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Introduction

In petroleum geology, variations of the properties in a
given volume and scale is important, due to the study
of static characteristics of the reservoir. In order to
investigate the heterogeneity, the type of characteristic
or parameter under study should be determined. In fact,
the diagnosis of heterogeneity often depends on how
they are examined [ 1]. The heterogeneity of carbonate
reservoirs is a major problem in their exploration, and
an accurate understanding of heterogeneity will greatly
improve the accuracy of exploration [2]. Researchers
have tried to quantify heterogeneity and present it
as a scale-dependent concept [3-6]. In this study,
quantitative investigation of heterogeneity in porosity
and permeability of Darian Carbonate Formation in
the central Persian Gulf have been investigated.

Materials and Methods

A total of 376 thin sections were prepared for
petrographic studies. Thin section data were used to
investigate microfacies, diagenetic processes and
heterogeneity in microscopic scale. Heterogeneity
logs were calculated and plotted by Lorenz coefficient
and coefficient of variation. The depth difference
of each pair of data has been calculated. Then, the
desired property values, e.g., neutron porosity, were
sorted downwards. The value of the desired property
was multiplied by the amount of difference in its
corresponding depth. Then, their cumulative value was
calculated and normalized to one. Also, the cumulative
value of depth difference was calculated and normalized
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to one. The changes in normal cumulative property
were plotted against cumulative normalized depth. To
calculate Lorenz value, the area under the diagram was
calculated and considered as heterogeneity number
in the desired range. The coefficient of variation was
obtained from the division of standard deviation on the
average of data in each interval and was plotted by the
same method as a heterogeneous log.

Results and Discussion

Petrographic studies show the existence of nine types of
microfacies related to six sub-environments in Darian
Formation. Diagenetic processes during different stages
of marine, meteoric and burial diagenesis have affected
the sediments of Darian Formation. Heterogeneity
logs were calculated to determine the heterogeneity
value with Lorenz coefficient and coefficient of
variation methods. Heterogeneity of deep resistivity
well log data has the highest value due to dispersion
of clay minerals in the whole sequence. Results show
that heterogeneity logs on different scales have similar
trends in terms of reduction and increase. Due to facies
and diagenetic changes, changes in heterogeneity
value are seen in heterogeneity logs. In the depth range
of 1582 to 1602 meters, due to less heterogeneity in
the diversity of the facies and the type of porosity, the
amount of heterogeneity is very close to zero. In Darian
Formation, less porosity shows a higher heterogeneity
value in heterogeneity logs. In the boundary of facies
change with increasing heterogeneity, there is also
a lot of heterogeneity in porosity and permeability.
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The relationship between permeability data and
heterogeneity values is significantly weaker than
porosity. In general, however, less permeability is seen
in high heterogeneity values.

Conclusions

Heterogeneity logs showed that statistical methods can
be used to quantify heterogeneity in Darian carbonate
reservoir. Results of the study of thin sections for
facies and diagenetic processes in Darian Formation
and its integration with heterogeneity logs showed
that heterogeneity in mineralogy, types of pores
and other geological characteristics is numerically
visible in all scales. Maximum heterogeneity in the
studied sequence is related in depth to changes in
carbonate facies, erosion discontinuity boundary and
horizons with clay minerals. Also, the application of
heterogeneity in the study of porosity and permeability
heterogeneity in Darian carbonate reservoir showed
that heterogeneity logs can identify general trends with
small and high values for porosity and permeability.
Almost homogeneous geological characteristics cause
porosity and permeability with minimal heterogeneity
and thus increase reservoir quality.
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