 00
60 — - 0.47 5. 48
250 90 — — 0.47 7.98
120 — — 0. 51 10. 47
180 0.41 15. 86 0.59 15. 45
360 — — 0. 54 30. 00
30 — — 0. 62 373
60 - - 0. 61 744
400 90 — — 0.92 1114
120 0.56 1484 2.78 1484
180 0. 65 2226 0. 85 2226
240 — — 0. 81 2963
30 1.17 55375 - —
60 1.10 | 110239 | 0.50 | 110239
90 1.32 | 165274 | 0.47 | 165274
450 120 1.31 | 220181 | 0.39 | 220180
180 1.58 | 320994 | 0.32 | 219994
240 ‘1.45 | 439722 - -
360 1.40 | 659477 | 0.26 | 659477
480 1.21 | 879146 | 0.22 | 879146
30 1.60 | 8222447 | 0.25 | 8222446
60 1.36 | 16376986 | 0.16 | 16376986
500 90 1.41 | 24537184 | 0.14 | 24537184
120 — — 0.14 | 32703041
180 1.40 | 48961189 | 0.11 | 48961189
240 - — 0.12 | 65264608
30 — — 0.05 [122081049
60 — - 0.04 |243097218
550 90 - — 0.03 [364189449
120 — — 0.03 |484749240
180 — - 0.03 |726781577

T :ESR 36 I 94X 2% & Bruker 2 8] iy ER-30054 {8 2% . ;iR 4%
A0 TS T B R. 76GHz, B ERER0. 51mW ; i
4% 22 100kHz, ¥ # 38 JE 2. 04G., ; 3.0 BE 1% 38 B (Center Field)
3490G, 1 # #i B (Sweep Width)60G . FH N B gy Ik JEF,
BN X108 A jE /g — AR KHTW A,
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concentration (N) and temperature-time (T7T1) of types

The regression analysis between free radicals

I and I kerogen
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Table 2 Tested and calculated free radicals concentration

values of Ordovician kerogen samples in well TZ12

HRE BEm| B KM | Nwr | Nan | TTI

TZ12-5 [4682.00| O3 I 0. 61 0. 61 374.8
TZ12-7 [5072. 00 O, 1 0. 65 0. 68 980. 93
TZ12-8 [5172. 00 (o)) I, 2. 40 1.78 1456.5
TZ12-9 |5298. 00 O I, 3.08 2.91 1945.7

T HERERE N BEAE X108 5 /g,

RE ) b J2 2 8 5 5 R Sl AR B )R A TR SR, A
R ERE AR R EZ R E T EARK B h &
KESHROREREHRE ST RETERRAE
FEE YR BE A i e B TTI, R G AR A B B AR

%3 TZRHBRANTRFNXEE

Table 3 The apatite fission track data of sandstone samples in well TZ12

- s i P(X? T+18 L(N)

#E ‘?mg) AL (Xl(fs/cm) (Xl()p‘“’/cm) Ysi %) (Ma) (;im)
X9TZ12 3143 P 9. 06 776 0.93 14.0 228.6+16.0 [10.141.3(86)
81TZ12 4022 C 272 4. 75 0. 87 0.0 113.84+13.4 | 9.841.4(87)
82TZ12 4150 S 4. 85 7.03 0.53 0.0 116.7416.9 |9.7+1.5(114)
83TZ12 4254 S 4. 02. 9.02 0.69 0.0 88.9413.3 9.4-+1.5(71)
86TZ12 4413 8 2.02 6. 06 0.46 0.0 66.0+11.3 9.941.6(73)

H:p— BRRERTEE:; i~ A RPVLRTEE  Vi—0o 5 aWEBMERY; P(XD—Chi-sq B K, 4 P(XD >5%
BN BT R R T RAFR, T B TARAFE; T 10— REFR SFRIRE,RA Zeta FREIHEB
B L—FHREKESRE N—HUBRNEARLTLH.
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Fig.2 The thermal gradient evolution in well TZ12
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Fig. 3 The burial and thermal history of well TZ12

(the dashed lines are isotherms)
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F%,1996; A A %,1997; 22 ;L %, 2000; Qiu et
al. ,2002; MR/ R &Y HFHRE®) . ERE —FAB
A RE——BL (EO Bl AEAE T # X i
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Fig. 4 The thermal gradient evolution history of the

Tazhong area (average values of the published data)
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Study on the Geothermometer of Free Radicals in Organic Matter for the

Reconstruction of the Thermal History of Marine Carbonate Succession

QIU Nansheng"?, LI Huili®, JIN Zhijun®, ZHU Yinkang"?”
1) Key Laboratory for Hydrocarbon Accumulation Mechanism, Ministry o f Education, Beijing, 102249

2) Basin and Reservoir Research Center, China University of Petroleum, Beijing, 102249

3) Western Department of Institute of Petroleum Exploration and Development SINOPEC, Urmug, 830011
4) Institute of Petrolewm Exploration and Development, SINOPEC, Beijing, 100083

Abstract

The geothermometer is one of the most important methods for reconstructing the thermal history of

sedimentary basins. Many geothermometers have been employed to study the thermal history of carbonate

succession , including organic indicators, such as bitumen reflectance (Ry), CAI of conodonts, reflectance of

vitrinite-like macerals, free radicals density, laser-Raman carbon geothermometer; and mineral indicators, such

as fission track thermochronology, illite crystallinity, acoustic emission of rocks. However, all these
geothermometers have their own scopes of application. Based on thermal simulation results of type I and type 11
kerogen, this paper discusses the application of free radicals concentration as the thermal indicator for
reconstructing the thermal history of carbonate succession. A series of free radicals data were tested under
thermal simulation at different heating temperatures and times, and quantitative models between free radical
concentration (N) of organic matter and time-temperature (TTI) for type I and type II kerogen were obtained.
This N-TTI relation was used to model the Ordovician thermal gradients of Well TZ12 in the Tarim Basin.
The modeling result is corresponding to the results obtained by apatite fission track data and previously
published data. After all, to study the thermal history of the Lower Paleozoic carbonate succession, which has
undergone complex structural movement, we had better employ a number of thermal indicators and

geothermometers together.

Key words: carbonate succession; geothermometer ; free radicals of organic matter; apatite fission track;

thermal history
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