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Abstract: In response to the urgent needs of national oil and gas resource evaluation, detailed exploration of mature super-basins
and shale oil research, the gold-tube pyrolysis hydrocarbon generation kinetics technology has been widely applied in the study of
lacustrine source rocks in recent years. To clarify the technical risks of extrapolating the gold-tube hydrocarbon generation kinetics
parameters of lacustrine source rocks to geological conditions for guiding conventional and unconventional oil and gas resource
evaluation and exploration, the hydrocarbon generation kinetics parameters of 23 lacustrine and oil-prone coal-measure rocks from
four super-basins, namely the Bohai Bay, Songliao, Tarim and Junggar, were extrapolated to geological conditions and parallel
gold-tube and Rock-Eval pyrolysis experiments were conducted on lacustrine source rocks. The issues of calibration, application,
validation and false compensation effect of the gold-tube hydrocarbon generation kinetics parameters were discussed. (1) The oil
generation kinetics parameters often show an early oil generation phenomenon at low temperatures in geological applications,
which is related to the residual adsorbed hydrocarbons, the lack of temperature points in the low-temperature stage of pyrolysis,
and the defects in the calibration of the Kkinetics parameters using the single pre-exponential factor model. (2) When calibrating the
gas generation Kinetics parameters using the mass or volume yield of hydrocarbons and gases, it is necessary to compare the mass
or volume yield characteristics of different components (C,, C,;, C,;, Cq.) to clarify the cracking degree of crude oil and heavy
hydrocarbon gases. (3) The oil generation transformation rate curve of lacustrine source rocks in the oil generation window is steep,
and the difference in geothermal fields significantly affects the calculation results of oil generation. The study of geothermal fields
should be strengthened in petroleum resource evaluation. The gas generation kinetics parameters should be applied in geological
terms in combination with the gas production rate data when calibrating the parameters, but overestimation of the actual gas
generation volume occurs in the over-mature stage. (4) Using the oil saturation index (OSI)-depth profile to validate the oil
generation Kkinetics parameters can significantly improve the prediction accuracy of the oil generation threshold and the reliability of
the assessment of the free hydrocarbons (S;) content. (5) Different combinations of kinetics parameters of the same organic phase
source rocks can predict the same reaction rate (i.e., false compensation effect) under the heating rate in the laboratory, but there
will be significant deviations when extrapolated to geological conditions or in-situ conversion conditions of shale oil. It is necessary
to strengthen the comparison and calibration with geological data and attempt to calibrate multiple sets of kinetics parameters with
unfixed or fixed pre-exponential factors. From the perspective of oil and gas exploration applications, future efforts should focus on
the research and exploration of the measurement of primary cracking components/crude oil cracking components (mass conversion
rate) and the characterization of related kinetics parameters in the gold-tube system.

Key words: super basin; petroleum resource assessment; shale oil; in-situ conversion; basin geothermal field; hydrocarbon

generation kinetics; kerogen; lacustrine source rock; petroleum geology.
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Table 1 Geochemical characteristics of experimental samples of hydrocarbon generation kinetics of lacustrine source rocks in on-

shore basin in China

WE T,.TOC Ro S, S, HI  X(Cy.)
%5 b MR IS R e HeH Gl

(m) (C) (%) (%) (mg/g) (mg/g) (mg/g) (mg/g)
ML RPRKIHE MOTR AR 437 9.49 6.65 77.4 816 7245 I fuf 1 4(2014)
WEVE R Z5 0 35 RBR /R IMIpG J23 PRIl TR AR A 444 7.76 2 51.48 663 604 T Xiang e al(2016)
RS A ARMEMBE W85 W =B TERIAME 2780.68 442 4.45 0.56 700 634.3 T Yangetal(2022)
W A RN W46 WIuBr TRERARAASE 2838.9 440 2.31 0.52 700 634.3 1 Yaneral(2019)
WS RIS Ch9 V=B TEMMME 2500.8 435 1.05 0.73 500 413 1, Yangetal (2022)
WS M RIBEMEE O H8S V=B TREGRIIE 1456.8 433 0.83 0.45 250 223.8 1, Yangetal (2022)
WS A ARG X8 W ER PEMAVHE 3156.8 433 0.39 0.85 100 66.6 Il Yangezal (2022)

T2 T 9 B e A VIR s TOC SR A ALK & it s Ro A B TR I S 3565 S, Rl B B & 1 S, IR 8 3 5 S, + S, o Bl v i s HT b &35
B> (Cyn )j:lrrj(i{[hz ZRUE VT B RE A TR R A8 B (Yan ez al., 2019; Yang et al.,2022) ARYEAE 558 00 T B R 2680 5 b 2
S FEK700 mg/g( 1 %) 500 mg/g( 11, #1) 250 mg/g( 11 ,%1) #1100 mg/g( Il ) IH5E 7= 0l 2, S5t 24 AL H 911 2% Pepper and Corvi (1995a).
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Table 2 Geochemical characteristics of experimental samples of hydrocarbon generation kinetics of Oil-prone coal source rock in

onshore basin in China

TOC Ro S S, HI (G,

i MEE /X S E A Py F1HISCHR

ES
(C) (%) (%) (mg/g) (mg/g) (mg/g) # (mg/g)

VEWS R 5 DURRREIMIRE  JC25 G4 FUEIE 424 62.21 042 0.74 96 155 M 126 (2021
WEWS R Z . BRI JC41  PHliA Al BB 439 69.61 0.67  1.79 108 156 M  68.5 2021
i}
i}

37 KAE(

ST KAE(

PR REEME TTCl BHAwd FaPE 433 7528 073 4.2 208.1 276 87.5  Huang et al.(2019
(2

(

(

"
"

4;

)
)
)
BHUOKGH A TTC4 Hapwdl JFUAIV# 447 7725 074 48 172 223 46.4  Huang et al. (2019)
)
)

PR RN TTCLL BHRawd Fa#i 437 7054 058 4.2 196.4 278 Il 71.3 Huang e al (2019
BHORGH EAME TTCI8 HHarmdl A% 458 79.27 0.74 9.6 2004 253 I 65.8 Huangetal (2019

5 € AR (2021) Ml Huang ez al. (2019) SCH YR f R A8 A BT, 259 0 R IABAE s T, 08 foe s PR IR s TOC O B HLBR & 45 Ro Oy
A S 565 S, R B St ik s S, IR A i S S, R AR AR TR s HIOR AR .

WA R R s 2 s i A 2013 4F 24 BN X Hh=1,2, 0 NG NS S AT S Y S
TR IR 15240 (32 3). e

1.2 AR NFSEARE . MR AL AERG . . L,

121 £BHINESBHRERG 2N EE/LE X:ZX:Z%“P”W‘jﬁmﬂ (1)
K By g 2 S0 0BG AR UL B 20 (CHL 2 °C/h o = i

7 3 S A OR 28 %5, 2021) , 92 50 7 3 7T 167 1 BT 462 JE 25 307 J 7 o 4 ik A LI B e I
2 25 ] W 55 (2014) | Xiang ez al. (2016) | Huang JNE F A S N R

et al. (2019) FK A 45 %5 (2021) . H T K43 8 1 2% bzAMJ_g;% (2)

SRR A W 235 BT T (MEF) — 3 806 1k
A ki I 2t (Peters, 2020), FLLT-Hi A gl ey 381~ (20 EDG 5 i 415 SR A0 6 AL 6  keal/
B 3 R S A 5 S A M R 7 PR R O AR mol; A, REE iAW Fs AT I F s FE M SFF AR
FIT AL 0 oo B b 4 R o 9 DR 4 110 2k 6 T*miﬁﬁﬁw%%‘fﬁﬁﬁ L (1 15 4L B R R
T2 B8 R R A R F (SEF) -5 806 4k B8 2 1 [l — A48 /i A5 T O AR B2, °C 5 T b 90 4 i
K J@C%ﬁﬁ@ﬁ%ﬁ;RﬁﬁWﬁﬁﬁﬂm/

o FH S A7 J o7 A5 7R 4 A A AL AR i B PR mol/K; D iy JHi 3 % ,°C/h; X 8 T B AR R i+ 5% 1k
NAAT — G R AR, B A — G g A5 30 A 8 v BV XN i UL A AR X RS R A e Y
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Table 3 Geochemical characteristics of experimental samples of hydrocarbon generation kinetics of lacustrine source rocks in off-

HE M g 2 fi Fery RE T TOC Ro S 5 HL o, ZC)
(m) ) (%) (%) (%) (mg/g) (mg/g) (mg/g)

1 VWHiIMEE  CFD14-1S-1  ZK=B  JBUA i 2780 442 3.07 052 3.17 21.3  693.8 T 512.0
2 WHMEE  CFD15-3-1 B A A 2 860 437 338 053 3.17 261 7722 I 572.4
3 WHMBEE  CFDI15-1-1 =B A iR 2760 442 2.83 0.56 285 17.76  627.6 1 516.9
4 IIPEMA J220-5-2 PEB TRORIAE 2760 440 231 044 117 1076 4658 I,  391.8
5 ZEME  QHD29-2E-1  ¥—B TR 3140 435 349  0.55 1.66 22.81 653.6 1 564.4
6 UM CFD15-6-1 K= TRRIAR 2 820 433 331 056 1.7 2139 6464 1 5459
7 WrME  CFDI5-6-1 w—B T ER ARG 2920 433 451 063 4.14 3392 7521 I 654.6
8 WM CFDI15-6-1 W= TER ARG 3410 443 2,51 073 3.21 1111 4425 11, 3627
9 ZHIME QHD28-2-2 W= AR 3240 440 576  0.55 4.26 56.26  976.7 1 880.7
10 ZEMME  QHD28-2-2 W= AR 3260 441 512 057 3.52 4962  969.1 1 856.1

T2 T 8 F R IR IR s TOC R A DL & H 5 Ro N B SRR 58 5% 5 S, Wil B ke & 5 S, W VIR B & &5 S, + S, b AR R i i s HT R &3
B> (Co ) AR A=l AR 4 F1 5 R I E] 600 “CHF J A & 2h 1 28 52 56, HAYRE S i I 31 440 “Cim 8 TR (1.3%0 Ro) B3I IT e 2E 12 50 )
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Fig.4 Transformation rate characteristics of lacustrine source rocks in the Bohai Bay basin at 2 °C/Ma geological warming rate
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Fig.8 The kinetic parameters of oil generation calculated by the single frequency factor (SFF) and multiple frequency factor

(MFF) models and the characteristics of oil generation conversion rate extruded to the geological warming rate

R (Dembicki, 2009).
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Fig.10  Yield characteristics, gas generation kinetics parameters and transformation rate at geological warming rate of lacustrine

source rocks in a gold tube pyrolysis experiment of the 3rd Member of Shajiehe Formation in the Liaozhong depression in

the offshore Bohai Bay basin
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Fig. 15

trapolated to the geological warming rate
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Stainforth, 2009; Burnham, 2017 ;Peters, 2020).
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The oil generation kinetics parameters derived from the laboratory kinetics parameters and oil saturation index are ex-

R 1 184 =, 6 AL BB A0 A B T = (R 4) . IR
B 15 S B0 B A AR SR B LA B, S B
& 17 R 7 — T AL AR Z 1A R AR AMERON < R T S0 5
2% 5 i 1% 2% (Barrie, 2012) , 7 B8 S 8] — FHiR
R M ) A LR R A R 7 0 B i 2R A A A
25 5 (0 HE A SR B P Y RN R (B AN R
K2z (Koga et al., 2023) , A ARIEAK(3), B35
A T3 m e ik e t SR A X R R £
A TR AL AH R 2 0 % Bl ) 2 92 3 45 R[] In(A)
M E R 46 (SFF L) H 2 350 00 AH [ i) 52 I 3 2
(Stainforth, 2009). 52 Fr b, 547 ML 5T B4 K Ak S vz LE
BEMESEAT I MR i b2 B ) 24 SRR R 9% 2 48 i
FAIK G fLBE

IR 7E 31 ) 2 2 80hs o ik B v, 4 6] A AL AR T3
HHTLEERMET MMM RERZE2ES, Bl
T2 AR AR 8 SR A LA B, AT LS A 4
R F — 1 Ak BE 2 ] 9 1 A8 #b 422 2801 (Stainforth,
2009) , 2 BbR A2 05 A6 BE A4 5T B AEAR K
T AR A (R 4) AR A2 177 I a4 5 52 bR
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Fig.16 False compensation effect of oil shale oil production curve and actual oil production curve of 3rd Member in Bohai

Bay area calculated by 1X10"—1Xx10" s fixed frequency factor

PR M e TEAR /N TS B N A2 A (I 16) ; B H 245
FE R HT PR AT BLH 2 2 (3) A X N Y T Ak
fig , 78 1 B 1 6 £ (1gA) 5 36 b R i A E 42 80
AR LR R (E 17a).
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(100 °CHE 4f 5 B ) R B2 AH 22 24 °C(48 d) (] 17Db).
453 EERIMEENZEVH BRSSO
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BAh HE 2 b T A% PR R A AR IR F 22 (Stain-
forth, 2009). &4 [ Br #4 23 Hr Hl & B4 57 Py 25 (1C-
TAC) MR KLk & 30k 73 5k 4 f#% 43 H7 (Burnham,
2000) , I HL4& i 22 Th il 2 52 FR 0 52 50 2k T8 BR M (X
A RGO T B AR AT HE Y B ) 2F S8, (H R Waples
and Nowaczewski(2013) 4 2 4 48 B Yk #Rfif Fl [
FE 1T K A5 R R B 1 2 S8, 4R S =
TR A AR AR B AN 85 K AN R DA B IR S g R
2 KT BR R B MO (Waples, 2016) . Peters et al.
(2015) # X Hit ¥ T Waples ez al. (2002, 2010,
2013) 1l [T [ & B R (18] 145 1X10% s ' 5l 2X
10" s 1) R B 7= e R i Lo bs o AR R B ) 22 2
Bony M0 2 SCH T IR 1 B >k A Peters et al

(2006) XJ 9 [ £k 2 2 4= HE PRl 1 20 0T e i A 12 5h
J1 5 5088 5 Peters et al. (2016, 2018) #F — 5 /& FRAK
At 2 U 7 e % it 2 RT L [R] s O AR 4R T R A
T A B IT AR A5 0] 55 09 A2 08 3l 01 2 80 SR AR 4
Stainforth(2009) & T 14 K 42 52 56 8 3h J 2 Ko OOF
AR R ) A FE A HUARTE S 8 12 S 5 R
AR 7T BB 2 F8 1 I — 0 Ak g =2 ) Y R 1B b £ 80
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P21 e N 1 I E 8 O e VA 3 S S S 5 g
Peters ez al. (2006) X} & E 0k % R 4 HEB R 4119
52 KRN JT e S A AR A (1, 3, 7, 20 F1 50 C/
min) JF iR R A 8 B ) 2% 52K (SR Analyzer #4 i
0. Bk E JRE ICTAC HBUE Z2 RO 7 Tl
AR 1 RS S 0 R AR A8 7T HE 1Y 3 )% 2 8 (Koga et
al., 2023) AEAT SR AN fie b f e R R0 1 K A
ERIPON ¥ P N e VA AN e A SR oA & U
FRELE T H 2z m RS E IR R AR TR A
P, A SO 1 [ E i iR R L e R 4
ARk (B 16) (bR A2 1Y 3 ) 5 S 800 52 30 &=
R AL I AR [F] B B g R (I 17a) . AR AR IR B
J1 2 53 (Stainforth, 2009; Burnham, 2017),J3 &
A i B 1 5 BT s (Koga et al., 2023) ,1F
JSC R A A2 R B AL B AL P 3R 1 A 58— AR
R A4E & £ Y SCHR 4T T 5 45 (Stainforth, 20095
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Fig.17 False compensation effects of kinetics parameters of lacustrine oil shale generation in 3rd Member of Shahejie Forma-

tion of the offshore Bohai Bay basin

Peters et al., 2016; Burnham, 2017; Nordeng,
2019) , 3 B B A 00 B AL AT BE AL 4G

(1) R i 1 AR 38 o 1k A 5 3 ml o 521 . H T
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B 3 1 P 8 5 P (Nordeng, 2019).
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W A o B R 3R A2 3238 Vi I 4B AT e S BORE A A Ak
F W 7 I (Burnham et al., 1988; Jarvie,
1991; Peters et al., 2015; Burnham ez al., 2017) ;3X
S HUbR E B 1 2E SR T IE A 00 o A ] £k
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(3) 52 50 fin A 28 FIRE 5 A B0 0 JS L LT
o R R 3 AR Y T O R R B (Schenk and
Dieckmann, 2004) , &l Rock-Eval (Burnham ez al.,
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(Stainforth, 2009) ; K 28 & A 8K 9 4% I fE 7 2 A
4 )E , T B A IR AR 0 T AR B I &
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T I B 0BR[] 5 R 1R A i A O A

()RR 2 ANAE R & v, U A 7= )
T2 0 1 W B A RE Bl 1 28R B I A O A
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AN 2 b 0T IR R R Y 3 CCR 2% LR TSR R
25 W AEAE , 22 T Tk 3R A 52 50 AT 1T sl A g A1
HMEERLN Y % A= (Stainforth, 2009; Waples, 2016) ;
HR 4 BT 8 ) 2 M A (A S 2) R 3 26 Hy 45 i [
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i, 1996a) . 24 [ MR AN RN & A B, 3l 7 2% B i Sk
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Table 4 Kinetics parameters of oil shale generation in 3rd Member of the Shahejie Formation in offshore Bohai Bay basin calculat-

ed using unfixed and 1X10"—1Xx10" s~ fixed frequency factor
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50 0 1.43
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54 64.86
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15.99 0.73
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0 0 0 0
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48.27

51.02 53.77 56.53 59.28 62.04 64.80

RN Z TS S R B R EET mY A
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14; Waples and Nowaczewski, 2013; Peters ez al.,
2016; Waples, 2016; Peter, 2020) ;3 43 2% & 11 4
T 110" s "8 2 X 10 s 1 [ A2 48 B B T A
A J g )y 2 S Rl A M LR R R ) (Pep-
per and Dodd, 1995; Waples ez al., 2002, 2010; Pan
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(5) A W A I V25 A A= i 3 BE A0 1) 2B J2 7 1k
2 [T 28 R AE 2 0 000 A T 1T BRRIIT A I S 0 (S)
R GRS E EE R AT (110" s B
2" s ) i v I Ak RE A A R = A B v A
& B (OST) — W B ) A e S 36 = AE i s J1 2% 5
B, T G AR T A T BR IORG B R iE R (S)
ST AR Y T FEE

(6) 5 {18 M 2500 48 R 46 7R T A R A BILAE 42 15
FREAEY M YR T M FA AL R S 8 2 S
B 2 H T T IR R B ) ) e Ry 25 5 R
S B % Bl ) 2 S BOA HE T I R T
LI B G 7 AE 1R 25 1) B B R A AR R sl )
S R] DL /R e 4R R A 2 R R )
JI5 SR, IF AN 2 T TR S R 5 B R R
Ak AR b S5O 000 R 5 %) X6 L D ARG

(7) &2 55 VR 38 0 40 IR 8 ik L 3 M LA o B 3
S BOZM R A K& 8 J1 2% 2 500 22 R Hb 5 H s
FEBRZMBNEENEZ —EheBEERKRZNMN
T AR A R A /0 AR ST R (TR b
) I o RAEFL A A2 sh T2 S8, 2 A K
RAERD ) E AR E LM T W .
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(8) 4 R AF B I G £ 19 45 Pl B 42 101 T, 2 3%
T DX IR 3 G i A T AR A D) R AR 5 (R KA
2017) . FA A B AR S A X AR IR Bl T 25 S B E
7 FH R R AR B2 25N 1) e I A L BB S )R K
R 5% F PPl AR R 3 ) 2 RS T i RO A R
) ML S5 R SL L5 R T R A X AR o B AR S R —
B 5 BT IR PE A /0 S R AE A 0 AR . 3R AT TR R
A B AR SCHE 1 SR 01, BB A 45 T T Ak A B g 2 A
%5 M A ULAIE 5% 40 38 A R AE TR 3 B O & TE ROk
M 3h 4 8 AR KR 3h g 2 9T A s T b IR Al T
MU IR AT, I 0 H 25 2 2200 % M — 3B # #L
T A AR TR DK

7 A EEN) B

AR SIS B i R, 8 1R &R A i 3l ) 2
Z:HUAIME 2 M BT TR R 8 AR R R Y
B0 3 AR SCTF AR ALAR A B B A1 Je R0 R AR A A2 25007 16k A=
R HEAT L, R Rk S A il 3 ) 2 S8R R
H A B R RCRD 222 % (Stainforth, 2009; Peters
etal., 2016) 4875 AL e AL A i 2 o3 Be (P 1 &1 4)
4 A I A B 2 7 e 3 i e 4 T A T AL RE 43 A, i
FHAE 5 M BRSSO, B AR G

Pl 4 rh ot i (gl g T 3o 48 i) 1) 2B i 3 ) 2 28
HMIE 28 1 T 2% F R TS Y A il A A9 BB O R
BEAAEE s th T 5Ok — R BGhAH G AR ke B )
(Lewan, 1985;Hunt and Lewan, 1991; /5 SUiG 45 ,
20015 B 20 3 L 2003) AT HL BT K7 T 4540 (2 [E 5%
85,1997) B & A WA MBI, B A GEHE R — L8 HoAth
R S BRI Se R i (b [ Rl b ) /9 A= il 4
i, AL« (1) X 28 35U nl A B4 R 2R A AL A
IEH AR A VLR G 00 00 (R B % E 5%,
1995; E 84, 1995; B 55% , 2003) 5 (2) [E 1 42
A A B o3 b B L DX T T RO FR )
2 SN HE R B AR, B AR AR R Y
A HL— T AR (Li et al., 2015) R A8 fin 4 s
KR E A+ ¥ ¥ 1k (Cuadros and Linares, 19965
Williams ez al., 20055 Du et al., 2021) , A] fig ik — 4
T A [R] K - ) AR BL— JCHLAH AR S B
1k A 2 3 A7 AE 22 5% (Johns and McKallip, 19895
Rahman er al., 2018; Cai et al., 2022; Zhao et al.,
2023; Yuan et al., 2025) , 3% ¥ 57 Z% (1) [n] {8 A 15 i
— PR ATF B FE HAR 4K, )z #3819 A= ol 3
o3 2 AP E 28 T 2% F S BOUE IR HTAR W BRSNS 2 —

OE-SUS: Ve
L i R R = A ok SN 2 ok N
FEiERAER BEEHAR A FHEFEER
B HF R BAT T A T RO 445 F AR AT AR
B o BPE B, F IR R A RIS E L
M4 W X #  https://doi. org/10.3799/
dqkx.2025.180.
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