11781 Khuff Formation in Kuwait: Depositional facies and diagenetic control on reservoir characterization
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The Permian–Triassic Khuff Formation holds huge oil and gas reserves in the Arabian Gulf region and is an important exploration target. The formation is poorly explored in Kuwait due to its occurrence at greater depths and hostile drilling environment. The Khuff Formation in Kuwait is divisible into A, B, C and D members. The Upper Khuff comprises A, B and C members and is separated from the Lower Khuff D Member by the Median Anhydrite.

The formation is comprised of dolomudstone, foraminiferal and algal dolowackestone, peloidal and algal dolopackstone, peloidal and oolitic dolograinstone, anhydrite and minor limestone (mudstone-wackestone with rare packstone and grainstone). The representative microfacies are grouped into four facies associations: (1) dolomudstone-dolowackestone; (2) dolopackstone-dolograinstone; (3) anhydrite; and (4) limestone. The formation is deposited under restricted setting in subtidal to supratidal environment with minor variations in water depths (Figure 1). Syndepositional tectonics has played an important role on thickness variations and diagenetic history.

The diagenetic history is complex and sediments have undergone multiple diagenetic events from syndepositional to post depositional stages. Diagenetic events in the Khuff Formation have taken place in marine phreatic, mixed phreatic, meteoric phreatic and burial stages of diagenesis. The early diagenetic processes in marine phreatic environment are indicated by micritization and isopachous cements. However micritization is mostly obliterated by later diagenetic processes (Figure 2a). Mixed phreatic diagenesis has played a major role in Khuff diagenesis and is represented by dolomitization, anhydrite nodule formation and rare neomorphism. Dolomitization has generated intergranular porosity. However, at places over dolomitization has resulted in deterioration of porosity. Both mimetic and non-mimetic dolomite with varying crystal sizes is present. Meteoric phreatic stage of diagenesis has caused leaching and syntaxial overgrowths.

Leaching has caused porosity generation in the areas away from Kuwait Arch in the west where well-developed oomoldic porosity is preserved. Syntaxial overgrowths on echinoderm grains have been dolomitized with mimic texture. Late stage diagenetic processes like stylolitization, saddle dolomite, dedolomitization, poikilotopic anhydrite and late stage fracturing are well preserved. Stylolites are mostly low amplitude with black insoluble residue along stylolitic seams. At least two stages of fracturing are evidenced where first generation fracture fillings are mostly dolomitized while later stage fractures are filled with anhydrite and rare calcite. Scattered calcite crystals are present in selected intervals that might have been derived from fractures fills as well as by thermochemical sulphate reduction. The activation of Kuwait arch in successive pulses has also played a role to some extent in modifying diagenetic patterns (Figure 2a).
These events have modified reservoir quality to certain extent and have resulted in both generation as well as destruction of porosity. Dolomitization, leaching and anhydrite cementation are the dominant control on porosity modification and its distribution. Variations in intensity of diagenesis have been observed vertically as well as laterally.

Most of the pores are occluded by anhydrite in Khuff ‘A’, however, occasional intercrystalline porosity is seen. The poorly developed porosity in Khuff ‘B’ is mostly intercrystalline and rarely intergranular. The porosity in Khuff ‘C’ is mainly intercrystalline to rare interparticle and locally moldic. Khuff D has poor porosity development. Spatially, dolomitization is more pervasive over the Kuwait Arch where over-dolomitization and anhydrite cementation has mostly destroyed the porosity. The better porosity development is seen in the western part away from the Kuwait Arch where leaching has played an important role in porosity generation in the form of moldic porosity.
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Figure 1: Schematic diagram showing depositional model of Khuff Formation in Kuwait.
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Figure 2: (a) Schematic diagram showing digenetic model for dolomitization of the Khuff Formation. (b) Thickness map of Khuff showing lesser thickness over Kuwait Arch indicating probable positive area during part of deposition of Khuff Formation.

