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Abstract

The Dalan Formation, a major carbonate-evaporite succession in the Persian Gulf Basin, is a significant gas-bearing reservoir in
fields such as South Pars. This study integrates mud gas geochemistry and petrophysical evaluation to characterize hydrocarbon
fluid types and assess reservoir quality in zones K3 and K4. Mud gas concentrations (C1-C8) were analyzed using Pixler diagrams
and Haworth parameters (Wh, Bh, Ch), while petrophysical evaluation included gamma-ray, density, neutron, and resistivity logs to
estimate effective porosity, water saturation, and hydrocarbon saturation. Results indicate that Zone K3 is a dry gas reservoir
dominated by methane and ethane, with moderate to low porosity and hydrocarbon saturation, and limited economic potential. Zone
K4 exhibits dual behavior, with a lower water-bearing interval of poor quality and an upper interval of moderate to good quality
containing wet gas and light condensates. Integration of geochemical and petrophysical data provides accurate identification of
hydrocarbon types, productive intervals, and fluid contacts, offering a robust scientific basis for reservoir development planning.
This approach is particularly valuable in complex carbonate-evaporite reservoirs, reducing exploration risk and optimizing

production strategies.
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Introduction

The Dalan Formation, one of the most significant carbonate-
evaporite sequences in the Persian Gulf Basin, plays a crucial
role in the country’s gas supply. Despite extensive
petrophysical studies, integrated analyses combining mud gas
geochemistry and petrophysical data have received limited
attention. Identifying hydrocarbon fluid types and evaluating
reservoir quality, particularly in zones K3 and K4, is essential
for optimizing exploration and production strategies. This

study aims to address this gap by integrating real-time mud
gas measurements with well log and petrophysical data from
a well in the South Pars gas field.

Materials & Methods

Mud gas data, including hydrocarbon concentrations from
methane (C1) to heavier hydrocarbons (up to C8), were
recorded continuously during drilling using on-site mud
logging systems equipped with gas chromatographs and
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flame ionization detectors. Quality control procedures were
applied to remove background gas, drilling-induced artifacts,
and unreliable measurements using the Gas QC index. Valid
data were analyzed through Pixler diagrams and Haworth
parameters (Wh, Bh, Ch) to identify hydrocarbon types and
productive intervals. Petrophysical evaluation utilized
gamma-ray, density, neutron, and resistivity logs, combined
with lithological and mineralogical interpretation, to estimate
effective porosity, water saturation, and hydrocarbon
saturation. Probabilistic petrophysical models enabled
correlation between fluid types and reservoir quality,
providing a comprehensive understanding of the K3 and K4
intervals.

Discussion of Results & Conclusions
Zone K3 (3262-3379 m) is predominantly a dry gas
reservoir, dominated by methane and ethane. Petrophysical
analysis indicates moderate to low effective porosity (3—20%)
and hydrocarbon saturation (40-60%), within the lower
interval (3300-3382 m) displaying poor reservoir quality due
to high anhydrite content and elevated water saturation. Mud
gas ratios (C1/C2-C1/C5) and Haworth indices consistently
indicate a dry gas system with limited heavier hydrocarbons.
Zone K4 (3382-3547 m) exhibits dual behavior: the lower
interval (3385-3450 m) shows low porosity, high water
saturation, and poor reservoir quality, whereas the upper
interval (3450-3500 m) demonstrates moderate to good
quality, with effective porosity of 5-20% and water
saturation of 40-70%. Mud gas geochemistry and Haworth
analysis reveal the presence of heavier hydrocarbons and
condensates (wet gas), corroborated by increased resistivity
and cross-over effects in density—neutron logs. Pixler
diagrams indicate that while the majority of K4 remains in
the gas domain, certain depths approach the gas/oil boundary,
confirming the existence of mixed fluids.

The integration of mud gas geochemistry and
petrophysical data highlights significant heterogeneity within
the Dalan Formation. Zone K3 is a mature dry gas reservoir
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with limited economic potential, while the upper interval of

K4 contains condensates that enhance production prospects.
Conventional methods such as well logging and reservoir

testing, although valuable, may be insufficient in complex

carbonate-evaporite settings due to lithological heterogeneity
and operational limitations. In contrast, mud gas analysis
provides a rapid, cost-effective, and complementary approach
to assess hydrocarbon types, identify productive zones, and
reduce exploration risk. The combined use of Pixler and

Haworth methods allows precise differentiation between dry

gas, wet gas, and light condensates, enhancing the accuracy

of reservoir characterization.

Data were collected from a single well, limiting the
ability to directly generalize results across the entire South
Pars field. Instrumental errors, depth alignment uncertainties,
and variations in drilling conditions may influence the
accuracy of gas geochemistry measurements. Nevertheless,
the study provides a reliable scientific basis for understanding
fluid distribution in the upper Dalan Formation. Conclusions
of this study follows:

1. Zone K3 is a dry gas reservoir dominated by methane and
ethane, with low to moderate reservoir quality and
limited production potential.

2. Zone K4 consists of a lower poor-quality, water-bearing
interval and an upper interval with moderate to good
quality containing wet gas and light condensates, contrary
to prior assumptions of exclusively dry gas.

3. Integration of mud gas geochemistry and probabilistic
petrophysics  enables  accurate identification  of
hydrocarbon types, productive intervals, and fluid
contacts.

4. The upper K4 interval represents a valuable target for
condensate production and should be prioritized in
reservoir development planning.

This integrated approach provides critical insights for the
South Pars gas field and similar complex carbonate-evaporite
reservoirs, offering a scientific basis for optimized well
placement, production strategy, and risk mitigation.
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Fig 1- (a) Geographic location map of the South Pars gas field in the Persian Gulf and its connection with the
shared North Dome field in Qatar. Gas fields and the study area are shown based on geological data and previous
studies (Insalaco et al. 2006). (b) Stratigraphic column of the Dalan Formation and the reservoir units K1-K4 in the
South Pars gas field. This column represents the carbonate-evaporite depositional sequence and the dominant

lithology of each reservoir unit (Nazemi et al. 2018).
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Fig 4- Results of petrophysical evaluation of the Dalan Formation (K3, K4). The logs include
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