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1- Introduction

The Oligo-Miocene Asmari Formation was deposited around an intra-shelf basin's margins in the central segment of
the Tethyan seaway in the Zagros Foreland Basin (Van Buchem et al., 2010). Based on lithological composition and
stratigraphic organization, four stratigraphic reference models are defined, each having a different palaeo-
geographical distribution: Type 1, sandstone dominated system; Type 2, mixed carbonate-siliciclastic system; Type
3, mixed carbonate—anhydrite system; Type 4, carbonate dominated system (Van Buchem et al., 2010). The Asmari
Formation comprises mixed carbonate-siliciclastic lithologies in the central Dezful Embayment (corresponding to
type 2 facies model), with thick shale intervals at the base. Despite decades of exploration, extraction, and field
development activities in the Dezful Embayment, most studies have focused on reservoir quality and
sedimentological studies. However, few studies have been done on the siliciclastic lithologies at the Asmari basal
shale unit. In this study, various aspects of geochemistry, mineralogy, and the potential for exploration and
development of these layers will be discussed.

2- Material and methods

A subset of 28 core and cutting samples was selected for X-Ray Diffraction (XRD) analysis on bulk and clay
fractions. X-ray clay fraction analyses were carried out using Mg-saturated air-dried samples, which were
subsequently treated with ethylene glycol and heated to 550°C as suggested by Poppe et al. (2001). The datasets
were collected from 2 to 65°260 for bulk samples and 2-35°260 for clay samples. The BGMN software was used to
quantify the mineralogical phases in the bulk samples.

A total of 74 core samples were analyzed, applying the Rock-Eval 6 pyrolysis technique. Following the standard
procedure described by Behar et al. (2001), aliquots of pulverized samples (70-80 mg) were loaded into crucibles,
and various geochemical parameters (e.g., S1, S2, S3, and Tmax) were measured.

For petrographic analyses and vitrinite reflectance measurement, a subset of 24 polished mounts were provided
from core chips embedded in epoxy resin. Optical microscopy was performed using a Zeiss Axioplan Il polarizing
microscope, equipped with a J&M photomultiplier. Maceral analysis was conducted under incident white light and
blue-light excitation (fluorescence mode).

3- Results and discussion
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The Asmari basal shale unit begins with a conspicuous increase of CGR and SGR response from the Pabdeh
Formation top (Fig. 1). In general, the gamma ray's response starts with lower readings at the base and increases
continuously to the middle of this section with high-frequency variations (due to thin limestone and sandstone
interbeds). In the upper part of the basal Asmari shale, the fluctuation decreases, and the shale volume and the
amount of gamma-ray reach their maximum values. These readings eventually decrease to lower readings in the
middle part of the Asmari Formation. In general, the increase in gamma-ray values (CGR and SGR) can be related
to an increase in clay minerals in the sedimentary environment or an increase in organic matter content (Siddique et
al., 2013). The SGR shows the total amount of the three radioactive elements, including uranium, thorium, and
potassium, and the CGR shows the amount of thorium and potassium.

Potassium and thorium are often found in clay minerals and their amount in rocks depends on the amount of clay
minerals (Paxton et al., 2008). The high value of the CGR and the closeness of its absolute value to SGR suggests
the input of large amounts of clay minerals (containing thorium and potassium) into the sedimentary environment

(Fig. 1).
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Fig. 1. Vertical plots of petrophysical log curves including computed gamma-ray (CGR), spectral gamma-ray
(SGR) along with the bulk geochemical data (TOC, Sy, HI and Tmax), and mineral composition of selected AZ well.

X-ray quantitative phase analyses (QPA) reveal that the Asmari basal shale is mainly composed of clay minerals,
including kaolinite and mixed-layer illite-smectite (Fig. 1). Secondary essential minerals are calcite and quartz.
Smectite is lacking, most likely due to increased burial depths since unstable smectite transforms into illite in the
form of mixed-layer illite/smectite at temperatures higher than 60-80°C (Hower et al., 1976). Microscopic
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examinations indicate that the organic matter in this unit has mostly originated from continental settings and
comprises vitrinite, inertinite, pollen, woody phytoclasts with minor marine liptinite macerals amorphous materials
(Fig. 2). The liptinite macerals (telalginite and lamalginite) are small and have low abundances in the studied
samples. Incident white light microscopy indicates that framboidal pyrite is abundant in different sizes, and some
samples have bitumen staining and solid bitumen (Fig. 2). The presence of solid bitumen can indicate the layers'
thermal evolution and determine the hydrocarbon migration paths (Jacob, 1989). The solid bitumen in some
samples may be due to hydrocarbon migration from the lower source/reservoirs to the Asmari basal shale unit.

vitrinite

vitrinite

Fig. 2. Photomicrographs taken under incident white light and blue-light excitation on the studied samples; images
were captured under an oil-immersion objective with 100X magnification; (a-c) palinomorphs under blue-light
excitation, (d-e) woody phytoclasts, (f) pollen, (g-h) fusinite and semifusinite, (i-k) vitrinite particles associated
with abundance of pyrite mineral, (I-m) solid bitumen with abundance of pyrite mineral, (n) liptinite under incident
white light, and (o) liptinite under blue-light excitation.
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TOC contents range from 0.2 to 1.25 wt. % (average of 0.75 wt. %), indicating poor to fair oil generation potential.
HI, values ranging between 141 to 244 (mg HC/g TOC) are consistent with type Il and 1I/111 kerogen in agreement
with the organic petrographic inspections. The dominance of terrestrial organic matter (kerogen type Ill) with a
relatively high oxygen index indicates that the organic matter was most likely deposited under oxic/suboxic
conditions when the relative sea level was low. In this study, the organic matter's thermal maturity within the
Asmari basal shale is assessed using vitrinite reflectance (%R0), pyrolysis Tmax and production index (PI) values.
Vitrinite reflectance (0.45-0.7 %Ro) and Tmax values (417-444 °C, an average of 432 °C) suggest that the Asmari
basal shale is thermally immature to early mature in the study area.

4- Conclusion

In this study mineralogy, organic petrography, thermal maturity and generation potential of the basal shale unit of
the Asmari Formation is investigated in Ahwaz, Marun and Kupal oilfields. Clay mineralogy including kaolinite
and mixed layer illite-smectite are the most abundant minerals. Secondary important minerals are calcite and quartz.
Microscopic examinations indicate that the organic matter in this unit have mostly originated from continental
settings and comprises vitrinite, inertinite, pollen, woody phytoclasts with minor marine liptinite macerals and
amorphous materials. TOC contents range from 0.2 to 1.25 wt. % (avg. 0.75 wt. %), indicating poor to fair oil
generation potential. HI values ranging between 141 to 244 (mg HC/g TOC), is consistent with type 111 and 11/111
kerogen. Vitrinite reflectance (0.45-0.7 %Ro0) and Tmax values (417-444 °C, average of 432 °C) suggest that the
Asmari basal shale is thermally immature to early mature in the study area.
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Fig. 1. Location map of the main structural subdivisions of the Zagros Fold Belt including study area in the
Dezful Embayment (modified from Sepehr and Cosgrove, 2004).
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Formation (Van Buchem et al., 2010).
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Fig. 3. Vertical plots of petrophysical log curves including computed gamma-ray (CGR), spectral gamma-ray
(SGR) along with the bulk geochemical data (TOC, S,, HI, and Tmax), and mineral composition of studied wells in

(a) AZ, (b) MN, and (c) KL.
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Fig. 5. Photomicrographs taken under incident white light and blue-light excitation on the studied samples: Images

were captured under an oil-immersion objective with 100X magnification; (a-c) palinomorphs under blue-light

excitation, (d-e) woody phytoclasts, (f) pollen, (g-h) fusinite and semifusinite, (i-k) vitrinite particles

associated with abundance of pyrite mineral, (I), (m) solid bitumen with abundance of pyrite mineral, (n)
liptinite under incident white light, and (0) liptinite under blue-light excitation.
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Table 1. Mineralogical composition (wt %) of the Asmari basal shale unit in the studied wells.

Well D(enelt)h Quartz Plagioclase felc}fs-par Muscovite Sllrllle:::i;te Kaolinite Chlorite Calcite | Dolomite | Ankerite Pyrite
AZ | 2826 1454 2.76 4.17 3.55 26.97 38.17 0.00 2.23 3.87 2.18 0.91
AZ | 2840  26.12 3.57 3.50 2.97 13.23 47.18 0.00 1.83 0.86 0.52 0.19
AZ | 2855 1159 1.74 2.65 2.80 24.16 47.63 0.00 2.53 2.06 3.05 0.19
AZ | 2869 7.4 0.49 3.31 0.00 18.98 18.08 0.00 38.59 0.00 1200  0.76
AZ | 2885  7.68 1.16 1.47 2.61 27.10 55.11 0.00 2.34 0.59 0.96 0.34
AZ | 2900  5.05 0.42 1.57 1.94 18.09 66.88 0.00 3.55 0.27 1.28 0.67
AZ | 2015  6.78 1.14 2.21 0.00 25.02 37.07 0.00 23.08 0.00 3.59 1.07
AZ | 2929 7.1 0.87 2.24 0.69 19.65 22.65 0.00 43.45 0.22 0.82 2.03
AZ | 2945 = 7.92 0.00 0.00 1.28 19.10 4.26 0.00 62.21 0.00 1.83 1.06
AZ | 2060 264 0.00 1.07 0.60 3.43 10.33 0.00 78.28 0.61 1.89 0.35
AZ | 2975 485 0.00 0.00 0.00 17.52 22.76 0.00 50.64 0.38 2.63 0.79
AZ | 2990 485 0.33 0.91 0.00 10.02 4851 0.00 34.63 0.10 0.24 0.41
KL | 3599 8091 3.35 3.38 3.27 30.33 43.01 1.46 1.91 0.76 2.02 1.16
KL | 3612 1331 3.89 453 3.85 25.60 44,55 1.47 1.23 0.67 0.43 0.46
KL | 3628 12.09 2.42 4.36 4.77 26.77 42.90 1.77 1.64 2.00 0.32 0.96
KL | 3679 6.26 1.74 2.19 2.60 20.69 60.93 1.12 1.85 0.58 1.79 0.25
KL | 3686 839 1.28 3.55 2.04 35.07 41.27 1.92 2.32 1.04 1.64 1.48
MN | 3551  15.66 1.44 5.39 1.99 16.65 48.79 0.00 0.46 2.05 2.21 1.51
MN | 3570  11.09 0.93 3.08 3.34 27.97 49.03 0.00 1.45 2.30 0.10 0.71
MN | 3580  4.68 0.87 1.34 1.81 15.09 72.73 0.00 1.60 0.45 1.16 0.29
MN | 3502 1221 0.95 4.82 0.00 25.78 17.36 3.07 32.10 0.49 0.79 2.46
MN | 3601 276 0.61 0.89 0.17 9.79 75.29 0.82 1.38 0.36 0.35 0.86
MN | 3610 451 0.49 1.60 0.00 27.27 7.30 0.00 31.23 1.77 4.97 2.36
MN | 3625  10.80 2.81 3.18 4.29 33.47 39.02 0.00 3.47 1.06 1.24 0.66
MN | 3640  9.19 171 3.40 3.20 28.02 28.87 2.16 12.32 1.91 2.59 0.56
MN | 3655 654 1.10 2.65 3.83 37.39 31.75 1.91 8.29 1.84 4.45 0.25
MN | 3682 813 0.66 3.11 1.67 30.90 33.27 1.97 14.26 2.24 3.07 0.72
MN | 3690 553 0.51 2.01 4.34 13.88 16.55 1.86 50.06 1.79 3.48 0.00
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Table 2. Results of Rock-Eval pyrolysis and measured vitrinite reflectance data in the studied wells

Depth (m)
2812.4
2815.1
2820.2
2826.1
2830.3
2835
2840.1
2845
2850
2855
2859.9
2865.1
2870
2875
2880
2885
2890.1
2895
2900.9
2906
2910.1
2915.1
2920
2925
2929.9
2935
2940
2945
2950
2955
2960.1

2965

Sy
(mg HC/g rock)
0.11

2.21
311
0.48
0.33
0.73
0.92
0.6
0.12
0.04
4.86
8.51
0.17
0.08
0.04
0.04
0.1
0.04
0.08
2.21
0.03
0.09
0.61
0.21
0.15
0.25
0.15
0.22
0.31
0.48
0.03

0.01

Sz
(mg HC/g rock)

1.46
1.63
0.3
0.86
1.32

1.7

0.32
241
8.25

1.03

0.18
0.42
0.55
0.5
0.97
1.6
0.48
0.61
0.96
241
6.31

0.24

0.36
0.49
0.32
0.12

0.05

HI
(mg HC/g TOC)

199
186
40
106
145
171
162
174
120
66
204
302
183
183
53
90
127
77
110
335
135
162
222
278
340
173
269
110
223
234
133

83

Ol
(mg CO2/g rock)

190
33
46

142
98
90

123

119

107

301

103
52

195

178

249

247

318

192

157

116

331

388

205

138
71

471

141

270

301

411

729

671

Pl
(S1/S:1+Sy)

0.07
0.58
0.91
0.36
0.20
0.30
0.42
0.27
0.10
0.11
0.67
0.51
0.14
0.07
0.18
0.09
0.15
0.07
0.08
0.58
0.06
0.13
0.39
0.08
0.02
051
0.08
0.38
0.39
0.60
0.20

0.17

Trmax
¢C)
437
435
429
434
436
437
437
437
437
432
432
432
434
435
425
427
417
426
432
425
428
423
426
434
429
425
431
421
427
439
423

421

TOC
(Wt%0)

0.73
0.88
0.76
0.81
0.91
0.99
0.8
0.95
0.89
0.49
1.18
2.74
0.57
0.58
0.34
0.47
0.44
0.65
0.89
0.48
0.35
0.38
0.43
0.87
1.85
0.14
0.67
0.33
0.22
0.14
0.09

0.06

VRr
(%)

0.6

0.61

0.65

0.57

0.58

0.55

0.48

0.53

0.53

0.45

0.47
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AZ 2970 0.02 0.17 168 506 0.11 429 | 01
AZ 2975 0.05 1.67 268 152 0.03 432 | 063 057
AZ 2979.6 0.02 0.54 173 302 0.04 428 | 031
AZ 2985 0.01 0.31 105 374 0.03 418 | 03
AZ 2990 0.01 0.16 82 515 0.06 415 | 02
AZ 2995 0.02 0.45 156 322 0.04 425 | 029
MN 3551 0.3 1.89 123 34 0.14 440 | 154 | 068
MN 3558 0.33 2.84 188 45.9 0.10 443 | 151
MN 3565 0.19 2.01 136 51 0.09 441 | 147
MN 3570 0.33 2.23 283 59.5 0.13 438 | 079 | 0.66
MN 3580 0.15 0.81 159 85 0.16 431 | 051
MN 3592 0.52 4.19 243 30.6 0.11 441 | 172
MN 3598 0.45 2.26 102 76.5 0.17 440 | 222
MN 3601 0.23 2.21 230 45.9 0.09 441 | 096
MN 3605 0.17 0.94 207 91.8 0.15 437 | 0.46
MN 3610 0.33 5.74 363 27.2 0.05 436 | 158
MN 3614 0.76 6.56 424 30.6 0.10 438 | 155
MN 3634 0.26 1.59 313 93.5 0.14 437 | 051
MN 3640 0.24 2.34 286 59.5 0.09 441 | 082
MN 3645 0.41 5.68 366 425 0.07 441 | 155
MN 3655 0.15 0.82 201 119 0.15 427 | 041 | 0.69
MN 3662 0.2 1.37 262 81.6 0.13 429 | 052
MN 3675 0.25 1.41 244 78.2 0.15 438 | 058
MN 3682 0.17 0.95 219 85 0.15 432 | 043
MN 3695 0.19 1.04 195 108.8 0.15 434 | 053 | 071
MN 3890 0.74 153 343 120.7 0.33 291 | 0.44
KL 3595 0.04 0.91 152 28 0.04 441 | 06 | 068
KL 3599 0.05 0.87 158 55 0.05 439 | 055
KL 3600.9 0.04 0.9 111 43 0.04 439 | 081
KL 3602.4 0.12 1.08 152 27 0.10 440 | 071
KL 3607.5 0.16 1.13 133 31 0.12 439 | 085 | 0.66
KL 3611.7 0.11 0.77 197 46 0.13 441 | 039
KL 3618.7 0.04 0.33 43 47 0.11 438 | 0.77
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KL 3622.8 0.35 1.06 134 85 0.25 436 079 | 057

KL 3628.1 0.09 0.54 104 69 0.14 437 | 052 | 062

KL 36285 0.04 0.59 104 25 0.06 437 | 057

KL 3679.5 0.04 0.64 164 38 0.06 440 039 | 063

KL 3683 0.02 057 142 30 0.03 439 04 | 054

KL 3683.7 0.54 0.54 75 21 0.50 436 0.72

KL 3684.7 0.05 119 101 25 0.04 435 | 118

KL 3685.4 0.05 08 235 79 0.06 436 | 0.34

KL 3686.4 0.03 077 203 55 0.04 440 0.38

KL 3687.5 0.05 0.81 193 40 0.06 440 042 | 060
&lw
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