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Geochemical evaluation of potential source rocks in Foroozan Field is carried out based on Rock-
Eval pyrolysis and vitrinite reflectance analyses. For getting the results, 101 samples for Rock-
Eval pyrolysis and 11 samples for vitrinite reflectance analysis were selected from Gurpi, Sarvak,
Kazhdumi, Dariyan, Gadvan, Upper Fahliyan, and Neyriz Formations cuttings. The results were
used to determine the quantity, quality, and maturity of organic matter and show that the average
content of organic matter in the studied Formations range from poor to very good. According to
the interpretations, the type of organic matter in the Gurpi, Sarvak, Upper Fahliyan, and Neyriz
Formations are mostly type III kerogen, and they have not reached to appropriate maturity. However,
the Kazhdumi, Dariyan, and Gadvan Formations mostly show type II kerogen which is not mature

enough and have not yet entered the oil window. This group of formations can be considered suitable

source rocks in the Foroozan field. Despite these formations are at the onset of the oil window, they

have not produced hydrocarbon yet. Therefore, these formations or their equivalents in the deeper

parts of the basin could be considered as active source rocks.

1. Introduction

One of the practical usages of petroleum geochemistry is improving
of exploration and enhanced oil recovery (England, 2007).
Organic geochemistry has an influential potential in analyzing
and interpreting source rock, hydrocarbon migration and trapping,
determining productive and non-productive zones, and developing
hydrocarbon fields (England, 2007; Peters and Fowler, 2002).

The rudimentary point in hydrocarbon reserve development is the
deposition of organic-rich materials (i.e., source rock) which can
generate hydrocarbons (Hood et al., 1975; Passey et al., 1990).
One of the main targets in geochemical studies is determining
stratigraphic units in a basin which represent the best source rocks

(Hunt, 1996). In this research, attempts have been made to determine
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the hydrocarbon generation potential in the probable Jurassic and
Cretaceous formations (i.e., Gurpi, Sarvak, Kazhdumi, Daryan,
Gadvan, Upper Fahliyan, and Neyriz) in Foroozan field by using
the Rock-Eval pyrolysis and vitrinite reflectance analyses results.

Foroozan field is located 100 kilometers west of Kharg Island in
the offshore area in the territorial boundary between Iran and Saudi
Arabia. The Arabian part of this field is called Marjan field. This
field is located at the northeastern flank of an anticline generated by
a salt plug. Foroozan field and its surrounding fields are developed
due to the prevalent compressional tectonic regime in the Zagross
area and the Persian Gulf.

The latest reservoir studies and drillings have represented that
sandstone (Ahwaz) member of the Asmari Formation, carbonate
parts of Sarvak Formation, thick sandstone parts of Burgan
(A and B units) from Kazhdumi Formation, and carbonate parts
of Fahliyan, Dariyan and Surmeh Formations are reservoirs; and
Neyriz, Gadvan, Dariyan, Gurpi, Sarvak, upper part of Fahliyan,
and shaly parts of Kazhdumi Formations can act as the potential

source rocks for these reservoirs in the Foroozan field.

2. Research methodology

For geochemical evaluation of probable source rocks in the
Foroozan field, 101 cutting samples from Gurpi, Sarvak, Kazhdumi,
Daryan, Gadvan Upper Fahliyan and Neyriz Formations were
selected for Rock-Eval analysis and 11 samples for determine the

vitrinite reflectance.

3. Results and Discussions

3.1. Migration index and contamination assessment

The diagram of S1 versus TOC (Hunt, 1996; Peters et al., 2005)
along with Production Index value (PI above 0.5 representing
contamination and nonindigenous hydrocarbon) (Hunt, 1996) were
used for identifying the contamination. According to the mentioned
methods, most of the samples are located below contamination
line (S1/TOC<1.5) which represents no sample contamination. 13
samples Out of 101 had contamination which were omitted and
did not consider in the following analyses. Moreover, some data
with TOC value lower than 1 excluded from final data and did not

consider in the following analyses.

3.2. Organic matter quantity

To evaluate the potential of source rock, total organic carbon
(TOC), bitumen content (EOM), S1 and S2 values are used (Huang
et al., 2003). The diagrams show that Gurpi Formation with 0.97-
1.29 weight percent TOC is in fair to good zone. Sarvak Formation
with 0.87-1.18 weight percent TOC shows fair to good quantity.
According to the analysis, Kazhdumi and Neyriz Formations

represent a fair to good quantity with 0.62-1.58 and 0.77-1.46

weight percent TOC, respectively. Gadvan Formation with 0.84-
2.29 weight percent TOC represents a fair to very good condition.
Dariyan, and Fahliyan Formations represent a fair to good quantity

with 0.63-1.47, and 0.85-1.19 weight percent TOC, respectively.

3.3. Organic matter quality

The values of hydrogen index of Gurpi Formation indicate the
combination of type II and III kerogen. Hydrogen index in Sarvak
Formation indicates type I1I kerogen. Hydrogen index in Kazhdumi
Formation represents type II kerogen. Dariyan Formation
represents the occurrence of kerogen type II/III. Hydrogen index in
Gadvan Formation indicating type II kerogen. While, this index in
Neyriz Formation designate a combination of type II/III kerogen.
Hydrogen index in Fahliyan Formation suggest type III kerogen for

this formation.

3.4. Organic matter maturity

Variation of vitrinite reflectance against the depth illustrates that
Gurpi and Sarvak samples have vitrinite reflectance of less than
0.5, confirmed immature condition. In Kazhdumi, Dariyan,
Gadvan and Upper Fahliyan Formations the average values of
vitrinite reflectance percent, representing immature to early mature.
The average value of Ro in Neyriz Formation indicating mature

conditions for this formation.

3.5. Depositional environment

The studied samples represent a vast variety of depositional
environments. Gurpi, Sarvak, Upper Fahliyan and Neyriz
Formations samples were in deep marine environments in the vicinity
of orogens up to environments with a moderate sedimentation rate
in reduced environments. The samples from Kazhdumi, Dariyan
and Gadvan Formations also represent deposition in a transgressive
marine environment with reduced conditions, or relatively reduced
lacustrine environment or ultimately the environments with marine
and terrestrial organic matter representing fast deposition under

relatively oxic conditions.

4. Conclusion

The Persian Gulf basin is one of the most important oil prone basins
in the word. The Foroozan field along with its Arabian counterpart
(Marjan field) is one of the important fields of the northwestern
part of the Persian Gulf. This field is located on Khafji-Nowrooz
paleo-high.

In this research geochemical analyses of Rock-Eval and vitrinite
reflectance were carried out on potential source rocks of Gurpi,
Sarvak, Kazhdumi, Dariyan, Gadvan, Upper Fahliyan and Neyriz
Formations in one of the wells in Foroozan field. The results

represented that the average values of organic matter in the studied
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formations are in the poor to very good zones. However, the type
of organic matter of Gurpi, Sarvak, Upper Fahliyan and Neyriz are
placed in type III kerogen which did not have enough maturity for
hydrocarbon generation. On the other hand, Kazhdumi, Dariyan and
Gadvan Formations have type II kerogen which is at the beginning

of oil-window in the studied field. As the main conclusion, it

61

can be stated that Kazhdumi, Dariyan and Gadvan Formations
represent suitable source rocks in Foroozan field. However, since
these formations were located on a paleo-high, they were at the
beginning of the oil window, so these formations or their equivalent
ones which were in the deeper parts of the basin could act as the

active source rocks.
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Figure 1. Location of the Foroozan field in the northwest part of the Persian Gulf.
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RE-1896 2008-10 0.62 0.67 3.09 0.72 498 116 434 0.18 3.76 1.08
RE-1894 2000-02 1.29 1.45 8.76 0.94 679 73 438 0.14 10.21 1.12
RE-1908 2070-71 0.87 1.07 4.62 0.84 531 97 437 0.19 5.69 1.23
Max 1.58 1.45 11.63 2.38 736 216 438 0.24 12.59 1.23
Ave - 0.98 0.77 4.50 1.17 441 125 435 0.16 5.27 0.80
Min 0.62 0.43 1.61 0.72 189 59 427 0.08 2.11 0.40
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Continued from Table 1. Rock-Eval pyrolysis result of the studied Field.

andlan 3 g0 Olikn S ga3 SISy 5 g5 =) sl aals!

=
=
é Sample Depth(m) TOC(%) S1 S2 S3 HI (0) § Tmax PI PP S1/TOC
g
RE-1916 2195-96 1.17 0.59 4.19 0.94 358 80 438 0.12 4.78 0.50
RE-1913 2180-81 1.03 0.72 3.21 1.05 312 102 437 0.18 3.93 0.70
RE-1914 2185-86 1.20 0.87 8.33 0.82 694 68 440 0.09 9.20 0.73
RE-1918 2205-06 0.80 0.59 1.79 1.15 224 144 431 0.25 2.38 0.74
RE-1922 2285-86 0.97 0.81 1.80 0.84 186 87 426 0.31 2.61 0.84
RE-1917 2200-01 1.47 1.32 7.04 2.03 479 138 439 0.16 8.36 0.90
g RE-1923 2290-91 1.40 1.42 4.75 1.54 339 110 431 0.23 6.17 1.01
g’ RE-1920 2215-16 1.10 1.12 8.31 0.89 755 81 453 0.12 9.43 1.02
RE-1915 2190-91 0.63 0.67 3.19 1.00 506 159 435 0.17 3.86 1.06
RE-1919 2210-11 0.71 0.90 3.06 1.07 431 151 435 0.23 3.96 1.27
RE-1924 2294-95 1.09 1.49 4.57 1.24 419 114 430 0.25 6.06 1.37
Max 1.47 1.49 8.33 2.03 755 159 453 0.31 9.43 1.37
Ave - 1.05 0.95 4.57 1.14 428 112 436 0.19 5.52 0.92
Min 0.63 0.59 1.79 0.82 186 68 426 0.09 2.38 0.50
RE-1934 2351-52 1.21 0.80 3.44 1.55 284 128 426 0.19 4.24 0.66
RE-1931 2341-42 1.24 1.03 3.72 1.29 300 104 433 0.22 4.75 0.83
RE-1938 2367-8 1.10 0.92 393 1.55 357 141 435 0.19 4.85 0.84
RE-1933 2349-50 1.51 1.34 12.44 0.76 824 50 432 0.10 13.78 0.89
RE-1936 2356-57 0.85 0.78 2.59 1.60 305 188 428 0.23 3.37 0.92
g RE-1926 2304-05 1.41 1.39 6.53 0.99 463 70 438 0.18 7.92 0.99
—§ RE-1927 2309-10 1.52 1.75 9.32 1.12 613 74 440 0.16 11.07 1.15
© RE-1937 2363-64 2.29 2.66 12.84 2.59 561 113 451 0.17 15.50 1.16
RE-1929 2320-21 1.09 1.39 6.35 1.81 583 166 438 0.18 7.74 1.28
RE-1928 2314-15 0.84 1.19 5.67 0.95 675 113 435 0.17 6.86 1.42
Max 2.29 2.66 12.84 2.58 824 188 451 0.23 15.50 1.41
Ave - 1.31 1.33 6.68 1.42 497 115 436 0.18 8.01 1.01
Min 0.84 0.78 2.59 0.75 284 50 426 0.09 3.37 0.66
RE-1941 2380-81 1.19 0.75 2.66 2.11 224 177 429 0.22 3.41 0.63
§ RE-1940 2375-6 0.85 0.72 1.36 1.59 160 187 431 0.35 2.08 0.85
% Max 1.19 0.75 2.66 2.11 224 187 431 0.35 3.41 0.85
LS Ave - 1.02 0.74 2.01 1.85 192 182 430 0.28 2.75 0.74
Min 0.85 0.72 1.36 1.59 160 177 429 0.22 2.08 0.63
RE-1957 4135-36 1.46 0.71 4.96 0.80 340 55 458 0.13 5.67 0.49
RE-1955 4127-28 0.77 0.60 2.85 0.75 370 97 454 0.17 3.45 0.78
N RE-1954 4120-21 1.14 1.02 2.37 1.54 208 135 427 0.30 3.39 0.89
:>\ RE-1980 4208-9 1.12 0.24 1.71 1.30 153 116 454 0.12 1.95 0.21
“ Max 1.46 1.02 4.96 1.54 370 135 458 0.30 5.67 0.89
Ave - 1.12 0.78 3.39 1.03 306 96 446 0.20 4.17 0.72
Min 0.77 0.24 1.71 0.75 153 55 427 0.12 1.95 0.21

plril ASTM 3516kl sy b ($5Lad gy 4 aly sy oSail (68005100
PN L OIS 25 (RE [N SN A P e L% SR TP JN
by ) HgS S5 gty oS 3l g 5y e Sy Sn 5 el 035

by gy g iSait—Y-Y
gkl BB s o sdslise S S 0558 55 s Sulu s HSS

(Attarian et al., 2016) Lib o plo K Sl ~ ok on s
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2 08wty 5Ll 6l B0 b e s OBl ol S e iy
S ol aalllas 350 Olks Sladilo G5~ ¢k (Dow, 1977) 45 s
Olgeda 5 odd L;;oj\..\l\ (Vitrinite Reflectance: Ro%) <uly =9 J«L(x;\
@503 VY LI opl (6l Lisd o anglts Jg 50 Sl el Tmax pslas b oS5,
YL Ollgs 01508 Ol ls ¢ a3 S5 g5 Sl ) (5 b 05 &
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G gas iz Ve 508 Sl dm 3,8 o 15 Sy Son domis (63 4 g0 5 0E
2 S 535 o e Sosab st By 5 s 5 O Sy S i (65
SN sss o a5 8 03100 05k 93 341kl & god elSCail lutie colzns & gl IS
Loy /) e 3 Ikl & a8 Sl (6,8 03I lan ) ol il e
GRSl Lk o 1SS g Kol 5 odd oS oybss oaws (il
Wb aalsl S B Y CS b almy Sk gy Kl e
a5l B35 Os 3L L ate g ysb 4 ol u s WISl s 5 (ASTM, 2011)

O3 Ol 53 ot (gl ysle &K (535 2 05 (6,5 o311 bty 535 oS8 ke 3l =Y S

Table 2. Mean of vitrinite reflectance measurements of potential source rocks in the studied field.

Formation Depth(m) Tmax Value Ro(%) Standard deviation(%) Measure count

Max 0.50

Gurpi 1738.5 431 Ave 0.46 0.03 8
Min 0.39
Max 0.61

Sarvak 1891.5 430 Ave 0.5 0.06 11
Min 0.34
Max 0.63

2000.5 438 Ave 0.51 0.06 30
Min 0.37
Max 0.66

2023.5 436 Ave 0.54 0.06 40
Kazhdumi Min 0.3
Max 0.68

2065.5 435 Ave 0.55 0.06 30
Min 0.42
Max 0.66

2079.5 437 Ave 0.53 0.07 40
Min 0.40
Max 0.62

2195.5 438 Ave 0.51 0.06 35
Dariyan Min 0.40
Max 0.63

2290.5 431 Ave 0.51 0.06 21
Min 0.40
Max 0.66

2341.5 433 Ave 0.56 0.08 15
Gadvan Min 041
Max 0.66

2367.5 435 Ave 0.53 0.06 58
Min 0.37
Max 1.12

Neyriz 4135.5 458 Ave 0.95 0.09 46
Min 0.74
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Figure 3. Migration index diagram to determine the contamination of Foroozan field

samples (Hunt, 1996).
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Figure 4. Plot of petroleum potential versus TOC in the Foroozan field (Tissot and Welta, 1984).
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Figure 5. Plot of S2 versus TOC for determining kerogen type of the studied formations

in the Foroozan field (Langford and Blanc-Valleron, 1990).
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Figure 6. Plot of HI versus Ol for the studied formations in the Foroozan field (Hunt, 1996).
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Figure 7. Plot of HI versus Tmax indicating kerogen
type and maturity in the studied formations of the

Foroozan field (Espitali¢ ef al., 1985).

Depth(m)

Vitrinite Reflectance(Ro%)

0.1 1
O " L L i L L L I Il
*«Surface intercept at 0.18% Ro
1000
o |
2000 -7\
X%,
3000 3
E’Ear]y mature "-_
4000 l:l Mid mature - k.
DLate mature “"
D Gaz mature A o
5000 -

© Gurpi

O Sarvak

4 Kazhdumi
Dariyan

* Gadvan

+ Neyriz

Szl sle oK slakiped 6l b5 plp 55 edd (S oIl Cul oy WSl 5 Sle lsges A JKE

Ol Ol

Figure 8. Plot of measured mean of vitrinite reflectance versus depth for potential

source rock samples in the Foroozan field.
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Figure 9. Plot of measured mean of vitrinite reflectance versus Tmax for potential source

rock samples in the Foroozan field.
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Figure 10. Plot of PI versus Tmax indicating type of potential products of studied

formations in the Foroozan field (Fhinola et al., 2008).
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