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11728 Breccia beds in the Khuff (Permian–Triassic) in Ras Al Khaimah, United Arab Emirates: Collapse or transgressive in origin?
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Introduction

The laterally extensive, so-called mid-Bih breccia beds occur in carbonate successions of the Upper Permian–Lower Triassic Khuff-equivalent Bih Formation in Ras Al Khaimah, United Arab Emirates (UAE). These carbonates have been deposited on a stable platform setting at the passive margin of the Neo-Tethys Ocean. The breccia beds have previously been interpreted to be formed by dissolution of sulphate beds by groundwater followed by collapse of overlying carbonate beds (Strohmenger et al., 2002; Fontana et al., 2010). Contrary to this earlier interpretation, we present several lines of field, petrographic, isotopic and fluid inclusion evidence suggesting that the “breccias” are intraformational conglomerates representing a major marine transgressive surface.

Geological Setting

The ca. 1,700 m thick Permian–Triassic carbonate platform succession outcropping in the Musandam Peninsula, Ras Al Khaimah, UAE, includes the Ru’us Al Jibal Group (Bih, Hagil and Ghail formations) and the Elphinstone Group (Milaha and Ghalilah formations; Figure 1) (Ricateau and Riché, 1980).
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Figure 1: Geological map of the area including the outcrop locations of the mid-Bih breccia in Wadi Haqil and Wadi Shah (modified from Ellison et al. 2006). The marker bed is colored black in the map. 
The area was subjected to two main orogenic events separated by a period of tectonic relaxation. These events include the Late Cretaceous thin-skinned tectonics associated to the ophiolite obduction of the Oman Mountains and Dibba Zone, and the Cenozoic thrusting linked to the Zagros Orogeny, which took place mostly during Oligocene–Miocene (Searle et al., 1983). During the Cambrian to Permian, the area formed part of the Gondwana passive margin. During Middle Permian, rifting started in the eastern border of the Arabian Plate, resulting in the opening of Neo-Tethys Ocean (Angiolini et al., 2003). From Middle Permian to Early Cretaceous over 3 km of carbonate sediments were deposited on a carbonate platform. During middle Cretaceous an eastward-directed subduction arose (Glennie, 2005) and, in the Late Cretaceous (Loosveld et al., 1996), the ocean closed and the Semail Ophiolite, the volcanic complex, the slope deposits and the basin sediments, were obducted on the autochthonous Arabian Platform (Searle, 1985). A foreland basin developed to the west of the uplifted area, as a flexural response of the Arabian lithosphere to the ophiolites obduction (Patton and O’Connor, 1988). The Cenozoic deformation caused folding and thrusting in the Northern Oman Mountains. The Hagab Thrust transported approximately 15 km westwards the complete 3,500 m thick shelf carbonate succession, carrying also in a piggy-back style the Upper Cretaceous structures (Searle, 1988b). In the Hagil tectonic window, the Musandam platform carbonates tectonically overlie the Hawasina rocks that were previously (i.e. in the Late Cretaceous) tectonically overlying the shelf (Robertson et al., 1990).

Material and Methods

Rock slabs from representative samples of the Bih Formation were examined using binocular microscope subsequent to polishing and staining with Potassium Ferricyanide Blue and Alizarine Red-S to distinguish calcite and dolomite and their ferroan equivalents. Petrographic study of thirty-seven thin sections was carried out through conventional and cathodoluminescence (CL) observations. Stable carbon and oxygen isotope analyses were performed on the dolostone matrix as well as on the dolomite and calcite vug- and fracture-filling cements, sampled through microdrilling technique. Petrographic and microthermometric analyses of fluid inclusion in wafers from five samples of the Bih Formation (including two samples from the conglomerate) were conducted to highlight temperature and salinity of the fluids responsible for dolomitization and carbonate cementation.

Field Observations

The breccia beds, which are hereafter called conglomerate, are laterally extensive (over 100s of sq km) (Figure 2a). The conglomerate occurs as a single bed (ca. 1 m thick) or an interval of multiple beds (1-2 m thick) separated by decimetre-thick dolograinstone and dolopackstone layers (Figure 2b). The conglomerate beds have irregular (i.e. erosive) lower boundary, which cuts a few metres down into the underlying dolostone beds (Figure 2c). The conglomerate intervals display also normal grading (Figure 2d) and vague low-angle cross stratification (Figure 2e). The conglomerate beds are overall polymictic composed mostly of subrounded to subangular, dolomudstone and dolopackstones pebbles ranging in size from mm to several cm; fully angular pebbles are rare (Figure 2f). The pebbles are similar in composition and texture to the associated dolostone beds. In rare cases, the pebbles are made of coral fragments (Figure 3a). These features of the conglomerate suggest formation by a single or multiple, temporally related events, which have presumably operated over most or the entire carbonate platform. A most likely event would be marine transgression, which occurred subsequent to relative sea-level fall (Campbell, 1962; Husinec and Jelaska, 2006; McLaughlin and Brett, 2007). Evidence of deposition by marine transgression rather than formation by collapse due to dissolution of sulphate beds includes: (i) the highly erosive boundary between the conglomerates and underlying beds, (ii) the presence of cross stratification and normal grading in the conglomerate beds, (iii) the overall dominance of subrounded shape of the pebbles, and (iv) the similarity in lithology of the pebbles to that of associated beds. Further evidence excluding a collapse origin includes the total absence of sulphate deposits or their relicts.

Diagenesis of the Conglomerates

The conglomerate bed, as well the entire Bih Formation, underwent replacive dolomitization, prior to the development of bed parallel stylolites; dolomitization has in some cases preserved the textural features of the original limestone. The cement of the conglomerates consists mainly of relatively uniform, fine- to medium-crystalline non-planar to sub-planar dolomite (Figure 3b), which most likely precludes collapse origin of the conglomerate, because such origin would instead imply: (i) formation of large vugs rather than interparticle porosity, and (ii) cementation by coarse-crystalline equant calcite cement. Late diagenetic events include partial recrystallization of the host rock and fracturing with related cementation by dolomite, minor quartz, and calcite (Figure 3c).

Carbon, Oxygen, and Strontium Isotopes

The δ13CVPDB values of the dolomite matrix constituting the conglomerate fragments vary from -6‰ to -3.7‰ and those of δ18OVPDB from +1.3‰ to +1.8‰, whilst the δ13CVPDB values of the matrix dolomite of the entire Bih Formation vary from +0.5‰ to +4.0‰ and those of δ18OVPDB from -3.6‰ to -6.7‰ (Figure 3d). The 87Sr/86Sr ratio in two breccia samples is 0.7078 and 0.7080 for the dolomite matrix and the early diagenetic dolomite cement, respectively. The 87Sr/86Sr ratio of a dolomite matrix sample of the top part of the Bih Formation is 0.7084 (Figure 3e). These ratios are similar to O, C, and Sr inferred for Permian–Triassic seawater (Veizer et al., 1999), suggesting a marine origin for the dolomitizing fluids. Similar isotopic values of the dolostone pebbles and adjacent dolostone beds provide further support to the hypothesis that the conglomerate pebbles originate from erosion and subsequent re-deposition of the submarine carbonate sediments.
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	Figure 2: (a) Panoramic view showing the lateral extension of the breccia bed in Wadi Haqil (see arrows); (b) dolostone conglomerate interbedded with laminated dolopackstone; (c) highly irregular, erosive base of the conglomerate bed; (d) decimetre-thick carbonate beds with normal grading; (e) grain supported dolostones with low-angle cross stratification; (f) sub-rounded, polymictic dolostone clasts (light colored) floating in a coarse-crystalline dolomite cement (brown).
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	Figure 3: (a) Coral fragment in the conglomerate in Wadi Haqil; (b) photomicrograph of the conglomerate, which is made up of subrounded dolomicrite clasts cemented by fine-crystalline dolomite. Late fractures and vugs are filled by medium-crystalline dolomite cement; (c) Hydro-brecciated dolostone with dolomite and calcite cements; (d) Plot of the O and C stable isotope values of the investigated carbonate phases showing that matrix dolomite (Dm) values are compatible with the isotopic signature of Upper Permian–Lower Triassic seawater; (e) Plot illustrating the similarity of the δ18O versus 87Sr/86Sr values of dolomite samples with respect to the Upper Permian–Lower Triassic seawater signature; (f) diagram reporting fluid inclusion microthermometric data showing the general trend of increasing temperature and salinity according to paragenetic order (arrow).




Fluid-inclusion Microthermometry

Homogeneization temperature (Th) and final ice melting temperatures (Tmice) of fluid inclusions hosted in the dolomite matrix and in the vug- and fracture-filling diagenetic minerals indicate that the diagenetic fluids had variable temperature and salinity through time, evolving from Th of 110–160°C and salinity of 12–18% during early dolomitization and early dolomite cementation up to Th of 160–220°C and salinity of 21–23% during precipitation of late diagenetic mineral (Figure 3f). Since the available data do not enable evaluatation of the possible difference between the conglomerate and the rest of the Bih Formation, they give information more on the late diagenetic processes rather than on the comprehension of the mechanisms governing the formation of the conglomerate.

Conclusions

The so-called mid-Bih “breccia” in the Permian–Triassic Bih Formation, which crops out in Ras Al Khaimah, United Arab Emirates is considered here as intraformational conglomerate formed by major marine transgressions. The great lateral extent of the conglomerate beds suggests that transgression resulted in erosion and re-deposition of carbonate sediments across the carbonate platform.
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