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Abstract 

Relatively high abundance of β-carotane has been detected in some source rock extracts from Lucaogou Formation (LCG) of Jimsar Depression, Eastern 

Junggar Basin. A combined investigation of bulk geochemical study and molecular geochemical observation on 31 source rocks samples from LCG were 

carried out. The LCG is defined as good source rock with high hydrocarbon generation potential, indicated by high TOC (0.27%-13.90%), high 

hydrocarbon potential index (S1+S2, 0.15–109.01 mg HC/g) and low-maturity to maturity. The biomarkers of LCG source rocks extracts are 

characterized by short to long chain n-alkanes, a wide range of Pr/Ph (0.74-1.42) and β-Carotane (β-Carotane/Maximum Carbon, 0.16-1.92), high 

concentrations of C29 sterane, the presence of relatively low tricyclic terpanes and middle gammacerane index values (0.14-0.29). These are consistent 

with a relatively low oxidizing to low reducing depositional environment of fresh to brackish water conditions, with a major contribution of terrigenous 

organic matter input and a low contribution of aquatic algal-bacterial organic matter. Based on the correlation relationship between β-Carotane abundance 

and depositional environment and thermal maturity, it can be concluded that the β-Carotane of LCG is mainly derived from terrigenous organic matter 

and distributed in the brackish water conditions, low reducing depositional environment, but not affected by thermal maturity. However, β-carotane is 

mostly associated primarily with anoxic, saline lacustrine environment, and its biological origin was cyanobacteria and algae, historically. This study 

could provide a new research perspective for geological and geochemical significance of β-carotane and its application in oil-source correlation. 
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1 . Introduct io n 

Historica lly, f3.·carotane is associated primari ly wilh anoxic, salin.e lacustrine, or highly restrioted m arine settings , and ils 

bfo .l ogi cal Qrigi n is cyanobaoteria a nd algae (p,eters et 811., 2005). J3~carQtane has important sigllifica nee in geology, geochem i cal 

amll oLi -s.ource eonrelation , whereas pre",iolJis studies 0 111 ltIe geoooemical characler ization, dep.osition environment, and 

oonlTol ling factors of p-carotane willilin Itle Lower PermianLucaogou Formalion in Itle Ji msar Sag of Junggar lBasin were lim ited 

andl not known, W,e haye conducl ed a oom prehensive inve.sliga;tion of buill geochemical and molecu~ar geochemist ry on th e' 

Lower Permian Lucaogo Ui Formation in the J i msar Sag of Jllmg ga r Basin toO rev ea I that llile fJ-Ca rolane of Lucao:gou sou ree rocks 

in Jimsar Sag is mainliy derived from terr igenous organic matter and mainly disllributed in lIhe bracki,slil water oondilions and low 

reduoing depositioJlal enYironm ent, no l affected by lIhermal m aturity. 

2 . Geolog ic se ttin g 

T he Jim"S8Jr S8!g w ith Ihe lolal are-a .of 278 km 2 is located in the eastern uplift of J'unggar Basin (Fig. 181). T he Sag is a d'uslpan 

-shaped depressi on willi faullin-g in the w est (Fig 1 b) andl 'has be'e n th e focus of t i-g'ht oil exploration and de .. erop liIIent in C ina. 
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In recenl ),ears much prog ress has been made in the Perrmiall Lucaogou Format ion, which i s 'Ihe primary eXlJlloratQry s lJat um or 

light oil res€N oirs in ~he Jimsar Sag. CotJre and thin section ooservaf oJl and sampl e anal ysis s llow lhallhe Lucaogo Formation 

is made up oH hin lamel late tuffite an-d tuffaceous dolomile i nterbedded wiltl m udslone and si ltstone, w ith a Ihickn ess o[ 200- 300m 
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3. Or'gan ic matter abundance and Rock-E val pyrolysis 

Lucaogou source rocks .e,xhibil a w ide range in T Oe contents, laler ally from 0.27% to 13..90%. and 
with average ya lue of 2.63% . The' average .. alue of S, ami S, or souroe rock sa /lfipLes are 1.:20Il1 g/'g 
and 10.22mg{g, irl lhe range of O.01 -11 .70mg' g and 0.14-91.3 1mgJg res~ediveliy, showing that the 
source ooks have high organic m atler abundance. Most or S01..Jrce rock sam ples hav e Roc'k-Ev al T ~ 
of 436-451 "C, sugges.ting a low-mat uri ly to matu rily 
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4 , Molecular analys is 
The source roclls extracts contain a full raillge or C13-C" nalkanes an.d isoprenoids. pri stane and phjlume. An d the source rock sa mp~es of 
lLucaogou Formaiion displaywide v ariation in IJ-Carotane. Tricyclic l erpanes are low in ~he nUz 191 chrom atogram s otthe Lueao:go1J Form alion 
sou ree rock extracts (Fi g. 3) 
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5. Relationship between thermal maturity and ~-carotane 

1\ is also critical to note thai there is no obvious correlation between p-Carotane and the commonly used thermal maturity 
parameters Cnof3f3/ (al3f3+aaa) and C2~oaa20S/(20S+20R) . Therefore , we can conclude that the wide variations in f3 -Carotane 
could not have been caused by thermal maturity in the Jimsar Sag. 
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6 . ~ -carotane depositional environment 
The I3-Carotane decreases with increasing Pr/Ph and increase with increasing C)/ C3. , G/H and ETR. The correlation of 

I3-Carotane with Pr/Ph , C35/C34 , G/H and ETR indicate that the high abundance of I3 -Carotane is mainly distributed in the 
brackish water conditions and low reducing depositional envi ronment , although low I3-Carotane content is existed in the fresh 
water and oxic depositional environment. 
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7 . Relationship between organic matter origin and ~-carotane 

The I3-Carotane increases with increasing CPI , C2Q sterane, Cn T/C2 ~ T and decreases with increasing Cn sterane and C22T/C2,T. 

The correlation of I3-Carotane with CPI , C.~ sterane, C.6T/C25T, Cu sterane and C.2T/C2,T indicate that the biological origin of 
I3-Carotane is mainly terrigenous organic matter input in Jimsar Sag, not aquatic algal-bacterial and algae organic matter. 
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Appendix 

TOC, Total organic carbon (wt. %); 

S,(mg/g), the amount of hydrocarbon of free ; 

S,(mg/g), the amount of generated hydrocarbons; 

T ... ,rC) , the temperature of the maximum generation rate of kerogen cracking. 

PrfPh, PristanefPhytane ; 

Pr/C" , Pristane/C" n¥alkane; 

Ph/C Ol , Phytane/C " n-alkane; 

CP I, 2{C' l +C'5 +C" +C,.)/[C" +2(C,. +C~. +C,o)+C30J; 

v-carotane , v-carotane/Maximum Carbon ; 

fl-carotane , fl-carotane/Maximum Carbon; 

C,gT, C ,~ tricyclic terpanes ; 
C .. T, C" tricyclic terpane; 
C" T, Cntricyclic terpane 
C,.T, C'5tricyclic terpane; 
C2.T, C" tricyclic terpane; 
Ts , 180 (H)-22,29,30- trisnorneohopane; 
Tm, 17a{H)-22 ,29,30-trisnorhopane ; 
C30H, C30hopane; 
Gam., Gammacerane; 
C". Custerane 20R; 
C2e , Custerane 20R; 

e.g, C,gsterane 20R; 

China 

8. Conclusions 

Based on our bulk geochemical study and molecular geochemical observation on 31 source rocks samples , 
we inferred the geochemical characteristics, depositional environmen t and controlling factors of l3-carotane 
within the Lower Permian Lucaogou Formation in the Jimsar Sag of Junggar Basin , the fol lowing conclusions 
can be drawn: 

(1) The source rock in the Lucaogou Formation are defined as good and with high hydrocarbon generation 
potential , indicated by high TOC (0.27%-13.90 % ). high hydrocarbon potential index 
(S,+S" 0.15-109.01 mg HC/g) and low-maturity to maturity . 

(2) The biomarkers of Lucaogou source rocks extracts are characterized by short to long cha in n-alkanes, 
a wide range of Pr/Ph (0.74-1.42) and I3-Carotane (I3-Carotane/Maximum Carbon, 0.16-1 .92), high 
concentrations of Cu sterane, the presence of relatively low tricyclic terpanes and middle gammacerane index 
values (0.14-0.29) . Which is consistent with a relatively low oxidizing to low reducing depositional environment 
of fresh to brackish water cond itions, with a major contribution of terrigenous organic matter input and a low 
contribution of aquatic algal-bacterial organic matter. 

(3) Cross-plots of biomarker parameters and I3-Carotane show that the I3-Carotane of Lucaogou source rocks 
in Jimsar Sag is mainly derived from terrigenous organic matter and mainly distributed in the brackish water 

conditions and low reducing depositional environment, not affected by thermal maturi ty. 
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