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Abstract

The Kazhdumi Formation (Albian) consists of shale to limestone and marl facies, considered as one of the most important source
rocks in the north of the Arabian Plate. This study evaluates the geochemistry of the Kazhdumi Formation as a potential source rock
in the northwest of the Persian Gulf in the Hendijan, Soroosh, Foroozan, and Kharg fields. For this purpose, Rock-Eval pyrolysis
analysis was performed on 140 cutting samples to assess the quantity and quality of organic matter and 53 vitrinite reflectance
samples to examine the maturity. The absence of stratification in the water column and unsuitable environmental conditions have
not led to the proper preservation of organic matter. Therefore, organic matters are mostly influenced by continental type kerogen
(Type II1) in this study, ranging from immature to early mature kerogen based on vitrinite reflectance.. However, towards the
northeast sector of the Arabian Plate (Hendijan and Kharg fields), due to the presence of organism growth conditions in the water
column and the prevailing anoxic conditions at the water-sediment contact (intra-shelf basin), the preservation of organic materials
has occurred. The organic matter in this section is mostly marine type (Type Il kerogen) and mature based on the vitrinite
reflectance data. It seems that the Khafji-Hendijan paleo-high has played an important role in the maturity of the Kazhdumi
Formation due to its influence on sediments after the deposition of the Kazhdumi Formation.
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Introduction

The Persian Gulf is one of the richest sedimentary basins for
the production and storage of hydrocarbons in the world. The
presence of source rocks with abundant organic materials,
reservoirs with carbonate composition, and the presence of
suitable cap rocks along with existing traps have led to the
accumulation of a large volume of oil and gas in the Persian
Gulf. The presence of one-third of the world's gas reserves,

indicating the appropriate maturity of source rocks in the
depths (Rabbani 2007), and considering the geopolitical and
strategic position of the Persian Gulf, further emphasize the
importance of research in this region. The early Aptian
transgression led to the deposition of Dariyan (Shahbazan)
limestones in southern lran (James and Wynd 1965).
Subsequently, a widespread regression in the late Aptian
encompassed the region, resulting in a depositional hiatus at
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the top of the Dariyan Formation. Nevertheless, deposition
continued in deeper areas such as the Garau seaway,
Kazhdumi intra-shelf basins and the Bab Basin (Sfidari et al.
2016, 2021; Sfidari et al. 2024). During the Albian period, the
Arabian Plate acted as a source of clastic sediments for the
Burgan Delta (Bordenave and Burwood 1995). The delta
previously mentioned has transitioned to deeper, anoxic
conditions. Consequently, the sediments of the Burgan
Formation have transformed into the Kazhdumi Formation,
characterized by marl and black shale facies (Ziegler 2001). In
Iranian fields along the shores of the Persian Gulf, such as
Hendijan (near the decline of Dezful), the Kazhdumi
Formation is mainly composed of shales, marls, and
limestones with a small number of sandstones layers in a
neritic environment. In the Soroosh, Nowruz, and Foroozan
fields, which are further from the Iranian coast, an Arab unit
like the Nahar Omar is still used instead of the Kazhdumi
Formation. The purpose of this research is to investigate the
hydrocarbon potential of the Kazhdumi Formation in the
Hendijan, Soroosh, Foroozan, and Kharg fields located in the
northwest of the Persian Gulf and evaluate organic-rich
sedimentary environments using Rock-Eval pyrolysis and
Vitrinite Reflectance.

Materials & Methods

The present study plan evaluates the hydrocarbon generation
potential of the Kazhdumi Formation in the Hendijan,
Soroosh, Foroozan, and Kharg fields using the results of
Rock-Eval 6 pyrolysis and vitrinite reflectance to determine
the hydrocarbon production potential. To achieve this goal,
140 samples were chosen for Rock-Eval analyses and 53
samples for vitrinite reflectance analyses.

Discussion of Results & Conclusions

Migration index and examination of infected samples: The
curve of changes in S1 against the weight percentage of TOC
was utilized to evaluate the contamination levels in the
samples (Hunt 1996; Behar et al. 2001). Also, PI values above
0.5 are another criterion for the contamination of samples
(Hunt 1996). Most of the samples are under the S1/TOC
graph slope line, indicating the non-contamination of the
samples.

Determination of the quantity and potential of the
Kazhdumi Formation: The total organic carbon content for
the Kazhdumi Formation, generally in the northwest region
of the Persian Gulf, varies between 0.2 to 6.24 weight
percent. In the Hendijan Field, the TOC content ranges from
0.86 to 6.24 weight percent, indicating an average to
excellent quantity, with an average TOC content of 2.93,
representing an excellent quantity. The TOC content for the
Soroosh Field ranges from 0.2 to 1.66 weight percent,
covering a weak to good quantity for the Kazhdumi
Formation. In addition, the average TOC value of this
formation in the Soroosh Field is 0.8 weight percent,
indicating a quantity in the medium range. The TOC values
in the Foroozan Field ranged from 0.62 to 1.58 weight
percent with an average of 1.20, indicating a medium to good
quantity.. The TOC values in the Kharg Field are in the range
of 0.62-0.78 weight percent, indicating that the quantity of
the Kazhdumi Formation in this field is in the moderate
range, (average 0.7). It should be noted that only four
samples from the Kharg Field have been studied in this

research, which cannot be representative of the entire
thickness of the Kazhdumi Formation in this field.

Quality and thermal maturity of the Kazhdumi
Formation: Hydrogen index values in the Hendijan Field
ranges from 309 to 613 (milligrams of hydrocarbon per gram
of TOC), indicating a combination of Type | and Type Il
kerogen for the Kazhdumi Formation. In the Soroosh Field,
this parameter ranges from 59 to 333 (milligrams of
hydrocarbon per gram of TOC), representing Type Il
kerogen for most samples. In addition, in the Foroozan Field,
the hydrogen index ranges from 133 to 736 (milligrams of
hydrocarbon per gram of TOC). Out of the total samples
studied, six samples have hydrogen index values below 200
(milligrams of hydrocarbon per gram of TOC), out of the
total samples studied.. The remaining samples in this field
have values higher than 200 (milligrams of hydrocarbon per
gram of TOC), indicating a combination of Type Il and 1l
kerogen. Hydrogen index values in the Kharg Field range
from 193 to 291 (milligrams of hydrocarbon per gram of
TOC), indicating Type Il kerogen for the Kazhdumi
Formation in this field. The plot of hydrogen index versus
oxygen index also confirms the above results.

During high relative sea level (Figure 9), a large volume
of cold and fresh water containing nutrients entered into the
photic zone which led to the expansion of a productive
organic zone in the water column. But, in the lower part, the
non-oxygen conditions/suboxic zone prevailed. These
conditions have led to high sedimentation rates and
preservation rates of organic matter at the water-sediment
boundary in deeper parts of the sedimentary environment,
especially in the intrashelf basin (location of the Hendijan
Field). The total organic carbon content and hydrogen index
values in the Hendijan Field and to some extent the Kharg
Field confirm the mentioned discussions. The shale-rich
facies in the upper parts of the Kazhdumi Formation
containing Type Il kerogen in the Hendijan Field (as the
southeastern part of the intrashelf basin) have formed under
oxygen-free to suboxic environmental conditions. These
conclusions are confirmed by oxygen-depleted conditions
reported in the central to northeastern parts of the central
Dezful depression (Bordenave and Hegre 2005; Sfidari et al.
2016).

At the same time, the southwest of the basin (the location
of Foroozan and Soroosh fields) is influenced by the influx of
turbulent river waters and no layering state in the water
column (by density) has been created.

Therefore, as marine organic materials have been
relatively degraded due to the dominance of dryness in the
upper parts of the Kazhdumi Formation, this part of the
formation has been deposited in marine conditions containing
oxygen.

On the other hand, the interpretation of tectonic factors
on events after the deposition of the Kazhdumi Formation
provides clear information on the maturity changes of the
Kazhdumi Formation from the Foroozan, Soroosh towards
the Hendijan fields. It can be concluded that the greater
maturity of the Kazhdumi Formation in the Hendijan Field
compared to the Foroozan and Soroosh fields is due to the
higher thickness of the upper Cretaceous sediments (Sarvak,
llam, and Gurpi formations) in the northern part of the
Hendijan—Khafji Paleo-High.
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Table 1- Kazhdumi Rock-Eval Pyrolysis result for studied oil fields in the northwestern part of the Persian Gulf

Petroleum potential (quantity)

Keroaen tvpe (quality)

; Thermal maturity
Field Well name  Depth (m.) TOC pp HI ol Trmax Pl S1/TOC
3021 1.43 0.11 5.91 6.02 413 96 417 0.02 0.08
3023 2.28 031 1339 13.70 587 62 417 0.02 0.14
3025 2.28 0.85 1244 13.29 546 51 415 0.06 0.37
3031 4,54 5,97 27.83 33.80 613 26 418 0.18 1.31
3033 1.28 155 548 7.03 428 73 448 0.22 1.21
3035 1.87 2.36 7.57 9.93 405 40 428 0.24 1.26
3037 1.32 1.06 5.30 6.36 402 62 456 0.17 0.80
3039 1.50 2.00 6.50 8.50 433 45 440 0.24 1.33
3043 2.00 2,00 750 9.50 375 35 440 0.21 1.00
3045 1.87 1.06 7.61 8.67 428 48 454 0.12 0.57
3049 1.31 124 482 6.06 368 40 449 0.20 0.95
3053 1.85 1.82 5.72 7.54 309 35 430 0.24 0.98
3055 2.00 1.28 6.80 8.08 340 30 430 0.16 0.64
3061 2.15 1.29 9.04 10.33 420 23 440 0.12 0.60
3063 1.63 2.07 5.77 7.84 354 44 454 0.26 1.27
3067 3.09 205 17,72 19.77 573 34 428 0.10 0.66
3071 3.51 182 1989 2171 567 31 427 0.08 0.52
3074 2.65 1.01 1464 15.65 572 41 431 0.06 0.38
S HD-A 3075 3.00 1.50 1400 1550 467 31 431 0.10 0.50
5 3077 3.33 188 1433 16.21 430 25 430 0.12 0.56
S 3079 3.33 1.13 1453 15.66 436 24 429 0.07 0.34
T 3083 2.88 0.79 1168 1247 406 20 435 0.06 0.27
3084 5.00 0.50 25.00 2550 500 16 425 0.02 0.10
3089 6.18 0.35 3341 3376 541 16 421 0.01 0.06
3093 5.48 0.32 33.03 33.35 603 23 421 0.01 0.06
3099 5.00 0.70  30.00 30.70 600 23 423 0.02 0.14
3099 4.60 1.23 2520 26.43 548 20 424 0.05 0.27
3103 6.24 0.45 36.25 36.70 581 19 422 0.01 0.07
3108 5.49 043 32.05 3248 584 20 426 0.01 0.08
3112 4,11 0,55 24,00 2455 584 26 424 0.02 0.13
3115 3.50 0.50 20.00 20.50 572 28 425 0.02 0.14
3117 2.88 0.40 1486 15.26 516 27 428 0.03 0.14
3123 1.84 0.18 6.47 6.65 352 27 433 0.03 0.10
3127 3.51 0.69 2042 2111 582 30 426 0.03 0.20
3131 1.64 050 654 7.04 399 38 434 0.07 0.30
3135 1.00 040 370 4,10 370 64 443 0.10 0.40
3137 0.86 0.19 3.03 3.22 352 77 448 0.06 0.22
Max 6.24 597 36.25 36.70 613 96 456 0.26 1.33
Ave - 2.93 1.15 1493 16.08 474 37 432 0.10 0.49
Min 0.86 0.11 3.03 3.22 309 16 415 0.01 0.06
2094 0.42 023 0.35 0.58 83 281 426 0.40 0.55
2097 0.61 0.17  0.60 0.77 98 262 430 0.22 0.28
2100 0.53 0.16  0.49 0.65 92 264 423 0.25 0.30
2103 0.58 013  0.79 0.92 136 200 429 0.14 0.22
2106 0.37 0.19 0.76 0.95 205 186 416 0.20 0.51
2109 0.31 0.12 0.25 0.37 81 339 426 0.32 0.39
2110 0.38 013 0.52 0.65 137 289 427 0.20 0.34
2112 0.50 0.18 0.50 0.68 100 256 430 0.26 0.36
2115 0.44 0.14  0.47 0.61 107 257 433 0.23 0.32
2120 0.43 0.25 0.89 1.14 207 181 424 0.22 0.58
2121 0.49 0.28 0.99 1.27 202 149 423 0.22 0.57
2124 0.61 0.64 1.54 2.18 252 169 421 0.29 1.05
= 2130 0.67 0.40 1.19 1.59 178 239 424 0.25 0.60
8 SR-A 2133 0.83 0.31 1.02 1.33 123 223 426 0.23 0.37
S 2139 1.14 0.43 1.56 1.99 137 149 432 0.22 0.38
N 2140 1.10 0.40 1.40 1.80 127 145 431 0.22 0.36
2145 0.52 0.10  0.43 0.53 83 242 421 0.19 0.19
2148 0.85 0.27 1.09 1.36 128 169 430 0.20 0.32
2150 0.89 0.27 1.08 1.35 121 163 431 0.20 0.30
2154 0.91 018 0.81 0.99 89 173 432 0.18 0.20
2085 0.46 0.10  0.53 0.63 115 167 423 0.16 0.22
2090 0.42 0.08 0.42 0.50 100 160 423 0.16 0.19
2100 0.38 0.05 0.32 0.37 84 137 423 0.13 0.13
2110 0.70 0.10  0.80 0.90 114 87 421 0.11 0.14
2115 0.77 0.12 094 1.06 122 87 421 0.11 0.16
2130 0.20 0.04 014 0.18 70 355 428 0.22 0.20
2140 0.40 012 025 0.37 63 175 425 0.32 0.30
2145 0.51 0.18 0.37 0.55 73 137 423 0.33 0.35
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Field Well name  Depth (m.) —-Petroleum potential (quantity) _Keroaen tvpe (quality)  Thermal maturity  g1/70¢

TOC SL  S2 PP HI O Tmax Pl
2148 092 023 088 111 9 159 431 021 025

2154 095 046 138 184 145 175 424 025 0.8

2070 102 014 108 122 106 94 437 011 014

2060 117 020 176 196 151 108 435 010 017

2050 134 029 209 238 157 99 437 012 022

2030 166 03l 221 252 133 118 438 012 019

2020 138 08 189 207 137 124 440 009 013

2010 095 018 132 150 138 9 440 012 019

2000 080 010 050  0.60 63 181 46l 017 013

2890 122 038 225  2.63 184 82 434 014 031

2880 143 094 367 461 257 58 427 020 066

2870 139 132 462 594 332 60 425 022 095

SR-B 2860 083 021 134 155 161 128 435 014 025

2850 078 028 127 155 162 129 434 018 036

2840 096 024 174 198 181 120 433 012 025

2830 083 025 112 137 135 123 437 018 030

2820 093 071 310 38l 333 97 427 019 076

2800 074 045 044 059 59 200 436 025 0.0

2790 082 016 090 106 109 154 43 015 019

2780 103 020 130 150 126 110 43 013 019

2770 102 048 110 128 107 113 437 014 018

2760 131 040 243 283 185 121 434 014 031

2750 078 021 096 117 124 138 436 018 0.7

2740 072 048 128 146 178 118 429 012 025

Max 166 132 462 59 333 355 461 040 105

Ave - 080 026 118 144 138 164 43 019 033

Min 020 004 014 018 59 58 416 009 013

199496 109 109 616  7.25 565 75 437 015 100

2000-02 129 145 876 1021 679 73 433 014 112

2004-06 070 054 214 2,68 306 177 431 020 077

2008-10 062 067 309  3.76 498 116 434 018 108

2014-16 083 079 446 525 537 135 434 015 095

2023-24 123 090 404 494 328 69 43 018 073

2028-29 075 063 252 315 336 147 435 020 084

FRAA 203334 110 044 256  3.00 233 216 434 015 040

2030-40 085 050 161 211 189 139 427 024 059

< 2050-51 090 049 183 232 203 106 435 021 054
g 2065-66 095 043 218 2,61 229 129 435 016 045
8 2070-71 087 107 462 569 531 97 437 019 123
S 2075-76 078 064 479 543 614 164 438 012 0.82
2079-80 158 096 11,63 12,59 736 59 437 008 061

217071 113 102 7.09 811 627 176 438 013 090

1886 108 089 175 264 162 137 432 034 082

1900-04 102 090 173 2.3 170 219 426 034 088

FRB 190812 125 062 167 2.9 134 154 431 027 050

1928-32 125 078 166  2.44 133 172 428 032 062

1938-42 116 072 154 226 133 172 428 032 0.62

Max 158 145 1163 1259 736 219 438 034 123

Ave - 102 078 379 457 367 137 434 020 0.7

Min 062 043 154 211 133 59 426 008 040

3108 076 074 147 221 193 89 421 033 097

KG.A _ 3110-12 078 051 170 221 218 223 423 023 065

> 3118-20 062 036 155 191 250 240 427 019 058
g 3138 065 048 189 237 291 189 425 020 074
N Max 0.78 074 189 237 291 240 427 033 097
Ave - 070 052 165 218 238 185 424 024 074

Min 0.62 036 147 191 193 89 421 019 058
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Table 2- Vitrinite reflectance result for studied oil fields in the Kazhdumi Formation

Thermal maturitv

Thermal maturitv

; : Depth
Field Well name Depth (m.) Troax Bk Field Well name /f\ Trax Radh
3029 441 0.78 2100 423 0.45
3033 448 0.90 2110 427 053
3037 456 1.05 2120 424 0.47
3039 440 076 2121 423 045
3041 434 0.65 SRA 2133 426 051
3043 440 076 2148 430 0.46
3049 449 0.92 2085 423 071
3053 430 058 2100 423 0.64
3055 430 058 2130 428 0.65
3063 454 1.01 2148 431 0.72
HD-A 3067 428 054 Soroosh 2960 435 0.69
3071 427 053 2930 438 068
3075 431 0.60 2910 440 067
3077 430 058 SR-B 2890 434 066
3079 429 056 2870 425 065
. 3117 428 0.54 2760 434 0.61
Hendijan 3127 426 051 2740 429 0.60
3131 434 0.65 Max . 440 072
3135 443 0.81 Ave 429 0.60
3137 448 0.90 Min 423 0.45
3167 432 067 2001 438 051
2101 427 057 FRA 2023 436 054
3087 424 0.60 2065 435 055
3083 425 0.60 2079 437 053
HD-B 3075 428 0.62 FR.B 1902 426 0.45
3065 428 0.62 - 1910 431 0.60
3047 430 (.85 | Foroozan 1940 428 056
3039 430 065 Max - 438 060
3020 419 057 Ave 433 053
Max 456 105 Min 426 0.45
Ave - 434 0.68
Min 419 051
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Fig 2- Migration index plot for detecting the
contaminated samples of the Kazhdumi Formation
in the study areas (Hunt 1996)
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Fig 3- The graph of TOC versus the hydrocarbon
potential index of the Kazhdumi Formation in the
study fields (Tissot and Welte 1984).
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Fig 4- S2 diagram against TOC for determining the
type of kerogen present in the Kazhdumi Formation
in the studied fields (Langford and Blanc-Valleron 1990)
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Fig 5- Hydrogen versus oxygen index diagram for
the Kazhdumi Formation in the studied fields (Hunt

1996)
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Fig 6- The graph of average vitrinite reflectance
measured against depth for samples of the
Kazhdumi Formation in the studied fields
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Fig 8- Hydrogen index versus Tmax for
determining the kerogen type and maturity of
samples from the the Kazhdumi Formation in the
study fields (Espitalié et al. 1985).
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Fig 9- Reconstruction of the sedimentary
environment of the Kazhdumi Basin in the
northeast of the Persian Gulf during high
and lowstand sea level (adapted from Alipour
2022)
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