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Introduction

Organic geochemistry, as a branch of multidisciplinary
science, has experienced significant advances. Part of
these advances has been due to technological progress
in production of laboratory instruments and the others
due to development of applied software in this branch
[1]. One of the major progresses of this branch has
taken place in hydrocarbon exploration and, more
recently, in the optimized management of hydrocarbon
reservoirs [2].

The present study was carried out in a well in one
of offshore fields in the Persian Gulf. This well was
completed in Kangan and Dalan formations. The
Kangan Formation in this field comprises two third
order sequences of the upper Kangan (K1) and the
lower Kangan (K2). The Dalan Formation is divided
by the Nar anhydrite member into two parts: the
upper Dalan (which is itself divided into two third
order sequences of K3 and K4) and the lower Dalan
(sequence K5). In this well, both Kangan and Dalan
formations were completely drilled and complete
petrophysical and mud-logging data from them were
gathered and available. In this study, production zones
and the type of hydrocarbon fluids of the Kangan and
Dalan formations were investigated, and the results
of geochemical evaluation of the associated gas with

Accepted: October/14/2023

drilling mud and petrophysical logs are considered as
well.

Materials and Methods

In this study, mud-logging data and petrophysical
logs from a well in the Dehram Group were studied.
Initially, the studied interval was petrophysically
evaluated. Subsequently, the mud-logging data of
drilling mud gas were studied. Then, the results
from both methods were compared, and the type of
hydrocarbon in the studied intervals was interpreted.
Eventually, the interpreted interval was re-evaluated
using petrophysical analysis.

¢ Pixler Method in Defining the Type of Hydrocarbon
and Production Zone

In 1969, Pixler introduced a method that utilized the
ratios of C1/C2¢« C1/C3¢ C1/C4, and C1/C5 gained
from gas chromatography analysis of the gases present
in drilling mud for interpretation of reservoir fluids.
The Pixler diagram consists of four fields: one field for
oil, one field for gas and two fields for non-productive
parts. In fact, location of the introduced ratios within
each field represents the presence of oil zone, gas zone
or an uneconomical reserve.

» Haworth Ratios for Defining the Productive Zone
and the Type of Hydrocarbon



In this method, the concentration of C1 to C5 gaseous
hydrocarbon is used for calculation of wetness ratio
(%Wh), balance ratio (Bh) and character ratio (Ch)
factors [3]. The wetness index equals the percentage
ratio of wet gases (C2 to C5) to total gases (C1 to C5).
The balance factor is the ratio of light gases (C1 and
C2) to heavy gases (C3 to C5) and the character ratio
uses the concentration of C1 to C5 for interpreting
hydrocarbon shows regarding gas cap, O/G contact
and water saturated zone [4].

Results and Discussion

The Kangan and Dalan formations have been always
considered as gas reservoirs due to their high burial
depth. However, after drilling the studied well and
presence of oil shows, a detailed petrophysical study
and geochemical evaluation of associated gas with
drilling mud were carried out to identify the oil zones
in these formations the discussion of which follows.

Preliminary petrophysical evaluation

The result of this evaluation represents that the lower
Dalan is identified as a water zone, despite its good
porosity. Also, the Nar member, which is mainly
composed of anhydrite and dense dolomite, doesn’t
possess reservoir quality. Three oil zones are observed
in the Kangan and Dalan formations (one zone in K4
of the Dalan Formation and two zones in K1 and K2
of Kangan Formation). The results from evaluation
represent that oil zones are not inter-related and there
are water and non-reservoir units among them.

Geochemical Evaluation of Mud Gas Logging

In this stage, geochemical evaluation of mud gas logging
in the returned mud from mud-logging system was
conducted in order to identify the type of hydrocarbon
(oil, condensate, gas) within the Kangan and Dalan
reservoirs. The necessary corrections were done on the
gas data. In the next stage, the quality control of the data
was done, and incorrect data were omitted.

Based on the interpretation of mud gas logging data and
correlation of Haworth and Pixler results, we can state
that the K5, Nar and the lower part of K4 (lower than
1200 meters) zones as well as the K3 zone are identified
as nonproductive or water zone. The upper part of the
K4 is classified as an oil zone based on the Haworth
method, however according to the Pixler method, it
contains gaseous hydrocarbons. Since the data are
plotted in the lower part of gas zone in the Pixler
diagram, it can be concluded that the upper part of the
K4 zone contains condensate or gas condensate. Based
on both Pixler and Haworth methods, the K2 zone is
interpreted as an oil zone and this point is verified by
petrophysical evaluation as well, and it is considered as
the only oil zone in the studied well. According to the
Haworth and Pixler methods, the K1 zone is divided
into two lower and upper subzones. The lower part is
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nonproductive and the upper one is evaluated as gas
bearing zone. Consequently, the results gained from
petrophysical evaluation were not accurate for this
zone as it contains gas.

The aim of this research was to identify the hydrocarbon
zones (gas, condensate, and oil) and evaluate their
reservoir quality in the Kangan and Dalan formations in
an offshore well in the Persian Gulf. The final evaluation
of the K2 reservoir zone, which has a thickness of 46
meters, revealed an effective porosity of 6%, water
saturation of 29%, and the net to gross ratio of 27%.

Conclusions

The Kangan and Dalan formations have long been
considered as gas reservoirs due to their deep burial
history. In this study, based on geochemical interpretation
of drilling mud gas incorporation with petrophysical
evaluation, the type of hydrocarbon fluid and reservoir
quality of this formations have been determined. Based
on preliminary petrophysical evaluation (assuming
reservoir as oil-type reservoir), K1, K2 and K4 were
identified as potential oil zones, while K3, Nar, and K5
were deemed non-productive zones.

Interpretation of drilling mud gas using the Haworth
and Pixler methods represent the K5, Nar and the
lower part of the K4 as non-productive or water zones.
The upper parts of the K4 and K1 zones include gas
to condensate fluid. Zone K2 was determined to be
the only oil zone within the entire Kangan and Dalan
succession.

Results of Petrophysical re-evaluation of the K2 zone
(46 m gross value) indicated an effective porosity of 6%,
water saturation of 29% and the net to gross of 27%.
The results of this study revealed that geochemical
interpretation of drilling mud gas plays an important
role in suggesting proper perforation and reservoir test
intervals in addition to the while log drilling. Such
interpretation will result in reducing time consuming
activities and cost effectiveness.
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