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Abstract: C,;- to Cy5-hop-17(21)-enes are identified by gas chromatography-mass spectrometry (GC-
MS) analysis to exist as double isomers in most samples of the Aershan Formation and members 1 and 2
of the Tenggeer Formation from well SH3. Comprehensive organic geochemistry and organic petrology
study indicates that algae and bacteria are the main biological source of lower Cretaceous sediments in the
Saihantala Sag, and this is in accordance with the existence of hop-17(21)-enes. The similar distributions
of hop-17(21)-enes and hopanes of these samples indicate that hop-17(21)-enes were transformed into
hopanes through hydrogenation during diagenesis processes. The existence of hop-17(21)-enes means that
not only the formation of organic matter is related to an anoxic environment and a biological source of
algae and bacteria, but also hop-17(21)-enes are direct indicators of hydrocarbon rock at an immature to
low-maturity stage. High hydrocarbon conversion ratio, algae and bacteria source and a high abundance
of organic matter suggest that the Saihantala Sag has the potential to generate immature to low-maturity

oil, which may be of great significance for oil exploration in the Erlian Basin.

Key words: Biomarkers, hop-17(21)-ene, biological source, immature oil, Erlian Basin

1 Introduction

Hopanoids are the most abundant group of complex
organic molecules in the geosphere (Ourisson et al, 1984).
They are ubiquitous and have a resistant carbon skeleton. For
these reasons, hopanoids are widely applied as biomarkers
in ancient sediments and oils (Peters and Moldowan, 1993).
They have the potential to provide information regarding
the original organic matter, maturity, depositional condition
and second change. Although extensive research has been
conducted on hopanes (Peters and Moldowan, 1993;
Moldowan and McCaffrey, 1995; Farrimond and Telnes,
1996), very few studies of hop-17(21)-enes has reported.
Currently, agreement has been reached for hop-17(21)-enes
on their necessary depositional conditions (hypersaline and
anoxic) and maturity significance (immature to low-maturity)
(Ten Haven, 1985; Palmer and Zumberge, 1981; Zhao et al,
2003; Zhang and Zhang, 1999). The biological source of hop-
17(21)-enes may be related to bacteria (Bechtel et al, 2002;
2004; 2007). In our work, the finding of hop-17(21)-enes in
well SH3 of the Saihantala Sag provides an opportunity to
investigate the geological significance of hop-17(21)-enes,
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including their biological source, maturity significance and
depositional environments. This paper aims to contribute
to the understanding of the geological significance of hop-
17(21)-enes through comprehensive organic geochemistry
and organic petrology.

2 Geological Setting

The Erlian Basin, a Mesozoic and Cenozoic faulted basin,
developed on the basis of the Hercynian Fold Belt between
Inner Mongolia and the Greater Hinggan Mountains, is
located in the northeast of the Inner Mongolia Autonomous
Region (Zhao et al, 1996). The Erlian Basin underwent the
formation of a Mesozoic fold belt, the development of an
early-middle Jurassic intermontane basin, a late Jurassic-to-
early Cretaceous rift valley, and the late Cretaceous-to-present
extinction of the rift valley (Ma, 2005). The Saihantala Sag is
located in the Tenggeer depression of the Erlian Basin (Fig. 1).
Based on tectonic characteristics, the Saihantala Sag can be
divided into five secondary tectonic units: the Sumute hollow
belt, the Bayan fault tectonic belt, the Duruji hollow belt, the
Chagan slope belt and the Buhe nose-shaped tectonic belt (Fig.
1). Well SH3 is an exploration test well located in the Duruji
hollow belt of the Saihantala Sag (Fig. 1). Well SH3 includes
Quaternary, Tertiary, lower Cretaceous (the Saihantala
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Fig. 1 Tectonic locanion of well SH3

Formation, members 1 and 2 of the Tengpeer Formation, and
the Aershan Formation) ond Paleozoic sediments; the lower
Cretaczous is the exploration torget. The lower Cretaceous
consists of successively developed sediments of deep 1o
serni-deep lakes (Wang et al, 2007). Mudstooe 15 the main
sediment in the Azrshan Formation and members | and 2 of
the Tengpeer Formation {Fig. 2).

3 Samples and methods

3.1 Samples

The samples, which are all nodstones, include 38 rock
debris samples and 14 cores from the Aershan Formation and
membsers 1 and 2 of the Tenggeer Formation in well SH3.

Total grganic carbon (TOC) was measured with a Leco
C5-230 analyzer (Leco Corporation, USA). Rock pyrolysis
measurement was carried out on an OGE-II cil evaluation

station (Research Institate of Petroleum Exploation and
Development, China). Organic petrology and vitrinite
réflectance measurements were made on a UMSP-50
microscopy spectrophotometer {Opton Corporation,
Germany}.

The GC=-MS measurements of saturated hydrocarbons
were carried out on an Agilent 6390GC (Agilent Corpormtion,
USA) equipped with an HP=5M5 fused silica capillary
column (60m>0.25mm 4., film thickness 0.25 pm)
interfaced 1o a 59751 mass spectrometer (glectron ensrgy 1O
eV The oven temperatare was programmed from 50 *C
(held for 1 mimate) to0 120 *C at a raie of 20 °Crlminute and
then from 120 w0 310 *C (held ar 310 °C for 25 minutes) at a
rote of 3 *Cfovnute; Helium wos nsed s the carier gas, and
the data acquisition mode wis scan'selected ion monitoring
(SCANSSIM).

Extractable organic matber (BOM) carbon isotopes were
analyzed using a Thermofisher Flash 2000EA-Mat253
isotope-rafio mass specirometer (IRMS) (Thenmofisher
Corporation, USA). The conditions for the Thermofisher
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Fig. 2 Geochemical columns of well SH3

Flash 2000EA were: the combustion tube was filled with
reduction copper, chromic oxide and silver-containing cobalt
oxide; the flow velocity of the carrier gas He was 100 mL/
minute; the flow velocity of the combustion gas O, was
250 mL/minute; the flow velocity of the sweeping gas He
was the same as that of the combustion gas; and the reactor
temperature was 980 °C. The pressure was 2x10™ mbar. 3"°C
values are expressed relative to Pee Dee Belemnite (PDB)
standard.

4 Results and discussion

4.1 Identification of hop-17(21)-enes
Hop-17(21)-enes, neohop-13(18)-enes, hopanes,

morpanes, 17B(H), 21B(H)-hopanes and gammacerane were
identified in samples from well SH3 by using standards
available in software library databases and through
comparison with published mass chromatogram data
(Schwark et al, 1998) (Fig. 3 and Table 1).

4.2 Geological significance of hop-17(21)-enes

4.2.1 Depositional environment significance of hop-17(21)-
enes

The C,, to C,; series of hop-17(21)-enes and hopanes are
identified in most samples from well SH3 (Fig. 3 and Table 1),
but no hop-17(21)-enes were found in sample SH3-2225.08.
Hopanes exist as 17a(H), 21B(H) configuration, 17(H),
21o(H) configuration and 17p(H), 21B(H) configuration (Fig.
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Fig. 3 Masx chromategrams of ME=19] and MZ=%67 for semple $H3-3350 from well SH3
#® hap-1 421 -ene, © nechop-13{1EFanes, & hopanes, & moretanes, ¥ 17(HL 21 H-hopanes, and o gammacenans

Table 1 ldentification resalts of pentacyclic iritexpennids [sheled in Fig. 3

Peak Compound Pealk Ui podnd
i J8-pomeohop- | 301 B-ene 15 17 HL 21 H}-hopane
: 3 17 2 H-Bishomoopane 210+
2 | Tad, 20 H --ortopanc 16 Trishomohop-I T2 peme 278
3 Hop-1 3¢ 1 Blene 17 Trishomohop-17(2 1 jene 278
a 178, ZIntH)- 18 170, ¥ Hi-trislsomohopane 226+

3 1T, 2005 H -hopame
[ Meohop- 1.3( 1 B)-ene

TR 2 o +
IT(H. 21 {H - M-norkopane

B Homohop-1921)pene 225
g Honeohop=1121 -ene 22R

10 I Toe, 2N -homaohopane 225
1 Te, 203 H Hesmohopane 23R+
Hishomohops | 421 ene 225
Ciammacerans: +
Bishomohops 1 421 ene 23R
13 I TR, 2o H-Reomohopane

14 17w 2WHBishomohopane 225

17HCHL, 21 {H)- homahopene
1% Tetrskishoawhop=121 kene 225
20 17, M Hi-trishcmohopane Z2R
21 Tetrskishomehop-17421 pene 220

23 17H(Hy, 2ifHp Bishomohopane
23 17 X Hitetrais homolsopame: 115
24 Pentakiskomohop- | 7{21keme 335

a5 174 29 H-tetrakishomobopas: 218
26 Fenmkiskamohop-17(21 e 22R

1 17a. 24 Hi-pewink [shomaho pane: 235
28 1% 2(Hppemtakishomohopane 22R

3 and Table 1) Bath Cyy 0o Cy 1 Ta(H) 21(H) hopanes and
Ty, to Cyuhop=17({21 Jenes exist as doublets of 225 and 22R
isomiers (Fig. 3 and Table 1) Hop-17(21}-enes were found in
mast samples of the Acrshan Formation, and members 1 and
2 of the Tenggeer Formation from well SH3. Besides the two
dominani hopanoid types. nechop-{13,18)}-ene accompanied
by 30-normechop-{13,18)-ene are present in mosi samples
{Fig. 3 and Table 1),

The distribution of isoprenoid alkane shows ihat the
Pr'Ph ratio of sample SH3-2225.08 is much greater than that
of cther samples (Fig. 2 and Table 2), indicating thal sample
SH3-2225 (8 was depopsited under axcic environments, while
the other samples were from anoxic depositional conditions,
Mo hop-17(21 }enes were detected in sample SH3-2225.08,
and the reason might be thal the sample was deposited
under an oXic environment, This confirms the possibility of
sediments containing hop-1T(21)-enes being deposited under

BN BTHIXIC ETrvirmment,

Table & Detecied genchemical parameters of the samples from well SH3

TOC  HI [ R

Sample  Horizon % mgg % oo P
SHAL.I250 KbF 1250 121 185 D4% 439 0O
SHEI3548 Kb 13548 225 411 046 435 038
SHE-2100 KW' 2100 207 615 D6l 430 DS
SH3-2200  Kb' 20 2B 692 05 435 Du0
SH3-222508 Kba 2Z508 1.B6 452 062 442 147
SH3-2350 Kbe 2350 2% 0 437 O3 43 03F

4.2.2 Binlogical searce and transformation of hop-1T21 )enes
The precursors to hopanes are €, bacteriohopanepolyols,
which are predominantly biosynthesized as membrane
constituents of prokarvote (Ourisson et al. 1584). Bottar e
al (1972) proposed hop=17(21 }enes for use a5 a biomarker
for fern and moss. While Yolkman et al (1986), Wakecham
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(1990) and Bechtel et al (2002; 2004; 2007) considered that
hop-17(21)-enes are directly contributed to sediments by
bacteria. Maceral studies have shown that sapropelinites,
which are mainly in the shape of line and debris, dominate
the maceral. The distribution of amorphous sapropelinites
occurs along bedding (Fig. 4) with many mineral-bituminous
groundmasses (Fig. 4(a) and (d)). These indicate that the
remains of algae underwent microbial degradation during
the early diagenesis, some of which formed amorphous

sapropelinites and some of which were dispersed to mineral
groundmasses forming organic-inorganic complexes, i.e.,
mineral-bituminous groundmasses. Furthermore, according
to geochemical data, the hydrogen index (HI) is high (Fig. 2
and Table 2) and 5"C values of EOM are lower than -28%o
(Fig. 5). These indicate that algae and bacteria are the main
source of biological material in the lower Cretaceous of the
Saihantala Sag. So the likelihood of hop-17(21)-enes coming
from bacteria is high.

Fig. 4 Photomicrographs of samples from well SH3
(a) Amorphous sapropelinite and mineral-bituminous groundmass, well SH3, 1250 m, member 2 of the Tenggeer Formation,
mudstone, fluorescence, x100; (b) Amorphous sapropelinite and vitrinite, well SH3, 1354.79 m, member 2 of the Tenggeer
Formation, mudstone, fluorescence, x100; (¢) Amorphous sapropelinite, well SH3, 1884.59 m, member 1 of the Tenggeer
Formation, mudstone, fluorescence, x100; (d) Amorphous sapropelinite and mineral-bituminous groundmass, well SH3, 2223.08

m, Aershan Formation, mudstone, fluorescence, x100
-28

-29

-30

0"3C, %o

34

.35 | |

Saturated
hydrocarbons

Aromatics  Nonhydrocarbons Asphaltenes

Fig. 5 EOM 5"C of the lower Cretaceous source rocks from well SH3

Samples in the Saihantala Sag reveal an extended hop-
17(21)-enes distribution with a maximum content of C;, and
then smoothly declining to Cy;, i.e., C;,>C;,>C;;>C,,>C;; (Fig.
3). The distribution of C;, to C;5 17a(H), 21B(H) hopanes is
the same as that of hop-17(21)-enes. Comparable distributions
of C,, to Cy5 hop-17(21)-enes and hopanes indicate hopanes
may have originated from hydrogenation of hop-17(21)-enes.
4.2.3 Maturity significance of hop-17(21)-enes

Hop-17(21)-enes are commonly found in modern
sediments and low thermal evolution strata. The C=C double
bond of hop-17(21)-enes is thermally unstable, and hop-
17(21)-enes are either transformed into stable hopanes or
degraded (Ensminger et al, 1977). As a result, hop-17(21)-
enes were regarded to be the diagnostic biomarker for
sediments of an immature to low-maturity stage (Ten Haven
et al, 1985; Boon et al, 1983; Kohnen et al, 1991; De las
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Heras ef al, 1997, Geochemistry and organic petrology
investigations indicaie that &, is lower than 0.™%, T, is
lower than 455 °C (Fig. 2 and Tahle 2}, and amorphous
sapropelinites fluoresce green-yellow to bright-yellow
(Fig. 4). These characteristics snggest thai the sediments
are immature to low-mamarity, which confinms the evidence
from the existence of unsaturated hop-17(21)-enes and
demenstrates the low maturity of the bydrocarbon rock.
4.3 Potential of generating immature te low-maturity
oil from Cretaceons in the Saihantala Sag

Studies has been reported that lipeids with a high
ahundance of crganic matter and a biological source of algae
can generate oil during immature to low-maturity stages
(Wang et al, 1995; 1996; Huang ct al, 2003). Hydrocarbon
rocks in the Saibantala Sag have a high shundance of organic
matter (Fig. 2, Table 2} and the main biclogical source
of hydrocarbon rocks are algae and bacteria, @ situation
which favors the generation of immature oil. A hydrocarbon

Chioraform bilumen™ANTOC, %
o ] o k-] 4}

conversion ratio (1.2, the value of the chloroform hitumen “A™/
TOC) of 12% was found at the relatively shallow depth of
10 m b0 members 1 and 2 of the Tenggeer Formation in the
Saihantala Sag, and the comesponding &, is approximately
0.4% (Fig. 6). However, the hydrocarbon conversion ratio for
the deeper sediments of the Aershan Formation reaches 16%,
and the comresponding &, is approximately 0.7% (Fig. 6).
These indicate immature o low-maturity hydrocarbon rock
had generated abundant hydrocarbons, Although immanre to
lorwr-mirturity oil has not yet been found in the Saihantala Sag.
the Aershan Formation and members 1 and 2 of the Tenggeer
Formation in other sags, such as the Bavindulan Sag (Hoang
et al, 2003}, the Erennaocr Sag, the Jiergelangtu Sag and the
Baiyinchagan Sag {Wang et al, 2007), bave hosted immature
o bow-maturity oil. These sags have experienced depositional
and tectonic histories similar fo the Saibantala Sug, As a
resuli, the Saihantala Sag has the potential to form fmmature
o low-mamunity ofil, which is important for oil exploration in
the Erlian Basin.

e .
+
+ W
A kb
ITT 11 Ol peneraiesd by & kb
""“;"" g pa R
ol kirgin

Fig. 6 Prafilcs of the bydsocarbon cowveralon ratka and &, i the Saihantals Seg (pan of dam source: Liy e al, 2006)

5 Conclusions

1) This study reported the detection of Cy; 1o Cys 1 7a{H),
21 H) bopanss and hop-17(21)-enes occuming as doublets of
228 and 23R isomers, neobop<(13,18)-coe and 30-nomechop-
(13,18)-ene in the Aershan Formation end in members 1 and
2 of the Tenggeer Formation m the Saihantala Sag.

2] The occumence of hop=17(21 -enes indicates an anoxic
environment. The biokogical source of hop-17(21)}-¢nes may
be bacteria. Comparable distibotions of bopanes and hop-

1721 }-enes ilhestraie that hopanes may be the hydrogenstion
product of hop-17(21)-enes during diagenesis. Hop-17(21})-
enes are 8 direct indicator of immanure to low-mahrity stage
sediments.

3) The sediments that cormespind to the occurrenee of hop-
1721 )-enes have a high hydrocarbon conversion ratio, high
organic maiter abundance and & biological source consisting of
algap and hactaria. These indicate that the Saikantols Sag has
the potestial to generate immature oil, and thereby broaden
the domain of oil exploration in the Erlien Basin.
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