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Abstract: The study of position-specific isotopes in natural gas propane is becoming a new hotspot in petroleum geochemistry. In

this paper it summarizes advancements in analytical techniques for determining position-specific isotope compositions of propane in

natural gas and examines the controlling mechanisms of position-specific isotope distributions in natural gases, which provides a

novel means to trace hydrocarbon generation pathways, expulsion-retention processes and secondary alteration. By applying

position-specific isotope signatures of propane desorbed from source rock, gas source correlation can be achieved, especially in

basins with multiple adjacent source rock intervals. In summary, position-specific isotopes of propane provide a powerful tool for

elucidating the formation, evolution, and alteration processes of natural gases. Further studies should integrate compound-specific

isotope of alkane gases and clumped isotope of methane to extend its application to more complex geological systems.

Key words: natural gas; propane; position-specific isotope composition; formation pathway; expulsion and retention processes;

secondary alteration; geochemistry.
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Gilbert et al., 2019, 2022; Liu et al., 2019,
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T R G VA AN RS, LI DA D e o7 R S A IR 67 3R 4
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LI TR 2, AT 38 ok A AR BT o o7 R M [
VL 2 41, . Piasecki ez al. (2016a) il F HR-IRMS 4
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Fig.2 Comparison of position-specific carbon isotope compo-

sitions of propane from natural gas in Chinese sedimen-

tary basins with thermodynamic equilibrium models
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Fig.3 Reaction pathways and position-specific carbon iso-
tope fractionation during propane generation via organ-

ic matter cracking

OR35S = S SR U RV S I K VA S A e = ot
N (Tang et al., 2000) . 6, 73 ke FE W 1 1E TH
A L = I 3 [ R VA i I o e Y G T3
A AR AR B b, 23 3 BB B TN o S T i [ A7
B R YRR e O 5 P BE TR B S T
P AR, E R A R B ) o RO K A TE I
ik b, 2 3 BOUE RN B TR B 8] 7 R A
Ji 55 I K B D B (Liu e al., 2023b) (] 3).

AT A5 R B, 1 W AR 2L i s I b 3R AR AR
B TN ot B AR Bk ] 47 25 4H AW mT FH Rayleigh 43 18 455 U
i iR (Rooney er al., 1995) . #£ ML JEfikh I, Liu ez al.
(2023b) fB 15 9 ¢ TE 1 1T 3K 4% 139 R s = 4> Bk [m] 437
RAM—F, 50 AT C-C #Wr 248 BN Be 1 2R i
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A7 8 FF S R Bk (6] A7 R T AL . Liu e al. (2024)
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Fig.6
(Song et al., 2025)

Evolution of position-specific isotopic compositions in propane under varying system conditions (a) and linear fitting (b)
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A 1 IR AR S A o R R R AR AR L A R AR
i & 1E F 2 — (Kniemeyer et al., 2007; Li et al.,
2019) . fCAE W IR AR B A AR JH 23 Bl s SR AR AU A 41 43
5t &R A7 2R 4 RRAE (Musat e al., 2026) , M fif
25 RAR AN PR 26 B AR 5 SRR LG R TR E . R AR
S I A W A O X DUR AR 30 TR
BB E L 28 00 i ) R A A R R <0 h &
SRS S AL, AR A A2 5 AW
5% 2 W T 1A W DR AR AR R A ) ik ot e B R
[F] 4 Sz oz 3 4, R /IR 4 R - C,=>n-C . >n-C,>
i-C;>i-C,>>neo-C,(Meng et al., 2017). K It , %
N TN e B A B[R] 67 28 2 R B AR W IR AR
Tk 8 SR, HUA A W R A AR B R B, R AR
L SRR N i R VA e SIS T N YN T =)
TR A P e A B fig 0 IR L, 1 Sl B AR B IR 4R
Ak I R R AR AR 2 — T B AR R R
ZH R R FH B AR R AT BR LRt g S R TR )R
SR AE W IR A L L R 1Y R 6 R F8 bR 4 R SR
SO Y BT B 2R AR 5 OSCUR X L B O & G H B

PIE 43 v HYBE B A Bl 5 S AP e, T I R
B e D Sy A e L RE R AR Bl A e BT S B R
b (Xia and Gao, 2024). it , P4 Je 1) B3k A= 4 o fige 2ot
FEEA B AL E S BERON Jackel ez al. (2014) 5
Gilbert ez al. (2019) ¥ J& T P ke IR A 48 AL 52 5, 45
FW] T TN BE 0 Btk W) A7 3R 2 B A AR IR AR
A A ik AR 2 T AR T R g e DU) R X R FE AR E
Wang et al. (2024 ) i H Rayleigh 4318 A 5 HE 57 T i
A= W IR AR A o R b R T e S T S T ik [ A7
ES RIS RN A TR VA2 S S
Forb P BE I Y BBtk 5 B AR (87C o0 C) B LM
LA B R B (E N 2.58, N ke W 3 Bk 5 5 4R ik
(8"C om0 Cy) MG R RIS (E R 0.22. LA
K HETE , Wang ez al. (2024) %} Fk [ # 41ARE R K A% <
) A ) IR AR SR A E TR R T RG] X T
TR IR 22 W 4 Lk R B R B B OR 1 Hb R R A
T P W/ Rl R A 3R A RS T B AR
B [l 137 2= 20 B 1) e PR 4005 o 5 LR B Xl R
F W H TR 28y W b 0 A 4 DR AR AR A AR T
TR V5 Z Hby 30 T] 34 o A5 D S 3 /R R ik ] 67 3R A
BB LA BER 2 51  2.35 5 0.32, 1 VU )1 4 40

T 2 R AR SN e I R/ R R [R) A7 2 A RS TS e
PR R R AL LA RER B 2.43 5
0.28, LR WA Z5 b 1) JE B SN BE 2R M UL A RER S
A= ) IR R SR A R RS A B2 3 TR e W R Sl 2
G0 B ) R OE AR AR L 45 A HoH R 5 R
TR T VA L Ml VAT 34 I 5 D )1 Al 2 5 T 2
SRS KA TT R TR RR BE R A W IR AR R AR AE
5.2 M FHERERIEE K (TSR) T2

TSR & UL 75 b Hp & A= (1) 3 A5 BIL—TE HLAH
£ (Seewald, 2003) , 1% it 2 & A= 76 & it (Gl H >
120 C) &M T R K 4 5ummdh & A4 -8 5
B3 2B B HLS Hil CO, (Worden ez al., 1995; Cai et
al., 2022) %3 B 45 35 00AE R ARG Ah 2 41 AN
] 5 38 P AIE o 83 4 0 28 43— R AR 1 ik () 7 38 4
AR % R 3R AR bR S U Bl T AR i TSR B4 11 ¢
BEFEAR (Cai ez al., 20135 Liu ez al., 2013). 8K , 1%
G210 43 F AR sk SR 2R A AR R AT IR X LB
Al AR B TSR 45 J5 A= VB A 28 i el et 1 ™ AR R )

XFF TSR B 5, A [RE R Y ik R
TR G me R AE AE B 25 S T R e e A Ok AR
e 2 5 TSR i £ (Xia and Gao, 2024).Liu et al.
(2026) R AE T /RZ WA BF REET & & HS
f9 R R S, 38 56 R TN 08 o R S P ik Tm) 7 3R
AR B AR5 R T TSR %F P ke [ 057 28 43 18 0 A3
HL, S TSR ik i oA o 5 Z10 100 07 8 % £ 300 $2
BT BB R IR WS K B, TSR XA ke o> 7 B oA
82 0 A2 7 BB T ) T AR b S N O M T
T AR R R, SO0 TSR S AR S AP T e T
PP 35 B[] 37 2% {1 7 38 11.9%. , 1M R 3 Bk B 1 A9 )
(A EWURTE S DO =N N U = AN (=G v
44.7%,. TR i iz WE g R WY T DN e i R ik [ A7
F A UAE TSR R b B A28 M e 08 By s HI 4t
TSR WA e, R Al DLAE 38 9 18 52 TSR K
T R AR A E IR B ORI A PSR R AR L X — AR %
% 1A% G Al 25 H Bk Ak 27 04 JR) B, ol B 2% LR 3k 72
R SR AR R TR R TR A O B R R Bt
53 £¢ESLERE

A Mn Fe % &8t R 2 AL X fF
FETHL 2, n 5 e ke & AR Rk R TR RN, R )
F R BB BLY . R A R R K (Ui e AR A
2023) . Bif N TR 0 AR S B0 iE 58 1 A A 4 s AR
LW e 08 5 bt & I A= SR Ak 38 T s 0y (Ui Al A A5
2024) . BEAWFFE R T B /R B R =& 4% E 1
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SRR )ZE N A A B R Eh B 45 W ik W) 6L 3R B 2
#r & Mn ot & AL BT S B0U(Hu ez al., 2018). 1
T B A 5 R e S N s 25 R HAE &R
E W U LA SRR S VAN 2 o K VA ot
Ui 368 A 45 (2023 ) X B8 HL R 7 b 5 TR 8 A< 8K Y TN e
A7 B S P ) 6 R WF 90 3 W AT BE A7 1 & s Ak
AT EBITRMmM G, AR SN ERS
T HE T8 T R A AL Y R 55 22 5, AT AT RE R 3L
(SRS o A N R A o R A s
FRAE I, @ 2456 & )8 A g B P 5 55, ]
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oh B AL R S TR 3R 0 1R AR B, AT O AR Y
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6 RARURT AN He -5 4R N
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w28 e R AR AU L R A ] R AR e S R
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TR Rl 380 B2 5 O G PR R R AR AR
Qﬂﬁ o Je e A (] A3 2R 2 5 R e A o A O3 R AE I
X 73 R R AR IR 2 80 5 03 B2 LT 1k A 3 1)
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Liu e al. (2025) LA nk i 72 b R % 2R 06 R 12 U5
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ik ET AT R AE AR S AWt R T
TARE G 3,6 R s 18 IR A A AE K A AR W R BTk,
BT ZRK EHES W (Feng ez al., 2025) . #4J5 Ft
g T TR e A B R S R A 2R T AR R A B T Ak AR A
T 26 5 A 2 L RE A% 1N TR 20 SR X Lb Y JE
XTI L AW R AR S
FE UG A T T M B4R 0 W R/ AR R AS 255
A B S 0 TR BE A R S T R 3R R R e o TR
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ST

C A, FRAPEFRL UM )

SiRiE

B 7 s BB B IO 2 (20 A Liu er al. (2025))
Fig.7 Scheme of thermal desorption apparatus (modified from Liu ez a/.(2025))
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