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Abstract: The recovery of exhumation history of oil shale with the method of geothermometer and thermochronology has scien-
tific significance for the study of thermal background of oil shale mineralization and its reformation. Based on the theory of tec-
tonothermal evolution, the paleogeotemperature, the exhumation-related cooling and the erosion of the Triassic oil shale since
Late Cretaceous in the Binxian area and the Tongchuan area were recovered with the fission track data from the well Yongcanl
and the (U-Th)/He data from the drilling well ZK900, respectively. The tectonothermal evolution difference of the two areas
are discussed. The average (U-Th)/He ages of the Chang6, Chang9 and ChanglO samples are 43.83 Ma, 31.87 Ma, and
22.88 Ma respectively. Three stages of exhumation-cooling since Late Cretaceous of the Tongchuan area were recovered: 97—
40 Ma, fast exhumation; 40—8 Ma, slow exhumation, and 8 Ma to the present, extremely fast exhumation, respectively. The
erosion thickness and exhumation rate are 600 m, 10.5 m/Ma and 10 m, 0.3 m/Ma and 1 290 m, 161.3 m/Ma, respectively.
The paleotemperature and cooling rate are 100—60 °C, 0.70 °C/Ma and 60—50 ‘C, 0.22 C/Ma and 50—25 C, 2.90 °C /Ma,
respectively. Three stages of exhumation-cooling since Late Cretaceous of the Triassic in the Binxian area were recovered: 97—
40 Ma, increasing exhumation-cooling (130 — 75 ‘C), cooling rate of 0.96 ‘C/Ma, exhumation rate of 14.4 m/Ma, erosion
thickness of 820 m; 40—8 Ma with little changed as 75—70 °C, exhumation rate/cooling rate, 0.16 °C/Ma and 1.9 m/Ma, ero-
sion thickness of 60 m; 8 Ma to the present with sharp cooling as 70 — 31 °C, exhumation rate of 125 m/Ma, cooling rate of
4.88 °C/Ma, erosion thickness of 1 000 m, respectively. There are three stages for the exhumation-cooling history of the oil
shale (Triassic in the Binxian-Tongchuan area). The Eocene (40 Ma) and the Late Miocene (8 Ma) are the critical moments for
the cooling of the oil shale during its mineralization. More attention should be paid to the differences of exhumation, cooling,
erosion between Binxian area and Tongchuan area when discussing the mineralization of the oil shale and its reformation in the
Ordos basin.

Key words: thermochronology; Ordos basin; (U-Th)/He; Weibei uplift; oil shale; fission track; tectonic; petroleum geology.
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Fig.1 Geological map of the Binxian-Tongchuan area, Ordos basin
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F 1 $h7L ZK900 Bk A (U-Th)/He £ #%

Table 1 (U-Th)/He ages of apatite, ZK900
Fedh ‘He(107? mL) £ U(mg/kg) =+ Th(mg/kg) =+ Th/U F, Mass(10~ 6 g) ty(Ma) tp(Ma) + S0 % m)
ZK900-6-1  0.1200 0.003 1 5.06 0.14 22.06 0.56 4.47 0.77 7.07 13.63 17.61 0.43 70.9
ZK900-6-2 0.958 7 0.0240 32.15 0.87 80.71 2.02 2.58 0.71 4.56 33.83 47.58 1.06 54.5
ZK900-6-3* 2.2092 0.0555 205.99 5.61 232.63 5.95 1.16 0.70 2.83 24.69 35.24 0.82 51.4
ZK900-6-4  0.3040 0.0077 14.44 0.40 34.39 0.93 2.44 0.68 2.83 39.22 57.38 1.25 49.7
ZK900-6-5* 0.4056 0.0102 37.31 1.04 98.39 2.68 2.71 0.63 2.49 22.16 35.12 0.71 42.7
ZK900-9-1 17.4089 0.4360 278.67 8.01 136.74 3.83 0.50 0.79 6.93 66.54 84.54 2.37 71.0
ZK900-9-2  0.2389 0.0060 10.43 0.31 27.08 0.82 2.66 0.71 3.33 35.20 49.85 1.16 53.6
ZK900-9-3* 0.0496 0.0013 10.46 0.35 49.29 1.47 4.83 0.57 1.09 16.97 29.52 0.58 37.7
ZK900-9-4* 0.057 0 0.0015 18.34 0.53 47.64 1.31 2.66 0.57 0.95 16.67 29.33 0.55 36.5
ZK900-9-5 0.1497 0.0038 14.59 0.42 6.11 0.18 0.43 0.76 5.41 14.26 18.79 0.51 62.7
ZK900-10-1* 1.0905 0.0273 61.22 1.76 38.38 1.03 0.64 0.79 8.21 15.63 19.74 0.55 72.8
ZK900-10-2  0.2423 0.006 1 26.49 0.83 9.74 0.32 0.38 0.70 2.46 28.27 40.35 1.06 50.3
7ZK900-10-3* 0.0710 0.0018 2.28 0.08 14.65 0.46 6.59 0.76 6.66 15.32 20.28 0.53 66.2
ZK900-10-4  1.9756 0.0495 130.76 3.59 110.20 2.84 0.86 0.75 5.04 20.66 27.46 0.70 61.7
ZK900-10-5 0.5505 0.0138 16.01 0.44 53.70 1.36 3.44 0.78 8.45 18.74 24.05 0.58 71.9
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RN 5 201 78 S5 g 3 A 88 I 568 J2 LB BRI R F A
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N,=3 346,p,=1.066 X 10°/cm®. H F 7F & & H
SRMO62 fli b 3% 385 0 15 1. B 5 5 4% B = B 7
25 °C .40 % HF Hih Zl 30 min, #8575 175 & 1235,
FE 1500 f5 0% 2% A0 T I 45 AR i 1) S0 R T
T LHEH, D1 B A A A A AE 500 ‘CIR K T h s,
TE N HE A7 88 5 )2 L IE H RS P R RE ik
VESG T I 1oh 20 175 2 4 A8 A% 300 00 A2 8 K L 3%
K BE B R AN A2 AT Ao I F G B A2 F R AR 7R K
JE &M 110 DR Y BURLfS A3 L =16.27+
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FH. 2478 4% 38 B3R KAE AN A 26 B i s /b o ni B
PRl A B 4 . i TR A TP T U AR TR R
Jei it DATE R B TR R T [ R R O B ) AR AR
6 7 A I LA A B, HLZ T T A S AN TR B B, [
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BUERR AN, 19955 32 J7 B4, 20015 FE4F 20025 Ik
&9 %5 ,2005).

Xof SR A% 00 A T L 48 D O [ A s A Ak g
S A RE S R R BT AR IS Y A SO TR Y B
afi 5 X E AR E AR R — S S AR A
e aln A B 1 T AR | T B8 TG AT il b 5T B S IR
BN ZARE S 20 W AR I B L T A R
BT PR TS . A B8 IS 55 AR A TR,

X TR i R 24 AR A 0 BN e R R T B
L DA TR A Ak ok AR 0 R i, L 2R A% 9 (B AR
4 EL A AN [ 1) b 3 SC 5 PR Ok 0 2% L P AR IR
b 23 A8 R RE X /N S I X T 28 D 1Y B KR K
T AR S DB, P () AR 2 LI 7 22 5 U Oy 25
22 V) P 2 531 o i T R A A 0 AT 1% 5 R A R
A A AR A K T M 2 AF 18, — A I AR i 32 22 4R
FYUERE S AW I % 8 TR DR 3 S Y Bk A AR
TR AE A 10 5% 5 2 P E AR IR /N T b 2 AE I B P (X)) <
528 P(X*) =0, WA B R )8 TR A F 1 4
HEAR I /N T M2 A0 B P (X)) >5% , JAR I A
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Table 2 Apatite fission-track data of sample YC-01, well Yongcanl
N Ni S(107°% cm?®) t;(Ma) N, N;i S(107% ecm®) t;(Ma)
13 84 122 28.5 102 625 123 30.1
15 61 155 45.3 21 121 153 32
5 28 90 32.9 74 590 165 23.1
41 280 128 27 11 62 137 32.7
21 145 106 26.7 30 165 106 33.5
23 120 137 35.3 22 130 245 31.2
24 96 154 46 12 100 142 22.1
16 114 155 25.9 10 64 138 28.8

T OB EON 16 A5 58015 2% 6 =15.802X 10 2 em?® ;S MM T A5 0,7 U H R BRI H L . h 1,950 X 1075 0,29 U i e 2L A2 300 5%
B R 1,234 X105 57 ;. B R AR RO K AR B2 18] A AR OC R B, 0 0,979 P (X2) SWIN{E 75 22 5 T 77 2 =22 [) A ABE R A 4, oK 550650 BB 42

WA, 29.14£2.0 Ma, L. E K B ,10.4£2.6 pm.
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Fig.3 Exhumation-cooling history since Late Cretaceous, well Yongcanl

REAC 2 1) 3 6 FH 2 20 3 1 Y B S92 AR O B 4%
2009).YC-01 BESL B P (X*) 2 55% . ¥ KT 5%,
F WIZAT I AR AC R A6 FH V2 Y L SL A

KZ 1A 2 A, g YCOL A HEIR
1052.64 m, 5 Py v 40 R /D 455 YC-02 A i HEIR
1322.64 m, AT RPN 5. K S 1 I8 K A 26
HEAE IS IR S SR TR AL 1995) WL 3& 2., AR 5 Y
FWLAEW 435 29.142.0 Ma F1 27.34+2.9 Ma, i
INT LR AR (245~238 Ma). YC-01 FEfh B T =5
RNV, W K A R4 AR 0 B {6 Oy 10.4 £
2.6 pm(FRIMEL n=65) A FEE R 2.6 pm,/NT R
8 ZATAT A FH R RIAR E 16,27 pm, 6 B1ZFE f
W25 7ok — e A AR KPR . FLIRE & T 90 °C
GR G ICER) o 2 J5 78 3 — B 09 & A2 46 T v 20 3]
A 40 CAAT RHE B4 MR B6 2.5 °C /100 m,
MR 10 CHF ). B A MR K BE g3 KM %
YA A ET X RE AL YC-01 T 5 B BERL YC-02 R4

THAH SCEE PRI 7 AR SC i T AR R g Sy R A s
iF LAY A YC-01 Y 84,

M Ro WK B85, 25 & A X In(Ro) =
0.0096 T, —14. 8B TZXKB =& RZXNKHH
ol 28 1 B e Kl MR FE 142 ~155 CL LLb A 244
WK YC-O1HE 2L 65 A48 3 < B2 86 Fn 16
ANAE IR 5 A HeF Ty BI85 4% 38 34 s A4
SR AL 2% b o B i R R KRS AY 5 R FH Monte
Carlo J7 B BEHLELL 1 000 4536 B 42 , Hop g e 40
2R 2% N AT 2 (A s 0 (UL B >5%0) AT a2k
SN A A B (LA BE >50%0) L E R Z
o A S T A I A S R B 1 Dy SIS 6 DN Y B
B (16.27 pem) o 78 HL A 9 455 400 v i Y BR i AF B 48 R
WA Dy 9 1.5 pm (B 3). 4] Ho R0 8040 15 52 3
Bl FHAE RS GOF F1 K-S Test M~ 45 bR 5 i 421
GO, BER AN 4 AR S AR AR ZEAE 50 %0 LA b A S
O I3 S kR A AU I o i R VA 1
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AKZ 1 JF YC-01 FE & 52 4F #% 2 29.1 £
2.0 Ma, 1717 38 3o 504 A5 400 35 A5 - A 7 5 400 0T 4k 56 190
T (GOF = 0.83, K-S Test = 0.81), & Ll 4F % Ky
27.8 Ma. #5401 B 26 B (I 3) LB 5 F B B LUK 2
27T MR A R R R T v R R A
W1, 2 TF AR 46 T R O 22 D7 IR B T R R L 4 R
INTEXI A YC-01 # i B H MK (97 Ma) LA
R T =B AR BB 97~ 40 Ma X 51 4H
Hby 2R 2 B TR BE AN 155.0 CREZ 92.0 °C L HE il A
58 4R K 2R A 540 ~8 Ma FE & R EE S 1R
e B A AE L AN 92.0 C B = 82.0 'C &£ 47 38 Ma LLOK,
TR B AR A 42 °C A AT, O T X — i b
R TS

XFTKZ 1 IFME . XN HEWH YC01 FE i 5 1
KA 78 s B HRUR BE 25 590 m Zi Ay L JE L
OB AT (8] W7, 76 20 A7 1 225 1l 22 76 AS [ 1) 300 30 B 25
S AN RE AN B A b I B RN o SRR B R i
WA JEC IR ) 1 IR A E R G N Y Rl R L A
WFFEINR SRR 22 307 75 b m BB B — 4 )1 — 7 76
P A B 24 4.3 °C /100 m 5 KTl ML iR B B L 2 05
Fra AR A 1.7 °C /100 m. M\ IX I8 b 57 38 1k 3
T2 M O] AT, S AN o R o b R A B R K T AR A L AN
A RE R R AR A R I FE T YC-01 FF & i B2 Bk (&
2 LD AR A 2 A 3R 22 K RS B
S0 1) b A B A AT DA AL 2 S A 2 e I Y
it 8 (& 2 a4,

IR R R W B X IERKHTE 97~40 Ma
FREE BRI TR M 130.0 “CREAR R 75.0 C 2 1A
9 0.96 °C/Ma, W58 4B KV 2 2 43 18 K
40~8 Mat¥ i ifih B2 72 Ak i BE BRI 75.0 C R 2
70.0 ‘CZEA7 B AL 0.16 °C/Ma;8 Ma LUK, i
JER MRS 31 C LA B HIH A 4.88 °C/
Ma, BT 3 — AR PR 1) 6 TV 20 314

4 B X5 AR DX 5 I
TH: A A6 T b Iy 521 22 57

oy A A7 b YR A R R S g R R A W] 2 A Y
(Yu et al.,2018) 75 Fij I JK A7 24 78 12 305 A58 10 4K B
FR T DT 2 R B R B L R = B B (97 ~
40 Ma,40~8 Ma il 8 Ma~ L4 By 3wl b, F]
Petromod 314 34T 23 b 1) 385 FA 3 Ak S0 A 400 X 4 A
6 TH B B 37 AH I (00 360 ol o, PR AT TE U AL X

LU ASEAUL A v b I 8 AL 50 SR 5 5 AR AR I AR A IR
JE— 30 LA A BT E R 3 AN B B R Y
S ok JEBE OB UL O X bb g SR i AR TR 2k ik
1o B3N &AW By T BE AR LA 5 e 400G R B I A
0285 T4 6 FH i 46 TH i 30 o 3 R B AT )
45,2006 F 1 ,2009; T30 %5E,2012).

MIE da BT LLE H A B b XC7E B8 B 20 3 252 DT AR
T BB S8 G A b BB GE T B A A B G
Bl Z G B AL A s BT 3 T3
ol 55 0 FR ) R Y B, L B A 8 m L PG 2 AR
= GRRERLE N )Tz kB 0K A DAL 2 22 )
JER TR A AR HRY RS 2%
S Jy B b X = B AR AE K A MY R b 3R E K 2 il T
FE 97~40 Ma FFEE46 T, R DR W] 38 820 m, 47
FF#E RN 14.4 m/Ma; 40 ~8 Ma &K H ¥ T iF 3
i, & 77l UE SRR THIE 60 m, 46 T R AL
1.9 m/Ma;8 Ma D3R, J& 3% X 3 & B 45 7+ ) i 349,
F6 7 B SR #1000 m, i AF EAR D GEAF LS H
FE ez, PSRl ERER R
FHi# R 125 m/Ma, 5 X846 T8 H b T 5 — 2

PR 2T 6.7 m A9 B £ )2 46, ZK900 L4 i Hb
25 B = 5 L S E W 1L kNN 5 [ O 18 e E A £
R0 05 & K HR o K 4+5 B 10 BECREZD .
FRE5 G ALY IR SR, DLEE X B — |
T, DX A 3 AT b S AL S BO AR (T3 . 20095
TR ,2012; Yu et al.,2017) 857 ZK900 LAY HE
P I Ak S B (] Ab) e DR 3R 2 1L ZK900-6 K i
B 6-3 Fl 6-5 P/ UKL B AF 5%, ZK900-9 A i B 9-3
F19-4 PR FIURL Y AF 4%, T M (U-Th) /He $F A I &
60 °C (Farley,2000;Tao et al.,2017) R W5 F ik
B DAL B 5T 7 8 3 AR b A% A 3R EE R
e IE S B AT IS 3052 B 1B 4 b, S I 18 4 4% A4S B30T A0 46
FHig B B % (U-Th) /He 4l 5 B4R B — B0k, ir
PRI B H6 TV 2055 3 ok g S22 e T I S b sz B ]
JU1 i DX i J5 9 £ ok

AL A5 2 ) B R B ) e X 7
97~40 Ma tR#EH TF.40~8 Ma Z 18 T+ FI 8 Ma
DAk 1) 0 46 A =R TH SR 1 46 T S R
4% 5% 600 m, 10.5 m/Ma, 10 m, 0.3 m/Ma #
1290 m,161.3 m/Ma. 7° il GUE T Hb R X 6] 5 46
FFHE 43518 100~60 °C ,0.70 °C /Ma,60~50 C
0.22 °C /Ma f 50~25 °C .2.90 °C /Ma.
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Fig.4 Tectonic thermal evolution history of oil shale, Yanchang Formation
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%)~ 600 m.10.5 m/Ma, 10 m.0.3 m/Ma Fl
1290 m.161.3 m/Ma. = 465 T+ ¥% H1 By Bt X5 1 A9 oy
TRLRE K v 1 8 43 4 100~ 60 °CL0.70 °C/Ma,
60~50 °C ,0.22 °C /Ma il 50~25 °C ,2.90 °C /Ma.
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