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Abstract

This study provides the first evaluation of the source rock potential of the Dalichai Formation at the Vana
stratigraphic section (Central Alborz) by integrating palynofacies analysis and organic geochemical data.
Based on the identified biozones and key dinocyst species, the age of the Dalichai Formation in this section
is determined as late Bajocian to late Callovian. Source rock potential was evaluated using Rock-Eval
pyrolysis data and organic geochemical indices, including Total Organic Carbon (TOC), Si, S, Ss,
Hydrogen Index (HI), and Oxygen Index (OI). Due to the low TOC and S2 values, this formation is
classified as significantly poor in organic matter content. The distribution of samples on the relevant
diagrams indicates that the organic matter predominantly consists of Type IV kerogen, with no effective
potential for hydrocarbon generation. Although some intervals of the studied succession show a relative
decrease in terrestrial organic input, a relative increase in AOM abundance, and an increase in marine
components based on palynofacies analysis, indicating a relative improvement in preservation conditions,
this state was likely the result of a combination of low sedimentation rates and prolonged oxygen exposure.
Under slow sedimentation conditions, organic matter remains in contact with oxygen for an extended
period, facilitating gradual oxidation and the loss of hydrocarbon-generating components. Consequently,
even in intervals of this formation characterized by slower deposition, the sedimentary environment was
unsuitable for preserving organic matter and converting it into productive kerogen. From an applied
perspective, these findings conclusively rule out the hydrocarbon-generating potential of the Dalichai
Formation and, consequently, its possible role as a source rock in the Alborz Basin. They further indicate
that additional investigations into its source rock potential are not warranted. Accordingly, the Dalichai
Formation may be excluded from subsequent regional source rock assessments.

Keywords: Dalichai Formation, Organic geochemistry, Rock-Eval pyrolysis, Source rock potential,
palynofacies

1- Introdution

The Dalichai Formation is extensively distributed along the Alborz Mountain Range. It predominantly
consists of grey shale, marl, and marly limestone, containing ammonites, benthic foraminifers, dinocysts,
and continental palynomorphs (spores and pollen). The formation has been comprehensively studied across
the Alborz Basin with respect to its palynostratigraphy, paleoenvironmental conditions, and palynological
content (e.g., Ghasemi-Nejad et al., 2012; Dehbozorgi et al., 2013; Sajjadi et al., 2023; Dehbozorgi et al.,
2024; Dehbozorgi and Senemari, 2020; Hashemi Yazdi et al., 2020; Kalanat and Raoufian, 2023). Despite
extensive paleontological work on the Dalichai Formation, its organic geochemical and hydrocarbon
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potential remains understudied. In this study, the first integrated assessment combining Rock-Eval
pyrolysis, dinocyst palynostratigraphy, and palynofacies analysis is presented to constrain its age,
paleoenvironment, and hydrocarbon-generative potential.

2- Material and methods

The 48 m-thick Dalichai Formation at the Vana stratigraphic section (Central Alborz; 35°56" 31N, 52°15’
48 E) predominantly comprises alternating marls, limestones, and marly limestones. It unconformably
overlies the Shemshak Formation and is conformably overlain by the cliff-forming Lar Formation. Twenty-
one samples were processed for palynology using standard non-oxidative techniques (Phipps and Playford,
1984), including hydrochloric (10 - 50%) and hydrofluoric (ca. 40%) acids for the dissolution of carbonates
and silicates, respectively. Thereafter, the silica gel produced during the HF treatment was removed using
10% hot HCI. The resulting solution was then neutralized and centrifuged in ZnCl, solution (specific gravity
of 1.9 g/cm?) to separate the components based on density. Neither oxidative nor alkali treatments were
applied. Residues were sieved through a 20um mesh and mounted on glass slides using liquid Canada
balsam. Sedimentary organic matter was quantitatively logged across 15 fields of view per slide and
projected onto the Tyson (1993) ternary diagram for paleoenvironmental reconstruction. Rock-Eval 6
pyrolysis was performed on five representative samples at the Research Institute of Petroleum Industry
(RIPI) to evaluate source rock potential and kerogen type. To enhance the objectivity and reliability of the
interpretation, palynofacies data (AOM, Phytoclasts, and Marine Palynomorphs) were statistically
evaluated using Principal Component Analysis (PCA) and Hierarchical Cluster Analysis (HCA; Ward’s
1963 method). All the samples, slides, and figured specimens were stored at the Laboratory of Paleontology
of the Department of Geology, Faculty of Science, Imam Khomeini International University, Qazvin, Iran.

3- Results and discussions

The presence of some index species of dinoflagellate cysts leads to the identification of three of the
northwestern European biozones (Riding and Thomas, 1992; Poulsen and Riding, 2003), i.e.,
Cribroperidinium crispum Total Range Biozone (late Bajocian), the Dichadogonyaulax sellwoodii Interval
Biozone (Bathonian to early Callovian), and the Ctenidodinium continuum Interval Biozone (early to
middle Callovian). Moreover, the presence of such dinoflagellate species as Mendicodinium groenlandicum
and Systematophora areolata has been used to attribute a late Callovian age to the upper part of this studied
section. The late Bajocian - late Callovian age is collectively attributed, therefore, to the studied section.

Quantitative distribution of particulate organic components on the Tyson (1993) ternary plot identifies
four distinct palynofacies; i.e., Palynofacies I (sample 1) is dominated by phytoclasts with scarce proximate
dinocysts, indicating a very shallow, nearshore setting. Palynofacies II (samples 2, 4-7, 10-13, 17-18)
comprises 65-84% phytoclasts, 7-26% AOM, and <13% marine palynomorphs, reflecting a marginal
shallow-marine realm under dysoxic to anoxic conditions (Tyson, 1993). Palynofacies I/Il (sample 3)
represents an intermediate transition marked by slight AOM enrichment and dominant phytoclasts,
indicating short-term shoreline shifts. Palynofacies [Va (samples 8-9, 14-16, 19-21), characterized by 27-
33% AOM, 24-30% marine palynomorphs, and 40-47% phytoclasts, reflects an intermediate to distal shelf
regime (Tyson, 1993).

Principal Component Analysis (PCA) performed on phytoclasts, AOM, and marine palynomorphs
successfully discriminated the samples along a landward to basinward gradient. It confirmed a clear
environmental shift from phytoclast-dominated nearshore settings (Palynofacies I) to AOM- and dinocyst-
enriched distal shelf regimes (Palynofacies 1Va) with enhanced preservation under lower oxygen
conditions. Hierarchical Cluster Analysis (HCA; Ward’s 1963 method) based on quantitative organic
constituents classified the samples into three primary clusters that validate the defined palynofacies
framework. The statistical separation clearly captured a continuous, gradual paleoenvironmental evolution
from proximal terrigenous-dominated facies (Palynofacies I and I/I) to distal marine facies with enhanced
AOM content (Palynofacies IVa).

Geochemical analysis via Rock-Eval 6 pyrolysis demonstrates that the Dalichai Formation at the Vana
stratigraphic section is organically poor, with TOC values remaining consistently below 0.5 wt. %
(averaging 0.2 - 0.4 wt. %) and pyrolyzable hydrocarbon yields are negligible (S2<0.1 mg HC/g rock)
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(Peters and Cassa, 1994; Hunt, 1996). Cross-plots of HI versus Tmax and OI indicate that the sedimentary
organic matter is entirely dominated by oxidized, reworked Type IV kerogen with virtually no generative
capacity (Welte and Tissot, 1984). Vitrinite reflectance analysis is a well-established proxy for assessing
the thermal maturity of organic matter and evaluating source-rock potential (Eskandari et al., 2026). In this
study, reflectance measurements of the identified solid bitumen particles in sample D21 indicate a relatively
high level of thermal maturity (Ro = 1-1.1%). However, the extreme scarcity of these particles and their
exclusive occurrence along fracture networks suggest that the hydrocarbons were not generated in situ.
Rather, they likely resulted from secondary migration from a more organically rich source rock (e.g., coal-
bearing sediments and organic-rich shales of the Shemshak Formation; Shekarifard et al., 2012; Hamidi et
al., 2018) located elsewhere. Accordingly, this stratigraphic interval primarily acted as a migration pathway
or a site of secondary hydrocarbon accumulation, rather than as an effective generative source rock.
Furthermore, the anomalously high Tmax value of 604°C recorded for sample D21 is interpreted as an
analytical artifact, resulting from the very low and broad S, peak and the presence of trace amounts of
veinlet-filling solid bitumen, rather than from true overmaturity of the host organic matter.

From an applied perspective, these findings conclusively rule out the hydrocarbon-generating potential
of the Dalichai Formation and, consequently, its possible role as a source rock in the Alborz Basin. They
further indicate that additional investigations into its source rock potential are not warranted. Accordingly,
the Dalichai Formation may be excluded from subsequent regional source rock assessments.

4- Conclusion

Dinoflagellate cyst palynostratigraphy and key species of dinocysts constrain the age of the Dalichai
Formation at the Vana stratigraphic section to the late Bajocian - late Callovian through the identification
of three biozones calibrated with standard Tethyan/Subboreal zonation schemes. Integrated palynofacies
analysis reveals a progressive, transgressive transition from a proximal, terrigenous-dominated nearshore
setting to deeper, distal marine environments, punctuated by minor, short-term relative sea-level
fluctuations. Organic geochemical analysis (Rock-Eval 6) and organic petrography demonstrate that the

succession is consistently organic-poor, characterized by low TOC, negligible S| and S, yields, and low HI
values. The organic matter is dominated by Type IV (inert) kerogen, indicating a poor to non-generative
source rock. This severe organic depletion resulted from slow sedimentation rates and prolonged exposure
to oxygenated waters during transport and deposition, which led to the degradation and oxidation of reactive
organic compounds despite transient dysoxic bottom-water episodes. Furthermore, the presence of mature

solid bitumen along microfractures indicates that certain intervals acted as potential pathways or carrier
beds for secondary hydrocarbon migration rather than an active, indigenous petroleum source rock. In
conclusion, the Dalichai Formation at the Vana stratigraphic section holds no effective in-situ hydrocarbon
generative potential, and its petroleum geological significance in this area is limited to its prospective role
as a migration conduit.
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Fig. 6. Variations in major palynological elements and environmental factors of the studied samples, Dalichai Formation,

Vana stratigraphic section.
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Fig. 7. Principal Component Analysis (PCA) biplot of the Dalichai Formation samples based on the three main
palynofacies components (AOM, Marine Palynomorphs, and Phytoclasts), Vana stratigraphic section.
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Table 2. Rock-Eval 6 Pyrolysis results of the selected samples studied from the Dalichai Formation, Vana stratigraphic
section.

No Saﬁ‘)ple S S S TOC Twa HI OI

1 D2 0 003 0.9 025 454 12 74

2 D11 0 005 023 028 446 17 80

3 D16 0 003 0.14 0.08 436 39 181

4 D18 0 004 022 008 443 50 285

5 D21 0 004 0.6 007 604 55 246
L slociw ol3in S0 Jomily Sb3)) 5 055955 €95 ST oole Cores V-Y-F
Sgise odlitul Sp ply ,e TOC olis loges s e Jlail Lice S st 4 il S 25 sl
ol 4 S o a5 j3b s (Eskandari et al., 2026) Peters, ) cul 1 (TOC) JT 0,8 IS olie Lo o8
0dgazme 4y azg b axlllae 550 (lodiges Cuwl ool ools Peters gosaids 5| JTosle oS s j5late 45 (1986
il o 5 Mol o T Slge (glgizme S abais s, 13 Gomaib jslate 4 (¥ Jgaz) ob oolitul (149F) Cassa 4

(Peters and Cassa, 1994) Lue slacKiw ;o Slosle slie Sbj,l sl ool 550 (olaondssy sl el )b =Y Joo>
Table 3. Geochemical parameters used to evaluate organic matter richness in source rocks (Peters and Cassa, 1994).

Source-rock Si S;

quality TOC (wt %) (mg HC/g rock) (mg HC/g rock)
Poor 0-0.5 0-0.5 0-2.5
Fair 0.5-1.0 0.5-1.0 2.5-5
Good 1.0-2.0 1.0-2.0 5-10
Very Good 2.04.0 2.04.0 10-20
Excellent >4.0 >4.0 >20
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Fig. 13. Organic petrography photomicrographs of selected sample D21 of Dalichai Formation, showing solid bitumen
particles (Ro = 1-1.1%) and microfractures within an organic poor matrix. (a) General view of the mineral matrix, showing
severe organic carbon depletion and a very sparse distribution of organic particles, (b, c¢) Vitrinite Reflectance

measurements (Ro = 1.06-1.09%) on dispersed and small solid bitumen particles, (d) Magnified view of the heterogeneous
mineral matrix texture, and (e) Presence of microfractures associated with solid bitumen and potential migration

pathways.
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Table 4. Geochemical parameters of inorganic and organic carbon and gaseous compounds derived from pyrolysis and
oxidation stages of the selected samples of the Dalichai Formation, Vana stratigraphic section.

No Sa;‘]‘)ple S;CO S;CO Sy PC RC OICO PYROMINC OXIMINC MINC
1 D2 0.02 004 285 001 025 9 0.08 0.64 0.72
2 D11 0.02 0.04 3 001 027 7 0.08 0.83 0.91
3 D16 0.01 002 577 001 007 13 0.16 7.05 721
4 D18 0.01 002 605 001 007 8 0.17 778 7.95
5 D21 0 001 439 001 0.06 5 0.12 10.11 10.23
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Fig. 14. Variations in geochemical parameters of organic and inorganic carbon and gaseous compounds derived from
pyrolysis and oxidation stages in selected samples of the Dalichai Formation, Vana stratigraphic section. (a) D2, (b) D11,

(c) D16, (d) D18, and (e) D21.
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