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ABSTRACT

The middle Sarvak formation (Cenomanian) is one of the stratigraphic units of the Bangestan group in
the south of Iran. This formation is stratigraphically equivalent to the Ahmadi member of Kuwait and
Irag. There is geochemical evidence that indicates this unit has a high<level of organic richness and can
be a possible source rock in various locations. This study focuses on the organic geochemistry of the
middle Sarvak formation in the Persian Gulf region. Rock Eval pyrolysis, organic petrography, and kerogen
elemental analyses were used in order to evaluate the thermal maturity and determine the kerogen type
of the middle Sarvak formation. The results of this study show that middle Sarvak formation has entered
the oil window in eastern and western parts of the Persian Gulf, but it is immature in the central parts. This
regional pattern of organic maturation is probably a consequence of the regional uplift in the Qatar-Fars
arch area. The higher maturities in the eastern and western parts are, on the other hand, attributed to its
greater depth of burial. The results of the screening analyses by the Rock-Eval pyrolysis in parallel with the
results of maceral and elemental analyses show that the kerogen type in the middle Sarvak formation is

mainly a mixture of Types Il and.lIl.
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INTRODUCTION is present throughout the Persian Gulf area. A number
The Persian Gulf region is known for its prolific of geological and geochemical studies on the Sarvak
petroleum systems owing to the large number of formation in the south of Iran, particularly in the
active source rocks. The middle Sarvak formation is Zagros area, have been carried out [2-5].The goal of
considered as a candidate source rock in the studied this study is to evaluate the source rock potential of
area based on geochemical observations. This the middle Sarvak formation in the Persian Gulf area.

formation is a part of the Bangestan group and is

stratigraphically equivalent to the Mauddud, Ahmadi, Geological Setting

Rumaila, and Mishrif formations of the southern The Persian Gulf basin encompasses a thick

. . . . sedimentary succession with alternating clastic,
Persian Gulf region [1]. The middle Sarvak formation y &
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carbonate, and evaporite sediments, which makes the
area particularly prolific for hosting large hydrocarbon
deposits. The oldest sediments in the area are
believed to be the evaporites, shales, and dolomites
of the Late-Precambrian Hormuz series [6]. Generally,
there is little data about the sedimentary history of
the Lower Paleozoic in the Persian Gulf region, and the
sedimentary record comprises mostly of shales and
sandstone with rare carbonates in the Devonian and
Early Carboniferous [7]. During the Permian, carbonate
shelf deposits of the Dalan formation were deposited
under warm and shallow-water conditions. More
arid conditions during Mid-Late Triassic formed the
evaporite deposits of the Dashtak formation, which
mark the end of the carbonate cycles. The middle
Jurassic sediments mainly consist of normal marine
organic-rich carbonates (the Surmeh formation) [8]
which are capped by extensive evaporite deposits
(Hith formation) of Tithonian age [9, 10]. During
Cretaceous, three main stratigraphic sequences [11]
were recorded in the Persian Gulf area: the Lower
Cretaceous deposits of the Fahliyan, Gadvan, and
Dariyan formations; the middle Cretaceous sediments
comprising of the Kazhdumi and Sarvak formations;
and the Upper Cretaceous deposits of the llam,
Laffan, and Gurpi formations [12, 13]. A regional
unconformity marks the end of the Cretaceous and
the boundary between the Late Cretaceous and
Early Tertiary sediments [14]. Orogenic folding of the
adjacent Zagros during the Late Tertiary resulted in
rapid uplift, extensive erosion, and the formation of a
thick clastic wedge (Figure 1).

The Paleozoic structural evolution of the area generally
took place along regional basement highs [15]. Recent
deformation episodes, however, included a Late
Cretaceous event (producing NNE-SSW trending
faults) and a Late Cenozoic Zagros Orogeny event

(reactivating previous folds and causing a new set of

Journal of Petroleum Science and Technology 2017, 7(3),100-116

© 2017 Research Institute of Petroleum Industry (RIPI)

Journal of Petroleum
Science and Technology

NW-SE trending folds) [16]. Apart from these events,
most of the structures in the Persian Gulf basin are
affected by episodic salt movements to varying extents
[17].

The morphology of the Persian Gulf is highly affected
by the Qatar-Fars Arc [18]. The Qatar-Fars Arc is a first-
order structure that was created in the central Persian
Gulf following the tectonic movements during the Late
Precambrian to Early Cambrian in the region (Figure 2).
It is a very large (over 100 km wide and 300 km long)
regional gentle anticline [19]. According to offshore
seismic data in the study area, this structure has a
northeast—southwest direction in the Iranian sector of
the Persian Gulf and continues southwards to the Qatar
peninsula [20]. As Figure 3 demonstrates, the thicknesses
of .the Pabdeh, Gurpi, and Kazhdumi formations and
Ahmadi member significantly decrease toward the
central parts of the study area with a noticeable thinning
which can be due to the effect of the Qatar-Fars Arc
Paleohigh during depositional time [14].
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Figure 1: A generalized stratigraphic column of the study
area [24].
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Figure 2: Location of the Qatar-Fars Arc and distribution of Hormoz Salt in the study area [21].
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Figure 3: Lithostratigraphic cross section in the Iranian sector of the Persian Gulf through Jurassic to Quaternary
(modified after [23]).
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Figure 4: Location map and selected fields of the study area.

The sediments of the middle Sarvak formation
were deposited on a passive margin of the Neo-
Tethys Ocean. This formation is divided into four
depositional members: the Mauddud, bituminous
shaley limestone, Khatiyah in the central and western
parts of the Persian Gulf, Ahmadi with shaley facies
in the northern Persian Gulf, and the Mishrif reefal
limestone [1].

The middle Sarvak is present in all wells drilled in the
Persian Gulf. The thickness of the formation varies
from a minimum 41 meters up to a maximum of 223

meters in the northwestern Persian Gulf [1].
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The Ahmadi member is a continuation of the middle
Sarvak in the northwestern Persian Gulf (towards
Kuwait). Lithologically, it consists of 30 to 60 meters
of highly eroded shale with intercalation of thin
limestone beds. Most of the present Persian Gulf
area was beyond the deltaic influence, and until
the deposition of the Ahmadi shales, continued to
receive sub-littoral to shallow marine carbonates [25].
The Ahmadi member also consists of fossiliferous
limestones. The shale and limestone of the Ahmadi
member were deposited during Early to middle

Cenomanian in open-marine conditions on the outer

httpy//ipstripilit

| 103


www.sid.ir

Journal of Petroleum
Science and Technology

shelf at depths between 100 to 200 meters [1].

For the purpose of this study, in order to evaluate source
rock potentiality of middle Sarvak formation, cutting
samples from a total of 18 wells through the Persian
Gulf area have been analyzed with organic geochemical
methods. Figure 4 shows the location map of these wells
in the Persian Gulf. Four study blocks were delineated
to present the northwest (Block A), west-central (Block
BC), east central (Block D), and east parts of the Iranian

sector of the Persian Gulf.

EXPERIMENTAL PROCEDURES
Materials and Methods

In order to evaluate middle Sarvak formation for
hydrocarbon source rock potentiality, Rock-Eval
pyrolysis results were used in combination with

organic-petrography methods. The latter included
vitrinite reflectance measurements, visual kerogen
inspection, thermal alteration determination, and
kerogen elemental analysis following generally
published procedures.

Atotal of 77 cutting samples were selected foranalysis.
Cutting cheeps were cleaned and pulverized prior to
analysis. Vinci Technologies’ Rock-Eval 6instrument
(AGH University of Poland) and Rock-Eval 2 unit
(Research Institute of Petroleum Industry of Iran)
equipped with a total organic carbon module (TOC)
were used for this study.

Based on the Rock-Eval screening analyses, nine
samples were selected for kerogen extraction and
subsequently used for visual kerogen analyses. In
order to obtain kerogen extracts, selected rock
samples were crushed to an average particle size
of approximately 1 mm. Concentrated HCl and
HF were successively added to the pulverized
cutting samples to remove carbonate and silicate
materials respectively. The samples were washed

in distilled water repeatedly until neutrality (pH=7)
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was attained, followed by the flotation of the isolated
organic matter (kerogen) within zinc-bromide solution
(specific gravity=2) to remove residual inorganic
matter.

According to the results obtained from the screening
analyses, a total of 36 samples were selected for
vitrinite reflectance measurements. Vitrinite reflectance
measurements were carried out on both polished whole
rock block and kerogen concentrate samples by using
a Leitz-MPV-SP photometer microscope at RIPI. The
measurements were carried out in a random mode
according to the ASTM standard method [26].

Nine polished blocks and equal number of thin
sections were prepared from the extracts for the
identification of kerogen type and the determination
of .thermal alteration index (TAl).

The kerogen extract samples were used for the
elemental analyses to determine the elemental
composition of C, H, N, O, and S. The elemental
composition of the isolated kerogens (C, H, N, and S)
was determined with a Carlo ErBa EA 1108 elemental

analyzer at AGH University of Poland.

RESULTS AND DISCUSSION

Source rock characteristics of the middle Sarvak
formation were performed based on a geochemical
combination. Special emphasizing was on determining
the type, amount, maturity, and generative potential

of the contained organic matter.

Source Rock Potentiality
The results of Rock-Eval screening analyses are

presented in Table 1.
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Table 1: Results of Rock-Eval analyses for middle Sarvak formation.

Block | Well | Depth(m) TOC TouaxlC) S1 | Ss1/TOC S2 S3 PI HI ol
1805 1.93 416 130 | 0.67 |10.12 | 1.24 | 0.11 524 64

! 1509 0.54 424 0.53 | 0.98 196 | 1.88 | 0.21 363 348
1329 0.17 434 0.07 | 0.41 0.16 | 0.70 | 0.29 94 412
1650 0.70 430 0.95 1.36 1.78 | 2.88 | 0.35 254 411
2446 2.71 435 347 | 128 | 1395 | 0.82 | 0.20 515 30
2488 2.75 434 1.67 | 061 |16.17 | 1.05 | 0.09 588 38
2492 2.10 432 1.56 | 0.74 | 11.76 | 1.01 | 0.12 560 48
2516 1.87 435 164 | 088 | 1041 | 0.84 | 0.14 557 45
2518 1.83 436 1.76 | 0.96 | 10.01 | 0.88 | 0:.15 547 48
2524 2.19 433 202 | 0.92 | 1153 | 1.01 | 0.15 526 46
2534 2.54 433 3.45 1.36 | 1298 | 1.22 | 0.21 511 48
2536 2.80 433 297 | 106 |14.17 | 137 | 0.17 506 49
4 2544 3.77 431 3.20 | 0.85 |19.62 ~1.05 | 0.14 520 28

2548 4.38 436 2.86 | 0.65 | 2521 0.93 | 0.10 576 21
2550 3.66 436 246 | 0.67 | 19.7271 097 | 0.11 539 27
2564 1.28 437 206 | l.61 488 | 1.12 | 0.30 381 88
2566 3.13 436 2,67 | 1085 |16.11 | 095 | 0.14 515 30
2568 2.98 436 2,57 | 0.86| 15.20 | 0.97 | 0.14 510 33
2570 2.06 435 271 1.32 9.55 | 092 | 0.22 464 45
2572 4.13 438 331 |/ 0.80 |23.06| 084 | 0.13 558 20

A 2572 6.45 436 440 | 0.68 | 38.26 | 0.90 0.10 593 14
2574 5.57 430 4.32 0.78 | 33.19 | 0.87 0.12 596 16

5 1555 0.33 419 0.05 0.15 0.11 | 1.09 0.33 33 330
1408 1.89 412 5.23 2.77 6.08 | 2.12 0.46 322 112

1612 0.16 418 0.13 0.81 0.24 | 0.34 | 0.35 150 213

1658 0.33 420 0.31 0.94 0.71 | 0.62 0.30 215 188

1710 0.08 347 0.11 1.38 0.10 | 0.24 | 0.52 125 300

6 1311 3.28 411 0.45 0.14 | 22.18 | 2.02 0.02 676 62
1348 1.67 413 0.51 0.31 9.70 | 2.10 0.05 581 126

1378 7.13 410 194 | 0.27 |49.86 | 3.17 0.04 699 44

1394 4.03 409 1.16 | 0.29 | 26.57 | 3.31 0.04 659 82

1414 2.40 410 0.62 0.26 | 15.43 | 2.58 0.04 643 108

2 2121 1.37 422 0.41 0.30 7.98 | 0.53 0.05 582 39
2137 2.68 424 1.19 | 044 | 16.94 | 0.70 0.07 632 26

1100 0.08 418 0.10 1.25 0.26 | 0.50 0.28 325 625

1130 0.11 427 0.09 | 0.82 0.15 | 0.76 0.38 136 691

8 1035 0.48 406 0.31 0.65 0.29 | 3.13 0.51 60 652
1040 0.62 378 0.42 0.68 1.54 | 3.22 0.21 248 519

9 1862 1.49 419 3.99 2.68 2.26 | 2.97 0.64 152 199
10 1756 6.54 410 337 | 052 |36.64| 2.24 | 0.08 560 34
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Block | Well | Depth(m) TOC ToaxlC) S1 | S1/TOC S2 S3 PI HI ol
2131 1.08 415 2.85 2.64 1.23 1.08 0.70 114 100
2137 0.75 394 1.56 2.08 0.85 1.65 0.65 113 220
2173 0.37 422 0.65 1.76 0.87 1.16 0.43 235 314
1 2182 1.28 414 0.93 0.73 5.06 1.34 0.16 395 105
2188 1.35 421 1.12 0.83 4.49 1.59 0.20 333 118
2201 1.16 424 1.05 0.91 4.23 1.79 0.20 365 154
930 0.83 421 2.61 3.14 0.38 1.79 0.87 46 216
1056 0.25 *k 0.12 0.48 0.04 1.35 0.75 16 540
B and 1058 0.30 406 0.10 0.33 0.13 1.69 0.44 43 563
1060 0.54 427 0.17 0.31 0.40 1.70 0.30 74 315
¢ 1062 0.48 419 0.22 0.46 0.22 1.85 0.50 46 385
12 1064 0.32 409 0.12 0.38 0.02 1.52 0.86 6 475
1072 0.40 416 0.11 0.28 0:05 1.51 0.69 13 378
1094 0.51 404 0.11 0.22 0.12 1.60 0.47 24 314
1106 0.51 431 0.18 0.35 0.92 /- 0.63 0.16 180 124
1108 0.43 428 0.20 0.47 0.69 | 0.72 0.23 160 167
1110 0.39 433 0.21 0.54 0.57 | 0.66 0.27 146 169
13 1846 0.30 *k 0.11 0.37 0.21 1.58 0.34 70 527
1890 0.29 411 0.14 0.48 0.33 1.28 0.29 114 441
3539 0.17 441 0.26 1.53 0.20 | 0.63 0.57 118 371
14 3619 0.31 440 0.29 0.94 0.66 | 0.19 0.31 213 60
3695 0.10 451 0.19 1.90 0.09 | 0.32 0.68 90 320
3790 0.24 440 0.91 3.79 0.40 | 0.27 0.69 167 112
15 2551 0.87 436 2.58 2.97 3.96 1.33 0.39 455 153
2615 1.11 430 3.89 3.50 3.20 1.18 0.55 288 106
3578 0.38 430 0.41 1.08 1.03 | 0.70 0.28 271 184
b 16 3674 0.15 425 0.26 1.73 0.07 | 0.67 0.79 47 447
3778 0.13 426 0.27 2.08 0.00 | 0.72 1.00 0 554
3852 0.22 428 0.55 2.50 0.22 | 0.75 0.71 100 341
2260 0.44 432 0.14 0.32 0.32 1.11 0.30 73 252
2380 0.38 435 0.16 0.42 0.52 | 0.73 0.24 138 193
2420 3.86 421 0.96 0.25 14.16 | 2.73 0.06 367 71
17 2450 1.34 425 0.35 0.26 5.42 1.16 0.06 404 87
2480 0.43 432 0.12 0.28 0.47 | 0.66 0.20 110 154
2490 0.98 435 0.16 0.16 1.11 1.21 0.13 113 124
E 18 3550 1.13 429 0.58 0.51 5.16 | 0.66 0.10 457 58
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Peters and Cassa [26] presented standard guidelines for
evaluating organic richness, quality, and maturity of source
rock based on pyrolysis parameters in which a TOC value
of 0.5 wt.% is considered as the base limit for an effective
source rock. Based on this standard, the TOC range
of middle Sarvak formation exhibits variable changes
with a lateral alteration in the depositional environment
conditions.

The middle Sarvak formation in block A from the eastern
Persian Gulf area has a TOC content of 0.08-7.13 wt.%.
These values are consistent with source rocks that may
have poor to excellent source rock potential with S2
ranging from 0.1 to 49 (mg HC)/(g. rock) at an average
S2 value of 12 (mg HC)/(g. rock) [27]. B and C block in
the central part of the study area has a TOC content
of 0.25-1.35 wt.%. The middle Sarvak formation in
this area represents a poor to fair hydrocarbon potential
with respect to organic concentration. Moving to the
western part (block D), it becomes evident that the middle
Sarvak formation in this area is fair to good:in terms of il
generation potential (TOC content of 0.1-3.86 wt.% with an
average value of 0.69 and an S2 of 0.07-14.16 (mg HC)/(g.
rock) at an average S2 value of 2.11(mg HC)/(g. rock)) (Table
1). Source rock potentiality of middle Sarvak formation
was also estimated from the HI versus TOC and S1+S2
versus TOC plots from the Rock-Eval pyrolysis output.
These plots indicate variable source rock quality for
the middle Sarvak formation in the sampled areas.
According to this figure, the data points representing
samples from block B and C indicate poor to fair
source quality. Poor to excellent oil source quality is
represented for Blocks A and D located in the northwest
(Figure 5 and Figure 6). As a result, in the regional context,
TOC and source rock potentiality variation of the middle
Sarvak formation are in satisfactory agreement with the
Persian Gulf basin morphology. As represented in the
map of Figure 2, Qatar-Fars Arc played an important role

in deposition and preservation of organic matter. Qatar-

Journal of Petroleum Science and Technology 2017, 7(3),100-116

© 2017 Research Institute of Petroleum Industry (RIPI)

Journal of Petroleum
Science and Technology

Fars Arc Paleo-high divided the Persian Gulf basin
into two distinct basins, namely one in the west and
another in the east of Qatar-Fars Arc. The amounts
of TOC increase from central Persian Gulf towards
northwestern direction in the western basin and

northeast direction in the eastern basin.
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Figure 5: S1+S2 versus TOC in the middle Sarvak formation
[27].
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Figure 6: HI versus TOC in the middle Sarvak formation
[27].

Kerogen Type

The type of organic matter present in the source rocks
can be evaluated based on the plot of S2 (remaining
hydrocarbon potentiality) verses TOC and modified
Van Krevelen diagrams of HI versus temperature of
maximum generation (Tmax) and Ol versus HI. In the
modified Van Krevelen diagram of HI-Ol and HI-Tmax

and S2 versus TOC (Figure 7, Figure 8, and Figure 9),
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most of the studied samples fall in the zone of Type Il -

and mixed Types II-ll kerogen. Mixed Type II/Ill kerogen

AB&C

oD

may originate from the mixtures of terrigenous and ot

marine organic matter with varying oil and gas generation
potentials. This type of organic matter may also originally

be marine Type Il organic matter, which has partially been

S2 (mg HC/g Rock)

oxidized during deposition. Additional support is provided

bythechemicalandoptical studies of the organic matter.

These methods provide better means for defining the

0 0.5 1 15 2 25 3
type of organic matter in the studied samples. The TOC(%wt)

optical analysis of organic matter was conducted on Figure 7: S2 versus TOC in middle Sarvak [29].

selected samples from both D and A blocks. These results =

1000 AB&C
<D

revealed that liptinite is the major maceral constituent

®E

inside the middle Sarvak formation (Figure 10). This result
is in agreement with the higher amounts of amorphous
particles in the studied samples under transmitted light.
The elemental analysis data, in combination with the
Rock-Eval data, support the optical methods result.
All of the studied sample have higher amounts of

400 -

elemental hydrogen (and similarly higher Hl values),

Hydrogen Index (mg HC/g TOC)

implying that a major proportion of the. organic
matter available in the studied samples is of Type Il

(Table 2). The results from the elemental analysis of

selected samples are displayed in a typical Van Krevelen w0 "2°T ma::‘:: wo e e om0
diagram by plotting H/C versus O/C ratios. Figure 11 Figure 8: HI versus Tmax in middle Sarvak [29].
shows the Van Krevelen cross-plot for the organic matter i =

of the analyzed samples. The occurrence of uplift in the Rl m
central part of the Persian Gulf resulted from the presence 70

of the Qatar Arch provided a shallower sea in this part

of the study area. Consequently, organic matters were S @

exposed to more oxidizing activities resulting in relatively gn "

poor preservation of organic matter in the central Persian Eo

Gulf compared to the other parts. As a result, the organic = . a

matter quality of middle Sarvak formation shows an

increase in the potentiality of sedimentary environment

for organic matter accumulation and preservation by

moving from central part (block B and C) to the west ? * 10 0 0 =0
Ol (mgHC/gr TOC)

(block D) and east (block A) part of the Persian Gulf. Figure 9: Hl versus Ol in middle Sarvak [29].
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Table 2: Determination of kerogen type based on chemical and optical properties of middle Sarvak formation.

General Information Chemical methods Optical Methods
Elemental Analyze | Rock-Eval | Reflected Light Transmitted Light
Kerogen
Sample
Type

Block | Well No. H/C | O/C HI Ol | Vit. | Lip. | Iner. | Amor. | Herb. | Woody | Coaly
Interval
S-1034-

D 7 1.13 | 0.17 | 386 79 30 50 20 65 0 15 20 Il
1035
S-637-

A 4 1.3 10.03| 595 15 30 60 10 75 5 10 10 1]
638

A 4 S-645 1.4 |0.03| 576 21 | 30 50 20 80 0 15 5 Il
S-653-

A 4 1.23 | 0.05| 551 34 35 60 5 70 0 20 10 Il
654

A 6 S$-75-79 | 1.32 | 0.11 | 655 84 30 60 20 85 0 5 10 1]

6 S$-81-86 | 1.2 | 0.14 | 672 71 20 65 15 80 0 10 10 Il
Average 1.3 0.1 | 572.4 | 50.7 | 29 58 15 76 1 13 11

InputMap, © 7850

InputMag. . T840 b0 Inputhag. - 7850)

Figure 10: Photomicrographs of macerals in the middle Sarvak formation; A and C are reflected light, and B and D
are UV; (V: Vitrinite, L: Liptinite).
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Figure 11: Bivariate plot H/C versus O/C for middle
Sarvak formation [30].

Organic Matter Thermal Maturity

The level of maturity is evaluated using two main factors,
including petrographical observation and thermal
indicators. Vitrinite reflectance and palynofacies
analysis are the most reliable petrographical indicators.
Meanwhile, Tmax obtained from Rock-Eval pyrolysis, is
a good thermal indicator of organic maturity [29, 28].
The extent of organic maturation of the middle Sarvak
formation was evaluated by using several important
parameters. Tmax and production index (Pl) were
used for this purpose. In addition, petrographic
data such as vitrinite reflectance measurements
and thermal coloration studies (both fluorescence
and transmitted light microscopy) were applied. The
bottom of oil generation is considered to be equivalent
as a vitrinite reflectance of 0.6% (Tmax =435 °C), and
its peak is regarded to be around 0.65-0.9% VRo (Tmax
ranges from 445 °C to 450 °C) [26].

The plot of Tmax versus HI for 4 blocks over the study
area illustrates different levels of maturity for middle
Sarvak formation (Figure 8). As shown in this figure
and Table 1, samples obtained from block A in the

eastern part of Persian Gulf have a Tmax value ranges
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between 406 and 438 °C with an average value of
425 °C. This evidence indicates that the middle Sarvak
formation in block A is located at early oil generation
window. Meanwhile, the level of maturity considerably
decreased according to Figure 8, moving towards
central part. In block B and C from the central part of
the Persian Gulf, Tmax ranges from 394 °C to 433 °C
with an average value of 417 °C. Regarding Peters’s
classification [26], the middle Sarvak formation in this
area falls within immature zone and could not produce
commercial gas and liquid hydrocarbons. In block D,
the western part of the study area, Tmax value ranges
between 421 °C and-451 °C with an average value of
435 °C, which means the middle Sarvak formation is
located in the early stage of oil window maturation
level.

The level of organic matter maturity was also
estimated from the Tmax versus Pl plot from the
Rock-Eval pyrolysis output [28]. According to this
diagram, Tmax of oil generation zone ranges between
435 °C and 460 °C, and its PI values lie between 0.1
and 0.4. The average Pl value for the middle Sarvak
formation varies in different blocks in the study area
(Figure 12 and Figure 13). These figures indicate that
this formation is thermally mature in block A and D
and is placed in a nearly hydrocarbon generation
zone. However, the middle Sarvak formation in block
B and C from the central part of the Persian Gulf is
not located in the hydrocarbon generation zone.
Meanwhile, these figures (Figure 12 and Figure 13)
can be used to identify the type of hydrocarbon
produced. According to these relations, the samples
from block B and C are thermally immature, and the
hydrocarbons are nonindigenous; nevertheless, in A
and D blocks, samples are nearly thermally mature,
and the hydrocarbons are considered to be most

indigenous (Pl ranges from 0.1 to 0.4).
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Figure 13: Tmax versus Pl diagram in middle Sarvak
formation [32].

The maturity of the middle Sarvak formation is also
evaluated by using vitrinite reflectance measurements.
Vitrinite reflectance data for the studied formation
over the Persian Gulf area is shown in Table 3. The
range of vitrinite reflectance data in the middle Sarvak
formation is between 0.45% and 0.6% in Block A,
with an average value of 0.52%, which means this
formation located in the early stage of oil generation
window. In Block D, vitrinite reflectance data ranges
from 0.51% to 0.57 % with an average of 0.54%. This
parameter indicates that the middle Sarvak formation
in the western part of the Persian Gulf falls within the

oil window maturation level. Meanwhile, the level of

Journal of Petroleum Science and Technology 2017, 7(3),100-116

© 2017 Research Institute of Petroleum Industry (RIPI)

Journal of Petroleum
Science and Technology

maturity considerably decreased, according to VRo
data, by moving from east (block A) and west part
(block D) towards the central part (block B and C) of
the Persian Gulf. In block B and C, vitrinite reflectance
data range from 0.36% to 0.44%, averaging 0.4%, which
means that the middle Sarvak formation in this area
falls within an immature zone and could not produce
commercialgasand liquid hydrocarbons. Iso-reflectance
map for this formation based on 18 measurements
over the study area is shown in Figure 14. According to
this figure, it can be concluded that the middle Sarvak
formation has remained immature in the central
parts, but it'has reached the oil generation stage in
the western and eastern parts of the Persian Gulf. The
comparison between VRo map and burial depth map
of the formation (Figure 15) illustrates a good correlation
between these two parameters, which indicates a
role of burial depth in the thermal maturity of the
formation. The burial depth of the middle Sarvak
formation is an important variable which is considered
to affect geologically related properties such as thermal
maturity (Figure 15). The figure proposes an increase
in the central parts of the study area (Qatar-Fars Arc)
toward the western and eastern parts (from about less
than 1000 m to more than 3000 m). The thickest zones
(blocks A and D) represent more accommodation space
(i.e. deeper basins). Accordingly, trough zones are more
susceptible to the maturation of the middle Sarvak
formation, which is in agreement with the thermal
indicator spatial variation in the Persian Gulf area.
Thermal alteration index (TAI) measured based on the
kerogen color is also consistent with these findings. In
this study, the color of the organic matter inside the
middle Sarvak formation varies from light brown to
medium brown (Figure 16) with corresponding TAl values
ranging from 2 to 2+ (Table 4). Generally, these results
show an immature to early mature zone for the studied

samples.
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Table 3: Vitrinite reflectance data (Ro%) of the Sarvak formation in the Persian Gulf.

M. Mirshahani, M. Kassaie, and A. Zeinalzadeh

Block Well Formation Sample Depth Numb?r of Vitrinite Reflectance (%)

No. Reading Min Max Mean

Band C 11 Middle Sarvak FC-1-17 | 2130.55 5 0.3 0.66 0.44
BandC 11 Middle Sarvak | FC-1-19 | 2173.22 5 0.33 0.57 0.40
BandC 11 Middle Sarvak | FC-1-22 | 2200.66 3 0.27 0.53 0.38
A 2 Middle Sarvak S-587 1329 11 0.36 0.54 0.46

A 4 Middle Sarvak S-654 2446 16 0.46 0.69 0.54

A 4 Middle Sarvak S-653 2488 8 0.42 0.62 0.53

A 4 Middle Sarvak S-652 2492 8 0.43 0.63 0.52

A 4 Middle Sarvak S-649 2524 11 0.44 0.62 0.54

A 4 Middle Sarvak S-647 2536 10 0.45 0.62 0.52

A 4 Middle Sarvak S-645 2548 10 0.48 0.67 0.55

A 4 Middle Sarvak S-644 2550 9 0.48 0.65 0.55

A 4 Middle Sarvak S-641 2568 11 0.47 0.71 0.57

A 4 Middle Sarvak S-639 2572 10 0.47 0.71 0.6

A 4 Middle Sarvak S-637 2574 11 0.46 0.72 0.6
BandC 13 Middle Sarvak S-911 1846 9 0.31 0.43 0.36
D 17 Middle Sarvak S-1037 2260 14 0.43 0.6 0.51

D 17 Middle Sarvak S-1035 2420 8 0.47 0.68 0.55

D 17 Middle Sarvak S-1034 2450 11 0.48 0.7 0.56

D 17 Middle Sarvak S-1032 2490 13 0.48 0.7 0.57

Table 4: Range and mean of Ro% and TAI data for the middle Sarvak formation in different blocks.

Block Number of Samples Range of Ro Average Ro (%) TAI Maturity
A 11 0.46-0.6 0.54 +2to 2 Early Mature

BandC 4 0.36-0.44 0.39 - Immature
D 4 0.51-0.57 0.54 +2 Early Mature

E No sample - - - -
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Figure 16: Organic matter of the middle Sarvak formation under transmitted light.
CONCLUSIONS toward the northwest and east.

In this study, the source rock potential of 76 cutting
samples from the middle Sarvak formation in the
Persian Gulf were investigated. This investigation
was based on the gathered data such as source rock
richness, quality, distribution, and maturity which
were obtained from Rock-Eval, vitrinite reflectance,
and palynofacies analyses.

In summary, based on the Rock-Eval pyrolysis results,
the variation of organic matter quality- and quantity-
dependent parameters indicates Type II/lIl kerogen in
the western and eastern blocks (A and D) and Type
[l kerogen in block B and C . The result of this study
shows that middle Sarvak formation is immature in
the central area of the Persian Gulf. The existence of
Qatar-Fars Arc causes uplift in this region and can be
a reason for immaturity in this part of the study area.
In contrast to the central part, the middle Sarvak
formation has entered to oil window in the eastern
and western areas. The overall asymmetric nature of
the basin in combination with shallower basement
in the central parts with respect to the eastern and
western regions resulted in the different trend of
maturity in the study area. The higher maturity in the
eastern and western regions can be attributed to the

increasing burial depth and thickness of this formation
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