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Geochemical Characteristics of Natural Gases 
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A b s t r a c t  

The Sichuan basin is one of the largest gas-vil-bearing basins in China. Ool and. gas pools 
occur in Mesozoic, Paleozoie and Proterozoic strata in this basin, with natural gases being do- 
minant. 

A good wealth of data from 2000 drill wells on the distribution of natural gases (hydro- 
carbons: CI-L O~H,+; non-hydrocarbons: HaS, C, O2, N2; noble gases: He, At) show that natural 
gases in the basin are pred6minated by oil-thermocracked and coal-series gases. 

Geological-factor analysis of the geochemical characteristics of natural gases provide evi- 
dence suggesting that the occurrence of natural gases, especially dry gases, is attt~uted to 
the hig~ maturity of organic matter, and the multi-productive formation has a great beating on 
the multi-source rocks; the anomalies of some components (e. g. H2S) are related not only to 
the type of primary organic matter, but also to the Iithological characters of reservoir beds. 

Also discussed in this paper are some geochemical characteristics of coalseries and non- 
coal-series gases at the same degree of maturat ion, demonstrating that the former is characte- 
rized by high proportions of CH, and gaseous Fig, high Q/C2 ratio, high 0t~0, low ~2,+,and 
high iC,/n(Y,. 

The Sichuan basin is one of the impor tan t  oil and gas pools in China. Oil and gas 

occur extensi~ceIy in Mesozoic Proterozoic s t ra ta  with the la t ter  being dominant.  

However,  l i t t le research has been made on the ~tempo-spati,al dis t r ibut ion and geochemical 
characterist ics of the ~as oeaurrences. This .~a~per is intended to discuss these pro- 

blems and the affect ing factors  in an a t tempt  to provide clues fo r  oil and gas explora- 
tion. 

D i s t r i b u t i o n  and  D e v e l o p m e n t  o f  N a t u r a l  G a s e s  in T i m e  a n d  S p a c e  

I t  is general ly accepted tha t  the Sichuan basin was formed dur ing the th i rd  episode 

of the Yanshanian movement  on the basis of extensive sedimentation. Recent  evidence, 
however, has suggested t ha t  i t  was formed la ter  dur ing the H ima layan  movement  m. 

There is a thick sequence of sedimentary  rocks in the basin, rang ing  in age f rom Sinian 
to Cretaceous. The sedimentary rocks .are welt developed except 'for, Devoni,an 

C a v t ~ i ,  fero~s roel~s which are ~bsent in some locations. Ter t i a ry  sediznents are ~also 

observed in local places. The total  tM~kness of the sediments ,r, ea<nhes m~re t h a n  10~m 

i.n the western and n~rthern parts .  The BIiddle-Tri~ssic series is under la in  by  the sedli- 

ments composed m ~ y  ~f e a r b a n a ~  r~cks of the mar ine  or m m ' i n e - c ~ i n e n t ~ l  facies. 

In  going up~al~ds f r ~ n  ~he Uppe r  Tr~.assic they gl, adu~Uy g ~  vcay to the continen~tal 
facies domlinated by  de:trital rocks. 

Geomorphically, the S~chuan basin is rhombohedron-l~ke with an area of about 2.3>( 

10 ~ km ~. Based on the na ture  of base rocks, the development of sedimentat ion and the 



344 GEOCHEMISTI~Y "Wol. 4 

x ~ H a n n a n  upthrust 

, - ; 7 ,  -" 

§ 

0 o / ~ j  
~ Central S|eh~an(C 

Leshan9 / _~ V Chongoinl @ 

Leibov ' ~  1 / Sich~a~(55) 
South 

Gulln 0 80 160km 
r . . . .  I | 

Fig. 1. Sketch map showing the structural division of the Siehuan basin. 

s tructural  features, the basin can be divided into three large areas or  c:gbt ~n,atl ones 
(Fig. 1). 

According to the .data available from more than 2000 &eep we~Is, gas occurrences 

can '.be .seen in almost every series, b~t  those of commerci~ va~lues are conc,e~tra~ed 
ma,inly in the Sinian, Permian-CaTbonifervus and Triassic series. Oil is thie dominant  

product in the Jurassic series. The deepest gas indication found up  till now is at  about 
7175 m where the oldest s t ra ta  ~re pre-Sinian basement rocks (granite) .  S t ra ta  be- 
low the T~iassic in the ~basin contain n~a~n~y gases, bn.t at the fringe of the same serSes 
oF in h~cal p~aces oil seepage, oit-.hear~g soft bitumen, c rt~de oil a~d condensate can 
still be ob~rved.  As shown i~ F~g. 2, Lower-P,~eo~o~e o4I seepage and ~aft .1)itame~ oc- 

cur dn the southeastern l~vt  of  the Longmenshan fault-fold zone in northwester~ Sich- 
uan and in the junction (if the Dabashax~ fold zone with the norr pa r t  os Sicb- 
uan. Oil seepoge 'is also observed in the nor th  wing of the S.inia~ Hamu'an upl i f t  in 

the north. In  the Upper-Paleo,zo,ie s~vata, in ~ddition to the a~bove regi~ms, oil seepage 
is a~so~ reco,gniized 'both in the Hua~giin geoawtieline and on the no,rthwestern side of  the 
J iangnan p~le~upli,ft. The ~boVe areas with oil-gas indication are ~ll included in a 
la~'ge sed',i~nenta~y world. 

Co~densa,~e, light crt~de oil and oil seepage are also observed in the Core of the Lu- 
zhou paleouplift  in southern Sichuan and .locally in the east of the basin. Oil occurren- 
ces are f requent ly  observed in 3Iesozoic s trata  in the basln and even o~l flows, ine~u,ding 
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F i g .  2. Oil and  g a s  occur rences  in t he  S i chuan  bas in .  

1. Crude  oil, c o n d e n s a t e  a n d  oil seepage ;  2. s o f t  b i t u m e n ;  
3. g a s  occurrence;  4. o i l -gas  pool.  

cvndensa.~e o~ com,mercial hnportanc,e, ha~e lbeen extracted from same regions. 

Geochemical Characteristics of Natural  Gases 

In general, because of the differences in boiling poiat, critical temperature and cri- 
tical preesu.re v~f natural ffases wi.~h different compositions, CH4 occurs invariably in the 
gaseous state u~der stratigraphical conditions, and so ~oesC~l~,but C3Hs,C~H~0,C~H~ 
are usually in the l~quid state, or exist indenpenden~tly ~r dissulve ~n the medi~. So ga- 
seous components and their c~ntents in o~l-gas po~ls sh~.w a tendency of variation in 
different stages o,f expl~)itation. The~e~vre, the a~alytical data should be used with cau- 
tions. T,he daVa c~l.osen by  the author are n~ai~nly :from o.il-gas well~ u a d ~  early test or' in 
normal production. The use of analytir data obtained a~ter aci,dizing operation sbo- 
u~d 'be avoided. For acidic gases, because they ave water~so,hmble, used were those ana- 
lyzed in drilling spots. In the discussion of geochemical characteris~cs, the gene.ml ten- 
dency of "group-point"  .distribu~i~m is taken into eo,nsi,dera.tivn. 

Natural gases from the Sichuan basin consist mainly of CH4, C~H~ and C~H~ with 
minor axnounts of C,Hlo and C~HI~. Tile total amount of hydrocarbons in natural gases 
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normally exceeds 95% except in the Sin~an strata where it is slightly bess than 90%. 
So they are ,all combustible gases. N~n-~hydroearbon (~rrc~,ganic) gases ,are c<rmposed 
mainly o~ CO~ H2S, N,, He and Ar with a certain amount of ~,aseous H,g. The princ~- 
pal characteristicS of natural gases in different stratigraphical sy~e~ns arrd regions 
are depicted in the f~llowing. 

HC4~o 

Heavy CH % 20 10 Non-HC % 

Fig. 3. Triangular diagram of CH4, heavy HC and non-HC gases. 

1. Jlt; 2.T3~-h; 3.P2s; 4.TI~; 5.Tic; 6.C~; 7.Ply; 8.-(-; 9.Z2. 

Compos~t, ional characteristics of gaseous hydrocarbons 

1. Variation of CI-I4 and heavy hudrocavbon contents As the strata l~coane olld, 
CH4 increases remarkably, whereas heavy hydrocarbon content decreases sharply (Fig. 

3 ) .  Mesozoic sa~nples contain 80--90% CH4, far away from the highvalue line of non- 
hydrocarbon gases (except for T~ and T~ in local places). The CI-L content in Upper 
Paleozoic samples is gener~Hy>95%, but locally <90%, as in Luzhou. Although the 
CH4 eo~atznt in Lower Pale~zoic-Pro~ero.z~ic samples is also <90%,  it keeps distant from 
the high-value line of heavy hydrocarbons (C2 +) and features a markedly increased non- 
hydrocarbon corrten~ (mainly N~, CO~). 

If  the effect of rron-hydrocanbons is ~ot taken into account, the vertical variation 
as described above will become more pronounced. For example, the proportion of heavy 
hydrocarbons ~n total HC is variable in different regions and stratigraphie systems, espe- 
cially ~n the same structure or region, or in the same well(Fig. 4). This implies that 
the content of heavy hydrocarbons tends to decrease wi~h the aging of the strata, ttigh 
heavy hydrocarbon contents are reported from Mesozoic strata, such as J~ in central 
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Siehuan, T~ and T~r in the Weixi district of sot~thwest Sichuan, Luzhou of south Sic- 
huan and Wolonghe district of east Sichuan, generally higher than 10%. In general, 
the heavy hydrocarbon content in Upper Paleozoi~ s t r~a  in southeastern Sichuan is 
about 1--2%, but in the Deshen syncline in the Luzhou district it reaches more than 
10%, whereas it is higher in Mesozoic strata,~han ~n Paleozoic strata of the same region. 
In Sinian strata of Proterozoic the heavy hydrocarbon content is usually less than 0.2%, 
wh,ite .in CambvMn strata of Lower P~leozoic it  is, in most cases, slightly higher ~han 
0.3%. But there are some exceptions. For example, in the T3~-h and P~ series the 
heavy hydrocarbon content is lower than thgt in the older series of the same region. 

2. Variation of normal and isomer in C4H~o and C5H~2 As can be seen from the 
J~t,T3~-h,T~ and T~= series containing more heavy hydrocarbons, the isomer content 
of alkane is usually higher than normal. The same holds true for most other regions 
and series where the ratio iCs/nC5 is frequenty greater than 1 (mostly > 2 in 
T3x-h). Exceptions were only seen in T~h 2 of central Sichuan, T3~ of northwest 
Sichuan, J~ and T3~-h of west Siehuan where the iCJnC4 ratio is frequently greater 
than 1 (Fig.  5). 

3. Variation in ~3CeDB of CtL As can be seen from the relationship between 
C~/C2+s and 6~3C~ (Fig.  6), the degree of maturation of organic matter increases 
with the age of the strata, and so does the $~C~ value. This agrees with the ranges 
for crude oil, condensate wet gases and dry  gases divided by Shaokaili t~. $~C~ 
values of the gases associated with the J~t oil-pool associated gases in central Sichuan 
are within the range of --42----58~'~. In going northward to Bajiaochang the 
maturity increases and ~C~ values fall within --36----42?'o~, corresponding to the 
range for condensate-wet gases. ~C~ values for Paleozoic strata are between - -20- -  
--36~'oo, corresponding to the range for dry  gases. Those for Triassic strata also 
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fall within --36----42~'~. $~C~ values of the gases in coal bed P~,inZhongliangshan 
near Chongqing are a r o u n d - - 3 8 ~ ,  which is distinguishable according to its extrao- 
rdinarily lowC~/C~+~ value (---10 ' )  (Fig.  6). a~C, values for Sinian strata are also 
high (rich in ~3C), which can be distinguished from those for Upper Paleozoic strata 
by higher C~/C~+~ ratios (>600) .  This rule is consistant with the mechanism of 
isotopic fractionation, i,e., in general under thermal action the older the strata, the 
higher the temperature or the longer the heating process. Thereby, the free-energy 
of ~C is low relative to ~C, so the former is more stable. The order of stability 
can be expressed as ~C-~C > ~C-~C > ~C-~C. 

Compositional c'haracteristics of non-hydrocarbon gases 

1. Variation of acidic components The acidic components are predominated by 
CO~ and H~S/CO~ is usually less than unity. But the natural gases in T,r and T..,~ of 
Mid&le a~d Lower Triassic are enriched in H~S, especially {n the gas pools of the Wo- 
longhe region in east Siehuan where the H~S/CO, ratio reaches about 10, and one cubic 
meter of natural gas contains about 100 grams o:f H,S. In cant~ast, the natural gases in 
Triassic and Jurassic strata contain no or little H~S (Fig. 7). 

2. Variation of N~ The N, ~n ten t  in Sinian s t ra~ is within the range of 6--9%, 
but mostly less Vhan 2% in oCher strata. N~ contents Iis~ed in Fig. 7 are all based on the 

relation a = Ar 10____O0 > 1. Because the ratio of N~ over Ar in the air is 78.03:0.932, i.e., 
N~ 1.1S 

Ar is 1.18% of N, in concentration, a rar of less than 1 indicates that N, is of non-air 
o~i~in. 

Compositional cha#acteristics of noble gases He and Ar  

1. Gaseous He According to the statistics made ~Sr B. P. T~so.t .a~d D. H. Welte tS~, 
the He content in Paleozoic strata (609 gasfields) ~s ~1000 ppm, Ith, at in Mesozoic 
strata (1983 gasfields') 100---1000ppm, and that in Cenozoic (178 gasfields) ~100 ppm. 
The .distri~b,ution .of He in the Sichuan husi~ (Fig. 8) a~ees with the abo~e statistical 
rule; i.e., it is greater thwart 1000 ppm in the Sinian ~and C,aanbr~n series a~d I(D---1000 
ppm in the Triassic and Ju,~assic series. But i~ the Curbon~fer(ms o~ad Perm~au series 
it is lower than statist.teal value, generally within the range of 20(0--800 ppm. T3~-h 
and J~ in some local regie~s l~a~ve .a He content range eha~acte.ristic of Ceno~zoic or Me- 
sozoic strata. In addition, as can .~s~ 'be seen from the ,figure, the He eonten~t in Per- 
mian and C arbonfferaus strata of Upper PMcozoic is Similar to th, at in Mid, d]e-Lo.wer 
Triassic. strata. In view Of the fa,c~ that He a~i.gi, na~s froqn the dec~y ~ r~diaacti~e 
elements (U, Th, K) and is ac(~u~uiated with the .aging o4 ~ strata a,l~l occurs with the 
enficb_me~t ,of sollub.le gases and free gases, the o]:der the straJta, the higher the He con- 
tent (known ,as the "stratum-accumulation effect").  Disagreement o.f He ~ariation in 
gas pools with this rule may pr~aibly .be accounted fer by the po~r cl~sture of the strata 
which led to the d i f f~s i~  and thus. decrease of He, ~ ,by ,the mig~ti, on of deep gas 
sources wh'ich caused the ~,crease. of He in the new-hostix~g s~rata. 

2. Gaseous Ar ]n natural gases Ar takes two f o r m s - - o n e  is of air origin and 
the other of radiogenic origin, so it is usually a mixture. According to the data obtain- 
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ed from 60 wells in the Siehuan basin, Ar,i~ and H e / A r  increase, bu t  Ar~,aio and 
+~ decrease with the aging of the strata.  

Table 1. 

Variation of Ar in Samples of different ages and from different areas** 

Area 

~ ' -~  Item 
Age ~"-...~. 

J !  

T~ 

T l ~ z  

P, 

Z~ 

Southwest Siehuan (SWS) 

36 

32,--7C 

36""4[ 

363~ 
468 

445 80 9.74 

435~ 17~ 6.11~ 
1057 181 14.57 

694~ 17~.,21 5.59~ 
1069 12.40 

i440~ 12"-34 5.39"-" 
9255 6.14 

South Sichuan (SS)* 

o 

L5~2~ 

I4"-'3~ 

32~67 758,-- 
1348 

37~*-'5~ 268~ 
1148 

o 

7.73~ 
15.63 

East Sichuan (ES) 

o 

,r 

96 

25"63 

19~58 

686 

442,- 
1371 

568 ,~ 
1422 

74 

15~9~ 

13,~57 

o . .  

18.2: 

8.57~ 
20.8C 

$.92-- 
23.1~ 

* Data from T,~ only, 
** Revised from the data of Lanzhou Institute of Geology, Academia Sinica (1978) (in ppm). 

Characteristics of gaseous Hg e~bundance 

From Fig. 9 plotted according to the data of the MinisCry of Geology and the Lan- 
zhou Insti tute of  Geology, Academia Sinica, it is evident tha t  the general tendency of 
variat ion in Hg  content  of na tura l  gases in the Siehuan basin is: Hg  is h igher  in ter- 

restrial  facies than in marine facies, in detri tal  rock formations than in carbonate forma- 

tions, and in coal series than in non-coal series. Natural  gases in the Upper  Triassic coal- 
series of terrestrial  facies have the highest Hg, mostly amounting to more than several 
thousand ng /m 8 (of 28 wells, 19 contain more than 1000 n g /m  8 of gaseous Yig) with the 

maximum being 39000 rig/m, s (according to the Lanzhou Inst i tute  of Geology,the maxi- 
mum is 50000 rig/mS). In  Triassic, Permian and Car~onliferous marine-facies .ea,~b.onate 
gas p~,o,ls the Hg  c(mte~t general ly reaches several hundred  n g /m  8 (+of 41 wells, 29 con- 
tNn more than 100 ng/~n ~ of t tg )  with the maxiraum ,being 3600 r~g/m ~ Caceovd~ng to 

the Lanzhou Instital,te of Geology, the m~aximurm is 1250 ng/mS). In  Sin~an d~oraiSe 
gas-pools the t I g  content is usually liow (in 50~: out  of 10 wells the t Ig  content is less 
th,a~ 1,00 ng /m  3 wi~h the maximum being 8085 rig/m3). Natura l  gases in o~l pools oc- 

curr ing in the Jurassir  rmn-coM series l~a~ce a high Hg  content. All the three wells 

tested contain more than 1000 (1440, 2133, 2680) ng/rn 3 of gasO0uS ttg.  As shown 
~bove, the Hg  eonter~t in n~tu~al g~ses ~ ~u, ch ~i.gher than ,its aver~age in ~he a i r  (3.6 
ng/rn 8 determir~ed by  Geblogical Bri:~ade 101, 5Ii,nistry of  Ge~lk~T) ~, i~dica~ing tI~at 

all the t ~  determined falls within the Hg  range (ff natural  gases (F}g. 9). 

A n a l y s i s  o f  G e o l o g i c a l  F a c t o r s  

As stated above, the characteristics of natural  gases in the Sichuan basin are des- 

cribed in the following: 
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Fig. 9. Gaseous Hg content in natural gases from different series 

(for the rest explanations, see Fig. 4). 1. T3,~ T3h2,~.~-2+3. 

ES 

A2 

NES 

1. The maturity of organic matter is a main factor affecting the compositional va- 
riation of natural gases. Temperature and time are the essential causes which determine 
the maturity of organic matter. Oil and gas were derived from the decomposition of 
organic matter (kerogen) under the action of tempe ,mture and :time, an.d further evolved 
with increasing maturity in the sequence of oil:--,eondensate---~wet gases--~dry gases. The 
characteristics of Sichuan natural gases in both longitudinal and lateral distributions 
have reflected the generality of the mechanism described above. In the northwestern 
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part of the basin the m~a,turity of organic ma,tter is lowest (R~ ~4~, ~o 6il seepage, 
soft 4bitmnen and biVtmcen veins occur either in Paleozoie or in Meso.zoic stra,ta there. 
Again, in ,the core of the Luzhou paleouplift the Upper Paleozoic strata still remain at 
the early stage of high maturity (R~ and, as a consequence, light crude 
oil and condensate were observed in Permian limestone beds at Yangxin, where the con- 
tent of heavy hydrocarbons in natural gases is increased remarkably. But in the other 
regions of southeast Sichuan remaining at the late stage of high maturity (RC=2.00.~ 
2.50%) no condensate was observed and the content of heavy hydrocarbons in natural 
gases is, in most cases, around 1%. In going northward to Laoguanmiao, the tI2S con- 
tent in natural gases also tends to increase relative to the regions.mentioned above. Jud- 
~ng  from R~ determined from P211, the strata should designated to the early 
s~age o~f overmatur~ty ('R~ Up to Mesozoic, tLhe vast a..r.e~ of central a~d 
southeast Sichuan remained at the ma~re  stage, so crtcde oil or oil occurrences were ex- 
tensively discovered in the Jurassic series. In north Siehuan crude oil has generally 
evolved into c o n d e n s a t e -  wet gases because of deep burial and high maturity. Crude 
oil or condensate also occurs in the Triassic series in souf~heast Sichuan where the con- 
tent c~f hear t  hydroearl~ons ~in natural gWses is generally higher than that in the produc- 
tive ~ d s  of the u~de~lyi~ng Pale~zoi~ strata. The major c~nmercially productive re- 
gion in the Lower Paleozoic and Sinian strata is the Weiyuan gasfield where the 1~ ~ 
v~,lue of c~,tmnaceous bitumen is greater tha~ 4.60%, irLdicating a late stage v,f over- 
maturity (R~ Thus, the gas occurrences in the fia4d are predominated 
by dry gases with a small amount of CH4. Mea~lwhile, t~e cVmposi~ie~ of c~rbon ~sotopes 
in CH~ is typified by a high 51sC~ value which is indicative of the increase af ~fituri~y. 
Therefore, it shbuld Jbe assigned to the preduct of the late stage of thermal evolution 
(pyrolysis). 

In short, the distribution and development of oil and gas and the geochemical cha- 
racteristics v.f natural gases are all ,cJlosely related to the maturity stages. This may well 
explain the obvious longitudinal zonation of natural gases (Ts;ble 2). 

2. The type of source matter directly ~affects the comp~itian~l characteristics ~)f 
natural gases The geochemical characteristics of nfatural gases vary with the degree of 
maturation, which is reflected mainly in oil and gas derived from the source matter 
(type-I and -II kerogen). I f  the source matter rest>onsible for natural gases is composed 
mainly of dispersed organic matter or humic c,oal of type I I I  tLhe geochemicoi] characte- 
ristics of na%~ral gases also vary accordingly, but d.on't agree with the maturity stages 
of type -I and -II source matter. In other words, crude oil facies does not ~mcessarily 
&ppear at the mature stage, il~stead, condensate-wet gases or dry gases will be the major 
products. For example, organic matter in the Upper Triassic series is a mixed type com. 
posed mainly of type-III source matter, and, as a consequence, although this series in 
central or northwest Sichuan is at the mature stage (R~ condensate-wet gas 
assemblage is still observed and CH~ has heavy values (geners~lly arOul~d---36~0 ) ~as such 
is the case with the J~ mat~re stage in central Siehuan, but 5~C~ values for oil-pool as- 
sociated gases derived from type-II source matter are generally lower ( - -  40 . . . .  4 0 ~ ) .  
F~r another ex,ample, in the extol f(~muti~ns of the Upper Pale~).zoie Longtan Group 
which are extensively developed in central and sc~th Siehuan, organic mutter is of 
ln~mic type and *the gas pools 'in the overlying Ch~nxing l,iznestones in the Lu~h~)u dis- 
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Table 

Relationship between the maturity (stage) of organic m t ~ e t  

Age 

J~c 

J1 t 

T3x-h 

P|l  

P1, 

~2 

-(-2 I-3 

Z~ 

Maturity 

Low maturity 

area 

Immature 
/ 

NWS 

Early mature 
stage 

c s  

Late mature 
stage 

/ 
NWS 

Early stage of 
high ~atur i ty  

SS 

Early stage of 
high ~aturlty 

SS 

Early stage of 
high maturity 

SS 

Early stage of 

high maturity 
1 

ES 

Early stage of 
over-maturity 

Weiyuan 

Late stage of 
over-maturity 

Weiyuan 

High maturity 

area  

Mature 
I 

CS 

Late mature 
stage 

NS 

Early stage of 
high ~naturity 

NS 

High maturity 

stage 

SES 

Late stage of 
high maturity 

SES 

Late stage of 
high ~atur i ty  

SES 

Late stage of 
high maturity 

/ 
NES and ES 

Early stage of 
over-maturity 

CS 

Late stage of 
over-maturity 

CS 

~atural  gas type 

Low maturity 

area 

Assoeiated gas 

Wet gas 

Wet gas 

Dry gas with 

high CH, 

Wet gas 

Dry gas with 

high CH4 

Dry gas 

Dry gas with 
relatively 

low CH, 

(C,<9o%) 

C,H$/TOtal HC% 

Low High High maturity matur- 
maturity ity 

area area area 

Associated gas 20• 

Wet gas 10~20• 15• 

Dry gas 10• <5 

Dry gas 10~15• <5 

Dry gas with 1.5• <I•  
high CH4 

Dry gas with 10•177 1• 
high 0H~ 

Dry gas with 1• <1 
high CH4 

Dry gas 0.3-{- 0.25a u 

Dry gas with 

relativeyl 
low CH4 

(C, <90%) 

<0.3 <0.2 

* South Siehuan is referred mainly to the Luzhou region; all the data eited are those with a 
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2. 

and t h e  geochemical  characteristics of natural gases 

Dryness moduls 
c,/c+ ~"c,%o 

Low High Low High 

matur i ty  matur i ty  l matur i ty  matur i ty  

area area area area 

Note 

<5  

5+-- 10• --44+-- --40+-- 

10• 20+-- --35+-- --33+-- 

<i0 > --36 50+-- -- 32 +- 
(>1o+-,) ( - a 4 + )  

P;,-33+'_ 

100+- >200 - 3 8  -32+-- 

P h i -  39 

10+- 200+-- ( - -34•  --32• 
(50+--) 

100+- 200+ --33+- --32+- 

300• 400+-- --32+-- 

>500 >1000 --32+-- 

frequency of>50%.  

Oil-pool associated 

gas ( thermocataly tic 

gas) 

Gases from Type HI  

and Type I I - H I  

kerogen 

In low matur i ty  area 

only wet gases 

occasionally 

occurring 

Gases from Type-III  

kerogen dominant 

In low matur i ty  area 

only wet gases 

oceasional[y 

occurring 

Low matur i ty  area 

referred to 

Xiangguoshi 

Gas-occurrence in CS 

Gas-occurrence in CS 

(more than 99.5% 

CH4 i f  nonHC gases 

are excluded) 

Matur i ty  R~ 

<0.50 ( immature s tage)  

0.50 
I 

1.00 (early a n d  iate s tages  
of matur i ty )  

1.35 

2.00 
(early and late s tages 

2.50 of high matur i ty )  

4.00 
(early and late s tages 

6.00 of over-maturl ty)  
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triet of so{ath Sichuan belong to the early stage of high maturity, but neither condensa- 
te nor wet gases are foun,d, and :the heavy hydvocar~aon co.ntent is extremely low (usual- 
ly ~ 1%). That is precisely because the hydrocarbons derived frown hnmlc matter ~on- 
sist mainly o,f gaseous hy4r.ocarbons, and even th~ug~ some liquid hydr~car~ns ,and 
heavy hydrocarbons e,ould be fo~med during eoal~fiJeati~)n, they could ~be hardly released 
owing to being adsorbed on ao~al .beds or carbon-high ,beds. 'Therefor, e, light e~t~de oil 
and condensate are frequently o~bserved in the P2 ,limestone-gas pool in the same region, 
and the c~ntent of heavy h~roeax~t~ons in natural .gases .also tends to increase. So it is 
of no db~bt that these findings ~re all related to the type of sau~ce m~ter.  

3. Some geochemical ~haracteristics of natural gases in the coal series 

Take natural gases in the Upper Triassic coal series in northwest Siehuan for ex- 
ample, for more data are a~,afla])le. St~afiigraphiea~y, the series i~ eo~posed o~ .Vwo 
gas-generating assemblages (npper and lower). In the serapes, 97~3,, consists ~f ,durk- 
colored a r g i l l ~  rocks and contains ~bundant coal beds or coal lines, which consti- 
tutes the parent r~ks  u~ l  also serves as ~ cover an~d T~i 4 con~iists o~ grey san~lstones and 
serves as .a reservoir; T~  3 is the lo~wer assemblage and T]~ ~ the upper assemblage. The 
series itself is a eomp,le,te system for gas formation, preservation and capping. Natural 
gases in the up:per assemblage seem unlikely to have come from external sources. This 
makes it possible to discuss the geochemical c]~aracteristics of ooal-series gases. Indus- 
trial gas flows have been discovered one after .an~daer in the ~l~u~ures of Zh~n~bu, 
Yuquan, Xi,a(>quan, La~a~mn~n~a~o, Wenji'achang and Tobaeh~mg. They have now become 
the ra, ajor gas pools in the region. In the following we'll compare ~oal-series gases' with 
~il-pool assvci'ated gases in the adjacent Jurassic series 'as well as with oil-therm~cracked 
gases .in the Carboniferous series in the Wol(~ghe region, east Sich~an a~d th~se in the 
Sinian series in Weiy~m, s~uthwes~ern Sichuan. As can 'be seen, they feature h~gh 
dryness module (high CH~), hligh content of gaseous Itg, high super$ority of isomer, 
high c~l~on isotapie val~'e ~r~d low contanr of heavy hydrocarbons (Talbl, e 3.) 

1) High dryness module: Comparisons made in the same region, especially in the 
sa~ne structure of 'between adjacent regions at similar maturity stages in, dilate that 
T~, has a module of 10+ or >10, T~ 20_+, and T~ and J~ in central Sichuan 
5 ~=, indicating thar the coal series strata are rich in CH~. 

2) High gasequs Hg: The enrichment of gaseous Hg is generally thought to be 
characteristics of the gases formed in coal series strata, especially during coalification. 
For the ~ime being, its formation mechanism is interpreted by such a process that a 
considerable ,~m~unt ~f Hg ~ras ~dsorbed on organic matter during coalification, and 
then the adsorbed Hg was gasified ~s the temperature rised and took part in the mig- 
ration and accumulation of natural gases. As can be seen from Table 3, the Hg content 
in T~-h gases is mostly greater than 2000 or 5000 ng/m a with the maximum being 5000-- 
39200 ng/m ~, which is the highest value so far reported. 

3) High isomer superiority: Statistics on isomer superiority, which is so called 
when iCJnC~ and iC~/nC~ are greater than 1, indicates that the ratiosin gases from 
5 wells in the upper gas assemblage T~.~ are all greater than 1, from 23 wells in 
the lower gas assemblage are, for about 40%, greater than 1, and for Jlt and T]~ 
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about 50~ of the sites tested have a iC~/nC5 ratio of greater than 1; the rest all 
exhibit normal superiority. 

4) High carbon isotopic value : The (}13C value of CH~ in Tsx is generally --36~ 
greater than that in the overlying Jlt ( 40, 44O/oo). The (~1~C value of C~Hs is quite 
different from that of oil-thermocracked gases. I t  usually falls within the range of 
--26 ~--270/00. So the variation of 13C value seems to have an important bearing on the 
type of gas-generating source matter. 

5) Relatively low heavy hydrocarbon content: In natural gases in the upper as- 
semblage heavy hydrocarbons comprise 5% (~f the total HC, whi,le in the overlying Jlt 
and underlying T~ it amounts to 10-~15%, ~vhich runs counter to ~he interpretation on 
the basis of maturity stages, i.e., it is not only lower than that at the same maturity 
stage, but also than that at higher maturity stages. The geochemical characteristics o,f 
coal series ~o~ses menti~md s ~ v e  reflect the ~basic characteristics of the ~ 1  series in 
Upper Triassic strata. Thei~ source matter is believed to be cx~mposed m~inly of type-III 
ker~gen or type-II-III kerogen with type I I I  dom.inant. Their pree~m'so~ ~re some hig- 
her pl~ants, such as coniferous and breadleaf trees and pteridop~hyta which are ~typ~fied 
by the enrichment of xylon an<l celltflose (usually >40--50%),  the ,depletion of H, log" 
H/C ratio, high O, N a~ l  S, dominating aromatic HC strueta~re, high ea~,l~on isotc~ic 
wlue (close to the average af wo~---250~0) tS~, low saturated HC in soluble organic 
matter and S/A r~tio <1. 

4. Grea~ influence of wall-rock assemblages on the acidic composition of natural 
gases 

The characteristics of wall-rock affect remarkably the camposition of n~tur~l gases, 
especially the content of gaseous H~S (Fig. 6). Natural gases rich in H~S occur in the 
Middle-Lower Triassic series. The profile associated with gas pools consists of gypsum 
an, d carbonate interbeds, the former serving as a good cover for the gas pools and also 
creates an environment favourable for the reduction of sulphates in the presence of hyd- 
~c~arbons. This fe,s~ure is consistent with the general tendency (~bserved elsewhere in 
the vcotd----H~S in ~ t u r a l  ~ases tends to Jinerease in the strata v2here the carbonate- 
sulphate assemblage appears. 

5. Influence of the age of gas pools on the c~mposition of n~ble gases in natural 
gases 

The noble gases He and Ar in gas pools stem mainly from the ,decay of radioactive 
elemenVs in the strata ta~. They were accumulated at the time of formation of gas sources, 
and gathered, migrated and renewed along with soluble a~d free gases, ther~by the 
gas sources c,e~ld ~)e traced. As evidenced by the ~ata f~-~m the Sich~an ~asi,n, the 
abundances of noble gases in Paleozoic, especially in Lower Paleozoie strata coincide 
with the statistical levels given by B. P. Tissot ~*], i.e., He content is higher than 1000 
p:~m and, in Sinian strate, it fall,s mostly around 2500 ppm; 9r content is as 'high as 
363 468 ppm with the ~~ ratio standing between 4440 and 9255, which makes 
the Sinian strata distinguished from the Paleozoie ones. There is almost no difference 
in I-Ie and Ar contents between Upper Paleazoic strata and Middle-Lower Triassic stra- 
ta. With a few exceptions (e.g. J,~ in Shapingba, east Sichuan) the He and Ar contents 
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in Mesozoic strata also agree with the statistical abundances E3~, i.e., He falls within the 
range of 100--1000 ppm. The al~ave d~stribution characteristics of the noble gases are 
in good agreement with the development and distribution of oil-gas source strata in the 
Sichuan basin. The oil source rocks are mainly Lower Cambrian and Lower Silurian 
dark claystones, Lower Permiau clay and micritic limestones, and Lower Jurassic dark 
claystones. The gas source rocks are principal ly the Upper  Permian and Upper  Trias- 
sic coal series. I t  may be concluded that  the d, ifferences in formation time for diffe- 
rent  gas sources may  reflect the above.described differences in noble gas composition for 
natural  gases. 

Conclusions 

1. Oil and gas in the Sichuan basin are of extensive distribution in time and space 
from Sinian to Jurassic with natural  gases being .d~omin.a~t. 

2. Natura l  gases in the Sichuan basin consist mainly of oil-pool associated and 
coal-series gases. Their  form~.tion is closely related to matur i ty  stages. Longitudinally,  
they are mainly related to the high-maturi ty and over-maturi ty stages except for  Juras-  
sic gases which are related to the mature  stage. They also feature a clear zonation. 

3. Significant differences are noticed in geochemical characteristics between the 
coal-series gases and the oil-pool associated gases. For  instance, coal-series gases in the 
Upper Triassic s t ra ta  of northwest Sichuan are typif ied by high dryness module, high 
gaseous Hg content, high isomer superiori ty and high carbvn isot~pi~ v~lue, and low 
heavy hydrocarbon content. 

4. The type of wall-rock assemblage has an important  bearing on the composition 
of non-hydrocarbon gases. Fo r  example, the profile of carbonate-sulphate rocks is favo- 

rable to the enrichment of H.~S. 

5. The distribution characteristics of noble gases are more or less consistent with 
the ages of oil-gas sources. In other  words, the compositional distribution of noble 
gases is related to the age of a gas source. 
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