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Thermal evolution differences and its geological significances of organic
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Abstract: Combining comprehensive analyses of geological, geophysical and geochemical data and modeling using petroleum
system modeling technology, this study tries to restore the evolution processes of organic matter in three sets of Paleozoic
shales with no or little drilling data in Petrel subbasin of Bonaparte Basin in Australia. The results show that the entire Permi-
an is the generation peak of Carboniferous shale gas, and the Middle and Late Permian may be the generation peak of oil
cracking gas. The shale gas in the Carboniferous Milliigans formation may have been under destruction since the Jurassic,
leaving presently limited gas in the shale. The Jurassic is the generation peak of shale gas in the Permian Keyling formation.
The shale of Hyland Bay formation in the upper Permian has been at gas generation peak since the Tertiary, and the period
since the late Tertiary may be the generation peak of oil cracking gas. Controlled and influenced by regional differential set-
tlement, the source rocks in the middle and north part of Petrel subbasin are deeper with a relatively high degree of organic e-
volution, while in the east and west part of the basin the rocks are shallower with a relatively low degree of thermal evolution.
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Fig.1 Well and modeling seismic line positions in south of Bonaparte Basin



£374% FoH B OR,F LKA ERS AN Petrel REF AR R EAIRMRN ZFALRFEL + 19 -
P L R AL B DY e e
I = 77 LR D 4 AR L 5 RS 0 25
B—palz || ARV R A BT R
Rlo | [2] rositnes G E o | VPRORIN AT NIRAT) EASY% R, BRI
090 5| Keving UL T IO PORAT DML 2 R IR T
& [ Kuvippi S OPRKAEETESEIOR QMR R T R
Bl Jx| rom svme s | § VR )2 61 e, T 2.0 ST B e
A |2 - | MR R IR S R
of [l ZmoiRd B OH G IRRRA R ER RIS
1592 " %1:3;:?&? s = B @R A BRI 22 S50, T A1 548 Milliigans 41
4D o SR e T F 255 Keyling 4157 A1 | — 55 Hyland
B ] [ww] [o] [#%] Bay ZH[ = f W 0L A TOC “F X MH 5 5 R 0. 58%
WA AmwE WWEoowm o A 3.79% M 1. 14% A HLTZEHL 53550 4 1, AL 101 LD
E2 HeBahEhERiRSAERE I, 70D iR , Soes Bk B 5 R 5

Fig.2 Stratum profile of Paleozoic strata in south of

Bonaparte Basin

2 RBEEFENSHIEE

R4 Petrel YR 73 IX 3k #4) i T RURRAE | e 658
SR A TR 6 s A 2 M 7% I 28 Line
R9710005 F1 line R9710003 HF7#40L 33 ] 2 2%

3 EIER

Petrel 2 H-7 F 19 5 2% BFFUT , AR A3l )2 1R B
FAG AL G2 A A0 285 S 5 S A Lo 3% (1B 3) ok
A, MEZRIAR, BAREIE T, XU
VEPE L) & S BR i BOR B0 , R 400 285 2R B B Y

ISad
SCHE,
W/ C Ro/%
20 40 60 80 100 120 140 16 0 0.5 1.0 1.5 2.0
0 T T T T T T 1 0 1

>

S >

AL 3

B3 Petrel JXZ i Petrel 2 FHEMMIE R, SLMEMSKE

Fig.3 Relations of modeling temperature and R, trend and measured

values of well Petrel 2 in Petrel subbasin

Petrel IRZLN A EEEEFE FA KRG, F
G | = 2 R v - YTV A B B ol I N G D
RIUHA YT B A B2 R (B 4) , e
2 line R9710005 |-, HHIA & RIIR—H KT 7.0
km , HiZ IR EE KT 200 °C, A LB RHR AL T i i
WrBe, RS ATAE (R,) KT 2.0% . T AnGAL
TARR T, WZREZ KT 360 C,R, KT

4.0% , 7E Petrel IREFEEBRMIX , T &5 A5
HZH 6.0 ~7.0 km, )2 E — 4 160 ~ 240
C,R, H2.0% ~3.0%; " &SRS IRE N
5.0 ~6.0 km, 32 & —fh 140 ~200 C,R, K
1.0% ~2.0% ., £ Petrel Y7540, 32 X 344 15 6
SEZI , & RIMIRAXT BN, 2.0 ~5.0 km, Hb
JEIRE N 80 ~150 °C ,R, N 0.5% ~1.3% ,



- 20 - T E LK FFR(ARHFR)

2013 512 A

FEM 2% line R9710003 I, 7£ Petrel W AR M
X, f1 5 R ERE— R T 6. 0 km, HUZ T KT 160
C,R>2.0% ; —Z&RMHEN4.0~6.0 km, Hi 2R
JE 4120 ~ 160 °C,R, 9 1.3% ~2.0% , 1E Petrel

Bougainville 1’
A

Petrel 2" Curew 1’ 3 NW
4 A

W ZEJH 254835 Londonderry B Al Darwin [ifi 22 /) X
WM AR TS MR AR X /N, O 2.0 ~ 6.0 km, HiL
JZIRE R 80 ~160 °C ,R, H0.5% ~2.0% ,

— = Bougainville 1’ # Petrel 2/ 3F Curew 1’ 3 NW .
0 A 4 4
2
4
g 6
~
=
% 8P
10
12
14
(@ | |y
B e I —— Sl Matita 153 &
0 100 200 300 366 0 100 200 300 366

WK L/km
Tern 1’ # Petrel 2’ # Flat-top 1’ # NE
4 4 4

WL KB L/km
Tern 1’ #F Petrel 2/ 3 Flat-top 1’ # NE
A 4 4

line R9710003 (¢) line R9710003 (d)

London London
—derry Darwin, Darwin,

0 302 0 302
WK E L/km WK L/km
= Al S
HE R =33 FWLCC) RyHML (%)  WiZ )£

B 4 MZk line R9710005 70 line R9710003 T & — 4 Z| HR EFAR BE 53 70
Fig. 4 Two-dimensional profiles of current maturity and temperature distribution along
Line R9710005 and Line R9710003

EFEAIFAE DXty A A 0T A A AR S0,
Jo D7 s ad R ey A A A A LT ) A Ak R AR A2
TR Ry 22 (18 5) o 7EIIZK line R9710005
I, Petrel IR %5 g #8471 S & Milliigans 2, F — &%t
Keyling 21 f1_I: &%t Hyland Bay 2l vl it A A48
U] 43 500 24 Ry — & 20 ) 290 Ma PR 2 22 30
195 Ma FI{R% 20 48] 167 Ma; E A 5 i 1L B B
SN2 B 4K 275 Ma AR 40 181 Ma Al

R4 132 Ma; HHT, A2k & Milliigans 21 515 F
HUBRHGEALFEE R, KTF 4.5% , T &4t Keyling
HIWH R, N 1.0% ~3.0% , I —7&%; Hyland Bay
HITH R, H0.5% ~3.0% , BT XILEBMZE
RN , AB AT Malita 1% 19 00U BT & A HLIR
PR b R 3R B AR XA, fH A 7k &R Milliigans 26
TUA R, IR KT 4.5% , F &5t Keyling 41 7L
R, H1.0% ~1.3% , |- &% Hyland Bay 4 7



%314 %ol K

B, % R KA TG R Petrel K& H AR T EAIRRFACH EFAJLRFEL - 21 -

R, N0.5% ~1.0%

TEM 28 line R9710003 I, Petrel ¥X %5 £1 7% %
Milliigans 21 .  — & 4t Keyling 41 fll In — &% Hy-
land Bay 41 045 #F A AR = W 0] 3 | 20 — & 4 i
#1290 Ma &% 20 HL 4 175 Ma FI4E 2 42 1 100
Ma ; #F A 5 2 fb B B3 5 29 R 8 205K 275
Ma fEZ 424 150 Ma FIREE =422 25 Ma, HAT, &

[ [X 5 7% 7 Milliigans 004 R, KT 4.0% , F —&

R9710005% 28 W Z% K ¥ L/km
0 100 200 300 366

_

T\

<
=
=
E -
Z 0.5
< -
200
=
250
Hyland Bay 41
300 Y Y Malita
POT mlnbndnbndnten Petrel R —————— -I- i

0 100 200 300 366

0 7 T T T
3.0 2.6
50
2.0
100
150k L3
JVVI‘”\’f\~—~—~’F_1~O
200 F
/AAAP\V\_/\_O.S

250

R 4> 5 1] £/ Ma

Keyling 41
3001 ying Malita
gg3C == ———~= Petrel KA —————— ‘l‘ Hi %

90 3?0 366

100 2
T
5ol Milliigans 41
100

150

zoojw_/\\/\
,ANJ\\J\\\\—-—_r”Mf.S 2.0

250 MLO’JJ
M}. 0

300 J”‘”\\_/_o_ sw

gg3C—————~= Petrel KA —————— i %5

BE A1 6] £/ Ma

BE 4> I Rl £/ Ma

A I H] £/ Ma

BE A I IR ¢t/ Ma

48 Keyling ZH 015 R, ]9 1.0% ~2.0% , | — &%
Hyland Bay 2051 R, N 0.5% ~1.3%

)2 2= R UTRE R i FE ], 28T Londonderry
R A Darwin Fili 42 0 322 MR TR AH X 00, T AT AL
Jo A b R IR B AE IR, Ak &R Milliigans
HITH R, N 1.0% ~3.0% , F —Z&% Keyling 21 1T
#R H0.5% ~1.0% , I — &% Hyland Bay 41 1T
AR, HO0.5% ~0.7% ,

R9710003J £k ) £k K J& L/km

00 100 200 302
T 7
T
50+ 1.0
100
150
0.5
200
250
300 %gndonHyland Bay 41 Darw
333 pgc;éyl— —————— Petrel KfE—————— ‘lﬁﬁlé'é
0 100 200 2
0 T k\‘ T
501 \
1. 3 2.\(1/
100
150
1.0
200
0.5
250
300 H.ondon Keyling 4 Darw
133 7;;%)' —————— Petrel R —————— —{;‘;g‘é
0
0 1?0 290
sol Milliigans #1
100
150
200
4.0
250 3.0 2.0
1.3
300 ondon P L
133 ggl— —————— Petrel R ——————

5 Petrel XX # 1 Hyland Bay 42, Keyling 250 Milliigans )& RARAE R, EL
Fig.5 Maturity evolution (R,) of Hyland Bay, Keyling and Milliigans formation in Petrel subbasin

4 HMIFEEX

JE[H Fort Worth 73 #L Barnett U1 75 < 85 8 HU A5
BRI, Bk Ry 2R R B R PR T R G Y i
AT RPN SR A K E T AR T RS
BRSSO R S A R AR

WFEUESEA HLETE AL B v A& Y I i S
LR RIB PR T, BRI R AR SR A A i
FEE TR AR A R, M Petrel IR =2
AR R U AL R A K &R Milliigans 2H 51
HE SR P A IR, B S R
e AR AL B, A — S 20 R AT A B, B



<22 . T E B K FEFR(ARFFR)

2013 512 A

RIEARAL T3 AEBYBE R, KT 4.0% , XF T
A, BTEBNARRICET G, XE®RE &
A RFR DA A RAR R =], —Sap -
A A T S ST R SRR A I = U R P
F 4K F Milliigans 0045 R, KT 4. 0% , 4tk
(T AR BE X F TUA SRR AR, 53X — B 4 25
IR TUA SR IR I, 304 DU 12 DS DR A7 118 R 8%
STRER WA RR

YT BRTUAN S, F 8% Keyling 40 714
FE =B R W A AR K8 1R W, AR B AR B 0 i N R
BB TR (220 A ST Y B, B A A R,
H1.3% ~2.0% . XTE&A MR TEREN T &
4t Keyling 200173 K15, X 1T BERL MR G TR 2 20 7] fig 2
Keyling 41 UUA A iR SRSB R WG, F B4 B4
A R D B A K A S A I X — VR Ak T R
T B4 Keyling A 004 Al DU IZ X 015 <
R FEHM)ZE, &% Hyland Bay 21 01 %
PR L 20 0 A A e v 0 7R T T 20 R M E A R
B, AR R, 1.0% ~2.0% , X3 T8
A1, BHEEMRAY - &% Hyland Bay 4 010 &
BWES =4 ke —EHATASR G, Friia
Z A4 0] e JF R SR SR R R, R,
EREZX AR —EZHNE,

2 DX IR AN 4 3 5 AR ] A A R = T
FE Petrel YR A8 258 LI T F0 AR BE ARG T8 111X
PRAK, Petrel IR JHZ 5 ik & Milliigans 41 017
R, KRF1.0%, ZRIER, N0.5% ~1.3% , X
HWRE Petrel YK 78 2% JU HJE4RUT Londonderry [
AN Darwin [ifi 22 119 DX 3800 ] B8 2 0T 25 i 8 4 1) AH
XTA F b X

ZE LR  TE Petrel IRZELTRIMIX — 8 R EZIX
TASMENEEENZ, TEARRKRIUARTA
PUBTE AL B o, DU SO R T 0 M A R
TE Petrel YR8 2% , L HIR IR Z 8 25 4B8T Londonder-
ry B AT Darwin B 42 (14 DX 800 17 2 ol A 5L 00 il
BRI AT R LK, 33X —25 18t B B T AR S
BRFTIESE, MR ZE H AT, Petrel A HIILA 14 TSI
fire I, Hoh S A AR AT X -t
W, EBRIUCARFEENTR)ZE, LA NEEN
B IEMIR X HPE AT Petrel A1 Tern P~ _& &
RIS 5 I 32 25 A 1E 2R - VE AR T London-
derry B AT Darwin FHAEAY X3k

5 & ¢
(1) Petrel YK 75 P4 i 2 2 BT 0 HLGR BAL T

PHEPER LR, —BL A KRR IVAEEBRER
() R I | — & 2 v — WG 0 AT R R SR IR R
A U i I R 40 3 A JE A k&R Milliigans 26 0
BRI A TUA 2 N ORAE I R AR A AT B4
AR RS 202 F — &S0 Keyling 2H 015 A4 iR AR
SR 58 =40 Lok | &40 Hyland Bay 4171
F—HAT AR S I i 4 2 A ] g R
TR BRS A U re EA

(2) 2 DX 322 S TR ) 42 ] R TR, Petrel Y7
T LSRR A MR K, A AL AL R B v, AR -1
PR IR MR RN AR AL AR BE AR T AR, Petrel IR
TR IX & AR X U SR 2
JZ X DU SR T AR IR S A SRR T
il SR G 5 DU Il AR I 1 £ WP AE Petrel K 78
Jil % 2R — P4 BB A AL BT AT AR R B AR Y X3k

SE Lk

(1] s, B, 38R, A5, JE 26 DA BT IRUE i
MU ARAEL )], RIAR T, 2009,29(5) :27-32.

LI Xin-jing, LU Zong-gang, DONG Da-zhong, et al. Ge-
ologic controls on accumulation of shale gas in North A-
merica[ J ]. Natural Gas Industry,2009,29(5) ;27-32.

(2] doohk, X5, M, 2. SEAG0H DUA Il b Bk

ERFAEL T ] P E A A FARFRF AR, 2012,
36(5) :32-37.
MENG Yuan-lin, ZHAO Zi-tong, JIAO Jin-he, et al.
Geochemical characteristics of the shale hydrocarbon in
Gonghe Basin[ J]. Journal of China University of Petrole-
um ( Edition of Natural Science) ,2012,36(5) :32-37.

[3] BEPS, B E- MR i 2 1 % il < B RRAE
LS I (1] A S s i 5T, 2010,32(3) :238-241.
HUANG Yan-qing, BAI Guo-ping. Petroleum geological
features and exploration potential analyses of the Bona-
parte Basin, Australia[ J ]. Petroleum Geology & Experi-
ment,2010,32(3) :238-241.

(4] R MRS 2 Bt 2. ORI Y LR B4R Bo-
naparte 7. Sahul Xk Elang 2HRUCAVER[ 1], BiftHb
JF,2011,25(1) ;78-84.

LU Jing-mei, CHEN Jing-yang, JIANG Pei-hai, et al.
Elang sandstone diagenesis in Sahul block of Bonaparte
Basin, Australia[ J ]. Geoscience,2011,25(1) : 78-84.

[5] JIILESER, BER, 5. WM WAL i & U At
B DX Hh AR LR 2 SRR AR RIS [T ], T M
1 4%,2009,25(5) :19-24.

ZHOU Chuan, WANG Ying-min, HUANG Zhi-chao, et
al. Mesozoic sequence stratigraphy and seismic facies

characteristics in northern Bonaparte Basin, Australia[ J].



%3745 %o K

B, % KA 9L 8 E A Petrel KA F ART Z AR SR £ FALWFEL  + 23 -

(6]

[7]

(8]

[9]

[10]

[11]

(12]

[13]

[14]

Marine Geology Development,2009,25(5) :19-24.

Bl 0, i A, A ORI i 5 T A PR 2 AR

J i A S RO AR AL [ ) ] B R 4, 2011,

30(3): 65-72.

DUAN Wei, HOU Yu-guang, HE Sheng, et al. Jurassic

source rock thermal and maturity history modelling in the

Bonaparte Basin of Australia[ J]. Geological Science and

Technology Information,2011,30(3) :65-72.

WEST B, MIYAZAKI S. Potential seen on Australia Bo-

naparte exploration acreage [ J]. Oil & Gas Journal,

1994 ,92(37) :97-99.

MIYAZAKI S. Australia's southeastern Bonaparte Basin

has plenty of potential[ J]. Oil & Gas Journal,1997,95

(16) .78-81.

LINDNER A W. Oil and gas developments in Australia in

1989[J]. AAPG Bulletin,1990,74(10) :183-200.
WELTE D H. Petroleum origin and accumulation in ba-
sin evolution; a quantitative model[ J]. AAPG Bulletin,
1981,65(8) :1387-1396.
NAKAYAMA K, VANSICLIN D C. Simulation model
for petroleum exploration[ J]. AAPG Bulletin, 1981 ,65
(7). 1230-1255.

BEAUMONT C, BOUTILIER R, MACKENZIE A S. I-
somerization and aromatization of hydrocarbons and the
paleothermometry and burial history of the Alberta Fore-
land Basin[J]. AAPG Bulletin,1985,69(4) :546-566.
CAO S, LERCHE 1. Geohistory, thermal history and
hydrocarbon generation history of Navarin Basin Cost
No. 1 well, Bering Sea, Alask [ J ]. Petroleum Geology,
1989,12(3) :325-352.
HAGGAS S, MARSHALL E, RHEINBERG P, et al.
Offshore exploration and development of the Browse and

Bonaparte Basins; a review[ J]. APPEA Journal 2006,

[15]

[16]

[17]

(18]

(19]

(20]

46(1) :666-667.

ER, R, A A LB AR T 2 E R L
(I T E AR A=A A ARRRE R, 2011,35(3)
12-18.

WANG Min, LU Shuang-fang, DONG Qi, et al. Com-
parison on hydrocarbon generation kinetic models [ J].
Journal of China University of Petroleum ( Edition of Nat-
ural Science) ,2011,35(3) :12-18.

SWEENEY J J, BURNHAM A K. Evaluation of a sim-
ple model of vitrinite reflectance based on chemical ki-
netics[ J]. AAPG Bulletin,1990,74(10) :1559-1570.
BURNHAM A K, SWEENEY J J. A chemical kinetic
model of vitrinite maturation and reflectance [ J ].
Geochimica et Cosmochimica Acta,1989,53(10) :2649-
2656.

IhET AT K, SN, 5. EASY% R, KRR HL
DCEAEAL S P BRI [ 0. R DA 3l 25 e 27 4, 2006
30(2) .528.

SU Yu-ping, FU Xiao-fei, LU Shuang-fang, et al. Ap-
plication of EASY% R, model to the research of thermal
evolution in Binbei[ J]. Journal of Daqging Petroleum In-
stitute ,2006,30(2) :528.

JARVIE D M, HILL R J, RUBLE T E, et al. Uncon-
ventional shale-gas systems: the Mississippian Barnett
shale of north-central Texas as one model for thermogen-
ic shale-gas system[ J ]. AAPG Bulletin, 2007,91 (4) .
475-499.

WAPLES D W. The kinetics of in-reservior oil destruc-
tion and gas formation: constraints from experimental
and empirical data, and from thermodynamics [ J]. Or-

ganic Geochemistry,2000,31:553-575.

[29]

[30]

[31]

(L% 16 M)

HUNT J M. Petroleum geology and geochemistry [ M ].
2nd ed. San Francisco; Freeman Company,1996.743.
W5 2R BT & BRI R E LI
S [)]. b EFBHE (D $#) 2001, 31
(6) .471-476.

HAO Fang, LI Si-tian, GONG Zai-sheng, et al. The
mechanics of the diapir and the fluid episodic in filling
of Yinggehai Basin[ J]. Science in China ( Ser D),
2001,31(6) :471-476.

fipdae, M, BIFE s, 45, B A IS Rl A
A R G SRR BLEI ()], T ERRA (D )
1999,29 (3) :247-256.

(32]

XIE Xi-nong, LI Si-tian, HU Xiang-yun, et al. Genetic
mechanisms of the diapir and the fluid guide economy in
Yinggehai Basin[ J]. Science in China(Ser D), 1999,
29(3) :247-256.

ARAERE, JELC, BB, SF. B T AR OB
T AR Ui wd R/ S AR R S e L) ] Al
2#3%, 2010,31(6) :885-893.

70U Hua-yao, ZHOU Xin-huai, BAO Xiao-huan, et
al. Controlling factors and models for hydrocarbon en-
richment/depletion in Paleogene and Neogene, Bohai
Sea [ J]. Acta Petrolei Sinica, 2010,31(6) :885-893.



