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1-Introduction

Reservoir geochemistry can help determine paths for or barriers against the fluid flow in oil and gas fields
(Hwang et al., 1994). Therefore, the best instrument for assessing the molecular composition of an oil sample is
the gas chromatography technique (fingerprint; Kaufman et al., 1990). Dehluran oilfield produces oil from
Asmari and Bangestan Formations as a reservoir. In this study, the trends of changes in geochemical parameters
(Such as biomarker and carbon isotopes) was evaluated across the reservoirs and then, performing high-
resolution gas chromatography (HRGC) and finally lateral and vertical reservoir continuity was examined
across the field.

2-Geological setting

The Zagros basin is generally divided into three parts: The thrust zone, imbricated zone, and folded zone
(Sepehr and Cosgrove, 2004). Dehluran oilfield, located in the west of Dezful Embayment, is a part of the
Zagros fold-thrust belt. Based on previous studies in Dezful Embayment, Kazhdumi and Garau Formations are
located in the oil generation stage and are considered the primary source rock (Bordenave and Burwood, 1990;
Alizadeh et al., 2012).

3- Material and methods

In order to perform geochemical studies in this study, four wells (X1 well from Asmari Reservoir and Y1, Y2,
and Y3 from Bangestan reservoir) with suitable distribution across the oilfield were selected. Figure 1 shows the
position of reservoirs horizon along the stratigraphic column in each of the wells within the depth range of 2800
— 4500 m. Based on geophysical data, two faults were identified on the Dehluran structure; these could have
acted as barriers or conduits against the fluid flow (Fig. 1).

The whole oil samples were subjected to GC analysis on an HP 5890 Series Il apparatus equipped with a
capillary column of 30 m in length, 0.2 mm in inner diameter, and 0.25 um in inner thickness, and a flame
ionization detector (FID). GC-MS analysis was performed on a saturated fraction on a Shimadzu QP2010SE
apparatus. Also, in order to carbon isotopes and CSIA measurements was used EA-IRMS. The specific gravity
(i.e., density relative to water) is first measured using the Antonpaar SVM-3000 method detailed in ASTM
D287 to derive the API gravity. HRGC and GC-MS of analysis were carried out at the Petroleum Laboratory of
RIPI (Research Institute of Petroleum Industry) in Tehran, Iran. Also, the carbon isotopes were conducted by
the Aachen laboratory (RTWH University) in Germany.

4- Discussion
4-1- Bulk composition
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Four samples were analyzed in terms of API degree and sulfur content to assess the physical characteristics of
oils. The results demonstrated that the API degree increases, the sulfur amounts of the oil decrease in the
reservoir.

2800(m)

4500(m)

Fig. 1. Location map of the Dehluran oilfield wells and identified faults (red dotted lines). The well X1 is
producing from Asmari reservoir and other wells (Y1, Y2 and Y3) are producing from Bangestan reservoir.
The green dotted line across the Dehluran structure considered the probable discontinuity reservoir between of
well Y2 and other wells identified based on the this result research.

4-2- Depositional environment

The values of calculates terrigenous/aquatic ratios (TARs; Bourbonniere and Meyers, 1996), the plot of Pr/nC17
versus Ph/nC18 and steranes ratio (C29/C27(20R)) versus the Pr/Ph ratio (Mackenzie, 1984) and other
parameters in studied oils indicate source rock deposited in reducing marine environment and derived from
kerogen type Il organic matters.

4-3- Lithology of source rock

Based on the distribution of hopanes (m/z 191), all of the oils showed a higher abundance of C29 hopane rather
than C30 hopane. This result illustrates carbonate source rock for the studied oil samples (Subroto et al., 1991).
Low values of the ratio of C24-t0-C23 terpanes against high values of C22-to-C21 tricyclic terpanes showed a
carbonate-marl-dominated source rock (Zumberge and Ramos, 1996).

4-4-Oils maturity

The changes trend of the 18a(H)-C27 trinorhopane (Ts)/17a(H)-C27 trisnorhopane (Tm) against C29 Ts/Tm
can be used to determine the maturity level of the oil samples (Ourisson et al., 1984). The result demonstrates
that the studied oils are located in the early maturity zone. The calculated values of the Ts/Ts+Tm ratio (~ 0.2)
in this study confirmed imperfect isomerization of the compounds and showed low to moderate maturity of the
oils.

4-5- Source rock age

According to the calculation of oleanane/(oleanane + hopane) ratio values in the Asmari and Bangestan
reservoir oils (< 0.2), Upper Cretaceous or older source rock should be considered in the studied area. It is noted
that the ratio was zero in three wells (Y1, Y2, and Y3) in Bangestan reservoir, while the well X1 (Asmari
Reservoir) indicated oleanane/(oleanane + hopane) ratios of 0.06 that could be referred to the effect of a source
rock younger than Upper Cretaceous (e.g., Pabdeh Formation) on the migrated oil in these wells. Also, the
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changes of the Extended Tricyclic Terpane Ratio (ETR) against of C28/C29 B Sterane ratio show that the
source rock was within Jurassic-Lower Cretaceous in age (probably Garau; Neocomian-Upper Turonian and
Sargelou; Bajocian-Bathonian Formations).

4-6- Isotopic changes of hydrocarbon fractions

The result of carbon isotopes trends values (Galimov plot and CSIA diagram) indicate that the Asmari and
Bangestan reservoirs are related to each other, originating from the same petroleum system.

4-7- Lateral and vertical continuity of Asmari and Bangestan reservoirs

The compounds used to identify the four oil samples using HRGC are listed in Table 1. The results show that
two petroleum families were considered in the oil samples. The Y2 oil indicated significantly different
hydrocarbon compositions from the wells X1, Y1, and Y3. In addition to geochemical data, reservoir pressure
data can be used to evaluate reservoir continuity on studied samples. As shown in Figure 2, two different
pressure gradients (i.e., 0.31 and 0.33 psi/ft) were measured for the Asmari and Bangestan reservoirs in the
studied wells. Based on the results, X1 and Y3 wells have shown vertical continuity between Asmari and
Bangestan reservoirs, and on the other hand, Y1 and Y3 have excellent lateral continuity in Bangestan reservoir.
It should be noted that Y2 exhibited different pressure gradients, indicating discontinuity to other wells. These
results are also confirmed by reservoir geochemistry analysis. The green dotted line (Fig. 1) the Dehluran
oilfield considered the probable fault identified based on the reservoir geochemistry studies.

Table 1. Quantity and chemical identification of branched and cyclic compounds of crude oils from
Dehluran oilfield (Asmari and Bangestan reservoirs).

Wells  Depth (m) a/b c/d e/f g/h ilj k/l m/n olp qlr
X1 2870-2876 0.86 0.69 1.00 1.28 1.35 1.25 1.43 0.83 0.91
Y1 3914-4065 1.26 0.83 0.91 1.44 1.4 1.68 1.37 0.64 0.92
Y2 4160-4360 1.2 0.92 1.01 1.38 0.88 2.34 1.48 0.31 0.73
Y3 4475-4487 - 0.8 1.3 1.43 1.39 1.49 1.42 0.71 0.95

a = 2- methylpentane; b = 3- methylpentane; ¢ = 2, 3- diethylhexane; d = 3- methylhexane; e = Ethylcyclopentane; f =
2, 4- diethylhexane; g = 2- methylheptane; h = 3- methylheptane; | = 2, 6- dimethylheptane; j = 1,1,3 -

trimethylcyclohexane; k = m + p Xylene; | = 4- methyloctane; m = 2, 5- diethyloctane; n = 2- methylnonane; o = 3 -
methylnonane; p = 1, 2, 4- trimethylbenzene; g = 2, 5 dimethylnonane; r = 4- methyldecane.
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Fig. 2. The plot of formation pressure versus depth in Asmari and Bangestan reservoirs in Dehluran oilfield
wells.

5-Conclusion

* Assessment of the studied oils indicated that they are sour oil with an API degree, improving with decreasing
sulfur amount.
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* The distribution patterns of C27, C28, and C29 steranes, Pr/Ph, and TAR ratios showed that the source rocks
were deposited in a reducing aquatic condition with low input of terrigenous matter.

* The values of C24 tricyclic terpanes, distribution patterns of C21, C22, C23, and other biomarker parameters
show carbonate-marl dominated source rocks.

* The calculated biomarkers ratio of the steranes and terpanes indicates the studied oils are located in the early-
maturity zone.

* The values of the Oleanane Index (OI), ETR, and C28/C29 B sterane show that the source rock of the Asmari
and Bangestan reservoir oils is Jurassic-Cretaceous in age.

* The carbon isotopes on fractions and CSIA reveal that the Asmari and Bangestan reservoirs are correlated and
generated from the same hydrocarbon system.

Lateral continuity of the reservoir improved by branched and cyclic compounds (C5 — C11), and formation
pressure data confirmed two petroleum families in the studied area (Y2 and Y1, Y3). The action of a potential
NE-SW trending fault in the center of the structure might result in the distinct behaviors exhibited at the wells.
Also, excellent vertical reservoir continuity was observed in X1 and Y3 between Asmari and Bangetsan
reservoirs.
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Dehluran oilfield. Adapted from Sepehr and Cosgrove (2004).
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Fig. 2. Location map of the studied wells and identified faults (red dotted lines) in Dehluran oilfield. The lower
section further demonstrates the producing horizons along each well. The well X1 is producing from Asmari
reservoir and other wells (Y1, Y2 and Y3) are producing from Bangestan reservoir. The green dotted line
across the Dehluran structure highlights the probable discontinuity reservoir between of well Y2 and other

wells identified based on the this result study.
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Fig. 3. (a) Gas chromatograms of the saturated hydrocarbons and (b) The fragmentograms obtained from GC-
MS analysis on saturated hydrocarbons (m/z 191, 217) of the oil samples selected from wells DEH-X1
(Asmari reservoir) and DEH-Y2 (Bangestan reservoir) in Dehluran oilfield. The corresponding compounds are

listed in Table 1.
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Fig. 4. Variations of Pr/nCy7 versus Ph/nCsyg in the Asmari and Bangestan reservoirs oils indicate reducing
depositional environment and intermediate maturity.
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Fig. 5. Plot of variations of C2/Cy7 (20R) steranes versus Pr/Ph ratio; the plot clearly indicates that the studies
oil samples were originated from a reducing algal source rock.
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Table 1. Identification for numbered peaks in figure 3 (Terpanes and Steranes).

Terpanes Peaks of m/z 191

Compound No. Formula Assignment
1 Co7rHas C2718a(H), 21p(H)-22,29,30-trisnorhopane (Cz7 Ts)
2 Co7rHas Co717a(H), 21p(H)-22,29,30-trisnorhopane (Tm)
3 CosHag Cas17a(H), 21B(H)-28,30-bisnorhopane
4 CagHso Ca917a(H), 21B(H)-25-norhopane
5 CagHso C2918a(H), 21B(H)-30-norneohopane
6 CagHso C2017B(H), 21a(H)-30-norhopane (normoretane)
7 CaoHs2 Cs017a(H), 21B(H)-hopane
8 CsoHs2 C3017B(H), 21a(H)-hopane (moreane)
9 Cs1Hs4 17B,21B(H)-30-homohopane (22S & R)
10 CaoHsg 170,21B(H)-30,31-bishomohopane (22S & R)
11 CasHss 170,21B(H)-30,31,32-trishomohopane (22S & R)
12 CaaHeo 170,21B(H)-30,31,32,33-tetrakishomohopane (22S & R)
13 CasHe2 170,21B(H)-30,31,32,33,34-pentakishomohopane (22S & R)
Sterane Peaks of m/z 217
Compound No. Formula Assignment
A - Diasterane
B,C,D - C.7-Cy9 Steranes

o= Hlsls (M/Z 217) Ll ol (SaiSTyy 65501 0 alyoo o5
sl GlpSw oosmo Lis La abges o Lyl yiwl 4 Lyl b
(Peters and ool ool i bulpd g ) 5l uid Glo,S
Cx 3 Cos Co7 Sl ol s Slgl3 .Moldowan, 1993)
S8 eslaiul 5550 glo)B 5 (lyo Sladazme (ialazr Cga Slg o
S 5l S Laasses 10 Cog 5 Co7 sl sl (Slgl 3 5,5
=l jo el ol aS wil o slo,B olge (69955 b b0 slice
(Peters and Moldowan, ss,5 - aul 095 4 5 cpeien

1993; Ekpo et al., 2013)

Slea—s 5w (18a(H)-oleanane) Ll 5L sgu

(Moldowan il e Jle (lalSy (Glo S Hlald) lap yawgs 33
obiad! (asls 5l eoliul o] slas p)l57 51 S, et al., 1994)
<! (Oleanane/C30 Hopane) (Oleanane Index, OI)
saias Hlis (ao,s Yol i) YU Ol lls slozis oS ek 4
5 =65 5wl O polie 5 0l Jle lalS 5459 4 (slo,18 clika
a5 oleg 50 o5 lo,B olge b ol o slice S e lis (ao ) V-
oo duwle polis (HUNE, 1996) wib o slice Ko o
Mdmowou&uMQ)HGL@;ﬁuﬁL&)oOI
Gloy)L8 olse b ol yo les )59 jame g slive slaSinw (55135,
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Table 2. Bulk composition and molecular parameters of crude oils from Dehluran oilfield (Asmari reservoir

(X1 well) and Bangestan reservoir (Y1, Y2 and Y3 wells).

Wells  Depth(m) APl  S% CPI ';L/ Pr/n-Cy7 Pgll 2 TAR ngé?;:;rffm Ca0/C3oHopane
X1 2870-2876 19 461 0.96 0.75 0.42 0.61 0 1.31 1.71
Y1 3914-4065 27 3.44 0.95 0.67 0.30 0.47 0 1.42 1.89
Y2 4160-4360 22 3.57 0.93 0.70 0.28 0.44 0 1.29 2.01
Y3 4475-4487 24 3.39 0.64 0.56 0.30 0.41 0 1.37 1.53
oL/ CarlCar CaulCos Tricyc.  Ts/  CaeTs/  OL/OL+ Ca8/C2s BB
Wells  Depth (m) Tricyc. ETR
CsoH Terpane Tm  CypTm Hop. Sterane
Terpane
X1 2870-2876 0.06 0.95 0.26 0.23 0.06 0.06 0.88 0.60
Y1 3914-4065 0 0.92 0.23 0.20 0.06 0 0.97 0.69
Y2 4160-4360 0 0.92 0.23 0.20 0.06 0 0.99 0.67
Y3 4475-4487 0 0.95 0.26 0.24 0.07 0 1.14 0.73
. - 8BC
Wells Depth (m) 513C saturate 513C aromatic 513C whole oil esin 513C asphaltene
(%0) (%0) (%0) (%0)
(%0)

X1 2870-2876 -27.2 -27.0 -27.1 -26.5 -27.4

Y1 3914-4065 -27.1 -27.1 -27.2 -26.7 -27.6

Y2 4160-4360 -27.2 -27.2 -27.2 -26.7 -27.9

Y3 4475-4487 -27.3 -27.0 -27.1 -26.8 -27.6

Pr/Ph = Pristane/Phytane; Ol/CzH = Oleanane/Cz17a(H), 21p(H)-hopane; Ts/Tm = 18a(H) — trisnorhopane/17a(H)-
trisnorhopane; TAR = (Ca7+Ca+C31)/(C15+C17+C1g); CogTS/CagTm = Coo18a(H), 21B(H)-30-norneohopane/Cag17a(H),
21B(H)-25-norhopane; Ol./Ol.+Hop. = Oleanene/Oleanane + Cgol70(H), 21P(H)-hopane; ETR = (C28 Tricyclic
Terpane +C29 Tricyclic Terpane/18a(H) - trisnorhopane (Ts); CPI=
[(Cas+Car+Cag+Cs1)+(Ca3+Cos+Car+Cag+Ca1)]/2(Ca4+Cos+Cag+Cs0+Ca2).

18a(H)-Cz7 Trinorhopane (Ts)/17a(H)-C27 cos
gz sl e Coo TS/TM L, 5o Trisnorhopane (Tm)
(Ourisson et al., 35 oolitl ladiges ,o Eoby o s
Slss als (¢ JSs) 00,5 o evaliv a5 jshiles 1984)
adsl Esly oogazme )3 liles e ey 5 golewl (il
99 oS 5l (S ams opl ais 5 e &8l5 (Early mature)
wiboe Sglite (i pf e adlllas 5,90 Slealy )3 sl (ons
sk ol b Cao plise @ (lyse o polie (Y Jyuz)
NG N Gl s (] polie 4S5 ek 4 sib e LRalS Sl >
2 0B g ead gyt JLL sl gl sleXw o
(Mackenzie et al., 1981; ol e jie &b sladiges
sladiges jo polie ol Seifert and Moldowan, 1980)
3 omb foliaz o5l (Sl aS 00 < IVA L /) (o axlllas 0,90
b e 3 i el oS ol a5 o s Ll
(18a (H) - 22, 29, 30 — TS ;luge aSsbxl
4 a6 pmin 5> s ,lamb 5l Trisnorneohopane)

eLico S (Lithol0gy) swbuis Sosws S 5 (ot

axlllao 890 Gleds

50,5 = osaline (M/Z 191) Lsa SusSl, jo a5 jshilea
Cas-hopane _lgl,s ol das sloce (6 low] o550 o5 (slgiis
3l oo ol ol aims e Lzs 1, Cao-hOpane & cos s i
(Subroto et wle elws 398 slozss sl 1, ailn,S elis Sim
5 C22/Co1 glail> aww lily 5 s YL polie al., 1991)
s (Y o) pls sl o CoalCos s ol polis
(Zumberge and szl oo 5yl - Bls,S Slide K 0aisS
il o> ol 5 oYL s ol as Ramos, 1996)
aalllas 3,90 slo aiges 351 0 Cos (Tetracyclic terpanes)
(Peters et al., o_sb oo b3l sl i pué 595 5 S 5
2005)
axdllan 0590 (Lt Egly 4 )0 (s

ot anale sloyiel )l by Syl Eob aslllas cl o
Slwis 285 58 Dbyl 3,90 (MIZ 191) lapl i S e
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Fig. 6. The plot of Ts/Tm versus 29Ts/29Tm indicates early maturity in oils of Dehluran oilfield.
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Fig. 7. Plot of variations of Cs/C29 B Sterane ratio versus ETR in the studied samples. Aadapted from Holba

et al. (2001) and Grantham and Wakefield (1988).
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Table 3. Quantity and chemical identification of branched and cyclic compounds of crude oils from
Dehluran oilfield (Asmari and Bangestan reservoirs).

Wells  Depth (m) alb c/d e/f g/h i/j k/l m/n olp qlr
X1 2870-2876 0.86 0.69 1.00 1.28 1.35 1.25 1.43 0.83 0.91
Y1 3914-4065 1.26 0.83 0.91 1.44 1.4 1.68 1.37 0.64 0.92
Y2 4160-4360 1.2 0.92 1.01 1.38 0.88 2.34 1.48 0.31 0.73
Y3 4475-4487 - 0.8 1.3 1.43 1.39 1.49 1.42 0.71 0.95

a = 2-methylpentane; b = 3- methylpentane; ¢ = 2,3-diethylhexane; d = 3-methylhexane; e = Ethylcyclopentane; f = 2,4-
diethylhexane; g = 2-methylheptane; h = 3-methylheptane; | = 2,6-dimethylheptane; j = 1,1,3-trimethylcyclohexane; k =
m+p Xylene; | = 4-methyloctane; m = 2,5-diethyloctane; n = 2-methylnonane; o = 3-methylnonane; p = 1,2,4-
trimethylbenzene; g = 2,5 dimethylnonane; r = 4-methyldecane.
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Fig. 11. (a-b) Star diagram of selected peak ratios from HRGC fingerprinting of Dehluran wells (Asmari and

Bangestan reservoirs.
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Fig. 12. The plot of formation pressure versus depth in Asmari and Bangestan reservoir in Dehluran oilfield
well demonstrates the presence of two different pressure gradients.
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