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ABSTRACT
The study of the carbonate cements in the Permian-Triassic Dalan-Kangan formations resulted in the 

identification of five stages of calcite and dolomite cementation, which completely or partially occluded 

pores. Cement types appear to be early isopachous calcite (i; C1-non-luminescence), equant (ii; C2-dull 

CL), fairly coarse secondary dolomite rhombs (iii; C3-zoning red CL), coarse sparry calcite (iv; C4-dull CL), 

and meteoric equant calcite (v; C5-bright orange CL & vi; C6-bright yellow CL). Fluid inclusion analyses 

invoked three distinct groups of fluids. Group 1 is reflected by fluids with equant calcite (C2) composition, 

characterized by Th values (126 °C) and salinity of 16 wt.% (NaCl equivalent), and they are interpreted 

as burial pore-waters. Group 2, which is represented by fluids associated to shallow burial dolomite 

cementation (C3), has Th values about (127 °C) and salinity of 17 wt.% (NaCl equivalent). The last group, 

i.e. coarse sparry calcite (C4), is occurred along fractures and vugs and characterized by high Th values 

(169 °C) and salinity of 17.5 wt.% (NaCl equivalent) which shows that  fluids with a higher temperature 

migrated from deeper parts during deep burial. The hydrocarbon inclusions with yellow fluorescence can 

be observed in coarse calcite filling fractures in Dalan formation which shows that they are secondary, and 

hydrocarbon migration predates the precipitation of fracture filling cements.
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INTRODUCTION
The hydrocarbon reservoirs of the upper Dalan 

and Kangan (“Khuff equivalent”) formations hold 

some of the most important gas reservoirs in the 

world [1]. This is demonstrated by the South Pars 

in Iran and North Dome Gas field in Qatar, which 

is the largest offshore gas field in the world and 

is estimated to have over 1100 trillion cubic feet 

of gas initially-in-place (TCF GIIP) [2]. In particular, 

the upper Dalan-Kangan reservoirs of onshore and 

offshore Iran contain some of the largest gas fields 

in the Middle East region [3]. Recently, these rock 

sequences, in both outcrop and subsurface, have 

been more or less well-documented in Iran [4-5] 

and like their equivalents in Abu Dhabi and Saudi 

Arabia [6-7].

www.SID.ir

www.sid.ir


Arc
hive

 of
 S

ID

P. Nazarian Samani, M. Mirshahani, and N. Khodaei
Journal of Petroleum
 Science and Technology

Journal of Petroleum Science and Technology 2017, 7(3), 117-134
© 2017 Research Institute of Petroleum Industry (RIPI)
118 

http://jpst.ripi.ir

The studied area is one of the gas fields in the Persian 

Gulf (Figure 1). More than 60% of the reservoir rock 

at this field is dolomitized, and anhydritization occurs 

in close association with the dolomites, reflecting the 

influence of hypersaline depositional conditions on both 

calcium sulfate precipitation and dolomitization [8]. 

This study is conducted to recognize different 

carbonate cements (calcite and dolomite) occluding 

the pore spaces, and to document the fluid flow and 

diagenetic evolution in the Permian-Triassic Dalan-

Kangan carbonate reservoirs in the southern Iran. 

Calcite and dolomite cements formed during burial are 

found in many carbonate reservoirs [9], associated with 

chemical compaction commonly occluded porosity to 

varying degrees in the investigated rock successions. 

On the contrary, early diagenetic processes such as 

aragonite dissolution and host rock dolomitization in 

addition to depositional facies are believed to have 

played a prominent role in fortifying the porosity and 

permeability of Dalan-Kangan carbonates reservoir 

[5, 7, 8, 10, 11, 12, 13, 14, 15]. In this paper, the entire 

Permian-Triassic reservoir succession is studied in 

point of petrographic, cathodoluminescence (CL), 

and fluid inclusion micro-thermometry to reveal:

1) the origin and geochemical evolution of fluids; and 

2) the timing of the formation of different cements 

and their circulation within the studied succession.

EXPERINTAL PROCEDURES
Geological Setting
During the Permian, a shallow restricted evaporite-

carbonate platform covered most of the Persian Gulf 

region [1]. Short-term sea level fluctuations caused 

recurrent shoaling pulses which culminated in the 

creation of evaporite sabkha and salinas particularly 

over highs. The carbonates indicate a shallow-shelf to 

a coastal-plain depositional environment. In general, 

a prograding terrigenous to shallow-marine clastic 

shoreline existed. The sediments of the late Early 

Permian on the Arabian plate are characterized by 

regressive sediments such as the Unayzah (A and B) 

formation. Dolostones appear to constitute most 

of the Permian rock sequence in the Persian Gulf 

region. At the end of the Early Permian time, a major 

marine transgression resulted in the establishment 

of carbonate platform over much of the region. 

Following the widespread carbonate deposition 

during Late Permian [2], arid and semi-arid climate 

conditions are characterized by the Triassic succession 

(Figure 2). There was an increase in periodic shallow 

water carbonate deposition commonly interbedded 

with anhydrite. After uplift and rifting, shallow-marine 

conditions became dominant during the Late Triassic 

time [2].

Sedimentation continued without interruption or 

facies changes throughout the Permian-Triassic 

boundary in the Persian Gulf region particularly 

in the northern regions [16]. The Upper Permian-

Triassic carbonate and evaporites of the Persian Gulf 

basin accumulated on an epeiric shelf. 

Figure 1: The location of the studied gas field in the Iranian 
portion of the Persian Gulf is marked by a grey triangle.
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interrupted periodically by a series of transgressive 

and regressive events. In the Zagros basin to the 

southeast and across the Persian Gulf to northern 

Oman, thick Permian carbonates pass upward into 

Triassic carbonates (Figure 2). Hence, the continuous 

Upper Permian-Lower Triassic carbonates may act as 

a single reservoir, especially where overlying Triassic 

Dashtak evaporites served as a caprock [3, 5, 17].

Dalan formation has a total thickness of 600 meters 

consisting of medium to thick-bedded oolitic to 

micritic shallow-marine carbonates, locally reefal, 

with intercalations of evaporites. It extends up into 

the Lower Triassic Kangan formation in the southern 

Iran. Moreover, Dalan formation is subdivided into 

four reservoir units, including K5 (lower Dalan), Nar 

member, K4, and K3 (upper Dalan), which overlies 

the Faraghun formation (Figure 2). The transgressive 

lower Dalan formation was deposited in a more open 

marine environment as indicated by the presence of 

the open marine fossils. However, with depositional 

progradation and less subsidence, the depositional 

environment became progressively restricted. This 

eventually led to the deposition of evaporites in the 

Permian Sea. The main parts of the Dalan carbonates 

were deposited as a restricted evaporitic, carbonate 

shelf facies and include subtidal carbonate sand 

shoals, lagoons, and bars that spread out as sheets 

across long distances, along with intertidal and 

supratidal sabkha facies. 

Kangan formation represents the first transgression of 

the Triassic Sea in the Zagros and the northern Persian 

Gulf region. Subdivided into two reservoir units (K2 

and K1), Kangan formation overlays uncomfortably on 

Dalan formation (Figure 2), and passes upward into the 

Aghar shale member of Dashtak formation. A more or 

less fossil-barren zone is visible at the base of Kangan, 

which is followed by microbial mats and thrombolytic 

beds across the Zagros basin and Arabian Peninsula 

[1]. This marker bed specifies the Lower Kangan 

formation. Kangan formation correlates with Khuff-A 

member and the lower part of Khuff-B in the southern 

Persian Gulf [18]. The carbonate sequences and the 

evaporite facies were deposited in an arid homoclinal 

ramp platform, with the environmental conditions 

changing from sabkha to open marine settings.

Methodology
About 900 thin-sections were prepared from the core 

samples of the upper Dalan and Kangan formations and 

were used to describe petrographically. The thin-sections 

were treated with Alizarin-red-s following Dickson 

[19] methodology. Standard petrographic analyses on 

the stained thin sections were carried out to aid the 

recognition of calcite and dolomite cementing phases.

Cathodoluminescence was applied to determine 

different generations of cements using a Cold 

System CL Microscope (model 8200 MK4). For this 

study, 30 samples were selected to prepare the polished 

thin section. The study was conducted by means of CL 

apparatus in the RIPI laboratory in 15 kv and 400µ A 

conditions.

Fluid inclusions were analyzed petrographically using 

the methods of Burruss [20]. Micro thermometric data 

were collected by standard techniques [21, 22], and the 

equation of Bodnar [23] was used to convert final ice 

melting temperatures (Tm) to salinity. For this study, 

30 samples were selected for preparing the doubly-

polished thick sections, and micro thermometry was 

carried out on 11 samples using a Linkam THM600 

heating-cooling stage and the controller attached to 

an Olympus petrographic microscope in the RIPI 

laboratory; the precision was 0.05 °C. The phase 

transition temperatures measured are calibrated using 

synthetic inclusions and pure chemicals obtained 

commercially which are accurate to better than 1.2 °C 

between 0 °C and 300 °C, and better than 0.3 
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Figure 2: Stratigraphic nomenclature for Permian-Triassic (and underlying) rocks in Iran (modified after [5]).
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°C between -150 °C and 0 °C. To measure these 

temperatures, small inclusion-bearing portions 

were cut from the wafers and, for each piece, 

homogenization temperatures were measured in 

an increasing order before any freezing runs. This 

minimizes the risk of stretching or bursting the 

inclusions before the data have been obtained.

Petroleum and aqueous inclusions were identified 

under a combination of incident UV and transmitted 

plane polarized light on a standard petrographic 

microscope. API gravities of fluorescent petroleum 

inclusions were estimated from a correlation of their 

visible range spectra with spectra from a calibration 

set of 67 reservoir oil and condensates, spanning the 

API range of 10-60°. The spectra were obtained using 

an Olympus UMSP50 spectrometer with a barrier 

filter at 395 nm, scanning a diffraction grating at 4 nm 

intervals. Variable sized aperture masks allow spectra 

to be obtained from individual inclusions.

RESULTS AND DISCUSSION
Petrography and Cathodoluminescence
Kangan and Dalan carbonates are extremely 

susceptible to mineralogical and textural change, 

cementation, and dissolution. These alterations can 

occur at any time from initial deposition to deep burial 

[24-25]. Moreover, the diagenesis of carbonates can 

take place in many settings: the marine environment 

during deposition of the sediment, near the sediment 

surface where fresh waters penetrate the sediments, 

or in deeper subsurface. In addition, diagenetic 

changes may affect porosity, so they must be 

considered for better exploration in carbonates.

Cementation is a major diagenetic process affecting 

carbonate sediments and rocks in Kangan and Dalan 

formations in a studied well. Cementation comprises 

processes leading to the precipitation of minerals in 

primary or secondary pores and requires the super 

saturation of pore fluids with respect to the minerals 

[26]. Cementation is the main result of the chemical 

precipitation of a binding agent or the chemical 

welding of adjacent detritus grains. In this case, a 

chemical precipitate, usually calcium carbonate, fills 

the pores [27]. Sometimes dolomite precipitates 

between pore spaces as an initial mineral and acts 

as a binding agent between the grains. The bulk and 

mineral compositions change slowly during diagenesis 

in response to changes in pore water chemistry; 

thus, they can provide perception in the rock-fluid 

interaction evolution. Subsequently, various types 

of cements at different times can be distinguished 

in the Dalan and Kangan formations. These cements 

include calcite, anhydrite, and dolomite cements 

which partially or completely have filled pore spaces. 

The common type of carbonate cements which has 

affected the pores are isopachous, granular equant, 

and coarse blocky dolomite cement.

Isopachous Cement
Isopachous rim cement (C1) forms as a relatively thin 

film around skeletal grains. This type is not mostly 

disseminated and appear in many cases leached, 

indicating a primary metastable mineralogy [28-29]. 

The nature of this calcite phase indicates precipitation 

in the marine-phreatic environment, where all pore 

spaces are filled with marine water [30]. It mostly 

appears on the outer and inner surfaces of micritized 

bioclasts, forming an isopachous coating of a variable 

size (Figures 3A, 3C, and 3H). Under CL, the isopachous 

cement is non-luminescent.

Granular Calcite
The granular equant calcite cement occurred as 

pore filling material occluding different types of pore 

spaces, including fractures (Figure 3E), interparticle 

pore spaces (Figure 4F), and intraparticle pore spaces 
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(Figure 3C). Under a cross-polarized light, clear calcite 

crystals show a straight extinction. Most aragonitic 

ooids, foraminiferas, and molluscs are represented by 

molds occupied with granular calcite. The precipitation 

of this cement type occurred after a period of 

dissolution, where gastropods, some aragonitic ooids, 

and foraminiferas have been dissolved. Cement 

crystals in pores generally increase in size from pore 

boundary toward pore center (Figure 3G). Granular 

calcite cements overlay the cloudy isopachous calcite 

cements (Figure 3H). The granular equant calcite 

cement have variable luminescence patterns, from 

dull red, C2, (Figures 4C and 4G), to bright orange, 

C5, (Figures 4A and 4C), and to brightly yellow, C6, 

(Figure 4E) luminescent zones, indicating that it was 

formed under different fluid compositions. By an 

optical conventional microscope view, equant calcite 

cements (types C5 and C6), the bright light orange, 

and yellow luminescent appear to have been formed 

after the precipitation of dolomite (C3) cements 

(Figures 3D and 3G and Figure 4C). They appear to be 

the last cement generations and have petrographic 

characteristics [31-32] and cathodoluminescent 

characteristics similar to those of meteoric-phreatic origin.

Coarse Blocky
Coarse blocky cement (C4) occurs as a pore filling 

material occluding all types of pore spaces including 

fractures, interparticle pore spaces, and vuggy porosities 

(Figures 3F and 3H, Figures 4E and 4F). Late stage, deep 

burial cement crystals are commonly large crystals 

filling more than one interparticle pore space, facture, 

and molds. They have dull luminescent (Figure 4E).

Dolomite Cement
By secondary dolomitization, dolomite cement 

occurred in some molds and vugs (Figures 3B, 3D, 

3F, and 3G) in Kangan and Dalan formations, which 

reveals red zoning luminescent pattern (Figure 3G 

and Figure 4C). According to the witness coming through 

microscopic analyses, dolomite crystals postdate the 

equant C2 and predate coarse blocky calcite C4 (Figure 

3F) and equants C5, C6 (Figures 3G and 4C).

Fluid Inclusion Study
Calcite cements, including types C2 and C4 with 

dolomite cement C3 from the investigated Kangan 

and Dalan rocks were selected for fluid inclusion 

analyses. Fluid inclusion assemblages (FIAs) were 

taken in defining and representing the groups of 

fluid inclusions that presumably trapped at about 

the same time [21-22]. The second step involves 

verifying the fluid inclusions composition (aqueous 

or hydrocarbon inclusion). Table 1 provides a 

listing of the analyzed samples within the studied 

formations. Under UV, most hydrocarbon filled 

inclusions fluoresce, revealing a particular color 

depending on the maturity of the hydrocarbon. 

Aqueous inclusions do not fluoresce [20-32].

Petrographic observation showed that all of fluid 

inclusions within calcite cements (pore-filling and 

fracture-filling) were two-phase aqueous inclusions, 

while in dolomite cements, two types of inclusions 

were identified: two-phase aqueous inclusions 

and hydrocarbon inclusions. The homogenization 

temperature (Th) and final ice-melting temperature 

(Tmice) of aqueous inclusions were measured on the 

some cement samples. The micro thermometric 

measurements of fluid inclusions for some of these 

samples were impossible because of their size. 

Based on petrographic and fluid inclusion analyses, 

fluids responsible for these cement precipitations 

in Kangan and Dalan formations can be subdivided 

into three groups. Group 1 is the fluid responsible 

for the precipitation of equant II calcite (Th values: 

107.2 °C-136.8 °C, mean=126 °C; mean salinity= 16 wt.% 

(NaCl equivalent)). Group 2 represents a dolomitizing 
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fluid that has a Th value in the range of 107.2°C to 

139.3 °C (with a mean at 127 °C) and mean salinity 

of 17 wt.% (NaCl equivalent). The last fluid inclusion 

analysis occurring along fractures is characterized by 

high Th values (155.4°C-181.2°C, mean=169 °C) and 

mean salinity of 17.5 wt.% (NaCl equivalent). These 

identified groups are characterized by their specific Th 

and salinity values of primary inclusions (Figure 5). 

Figure 3: A- Early isopachous rime calcite cement (arrow no. 1), PPL. B-Coarse dolomite cement (arrow no. 1), moldic porosity 
resulting of dissolution (arrow no. 2) XPL. C-Isopachous rim (arrow no. 1), equant (arrow no. 2), coarse burial (arrow no. 3) 
cements, XPL. D-equant (arrow no. 1), coarse calcite (arrow no. 2), coarse dolomite cement (arrow no. 3), XPL. E- equant 
filling fracture (arrow no. 1), PPL. F-coarse burial calcite (arrow no. 1), coarse dolomite (arrow no. 2), XPL. G-granular calcite 
cement increased in size toward the center, coarse zoned dolomite cement (arrow no. 1) was predated and affected by 
equant calcite, PPL. H-Isopachous filling (arrow no. 1), equant (arrow no. 2) and coarse burial cement (arrow no. 3), XPL.
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Figure 4: A and B- Granular equant II calcite filling fracture, bright orange CL (arrows no. 1) PPL and. C and D- equant II 
(arrow no. 1), equant (arrow no. 2) dull red, coarse dolomite (arrow no. 3) red luminescence, corroded dolomite crystals 
by equant calcite II and III, XPL. E and F- equant III (arrow no. 1) yellow luminescence, coarse burial calcite (arrow no. 2) dull 
CL, PPL. G and H- fracture filling equant I (arrow no. 1) dull red luminescence and red arrow in XPL view.
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In conformity with salinity and temperature results, 

Fontana has reported similar data from dolomite and 

coarse sparry calcite cements in the Upper Permian-

Lower Triassic Khuff formation [7]. Hydrocarbon 

Figure 5: A cross plot of homogenization temperature (Th) and salinity values (wt.% NaCl equivalent) of fluid inclusions 
measured from coarse-crystalline calcite and dolomite cements from Kangan and Dalan Formations. Each point shows 
a fluid inclusion assemblages (FIAs), representing of the groups of fluid inclusions that presumably trapped at about the 
same time.

Impacts on Reservoir Characteristics
Previous studies have investigated the impact of 

diagenesis on porosity evolution in the Permian-

Triassic carbonates of the Arabian Plate (see for 

example references [34-35]), and this has been well-

documented in offshore fields [8, 12, 36, 37]. Core 

and thin-sections investigations indicate that meteoric 

dissolution, dolomitization, cementation (calcite 

cementation and dominantly anhydrite cement), 

compaction, and fracturing are the most prominent 

and effective diagenetic processes [5, 16, 12, 37].

The extent and propagate of lithology, sedimentary 

environment, cement, and porosity of Kangan and Dalan 

formations in different rock units of the studied well 

are presented in a sedimentological and petrophysical 

log in Figure 7. Moreover, their comparative cross plots 

are shown in Figure 8. The Figures show that each unit 

represents special characterization.

The K1 Unit
The K1 unit with an apparent thickness of 100 m and 

average porosity of 6.6% is dominated by dolomite, with 

intercalations of anhydrite and mud to grain dominated 

limestones (Figure 7). Oomoldic porosity is the main 

pore type in limestone parts, while interparticle and 

intercrystalline porosities are attached to moldic pores 

in dolomitic parts and increased the reservoir quality. 

However, the formation of equant and coarse sparry 

calcite cement in limy parts and dolomite cement in 

dolomitic parts has reduced porosity and permeability 

of those related intervals (Figure 7); anhydrite cement 

is more frequent than carbonate cement, and it has 

extensively annihilated the reservoir quality. 

inclusions were observed in three samples. All of these 

samples belong to Dalan formation, and they show yellow 

fluorescence. Some of photomicrographs of aqueous 

and hydrocarbon inclusions are shown in Figure 6.
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Figure 6: Photomicrographs of fluid and hydrocarbon inclusions within coarse crystalline cements in Kangan and 
Dalan Formations: A) indicates size in µm inclusions in pore-filling calcite cement, ppl. B) Small fluid inclusions in 
pore-filling dolomite cement, ppl. C) Medium to large two-phase fluid inclusions in fracture-filling calcite cement, 
ppl. D) Secondary hydrocarbon inclusions which formed along of micro cracks, UV light.

The K2 Unit
The K2 unit with a thickness of 45 m commonly 

consists of thrombolite boundstones at the base, 

overlaid by thick shoal setting ooid grainstones, 

and thin intercalations of lagoon-peritidal mud 

dominated facies. The reservoir quality of this 

rock unit is enhanced toward the upper part of K2 

significantly in ooidal grainstones (with average 

porosity of 9.3%). The abundance of equant and 

coarse sparry cements in the lower part of K2 has 

occluded the pore spaces, and has reduced the 

reservoir properties (Figure 7).

The K3 Unit
The K3 unit is separated by thick anhydrite from the 

underlying K4. Rahimpour-Bonab [22] identified 

this anhydritic zone as a barrier to vertical fluid flow 

in this field. The prominent lithology is dolomite. 

Limestone is present in the lower and upper parts 

of K3. This unit mainly consists of lagoonal, shoal, 

slightly peritidal, and open marine facies (Figure 7). 

The frequency of calcitic and dolomitic cements is 

decreased, while the amount of anhydrite cement 

is increased and has notably reduced the reservoir 

quality (Figure 7).
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The K4 Unit
The K4 unit with a thickness of 135 m and average 

porosity of 5.5% is characterized by dolomitic 

intervals with anhydrite bed in the upper part 

(Figure 7). Dolo ooid grainstones in shoal setting 

with good reservoir qualities occur in the middle 

part of the unit. Intercrystalline, interparticle, 

and moldic porosities are common pore types. 

The K4 consists entirely of stacked and oomoldic 

grainstone/packstones [4, 11, 12]. Except for pore 

occluding anhydrite, carbonate cement is observed 

scarcely in this unit. 

Comparative cross plots (Figures 8A-8D) represent 

the frequency and average of lithology, cement 

type, sedimentary environment, and porosity in 

defined rock units of Kangan and Dalan formations. 

The K2 unit is not as much as other units under 

dolomitization and has remained more as a limy part 

(Figures 7 and 8A). Calcite cements like isopachous, 

granular equant, and coarse blocky are developed 

commonly in calcareous part (unit K2), while dolomite 

cement and associated cement, i.e. anhydrite, has 

extended in the dolomitized units of K1, K3, and K4 

(Figures 7 and 8B). The dominant lithology of the 

rock can have an effect on the binding agent in 

that rock. The rock-fluid interaction causes the 

ions transport and the precipitation of calcite 

or dolomite cement in the calcitic or dolomitic 

prevailing lithology respectively; however, the 

depositional facies and environment are also 

affected by cementation. As can be seen in Figure 

8C, lagoonal facies have higher frequency in units 

K1, K3, and K4, and, due to their nature of muddy 

facies with high Mg calcite (HMC), they have been 

replaced by dolomite. 

Oomoldic porosity has frequently been developed in 

ooidal grainstone as a result of meteoric diagenesis 

and dissolution (Figure 3B). Also, dolomitization 

(intercrystalline porosity) may cause pore spaces 

(moldic and intercrystalline), and consequently 

porosity and permeability are focused on these 

intervals (units K1, K2, and K4) as shown in Figure 

8D. The plot shows that the average porosity values 

in K2, K1, K4, and K3 decrease respectively. Meteoric 

dissolution (largely in ooid grainstones) is the most 

important diagenetic process in the generation of 

secondary porosity in the studied interval. 

The history of different cementing phases and related 

dissolution in the Dalan and Kangan carbonates, 

following deposition, is shown in Figure 9. 

Interpretation
The interpretation of the petrographic and 

cathodoluminescence data in conjunction with data 

from fluid inclusion studies indicates a complex 

diagenetic history for the Kangan-Dalan deposits. It has 

been assumed that cathodoluminescence in carbonate 

rocks is mainly derived from the incorporation of 

manganese into the calcite lattice, with the ion 

commonly acting as a cathodoluminescence quencher 

[38]. The isopachous cement (C1) on skeletal and 

non-skeletal particles is generally interpreted as a 

typical of a marine phreatic environment, where all 

the pore spaces are filled with marine water [39]. 

The isopachous cement and their non-luminescent 

features, together with the fact that they occur as 

the first stage cement before compaction, would 

indicate a marine phreatic origin [40-41]. It is 

important to point out that luminescence is not 

only controlled by the variations in the Mn++ and 

the Fe++ fluid concentrations, but also by crystals 

growth rates [42]. The bright orange and yellow 

luminescence of equant C5 and C6 cements suggest 

that both should have had the same initial probably 

high magnesium calcite composition.
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Figure 7: A Sedimentological and petrophysical log of Kangan and Dalan Formations.
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Alternatively, the luminescence might be interpreted 

as having formed in the same way and at the 

same time on the basis of their similarity in the 

luminescence pattern; this might be produced by 

diagenetic alteration, as well as the luminescent 

features of the microspar calcite cement. The granular 

calcite cement has variable luminescent according 

to distinct color, which represents phases of crystal 

growth. In fact, each color represents the precipitation 

of calcite from pore waters with different chemical 

composition [43-44] from dull red (C2) luminescent 

(DL), to bright orange (C5) luminescent area (BOL), 

and to brightly yellow (C6) luminescent (BYL) zone. 

These variations in the luminescence characteristics 

are probably caused by the periodic incorporation 

of Mn++. Irregular boundaries between alternating 

zones suggest rapid changes during the temporal 

interruption of crystal growth. Moreover, coarse 

blocky calcite (C4) in fractures and vugs with dull to 

non-luminescent together with distinct cleavage in 

large crystals could originate from the deep burial 

environment as the fluid inclusion reveals that this 

cement has precipitated from saline brines over a 

range of temperatures. It means that the fluids with 

higher temperature have migrated from deeper parts 

of the basin and have filled fractures during deep 

burial. It seems that hydrocarbon yellow inclusions 

are secondary; furthermore, they are distributed 

along micro cracks that can show the migration path, 

and it can be interpreted that hydrocarbon migration 

predates the precipitation of cements.

The dull/bright/yellow CL transition is generally 

interpreted as being caused by an increase in redox 

potential (Eh) under conditions of progressive marine 

burial meteoric-phreatic diagenetic environment [41]. 

This zonation in luminescence suggests geochemical 

variations within pore fluids system. The dull red CL 

cement (C2), under an anoxic condition and based 

on the first group of fluid inclusion data, is a fluid 

with calcite composition and is interpreted to have 

precipitated during burial from pore water. However, 

the bright orange and yellow luminescence of granular 

calcite cements (C5 and C6) were probably precipitated 

under suboxic conditions [41], and it is understood 

that this type of cements occurred as a consequence 

of the influence of meteoric water. Leaching and 

neomorphism (microspar) occurred when meteoric 

waters were flowed through Kangan Dalan sediments 

during shallow burial. Cathodoluminescence reveals 

fine scale oscillatory zonation within granular calcite 

cement, which is more common in the Kangan Dalan 

succession. Dolomite cements, under both optical 

and cathodoluminescence microscopes, demonstrate 

zoning patterns, which, through the data achieved 

from vacuoles fluid with dolomite composition, was 

precipitated possibly during shallow burial to burial. 

Finally, the sediments originated as shallow marine 

mainly in a phreatic realm during the first stage 

of diagenesis. The second stage of diagenesis is 

interpreted to have occurred in a burial environment 

by the formation of equant (C2), dolomite (C3), and 

coarse sparry calcite (C4). The next phase of diagenesis 

is expected to have happened during meteoric-

phreatic area by the precipitation of C5 and C6. The 

entry of waters will first dissolve aragonitic grains 

(bioclasts and ooids), and later the saturated waters 

induce the adjacent precipitation of a stable mineral 

phase as mosaic intergranular calcite (meteoric 

equant cement). However, the comparison of 

Figures 8B and 8D shows that increasing cements are 

associated to occluding depositional-dissolution 

related porosities of pertinent unit. In general, as 

Kangan and Dalan carbonates are buried more 

deeply, they are commonly in equilibrium with the 

adjacent subsurface waters; nevertheless, significant 

diagenetic changes can occur. Since different phases 
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of cementation (Figure 9) with various amounts have 

occurred, the associated phases of pore space filling 

in each rock unit have taken place. Therefore, the 

creation and preservation of porosity as a function 

of fluid saturation in different units (Figure 8D) of 

the formation generally will be arisen.

Figure 8: Cross plots of lithology, cement, sedimentary environment and porosity in different units of Kangan and 
Dalan Formations.

Figure 9: Diagenetic paragenesis of carbonate cement in Kangan and Dalan Formation.
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CONCLUSIONS
The Upper Permian–Triassic carbonate platform 

succession has undergone a complex diagenetic 

evolution, where several diagenetic phases have 

recorded in the initial depositional, shallow-deep, 

and uplift conditions. 

Petrography and cathodoluminescence observations 

revealed that cement types appear to be (i) early 

granular isopachous calcite (C1) with nonluminescent 

CL precipitated as early alterations on the sea floor 

which could be syn-depositional and are interpreted 

as early marine cements.

The next diagenetic phases of the Kangan-Dalan 

formations can be summarized as (ii) burial equant 

calcite (C2-dull red CL), (iii) coarse secondary 

dolomite (100 < size micron) rhombs (C3-red zoning 

CL), (iv) burial coarse sparry calcite (C4-dull to non-

luminescence). Finally, uplift can be identified by two 

types of meteoric cements including (v) equant with 

C5-bright orange CL and (vi) equant with C6-yellow 

CL. All these processes are indicative of changes 

from marine phreatic-freshwater to burial to uplift 

diagenetic conditions.

Fluid inclusion micro thermometric data on calcite 

and dolomite cements show an alternative trend of 

increasing and decreasing temperature and salinity 

through depth and time from shallow to late-burial 

diagenetic conditions. The high Th value of coarse 

sparry calcite (155.4 °C to 181.2 °C) is interpreted as 

fluid migration from deeper parts of the basin and 

filling fractures during deep burial. Dolomitizing fluid 

was precipitated possibly during shallow burial and 

through calcitizing fluids, and equant cements (C5, 

C6) have precipitated from pore fluids influenced by 

meteoric water. 

Hydrocarbon inclusions were observed only in Dalan 

formation, and it seems that they are secondary; 

hydrocarbon migration predates the precipitation of 

coarse calcite cements. Thus, this study shows that 

there is some post migration diagenesis which is 

caused by an unsteady state hydrocarbon migration.

Reservoir properties result from the original 

sedimentary texture and diagenesis. Average porosity 

values differ from 3.5% in the K3 to 10% in the K2 

units, made up of fine to coarse ooidal packstone to 

grainstone. The early to late diagenetic dissolution 

of the ooids and cement can presumably account 

for a significant amount of porosity formation of the 

studied Permian-Triassic Dalan-Kangan reservoirs. 
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