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1-Introduction

Recent investigations have emphasized the significance of the hydrocarbon-generation potential of coal-
bearing intervals in the Parvadeh area of the Tabas Basin, based on detailed analyses of organic petrography
and vitrinite reflectance (Zamansani et al., 2019; Esmailpour et al., 2022; Zamani et al., 2023a, 2023b).
Zamani et al. (2023a) demonstrated that the coal seams of the Nayband Formation in the Parvadeh region
(Tabas Block) were deposited in a paralic environment influenced by marine conditions and located within
the lower delta plain. Furthermore, Zamani et al. (2023b) reported vitrinite reflectance values ranging from
0.97% to 1.35% for coal seams B1, B2, Cl1, and C2. Similarly, Esmailpour et al. (2022) documented
reflectance values of 1.13% to 1.54% for seams B1, B2, and C1, whereas Zamansani et al. (2019) identified
a range of 1.17% to 1.37% for the same seams in the Parvadeh Coal Mine. Because vitrinite reflectance
measurements, organic petrographic observations, and Rock-Eval pyrolysis data are fundamental for
evaluating thermal maturity, predicting oil- and gas-generation potential, and characterizing coal quality,
this study focuses on the Qadir Member of the Nayband Formation, as well as the Ab-e-Haji and Parvadeh
Formations, based on borehole data from Block 7 of the Parvadeh-4 area. The results of this study provide
important insights into coal quality, methane generation potential, and methane explosion hazards within
the coal seams of the Parvadeh Coal Mine.

2-Materials and methods

In this study, 135 drilling core boxes from the Nayband, Ab-e-Haji, Badamu, Hojedk, and Parvadeh
Formations, representing a total core length of 641.1 m, were subjected to detailed lithological description.
From these cores, 35 representative samples were selected for organic petrographic analysis and evaluation
of the gas-generation potential of the coal-bearing intervals. Laboratory investigations include Rock-Eval
pyrolysis, vitrinite reflectance measurements, and organic petrographic analyses. Of the 35 samples, 14
polished sections were prepared and examined under reflected light microscopy using an Olympus BX60
microscope for organic petrography. These analyses were conducted at the Petrography Laboratory,
Department of Geology, University of Isfahan, Isfahan, Iran. Subsequently, 5 polished sections from
samples with the highest TOC values were selected for vitrinite reflectance measurements using a Leica
DM-4500 microscope equipped with a J&M TIDOS MSP 200 photomultiplier system, following ASTM
D7708 standards, at the Research Institute of Petroleum Industry (RIPI), Tehran. In addition, to evaluate
the source-rock characteristics of the studied succession, 10 powdered core samples were analyzed by
Rock-Eval 6 pyrolysis (VINCI Technologies) at RIPI.
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3-Results and discussion
3-1- Organic petrography

In the Qadir Member of the Nayband Formation, the dominant macerals are vitrinite—predominantly
collotelinite-and gelinite. Petrographic features, including fractures infilled with gelinite and the presence
of pyritic veins, indicate coal formation under reducing deltaic conditions characterized by low-energy
sedimentation and moderate to high thermal maturity. In contrast, the Ab-e-Haji Formation is dominated
by inertinite macerals (fusinite, inertodetrinite, and funginite) of terrestrial origin. Their fibrous, cellular,
and highly porous textures, together with the occurrence of pyrite and inertodetrinite fragments within silty
matrices, suggest deposition in swampy to fluvial environments under oxidizing to sub-oxidizing
conditions. The marked differences in maceral assemblages between the Nayband and Ab-e-Haji
Formations reflect substantial variations in depositional settings and subsequent diagenetic processes. In
the Parvadeh Formation, the predominance of vitrinite indicates peat accumulation under reducing
conditions in shallow swamp and floodplain environments subjected to fluctuating redox conditions. The
occurrence of telinite and collotelinite, preservation of cell-wall structures, and the presence of pyrite as
framboidal, dispersed, and pore-filling aggregates further support reducing diagenetic conditions.

3-2- Vitrinite reflectance (Ro%)

Vitrinite reflectance (R0%) is a robust and widely used indicator for evaluating the thermal maturity of
organic matter and the hydrocarbon-generation potential of source rocks. Variations in average Ro values
among the analyzed samples reflect distinct maturity stages within the Parvadeh, Ab-e-Haji, and Nayband
Formations. A shallow sample from the Parvadeh Formation, with an average Ro of 0.72%, corresponds to
the early maturity stage. An intermediate-depth sample from the Ab-e-Haji Formation and a shallow sample
from the Nayband Formation, with average Ro values of 0.95% and 0.90%, respectively, indicate full
maturity within the peak oil-generation window. In contrast, an intermediate-depth C1 seam sample from
the Nayband Formation, with an average Ro of 1.21%, represents a high-maturity wet-gas stage, indicating
the generation of thermogenic gases, particularly methane and higher hydrocarbons (C2-C5). Finally, a
deep sample from the Nayband Formation, with an average Ro of 1.32%, indicates that the organic matter
has entered the condensate-wet gas generation stage.

3-3- Rock-Eval pyrolysis

Rock-Eval pyrolysis results reveal substantial differences in organic richness and thermal maturity between
the Ab-e-Haji and Nayband Formations. Total organic carbon (TOC) values range from 0.7% to 39.69%,
indicating a high potential for dry-gas generation under adequate thermal conditions. Shallow and deep
Nayband Formation samples, with TOC exceeding 30%, were deposited in reducing marsh—deltaic
environments with limited oxygen exposure, whereas shallow Ab-e-Haji samples with lower TOC reflect
more oxidizing conditions. High TOC values indicate favorable organic accumulation and high burial rates
in reducing swamp environments, while low TOC may result from oxidation, biodegradation, or destructive
diagenesis. Consequently, the Nayband Formation surpasses the Ab-e-Haji Formation in organic richness
and gas-generation potential. S, values of the studied samples range from 0.33 to 78.88 mg HC/g rock.
Elevated S, in the Nayband samples reflects reducing depositional conditions. Based on petrographic and
pyrolysis data, the organic matter of the Nayband coals is classified as type III/II-1II kerogen derived from
terrestrial plants, showing significant methane-generation potential. However, due to the low hydrogen
index (HI) and the absence of lipid- and resin-like compounds typical of marine algae, the oil-generation
potential is limited. Therefore, despite high TOC, the organic matter quality is relatively low, and these
coals primarily generate dry gas at advanced thermal maturity stages. The S» versus TOC plot shows that
most Nayband samples, with TOC around 10% and S, values between 10—-80 mg HC/g rock, fall within the
“very good to excellent” range, reflecting high organic richness, hydrocarbon-generation capacity, and type
III kerogen with gas-prone characteristics. The Ab-e-Haji samples, with lower TOC and S, values compared
to the Nayband Formation, exhibit lower organic richness and gas-generation potential. Overall, the
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terrestrial coals of the Nayband Formation in the Tabas Basin, with high TOC and S, values, exhibit
considerable potential for methane generation or expulsion under suitable thermal conditions.

4-Conclusions

Organic petrographic investigations of coal seams from an exploratory borehole in the Parvadeh Coal Mine,
Tabas Basin, indicate that the Nayband Formation is dominated by vitrinite macerals, mainly telinite and
collotelinite, whereas the Parvadeh and Ab-e-Haji Formations are characterized predominantly by inertinite
macerals, including fusinite and semifusinite. Accordingly, the organic matter in the Nayband Formation
is derived from terrestrial higher plants, whereas the organic matter preserved in the Lower—Middle Jurassic
Ab-e-Haji and Parvadeh Formations is most likely reworked and redeposited material sourced from the
Nayband Formation following the Early Cimmerian orogenic event. Microscopic evidence, such as the
widespread occurrence of pyrite and pyrite-filled fractures, indicates sub-reducing to reducing depositional
and diagenetic conditions for the coal-bearing strata. Vitrinite reflectance measurements reveal that the
Parvadeh Formation is at the onset of thermal maturity, the Ab-e-Haji Formation is within the peak oil-
generation stage, and the Nayband Formation spans peak oil generation to the transition into wet-gas
generation. Rock-Eval pyrolysis results show that the Ab-e-Haji Formation, characterized by relatively low
TOC values (average 5.31 wt%), low hydrogen index (HI =47-113 mg HC/g TOC), and moderate oxygen
index (OI = 627 mg COy/g TOC), predominantly contains relatively oxidized organic matter
corresponding mainly to type III kerogen. These characteristics suggest deposition under oxidizing to sub-
oxidizing conditions. Although this formation has reached early to intermediate thermal maturity, its overall
hydrocarbon-generation potential is assessed as low to moderate. In contrast, the Nayband Formation
exhibits high TOC contents (1.38-39.69 wt%, average 13.63 wt%), relatively high S, values (1.3—78.88
mg HC/g rock), and low OI values (<51 mg CO,/g TOC). Its organic matter is dominated by terrestrially
derived type III kerogen, indicating very good to excellent potential for natural gas generation (dominated
by methane). The Nayband Formation is at full thermal maturity; its shallower intervals lie within the oil
window, while deeper samples have reached the condensate oil to wet-gas generation stage. Overall, the
results demonstrate that the Nayband Formation possesses a very high gas-generation capacity, particularly
for methane, whereas the Ab-e-Haji Formation exhibits lower thermal maturity, poorer organic matter
quality, and a more limited hydrocarbon-generation potential. These findings indicate that within the Tabas
Basin, the Nayband Formation represents the most effective and favorable potential source rock for gas
generation among the Upper Triassic—Jurassic stratigraphic units.
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Fig. 2. Triassic-Middle Jurassic lithostratigraphic units in the northern Tabas Block including the studied
borehole in the Parvadeh area (modified after Salehi et al., 2026).
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formations of the Shemshak Group in the Parvadeh 4 area. Coal layers are mainly interbedded with dark shales and
siltstones.

Lithology Description

Dark grey bioclastic mudstones,
sandy oolitic limestone, bioclastic
siltstone, very fine-grained sandstone
and bioclastic oncolithic limestones

T Dark grey siltstone to mudstone
173 5m with intercalations of
fine-grained sandstone

4tom White to light grey limestone

21.5m  With oolitic grainstone and
a few oncolithic and/or
v bioclastic rudstone textures

(662 m

White to light grey, fine-grained
49.2m sandstone with dark grey shales,
thin coaly shale layers, and coal seams

115.5m

326m

31m
Dark shale, siltstone, and
intercalations of light grey
to grey, fine-grained
sandstone, along with

I1Im coal seams

27m

4m

| v
641.1 ———
T == HEHEE

No Scale Sandstone Coal Limestone Mafly shale  Shale

118 S olew by ygiacidin o b i b slaYinm &so 4 Baes o5 sloayy
Fig. 3. Schematic lithostratigraphic column of the studied borehole showing the lower part of the Magu Group and the
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Table 1. List of the studied samples for polished sections prepared for organic petrography, vitrinite reflectance, and

Rock—Eval pyrolysis analyses.

Number Sample No. Formation  Depth (m)
1 P-20.3 Parvadeh 20.3
2 P-80.3 Ab-¢-Haji 80.3
3 P-90.9 90.9
4 P-118.3 Nayband 118.3
5 P-195.4 Nayband 195.4
6 P-178.3 Nayband 178.3
7 P-206.6 Nayband 206.6
8 P-236.6 Nayband 236.6
9 P-255 Nayband 255
10 P-343.3 Nayband 3433
11 P-363.8 Nayband 363.8
12 P-399 Nayband 399
13 P-444.9 Nayband 4449
14 P-471.1 Nayband 471.1
15 P-547 Nayband 547
16 P-594.1 Nayband 594
17 P-625.8 Nayband 625.8

Analysis
Organic petrography, vitrinite reflectance

Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis

Organic petrography, vitrinite reflectance
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
Organic petrography, vitrinite reflectance, Rock Eval-pyrolysis
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Fig. 4. Photomicrographs of bituminous coal from the Nayband Formation (Upper Triassic), Parvadeh Mine, Tabas.

Images were captured under reflected white light. (a) 594.1 m depth, (b) 255 m depth, (c) 547 m depth, (d) 625.8 m depth,
(e) 236.6 m depth, and (f) 547 m depth. CT: collotelinite, SH: shale, F: fusinite, BU: bubble or void, G: gelinite, P: pyrite.

Some fractures and voids are filled with epoxy resin (ER).
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Fig. 5. Photomicrographs of bituminous coal from the Parvadeh Mine, Tabas. Images were captured under reflected
white light. (a—b) Parvadeh Formation (Middle Jurassic, 20.3 m depth), (c—d) Ab-e-Haji Formation (Lower Jurassic, 80.3
m depth), (e) the upper part of the Nayband Formation (Upper Triassic, 195.4 m depth), and (f) Nayband Formation

(Upper Triassic, 206.6 m depth). SF: semifusinite, CT: collotelinite, FG: funginite, ID: inertodetrinite, F: fusinite, T:
telinite, G: gelinite, P: pyrite. Some fractures and voids are filled with epoxy resin (ER).
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Fig. 6. Photomicrographs and vitrinite reflectance measurements of coal samples from the Parvadeh Mine, Tabas.
Measurements were performed in oil immersion at 50% magnification using the green spectral band (A = 546 nm). (a—b)

Parvadeh Formation, 20.3 m depth, (¢) Ab-e-Haji Formation, 80.3 m depth, (d) Nayband Formation, 195.4 m depth, (e)
Nayband Formation, 594.1 m depth, and (f) Nayband Formation, 625.8 m depth.
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Fig. 7. Measured vitrinite reflectance (Ro%) of coal samples from the Parvadeh Mine in Tabas and the thermal maturity

of the studied stratigraphic succession.
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Table 2. Rock-Eval pyrolysis parameters of coal samples from the Parvadeh Mine, Tabas.

HI
Sample No. Formation (T Ot(g ) (mg HC/g
Wt TOC)
P-80.3 9.92 113
Ab-e-Haji
P-90.9 0.70 47
P-195.4 39.69 199
P-206.6 3.26 86
P-236.3 4.49 83
Nayband
P-255 (Qadlr Member) 3.79 108
P-444.9 1.38 95
P-547 15.46 151
P-594.1 10.48 111
P-625.8 30.48 131

Ol Si Sz
(mg COy/g (mg HC/g (mgHC/g  Tumax (°C)
TOC) rock) rock)
6 1.16 11.23 446
27 0.06 0.33 459
3 2.25 78.88 453
16 0.21 2.8 453
10 0.24 3.73 454
18 0.71 4.1 450
51 0.71 1.3 444
5 2.84 23.38 459
1 1.39 12.06 467
3 3.85 40.05 471
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Fig. 9. The S,—TOC diagram illustrating the kerogen type of the Nayband and Ab-e-Haji Formations (after Langford and
Blanc-Valleron, 1990). Type I = oil generation potential, Type Il = oil and gas generation potential, Type III = wet and
dry gas generation potential, Type IV = oxidized organic matter.
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Fig. 10. HI versus Tmax plot (Hunt, 1996) for coal samples from the Parvadeh Mine, Tabas. Thermal maturity lines
corresponding to vitrinite reflectance values of 0.62%, 0.88%, and 1.10% represent the onset of oil generation, peak oil
generation, and the beginning of thermogenic gas generation, respectively. Environmental classification of kerogens is as
follows: Type I = lacustrine environment, Type II = marine environment, Type II/III = transitional marine—terrestrial

environment, Type III/II = transitional terrestrial-marine environment, Type III = continental environment, Type I1I/IV
= oxidized continental environment, Type IV/III = oxidized environment with terrestrial influence.
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