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Table 1 The content of He and Ar in oil - gas - bearing basins in China

m K | Bft He (ppm) Ar(%) Ar. (%) Arr (%)
40—1779
w It K 38 (8 0.1120—0. 1150 (2)
Ed 20—200 0.0123—0. 0836 0. 011—0. 0307 0. 0013—0. 0529
83 (6) 0.0461 (4) 0.0244 (D) 0.0217 (1)
Es 10—234 0.013—0.0122 0.0105—0. 0892 0. 0005—0. 0329
! 15 19 0.0355 (22) 0.0285 (19) 0.0050 (19)
Es: 0. 0740 (1)
T " g 9—176 0. 0048—0. 1348 0.0210—0. 1026 0. 0023—0. 0398
3 97 D 0.0657 (9) 0.0475 (7) 0.0185 (7
Ee 60— 64 0. 0358—0. 0747 0. 0206—0. 0519 0. 0074— 0. 0206
* 62 (2) 0. 061 0.0457 (3) 0.0126 (3)
J 988 0.1432 0.0170 0.1262 (1)
Ar 7 0. 0673 0. 0532 0.0141 (1)
9—160 0. 0087— 0. 0300
Nm 58 (5) 0.0171 (5) 0. 0080 0. 0020
81—87 0. 0120—0. 0270
g 81 (2 0.0190
® % g 40—190 0. 0200— 0. 0220
140 3 0.0210 (2)
13—400 0. 0067 —0. 0322 _
Es, 72—(10) 0.0151 (D) 0. 0078—0. 0269 0. 0052—0. 0053 (2)
Es, 0. 1200
Nm 407—1021 (2)
Mg 169—330 (2) 0. 0040—0. 0400 0. 0031 —0. 0303 0. 0009—9. 0097 (2)
4—237
Ed TRNE))
Es; 1946—2094 (2)
Es, 3511304 0. 1800 0. 0839 0. 0961
v ® 748 (3)
Es; 152 0. 0011 0. 0007 0. 0004
10—350 0. 0040—0. 0600 _
Es, 208 (4 0225 <D 0. 0025—0. 0053 0. 0015— 0. 0055
Ek 10—24 0. 0340—0. 0500 0.0128 0.0212
7 @
) 95—379
M. 5
Ny 12000— 13400 0. 4100— 0. 4500 0. 1699—0. 1867 0. 2401—0. 2633
100—960
Es 33 D
% & 140— 890
Ed 397 (3
39—960
Ef 550 (D
_ 80—2590 0. 0090—0. 0141 _
= % |Ei-sb T o116 (& 0.0037—0.0197 (2) | 0.0104—0. 0703 (2)
Es . 0085—0. 0128 (2) 0. 0045 — 0. 0080 0. 0040— 0. 0048
ﬂ o C—P 0. 0051—0. 0127 0. 0025—0. 0067 0. 0026 —0. 0060
0o 0. 0091 —0. 0161 0. 0049— 0. 0074 0. 0042—0. 0087
Anz 0.0119—0. 0170 0. 0019 0.0151 .
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w X | B He (ppm) Ar (%) Ard(%) Arr (%)
0. 0135—0. 2800 0. 0078—0. 0730 0. 0047 — 0. 2070
Es; 398 (1) 0.0816 (&) 0.0258 (& 0.0558 (D
Ee 31—297 0.0116—0. 3400 0. 0039—0. 2121 0. 0075—0. 1701
x @l 177 0.0934 (%) 0.0481 (8) 0.0554 (8)
0. 0098—0. 4400 0. 0035—0. 1236 0. 0050— 0. 3287
Es. 89—130 (2 0.1034 (9 0.0330 (8 0.0797 (8
p 0.0120 0. 0029 0. 0091
] B | E:h 700 (1)
T | Eg 0. 0200— 0. 0400 (2)
14—29 0.0016—0. 0316
XE-®| N 21 3 (18)
0. 0104—0. 0170 0. 0049— 0. 0080 0. 0039—0. 0096
J 380—1750 (2) 0.0134 (3 0.0068 (3) 0.0063 (3
T 330—710 0. 0013—0. 0215 0. 0004—0. 0133 0. 0009 — 0. 0082
506 (37) 0.0080 (44) 0. 0037 (42) 0.0042 (42)
P 285—560 0. 0032 —0. 0226 0. 0013—0. 0152 0. 0013— 0. 00139
mN 454 (29) 0.0087 (22) 0.0036 (22) 0.0050 (22)
2042330 0. 0021 —0. 0042 0. 0003—0. 0013 0. 0018—0. 0029
991 (6)
1330—2540 0. 059 0. 0023 0.0203 (1)
2030— 2600 0. 0375—0. 0502 0. 0012—0. 0034 0. 0363—0. 0468
2327 (3) 0.0444  (3) 0.0020 (3) 0.0422 (3)
I 110—2400 0. 0141 —0. 0465 0. 0104—0. 0387 0. 0037 —0. 0177
634 (9) 0.030 (&) 0.0213 (8) 0. 0088 (8)
T 30—900 0. 0098 —0. 0564 0. 0074 —0. 0348 0. 0013—0. 0198
IR BN 122 @ 0.0264 (5) 0. 0193 0. 0067
Cc—P 43 0. 0282 0. 0247 0. 0035
Oum 45—170 0.0190—0. 4900 0.0503—0. 1475 0. 0997—0. 3425
! 83 (4) 0.2248 (6) 0.1014 (&) 0.2311 (&)
K 429 0. 0292 0. 0246 0. 0046
| OE[ 0.0180—0. 0492 0.0116—0. 0290 0. 0021 —0. 0202
0.0314 (3) 0.0218 (3) 0.0095 (3)
-] L 241—693 0. 0056 — 0. 0082
N 0.1137—0. 1986 0.080—0. 1614 0. 0337—0. 0372
J 147—208 0. 0054— 0. 0067
172 @ 0.0062  (3)
BT
P 137—293 0.0149—0. 0636 0. 0074—0. 0233 0. 0141 —0. 0403
0.0361 (4) 0.0159 (4) 0.0289 (4)
c 284 0. 0360—0. 0896 0. 0095—0. 0559 0. 0265—0. 0337
0.0553 (3) 0.0259 (3) 0.0294 (3)
798—999 0. 0306—0. 0396 0.0102—0. 0174 0. 0173—0. 0260
905 (3) 0.0349 (1) 0.0137 (4 0.0212 ()
E 634
220—515
399 (3) 0.0129 0. 0041 0. 0088
- 276—853
541 (6)
C 1029 0. 0057 0. 0021 0. 0036
540— 1808
o} TR 0.0142—0. 0105 0. 0024 — 0. 0034 0. 0071—0. 0118
€ 2494 0. 0126 0. 0016 0.0110
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Fig. 1 The distribution of R/Ra values of natural gases in oil —gas —bearing basins in China

1.2.1 REMFLARKE MNRESHWSEMRRSPERMESIBHT TR YA
MRAERKEF,1994) A XEFHER b, U8R T —HEH 0 BIE . LIHe/*He {H7EHIE 8y
AHRBRFETERKE D, I o[ He/'He u:{ﬁm?@ﬁmm REARMLEHD /AR
BAPR AL AEEEEERKDONAK . (DRBE BB K RNEEMH, EXRE
*°He/'He {H &, F# 8 107 (R/Ra>D W AMEE . WEFSW I M ,*He/*He F
3% 1077 (1>R/Ra=>0. 1) ()P FBE XA M S, KRS h°He/*He {H ¥ 4X107°
(R/Ra<<0. 1), BN 5X107°, HEA N — T HHHERBEE: OBLAXIKRBER , KRS+
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Fig-2 The distribution range of **Ar/*Ar ratio of natural gases in oil - gas - bearing basins in China

2 A EBEBRAREDE

2.1 BEHXRNPRASSEARKERAXNRR

HUBR B B 5, I*He/*He F1°Ar/*Ar HE2Z RIS RK B RRE R AR RER A AN
$RIE. A A HES P He/‘He HEE R 7E 107 °~10"F B, “Ar/*Ar L — M7 10°~10* {H,
B 31 2R Py FE B B4 L f9°He/*He M1 Ar/*Ar HH N  MFEH S E £ BR T °He/(U+Th)
K/¥Ar W Ry EBLRHEN . hF U+ThHM K EMBRFEALAL R+ BA A R 21T
#,*He/(U+Th) {1 K/*Ar WEHR REELR, HL,*He/*He W 5 Ar/*Ar E
Z R BH R IFHH XY . Kaneoka & Takaoka(1985)iBd M A4 B & A AR E
HAROAKBRETREW T F KM B) M) R PGRE ) BLA(KS)BM COh5R)
B, EPFHAMBANPAUEESHBYRA LM AT RE, LFEPEIREIREK,
mPREBERERLTMEZ TS, %ﬁ‘%ﬁﬂﬁ]ﬁi?ﬂﬁiﬂ?i 2,

MRRETE R BRI SRS EE 28 TR BBE ' He M°Ar fERBRRK
N, EABEIERHMANKENET - BEANFAMEARSE. REZSMENRRK
K ERMEBRHBLME 3VUEH OEXRRSPAAUABTERASEARNRRAS:OH
FEMEMARASPHREIMBANFE TXBRSPXAREERMERARN I HIE
RE—BHEASRAESKREMENARFIE: @ Ar/fAr LEB KM RRSHERE AP
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i Ay O R A S T PSR 78 W B A S SR AR BUR L B B TR R LR R A ) e
H°'He/'He LERW K () n X107 ~n X 107"), LIE AR A KM 3—4 M BE, KM T X
WA SEREAr fl'He BB EERRROF - BESERE LB EATE X, HEES
S04 EERMAMERBARRARAG AU FENMKX , HRWS 5EREHAR, ZRXN

S A AIER (CO, M NSy .

2 BERASE.EELRS2AMTHR (Kaneoka & Takaoka,1985)

Table 2 The end - number compositions of an isotopic classification

of He and Ar from rocks and atomsphere

L% 2B

3He/*He

lOAr/SGAr

a» v g

1.1X10°%
6.0X10~%
1.4X10~¢
4.0X10~7

20000
350
295.5
1500

%3 PEAXRNPUNNGEALRE LAY

Table 3 The isotopic compositional types of rare gases in natural gases in China

AR xR

3He/*He

M)Ar/SSAr

HERERRS

HORBRE I ERRS
HRBAERMAHURRS

RERRS

(0.56~2.8) X108
(7~17.2)X10"¢
(1~3)X10"¢
<10-¢

4440~9225

2200~ 3069
>300
>300

2.2 RASPR.ARMRAREEEED

KBRPBASBIERETREMRERAXR, ERETESFIRES PAKY
REREHBA A BFHRE. AXEFRT REXKSHR AR MR AR LIS MR8
BERE B T“BRAF" MR ERYNWE 3D AP USRS HEHRELR.A—%
-SSR ARMRAR, TR MERERTENK , L Ar/*Ar LM He/'He H
R BRGNS A LA KM &, B— AN TERRASA AR RAR, T &
AHERER P AHRBEFNRERE X, HIFENRFEREE, “Ar/ Ar LIHHE K, He/'He
HHEEE .

3 WARRERB RN BB

ERE PR ESKARVRARSENEBRFAERENRL - BEAKE., REXRK
FR.ERMGRABRRERERES #TR - EXHBRERANFBRZ—.
3.1 M. BRRFRRRBE

RBERARSPE . BERMURARNEERE, — AV RENRERETIRRLPRET
REP HIENWEFBEREL AR KABBFERSEALIBPHEARBIIHRKE. S
—Fh R B A PR BA TR U.Th M Kl B F A R He Ml K—ZEMEK
ERACAr, U.Th I K Bt RENRAE KRN RMABRR SEA MR EERAE X%
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JREBE P RAHE TR P F R BN B ERER RO AR ERSESNAXRE
Y. ATFRFENE AHRENERARER, X A ERET RRPBEEBRE,
FRAERRIP N E AL, Ac/*Ar HEH K, TT°He/‘He LLER/D. XRRXKASK
R A AR AR AR B FERBR RN,

10-*

# 10-7

B3 FERAKALPR. .ERLRAERSS 650 KE

Fig. 3 Classification of isotopic composition distribution of He and Ar of natural gases in China

RRIFHCAr/ Ar LEFFREY, RBRTFCAr/ Ar WEEBAERERRT AN,
FEWEPATREEME. EHEHHIED HMBEPCAc HRRHCAr 4 — 2 19 5
BABN. RAKEREEPZEIERAEE RN, F{— & KBS B — RIS
B Ar/CAr WK . HWEES), BRERNRAHROFES B Ar/*Ar KERESE
b, FE#EAT BT LA BB R X KW .

3.2 WESBEMULRFAHR

#ok B % (1979 % R E M1 YA MR E = R KRR R ALK 68 E , 5 KR
O R AR RN = 9858 KARSE R LR AR 87 78 2 SR B R LN o Ttk
A, MRAKEEEREZUNEREMAST T BIE. EREENY B LB L R
RE, BREFEARALE, ATTA N EEZFREENTIRESHT YR Ary B
£. BEHABRSH Arg HEAK K. FHEFAr/ Ar E/D, EHB TR Ar/"Ar |
HK. Bk, BRI MRS Ar AR R, FH PRI CAr/*Ar HAERHE
“F A B P S A RS AR, MERRERFER T, S AW EMRRAIBERRE T
RCAr/*Ar HHSBESFERE AR, T=100. 466 X (**Ar/*Ar)—1401 X 10° 4, €D

FEEP I AT E R E RS ME T AR AW B PHTIRFREERE T
BAHBERRR.

XISCC Rk & (1987 J A 4R £ B 5 RRSPCAr/“Ar HEBK RERPFFR . 3B
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KR PERI BT, KB T Arq— Ky HREAERITHAK:
Arq—Ky 3 T=0.0574 X (“Ar/*Ar)x/(Ky X 100)+190 (Ma) (2)
EARMUN M —BEAM=B RS KEFFHE NI,
HAERES KEFENBFELE RETHARE K RHRRMRARETRERSE
BitHAR.
S FNMEYE T=530.8log(**Ar/*Ar)«—1323.1 Ma) (3)
HFERLRE T=—315.5log CHe/*He)w —1959. 2 (Ma) (1)
#%ﬁﬁ$ﬁﬁﬁﬁ%mim%¢i ﬁlﬁlmiiﬂﬁzéﬂﬁﬁﬁ§4 FALAKMEZATURTR
FAEMSEMT.

¥4 FTARKEREXANK . HEKXKAL S
Table 4 The distuibution of He and Ar isotopic compositions of

natural gases from the source rocks with different ages

Ok E M ERXRS PR RED
WA MR (Ma) OAr /%Ay 3He/*He  (X107%)
F(3) F- | C))

BARXS 295.5 140
BNULQ 0~2 295. 5~-314 140~60. 8

BE=LN 2~23 314~343 60. 8~52.2

BE=#E 23~65 343~412 52.2~38. 4
HELK 65~140 '412~571 38.4~22.2
H®¥PR] 140~208 571~767 22.2~13.5
=Z=B&T 208~250 767~920 13.5~10.0
—_84P 250~290 920~1094 10. 0~7. 4
AHEC 290~355 1094~~1450 7.4~4.6
®BEZLD 355~410 1450~1833 4.6~3.1
=@as 410~440 1833~2088 3.1~2.5
nME o 440~510 2088~ 2841 2.5~1.6
ERALE 510~570 2841~2686 1.6~1.0
MELZ 570~800 : 3638~9996 1.0~0. 2

3.3 |EIMLL
WEMSELERMSBHENERES, MRANPR ARV RAREBREEREETF
BzZz—. RASKRAMRIEN LR BEAQFARRAMN . IAMABNERERS
AR, BSTE R E R CAr f1*He R AL, ER X R °Ar/*Ar HLEHZH#TIYE K, He/*He
O AR A /MR R AE . R, ) X R BT RAGEAT R — Xt b R — T R U2 8
RERHEFR. ANEAEANRSXAPHE VR LR AR A BFRER G 3.
OHRE[FERR. REFERRBAS TS RHMUZ [ R RRTUEMX R 4T HH.
FARRPHA KRN RAR T UERR IS AHEERER, B4 8 38, A b i
MAGTEFMEE . PR EMAS AR AR N HE KR AR IR IFIEGR S,
6) . TEXFRRIBARAF T » W LA T AR 20 S 30 R0 0m AR 0 1 s ) S B UMK (B ok B985 1985) . &L
BFRNRFEREOFRMRRLMRALHEXL.
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Table 5 Characteristics of Ar and He isotopic compositions

of natural gases of the palaeogenic — neoreserviored type

B X B B OAr/Ar 3He/‘He R/Ra SEANR
AR XRSK Es,’ 1175 2.23X1077 0.23 AR—_—Ba
L JITI 374 Pt 5222 3.03X10°¢ 0. 022 REL

605—683 8.6X10°8 0. 061 ¥y
N
HEA L . 855—982 (6.1—7.9)X10°® 0. 04—0. 056 aR—_—_#
X6 WELTHBTNNE NEARARRNE
Table 6 Characteristics of Ar and He isotopic compositions
of natural gases of the neogenic —palaeoreserviored type
H K W B ©Ar/3Ar 3He/*He R/Ra SRERRKR
X 5 AnZ 518 6.24X1078 0.04 Es
" Mz 456 1.43X10-°¢ 1.03
% = AnZ 415 Es
AnZ 528—529 4.99X10~7 0. 356
i ™ Ar 375 6.04X10~7 0.43 Es

4 RPR[ERRUMRILFZLZGHR

EMRBREEZZESMIRKRAPHA AR SR AR89 ER E, X4k
RIH/RLH &MWL, WK KIRAE —FEBR T - ARFIHEME
13 -1 S HHTHRAE AR ERRLE ERERLF, S WX XHRT RE S5
CE ke
4.1 BREGRMPILBSE

WREHAMPIEBEK G REABEHRR, KA/ Ar WEHER, B&EA 2141, R
BRI 42 ) RAEH »*He/*He {H B MK, B T HUA 0P ACH B 1 BLR BN, RIER R U PR
B0 % ROx X A A R & EE AN BRE (R £7) AR K#T - T it S
B RRSPMBASESRTHN 0% BEVFHEGER 0% . RAKRXXR[LERRH
TREL.

4.2 lJlIﬁﬂ!’.JlI"‘F%IZ

mNgENRLK, ERERE, Wﬁi%.%‘ﬁﬁiﬁ‘ﬁﬁ%%}%%i#% HAE M
S22 RERRSER RO REREG IR T 0SSP HRACAr/“Ar BRLEY
1811~1870, 4L H b 406~414Ma, Y EHEFREH BE T ARASKERRRNER
¥ B HEAARRAEETHEFAMK S KESHEHAILKERAR, TRAIEEHER
AN — R, A X KR MR F PR RS RASR S LR ARER—F,
4.3 KEiwaM

BRI EE=AEHRAMBORRS, HAr/*Ar WIEKN 302~326, BT 4R
FHEFMCRABFE, SRR MBI LB=ZL25% 2, AR R HLEMK,*He/'He {H
107 ~107%, W E BT E RS MR A ORE, REREEMFRARTHE
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SHEMEASTIER LE=R AL M. RBEREMA TR RBE (R, #R) 5HEX
FoR G8C, HXRAZ BURRZBEMERARARE . XGRE 13- 1 KHNXAK
EAFRBEAME, RAMAFTAFIHENXRSEHBKERNZE, BRATERE
K7 3300m U FREFRA, FEE LR AR RABAZ A . BFTHESLA. X5L
REFRMNETRGREAYS. RINFRT XEHE. IR WIEBEREMER, RAR
NERARSHEFRENRR. ANERTRDHTHTHET LRMTFRER.

ALHERERA ST XF EURNENF AL BARE, R EXPRTMNHFE. £N
BTHBREARARDEDE Al oAk thBy, B A F B WA R RN R T
XE N HRTRH.

WRHM: 19944 10§15 H

£ ¥ X K
(DHAS LT NAES, 199, PEAMIERRAPEF LR B8 ,39(16):1505—1508,

(2)Kaneoka, I. and Takaoka, N., 1985, Noble - gas state in the Earth’s interior - some come constraints on the present
state, Chemical Geology Isotope Geosickne section, 52:75—95.

(IRA B . EEE. RIB%,1979, KRAPRAER LXK, R, (1).271—282,

CORRK B DL M T 45, 1990 , M R SR ) T b S 0 0 208 )5 IS U » 4 3 i 35(12) - 932935,
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Applied Models of Rare Gas Geochemistry
in the Research of Natural Gases

Shen Ping Xu Yongchang Liu Wenhui Tao Mingzxing
(State Key Laboratory of Gas - geochemistry, Lanzhou Institute
of Geology, Chinese Academy of Sciences, Lanzhou 730000)

Abstract

A large number of valuable analytic data of the chemical compositions and isotopes of natural gases have
been obtained from 532 natural gas samples of 19 oil - gas - bearing basins in China. On the basis of the com-
prehensive research of the characteristics of natural gases it has been considered that the space distribution of
the content and isotopic composition of rare gases in natural gases were controlled by tectonic settings. Ac-
cording to the °He/‘He values the distribution of the He isotopes in the oil - bearing basins can be divided
into four areas: (1) eastern active area, where the natural gases of the basins near the Tancheng - Lujiang
Fault have an average °He/‘He value of 107%, suggesting the addition of the mantle - derived volatile com-
ponents, and the natural gases of the basins far from.the Tancheng ~ Lujiang Fault have a mean *He/*He
value of 1077; (2) middle stable area, where the natural gases of the basins have an average °He/ 4l->le value

of 4X107%, minimum of 5X 10~?, which means that He was monoradioactive; (3) northwest substable area,
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where the natural gases of the basins have a range of *He/*He values from 107 to 10~7; and (4) southwest
area of Hainan Island, along both sides of Honghe River Fault, where the natural gases of the basins have a
range of °*He/‘He ratio from 107® to 10~ and averages 10”7, indicating that He was crust - derived. A re-
verse Y -shaped origin model of rare gases has been proposed and two—origin types have been provided:
(a) Crust —and mantte - derived type, distributed in the eastern active area, where the ‘Ar/%Ar and

*He/*He values of rare gases increase with the addition of mantle - derived gases and (b) crust - derived
type, distributed in the stable and substable area of Centrol and West China, characterizing that the *°Ar/ *
Ar values of rare gases increase but the *He/*He values decrease with geblogical ages. Meanwhile, the time
— accumulating ~ effect of Ar and He isotopes in natural gases is also researched. The formula which can be
used to calculate the ages of crust —derived gas source rocks using He and Ar isotopic methods is suggested.
The formula can be applied to tracing and comparating gas source rocks, which is of practical significance for
gas exploration. In addition, the rare gas geochemistry, hydrocarbon gas geochemistry, and the related geo-
logical backgrounds of the central north gas area of Erdos Basin, the Chuandong gas area of Sichuan Basin,
the Ya 13 —1 gas fields and the Dongfang — Ledong gas zone have comprehensively been researched and some

new views on the three large — or middle - sized gas areas have been suggested.



