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Introduction

The carbonate sequence of the Middle Permian to Early Triassic Saiq Formation is situated at the eastern rim of the Arabian Platform. It represents a lateral equivalent of the Khuff Formation, a major hydrocarbon reservoir in the Middle East. Late Permian to Early Triassic deposits comprise the following sequence of lithofacies associations in Wadi Aday, located in Saih Hatat, in the eastern Oman Mountains (Weidlich and Bernecker, 2011, Figure 1).
Permian: 
Middle Permian (Guadalupian) photozoan facies association.

Late Permian (Lopingian) heterozoan facies association – wackestones with bryozoans, crinoids and brachiopods, mudstones;

Early Triassic:
Facies association A – mixed carbonate-siliciclastic sediments with upwards increase of lime mudstone.

Facies assocciation B – bioclastic carbonate with grain- and mud-support fabrics.

Facies association C – bedded dolomitized mud- to wackestone with microbialites and trace fossil horizons.

Facies association D – intercalations of thinly bedded yellowish siltstone, silty dolomite and black calcite.

Close to the rim of the Arabian Platform, in the Saih Hatat, the Lopingian–Early Triassic was a phase of intense tectonic activity during rifting of the Neo-Tethys Ocean, as indicated by syn-sedimentary faults, laterally rapid facies changes, breccias with a high fitting of the clasts and slumping structures. Depending on the degree of lithification, deposits of the afore-mentioned facies associations were affected by post-depositional sediment deformation in a different way. 

Field Observations

The field observations presented in Figures 2 and 3 represent the lateral variation of the Saiq Formation over a distance of about 1 km. 

Figure 2 represents a panorama illustrating rotated blocks of Upper Permian platform carbonates overlain by Lower Triassic facies associations (coordinates of the lower left corner of the panorama are 23°34’03”N and 58°31’37”E). Close-ups exhibit details of non-stratiform and stratiform breccias. They are polymict; the size of the clasts varies between a few centimeters and decimeter and the groundmass is dolomitized lime mudstone (cement was observed subordinately). Imbrication is the only observed sediment structure. The deposits fulfil all the criteria of non-depositional breccias and are typical of autochthonous deposits, which formed during syndepositional tectonic activity.

Figure 3 illustrates a panorama highlighting dark lime mudstones (Early Triassic facies association C) with intrusions of clast-rich, fine-grained mud- and/or siltstone (panorama is situated southeast of Figure 2). Black colors represent lithified lime mudstone, whereas brownish colors indicate fluidized mudstone and/or siliclastic siltsone, which dolomitized after injection. The pattern of fluidized brownish muds resembles intrusive mud-/sandstone intrusion complexes known from deep-marine clastics of hydrocarbon-bearing sediment basins (e.g. North Sea, see Huuse et al., 2010) for reference. 

Discussion

· Data are presented which shed more light on postdepositional deformation processes of so-called “Khuff” carbonates. 

· The described post-depositional features are related to extensional tectonism during rifting of the Neo-Tethys and were triggered by earthquakes. It is unlikely that the observed features were caused during Cretaceous nappe emplacement or Paleogene uplift of the Oman Mountains. 

· Differential (rock-mechanical) response of lithofacies associations might have controlled postdepositional deformation process: (1) in-situ brecciation is more typical for well-cemented medium-bedded carbonates, notably Lopingian (Late Permian) heterozoan facies and Early Triassic facies association B. (2) Poorly lithified muds with varying carbonate content suffered from fluidization. (3) Thin-bedded carbonates were probably more affected by sediment intrusion.

· Subsurface sediment remobilization is a well-known phenomenon of many sedimentary basins (e.g., North Sea). Mud- or sand intrusions have not been reported from the Arabian platform so far.

· Postdepositional sediment mobilization triggered migration of formation waters and controlled further diagenetic processes (e.g. burial dolomitization) 

· Much further work is required to answer questions, which result from this study (abundance of phenomenon, stress regime during intrusion, pore fluid pressure etc).  
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Figure 1: Chronostratigraphy (for details, see Weidlich and Bernecker, 2011) and simplified palaeogeographic reconstruction of the SE Arabian Plate in the Late Permian (after Golonka et al., 1994) showing facies distribution patterns during the deposition of the Khuff Formation (after Ziegler, 2001). Important gas fields are marked in red, oil fields in green.
[image: image2.jpg]¥ '20sse 5
-

g "dossp ey 'J”/v/

R .:!O.uawm.w.umu

LS
PR

v





Figure 2: (A) Panorama illustrating block-faulting of carbonates of the Late Permian Saiq Formation, Wadi Aday. Close-up images exhibit details of non-stratiform (B) and stratiform tectonic breccias (C and D); for reference, see Weidlich and Bernecker (2011).
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Figure 3: (A) Panorama illustrating dark lime mudstones with intrusions of fluidized brownish sediment. (B to D) Close-up images show details of mudstone intrusion. 

