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ABSTRACT: The “Carbonates” unit of the Oligocene-Pliocene Barzaman Formation, north of the Oman Mountains at
Sultan Qaboos Campus, is at least 10 m thick. It consists of three coralline limestone beds in (1) bedded facies (base;
eastern outcrop), (2) very thick-bedded debris facies (middle; western and eastern outcrops) and (3) bedded facies (top;
western and eastern outcrops). These three beds can be correlated between two outcrops over a distance of 160 m based
on facies, stratigraphic positions and thickness as well as on a seismic refraction survey. The most common bioclasts
are poritid corals, red algae and benthic foraminifers. Dasycladacean algae are common, and, sporadically, small
gastropods, bryozoans, echinoderms, echinoid spines, bivalves, worm tubes and ostracods occur. Based on facies
analysis we suggest that the studied limestones formed in a lagoon with backreef coral facies and that the barrier that
separated the lagoon from the open sea (and which is not exposed) was made of coral reefs. Because of the abundance
of coral colonies we assume for the studied coral limestones a water depth within the light saturation zone, not deeper
than 10 to 20 m for the lagoon. Based on the occurrence of the following foraminifer genera Praerhapydionina,
Archaias, Dendritina, Operculina, Spiroclypeus, Lepidocyclina, Miogypsina, Amphistegina and Subterraniphyllum, the
“Carbonates” unit can be dated as upper Upper Oligocene to Lower Miocene. This is the first indication of the Upper
Oligocene of the Barzaman Formation for the study area.
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CpoSil Ao sall gumall aall Slalaally A jud) i L) dy gl Gl (Aiball dddal) A8Ba) clisd)
(O bana Aaia (12 i) Cyaen gallal) Cpmnn g ¥1) oS

) A <5 palad) plasdi (ul il ¢ ) 98 B daaa cibiall (3l (il i)

ol saall e clids B e 05S sas Y e Sl 10 clee dus Jled clan 05S8 2 "ls SI Baa g dlew il sgailal)
e 0aiSe o Lgtlaliae Sy s O 28 oY) 8 Addaie A g das o) 3 Al A pans allaa Aias JanY1 8 Alkie Riaws s )
La ) LS Aadail 15 8 Jad) WS cclandly Sall i) a8 ge dsinn/Ay e palbad 14 Gelol e 155 160 ) deal Al
Aladall g ¢ oabusadl Glayall & Lo i Y Aalal) &yl Wasl) elandl g 5 kliall gl 18l 5o dnull/ay puall (ailadldl o jlic)
¢ L;c\és e ¢ bl bl gl b prall 3axall calyilay tks.u S Gaaty dadld ALl Qlladall el caly 354l 5 o) yeall
£ Ll e lad) ad) el 25m 5 QU Jpons e dilall cilinadl el ) 130l 13580 s s 5 g sal) CanliV) e(pgibaall <l 53
Sl panionall 3585 Camsy Asila el Cladll (e 0S5 sl el G 8 pem dualy A1 Galal) Ol s Bl (8 S5 G o) saall o
<l Ak (e Al JEY) aal 5 ) 1l 3 el 1556 21 () 10 (e lgias sy Y co gucall ol dilaie Jalls e Gae (i i Ll gl jall
s st Gusnal ) el Ml KU Ban s 5 cablinl Sl Linivndel i ge LlSon sl ¢Sy s (Ll 5 a0 el paia ¢S )

ol (i e Ayl dadiad DAl i gl g¥) eall an g Ol 0sSE O s il i 138 (g sballe Jouad) (s saall) Chams saall Aa]

oNolel

Bl callanll (3055 Al el janll Clladall chpabusal) dilajall el el il i) sdalial) cilal))

85


mailto:frank@squ.edu.om

FRANK MATTERN ET AL

1. Introduction

he Barzaman Formation was defined south of the Oman Mountains [1, 2]. The formation in its type locality is

made of several hundred meters thick carbonates and conglomerates and formed within alluvial fans of assumed
Pliocene-Pleistocene age [1, 2]. Parts of the Barzaman Formation west of the Northern Oman Mountains, in the UAE,
may have formed by debris flows during pluvial episodes [3]. The Barzaman Formation was also deposited during an
enhanced exhumation phase of the Oman Mountains during the Late Miocene [4]. Most of the formation is exposed
south or west of the Oman Mountains, which makes the outcrops in our study area rare and special.

For a long time, the Barzaman Formation of the study area near Al-Khod (Muscat/Seeb area) has not attracted
any detailed research activities. Accordingly, the Geological Map of Seeb and the respective Explanatory Notes [5]
lack a comprehensive description of the formation. The provided age information is vague (“Middle’ Miocene to
probably Pliocene™), the thickness is quantified to be 100 m, and the lithology is summarized as consisting of white to
reddish conglomerate, sandstone, shale and chalky limestone [5]. However, recently, a single sedimentary log of the
Barzaman Formation with coralline limestones from the campus of Sultan Qaboos University (SQU) was published
[6], and a lithostratigraphic correlation of the formation was established for the campus based on a number of
stratigraphic logs located at different places [7]. The limestones form the second out of five lithostratigraphic units of
the Barzaman Formation cumulatively referred to as “Carbonates”, and contain a variety of benthic foraminifers. The
limestones are exposed in the western part of SQU campus.

On the campus, the limestone unit is exposed at a car park, immediately to the west of the College of Economics
and Political Science in two places: to the west and to the east of the car park (Fig. 1A and B). While [6] interpreted the
two limestone occurrences as being of different ages and depicted them in vertical succession, [7] correlated them
laterally. There are reasons for these inconsistent interpretations: the geological structure is unclear. While along the
southern margin of the car park (outcrop not marked in Figure 1) the layers of the Barzaman Formation are exposed in
a cross section (dip orientation), the beds of the formation along the northern margin of the car park (outcrop not
marked in Fig. 1) are exposed along a strike section although both outcrop sections are parallel. Moreover, there is a
syndepositional thrust at the northern outcrop [7]. In addition, the road surface of the parking area covers the critical
transitional area between the two outcrops and renders its visual analysis impossible. What further complicates the
stratigraphic understanding is the incomplete stratigraphic record in both limestone sections at an erosional truncation
surface and an onlap relationship, respectively.

This study was carried out to resolve the inconsistent interpretations of the stratigraphic relationship between the
two limestone outcrops by studying their facies/microfacies and used a seismic refraction survey to possibly elucidate
the geological structure beneath the car park as an additional tool to solve the problem. Since the limestones contain
different benthic foraminifers [7] we extend the microfacies investigation of the fossiliferous limestones to date the
foraminifers as the age of the Barzaman Formation was previously poorly understood.
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Figure 1. Locations of the two studied outcrops. A. View to the west across the car park west of the College of
Economics and Political Science with the outcrops of the Barzaman Formation on the SQU campus with exposed
coralline limestones. The car park occupies a plateau-like area. The outcrop in the west (background, yellow arrow) is
located at the car park level while the outcrop in the east (foreground, white arrow) is below the car park. Scale is
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GEOLOGY OF THE BARZAMAN FORMATION

indicated by stairway with 60 stairs. For the size of the parking lot see Figure 1B. B. Road system of SQU campus and
locations of the two coralline limestone outcrops of the Barzaman Formation.
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Figure 2. Geological setting of the study area. A. Outcrops of Maastrichtian and Cenozoic post-obductional sediments
of northern Oman. Note how these sediments surround the Oman Mountains! Modified after [8, 5]. Box with dotted
lines shows the location of the map of B. B. Simplified geological map of the greater study area. The study area is
shown in the dotted box of A. SQU-Sultan Qaboos University campus. Modified from [9].

2. Geological Setting

The Cenozoic geological setting of the Barzaman Formation postdates formation of the Oman Mountains which
resulted from the Late Cretaceous obduction of the Tethys-derived Semail Ophiolite as well as Tethyan ocean floor
sediments (Hawasina Group) during closure of the Tethys Ocean, which also caused formation of large dome
structures in the newly created mountain belt [10-18]. Two of these nearby domes are the Jabal Akhdar and Saih Hatat
domes. Eocene to Miocene exhumation has been reported for both domes [19]. Both domes are flanked by a major
extensional fault zone which was active during exhumation of the two domes [20]. The Barzaman Formation may have
accumulated during exhumation of the two domes.

Following the interval of mountain building, Cenozoic deposition ensued marginally to the mountains (Figure
2A), including the Rusayl Embayment to which the study sites belong (Figure 2B). Most Cenozoic sediments are
marine and measure several hundred meters in cumulative thickness [8, 5]. Late Paleocene to Oligocene sediments
accumulated in overall stable, shallow marine conditions [21] as slow subsidence affected the area from the Eocene to
the Oligocene [22]. During deposition of the Barzaman Formation, syndepositional thrusting is documented [7]. The
Barzaman Formation is subdivided into the following lithostratigraphic or facies units [7]:

5. Dolomitic Conglomerates (top) / > 60 m thick

4. Claystones and Conglomerates / 19 m thick

3. Varied Thick Sandstones and Conglomerates / 10-35 m thick
2. Carbonates / >10m thick and

1. Lower Conglomerates and Sandstones / >35 m thick (base).

3. Methods

We collected 14 limestone samples from both outcrops and analyzed them in thin sections with transmitted light
microscopy regarding their microfacies and foraminifer content. Moreover, a seismic refraction survey was carried out
to map and delineate the near-surface interval of the formation. The seismic survey was designed in such a way that the
uppermost 20 meters of the near-surface structure could be reached and imaged. The survey consists of 4 profiles (see
section 4.4) which are 20 m apart, each with 5 shots. The spacing between geophones was 3 m and all lines are 70 m
long. We used a hammer as the energy source. The profiles were run from west to east. After data collection, the first
arrival times for the shots were picked and used for inversion. After several inversion iterations, a velocity model was
obtained for each line.
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Figure 3. Western outcrop. Sst-sandstone; Cgl-conglomerate. A. Overview with the tilted beds of the Barzaman
Formation overlain at an angular unconformity (black line) by Quaternary wadi conglomerate. The white box outlines
marked by box in A. The close-up
emphasizes the onlap of sandstone and conglomerate beds against the steeper surface of the coralline limestone (debris
facies) to the south. Note how the sandstone and conglomerate beds terminate at the coralline limestone! Hammer

the detail shown in B. Back of car (left) for scale. B. Detail of the outcrop

(35cm long) for scale.
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Figure 4. Stratigraphic log of the western outcrop with sample locations.
4. Results

4.1 Western Outcrop
4.1.1 Field Results and Sedimentary Log

The western outcrop (coordinates: 23°35221.03"N / 58° 09'35.32"E) exposes limestone, conglomerate and
and overlain by Quaternary wadi

sandstone of the Barzaman Formation. The Barzaman Formation is tilted
conglomerate along an angular unconformity (Figures 3A and B).
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GEOLOGY OF THE BARZAMAN FORMATION

The oldest exposed bed of the Barzaman Formation in this outcrop is the white to beige coralline limestone (Fig.
3A). The maximum thickness of this very thick-bedded layer is uncertain as its base is not exposed (Figure 3A). The
minimum bed thickness is 7.5 m. The limestone is characterized by indistinctly massive bedding and the occurrence of
numerous cobbles and boulders of coral colonies which display an orientation in normal growth position, or they are
toppled or are upside down. Some of the coral fragments exhibit selective silicification by brown, hematitic silica
which makes the silicified colonies easy to identify in the field.

The massive character and the coral fragments of different orientations identify this limestone unit as a coral-
dominated debris deposit/carbonate brecchia. This result is further supported by the fact that the debris deposit has a
lateral slope against which the sandstone and conglomerate beds onlap (Figs. 3B and 4).

There are three thick-bedded conglomerate layers with matrix-supported clasts. The conglomerate is polymictic,
and the clasts are subrounded, poorly sorted and mainly of granule to pebble size (Figures 3B and 4). The clast types
are cherts and igneous rocks of the Hawasina Group and Semail Ophiolite origin, respectively. The conglomerates are
marine as indicated by the occurrence of a solitary coral. The conglomerates are associated with two thick gravelly
sandstone beds (Figures 3B and 4) with 25% of gravel clasts and also a thin bed of clayey micrite (Figure 4).

The clastic deposits are overlain by bedded coralline packstone (at places also boundstone to rudstone)
cumulatively measuring 2.5 m in thickness. These beds contain fragments of coral colonies. The bedded limestone is
then overlain by sandstone and conglomerate of the Barzaman Formation (Figures 3 and 4).

4.1.2 Microscopic Results (Microfacies)

All thin sections are characterized by a micrite matrix. They contain the following bioclasts listed in terms of
their overall frequency (estimates): 1. Very common: poritid corals, benthic foraminifers, red algae. 2. Common: small
gastropods, echinoid spines, dasycladacean algae. 3. Sporadic: bryozoans, bivalves, worm tubes.

Among the red algae are both encrusting and non-encrusting types. Red algae may encrust dasycladacean algae.
Worm tubes may encrust corals (Figure 5B).

According to the microfacies analyses, we can interpret the massive coralline boundstone at the base of the
formation as redeposited material on a slope whereas the bedded corallite-bioclastic limestone beds correspond to
Standard Microfacies 18 (SMF18) and to Facies Zone 7 (FZ7) of [23] (see P1-B and P1-C in Table 1), suggesting
lagoonal conditions.

Table 1. Summary of thin section analyses of samples from the western outcrop in stratigraphic order (base at bottom).
The Standard Microfacies (SMF) and Facies Zones (FZ) correspond to the system of [23]. Limestone and SMF
classifications must be understood with caution if sample is from a debrite.

Sample; Bioclasts in approximate order of frequency; Limestone SMF/FZ
facies other components classification

P1-B; Poritid corals, benthic foraminifers, dasycladacean algae, red | Packstone 18/7
Bedded algae, bryozoans

P1-C; Poritid corals, benthic foraminifers, dasycladacean algae, red | Packstone 18/7
Bedded algae, echinoid spines

P1-A3; Poritid corals, benthic foraminifers, red algae, worm tubes; Packstone to -/-
Debris Igneous lithoclasts (ophiolite) and detrital quartz boundstone

PA-A2; Poritid corals, dasycladacean algae, bivalves, red algae, small | Packstone -/-
Debris gastropods, worm tubes

PA-A1,; Benthic foraminifers, red algae, small gastropods, poritid corals, | Packstone 18/7
Debris echinoid spines, dasycladacean algae
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Figure 5. Thin sections (all PPL) from the limestones of the western outcrop with typical bioclast associations. A.
Debris facies with benthic foraminifer, dasycladacean alga and echinoid spine (sample P1-Al). B. Debris facies with
poritid coral, worm tubes which are encrusting the coral and benthic foraminifer (sample P1-A3). C. Bedded facies
with benthic foraminifers, dasycladacean alga and echinoderm spines. This sample corresponds to SMF18 and FZ7
(sample P1-A3).
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Figure 6. Eastern outcrop. A. Overview of the tilted beds of the Barzaman Formation below an angular unconformity
(black line) by Quaternary wadi conglomerate. The red box outlines the detail shown in B. The stairway on the right is
the same as the in Figure 1A. B. The detail of the outcrop is marked by the red box in A. The detail emphasizes
downcutting of the limestone debrite into sandstone and conglomerate as well as into the bedded limestone (yellow
dashed line). The different kinds of debris form irregularly shaped domains. The short relic beds consist of clayey
micrite. The angular unconformity is marked by the white line. Note how the sandstone and limestone beds terminate

at the limestone debrite. Ham
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Figure 7. Stratigraphic log of the eastern outcrop with sample locations.
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4.2 Eastern Outcrop
4.2.1 Field Results and Sedimentary Log

The eastern outcrop (coordinates: 23°35'22.38"N / 58° 09'40.88"E) also exposes limestone, conglomerate and
gravelly sandstone of the Barzaman Formation. The layers are tilted and overlain by Quaternary wadi conglomerate at
an angular unconformity (Figures 6A and B).

This outcrop shows beds belonging to the oldest of the five lithostratigraphic units of the Barzaman Formation,
namely the siliciclastic rocks of the “Lower Conglomerates and Sandstones” of [7]. They are represented in Figs. 6 and
7 by the depicted brown (base and center) and greenish (top) basal gravelly sandstone similar in composition and
texture to the ones of the western outcrop.

Above the basal sandstone the oldest limestone bed of the Barzaman Formation follows. It is a light-colored,
bedded, coralline boundstone (at places grainstone). It contains selectively silicified brown, hematitic, dm-scale coral
colonies. It is overlain by a greenish gravelly sandstone bed. Both the limestone and sandstone are laterally cut off by
the erosive base of the overlying very thick-bedded limestone debrite (Figure 6B).

The very thick-bedded limestone layer is beige to white and characterized by chaotic bedding. It features toppled
cobbles of coral colonies. The chaotic bedding is also perceivable by irregularly shaped zones of predominantly coral
debris and red algae debris as well as the presence of short relic beds of clayey micrite (Figure 6B). Some of the coral
fragments exhibit selective silicification by brown, hematitic silica, which makes these coral colonies easy to identify.
Taking into account the chaotic nature of the very thick-bedded limestone and the fact that it cuts down into the
subjacent layers, this bed may be interpreted as a gravity mass flow deposit with an erosive base. Since the base of the
bed is not exposed, the total unit cannot be determined. The minimum thickness is 7.5 m.

This deposit is overlain by a white to gray bedded coralline boundstone (Figures 6A and 7) which contains
numerous coral fragments that can be identified in the field. It is overlain by a conglomerate of the next
lithostratigraphic unit of [7], the “Varied Thick Sandstones and Conglomerates”. This conglomerate is similar to the
ones of the western outcrop.

4.2.2 Microscopic Results (Microfacies)

The lower bedded coralline limestone is partly micritic and partly sparitic. The chaotic debris limestone is
micritic except for sample Rd-3. The upper bedded limestone is a micrite. The limestones contain the following
bioclasts listed in terms of their overall frequency: 1. Very common: poritid corals, red algae, benthic foraminifers. 2.
Common: dasycladacean algae. 3. Sporadic: echinoderm debris, bivalves, echinoid spines, small gastropods, ostracods.
Among the red algae are encrusting and non-encrusting types.

Table 2. Summary of thin section analyses of samples from the eastern outcrop in stratigraphic order (base at bottom).
The Standard Microfacies (SMF) and Facies Zones (FZ) correspond to the system of [23]. Limestone and SMF
classifications must be understood with caution if sample is from a debrite.

Sample; | Bioclasts in approximate order of frequency, Limestone SMF/FZ
facies other components classification

TOP; Red algae, benthic foraminifers, echinoderms, ostracods Wackestone -/-
Bedded

T-2; Poritid corals, red algae, dasycladacean algae, benthic | Boundstone -/-
Bedded | foraminifers,

Rd/2; Poritid corals, red algae Boundstone -/-
Debris

Rad/1; No bioclasts; Wackestone -/-

Debris Highly altered lithoclasts (igneous ophiolite) and one fine
pebble size radiolarite fragment

Rd/3; Red algae, benthic foraminifers, poritid corals, small | Grainstone 18/7
Debris gastropods, dasycladacean algae; bivalves, echinoid spines;
Different limestone lithoclasts

P2-C1; Poritid corals (whole sample) Boundstone -/-
Bedded

P2-C; Poritid corals, different benthic foraminifers, red algae; Grainstone -/-
Bedded | Peloids, micritic lithoclasts

P2-B; Poritid corals (whole sample) Boundstone -/-
Bedded
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Figure 8. Thin sections (all PPL) from the limestones of the western outcrop with typical bioclasts. A. Bedded facies
from the lower bedded limestone with poritid corals mainly in transverse section (sample P2-B). B. Debris facies with
benthic foraminifers, red algae and a small gastropod (sample Rd-2). C. Bedded facies from the upper bedded
limestone with benthic foraminifers (sample TOP). D. Bedded facies from the upper bedded limestone with red algae
(sample TOP).

4.3 Biostratigraphic Results (Eastern and Western Outcrop)

The studied limestones contain a variety of benthic foraminifers among which Amphistegina and Operculina are
the most common genera. The identified forms of benthic forminifers are Praerhapydionina, Archaias, Dendritina,
Operculina, Spiroclypeus, Lepidocyclina, Miogypsina, Amphistegina and Subterraniphyllum. They are listed in Figure
9 with their biostratigraphic occurrence, according to [24]. According to their age range, these genera and species
indicate that the limestones of the Barzaman Formation represent the Oligocene and Miocene (Figure 9). Since
Miogypsina represents the Upper Oligocene and Lower Miocene and temporally overlaps with all other genera, the
studied limestone section is of Upper Oligocene to Lower Miocene age. The overlap between Subterraniphyllum and
Miogypsina seems to indicate the presence of the Upper Oligocene.

4.4 Seismic Refraction Survey

Of the four profiles (P1 to P4; Figure 10) we will refer to only three (P2 to P4) as this is sufficient to summarize
and justify our results. The observation of inverted sections inferred that velocities vary with depth. These velocities
typically express the speed of seismic waves in the rocks which is directly related to the elastic properties of each rock
type. The velocities vary also laterally along the same profile which indicates variation in the morphology of the layers
and their petrophysical properties (e.g., porosity).
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Figure 9. Identified benthic foraminifers in the thin sections and their stratigraphic ranges, according to [24]. The
samples from the western outcrop are marked with “(W)” and those from the eastern outcrop with “(E)”. All eastern and
western samples are listed from old (bottom) to young (top). There are nine genera of benthic foraminifers in the studied
limestone beds. Note that Miogypsina, representing the Upper Oligocene and Lower Miocene, temporally overlaps with
all other genera! Also note the narrow overlap between Subterraniphyllum and Miogypsina.
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Figure 10. Satellite image showing the seismic refraction profiles P1 to P4 on the parking lot. For location of the
parking lot see “P” in Figure 1B.

It was noticed that the “Carbonates” are dipping to the north so that they become absent in Profile 04 (Figures 11
to 13). The layers also dip gently to the east (Figures 11 to 13). In addition, the survey revealed some gentle wave-like
folding of the Barzaman Formation (Figures 11 to 13). The layer structure as shown in the Figures 11 to 13 further
demonstrates that the “Carbonates” form continuous horizons from west to east. The “Carbonates” in the western
outcrop also appear in the eastern outcrop. The thickness of the “Carbonates” increases slightly to the east.
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Figure 11. Seismic Refraction Profile P2.

A. Arrival times of the seismic waves as received by the geophones, plotted in time and distance.

B. Velocity model. The yellow and orange horizons represent the “Carbonates”. The blue and green horizons on the
one hand and the red horizon on the other hand represent the overlying and subjacent clastic rocks, respectively.
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Figure 12. Seismic Refraction Profile P3.

A. Arrival times of the seismic waves as received by the geophones, plotted in time and distance.

B. Velocity model. The yellow and orange horizons represent the “Carbonates”. The blue and green horizons on the
one hand and the red horizon on the other hand represent the overlying and subjacent clastic rocks, respectively.
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Figure 13. Seismic Refraction Profile P4.

A. Arrival times of the seismic waves as received by the geophones, plotted in time and distance.

B. Velocity model. The yellow horizon represents the “Carbonates” in the Figures 11 and 12. The blue and green
horizons represent the overlying clastic rocks.

5. Interpretation

Both the bedded and debris carbonates contain micrite and similar bioclasts. This encourages the interpretation
that the coral-bioclastic limestone is the source of the material found in the debris facies which has been reworked
downslope. The high micrite content further suggests that the debris was transported down-slope as a cohesive flow, at
a stage during which the micrite was still lime mud, providing for a muddy transport medium with some shear strength
(debris flow deposit). This interpretation is consistent with the associated erosional truncation surface at the base
(eastern outcrop) and an onlap surface at the top (western outcrop), respectively, as debris flows can scour subjacent
sediments, and as debrites may display an irregular surface after cohesive freezing. The debrite indicates that sediment
accumulation was unstable at a slope. Other phenomena of slope instability in the Barzaman Formation have been
documented at the margins of the car park [7, 25]. They also documented a syndepositional thrust (also at the margin of
the car park) within the Barzaman Formation. Syndepositional tectonics and related seismicity may have caused slope
instability and triggered the debris flow. Seismicity and increased slope gradients may have formed in the context of
ongoing uplift of the Oman Mountains and activity at a major extensional shear zone at the foot of the mountains [19,
20]. The bedded facies represents lagoonal conditions with a typical lagoonal bioclast association. Common micrite is
indicative of calm water. Allochems in a lagoon may indicate what the lagoon barrier is mainly composed of. Because
of the absence of ooids we rule out that the barrier (or shoal or bank) was composed of ooids. During the Eocene, the
subjacent Seeb Formation limestones contains low-relief banks that are largely made up of Nummulites and Assilina
tests [26, 27]. We have not seen corresponding foraminifer accumulations in the Barzaman limestones to allow for the
assumption that foraminifer shoals or banks may have separated the lagoon from the open sea. Instead the lagoon
limestones contain abundant coral colonies which may indicate that the lagoon was separated from the open sea by
coral reefs. The limestone beds of both outcrops can be laterally correlated (Figure 14). The lowest limestone bed of
the Barzaman Formation is the basal bedded, coralline boundstone layer of the eastern outcrop. Its lateral equivalent in
the western outcrop is not exposed (Figure 14). The debrite unit bed is present in both outcrops, displaying a thickness
of 7.5 m which is a minimum value as its base is not exposed in either outcrop (Figures 3A and 6). In both outcrops,
this debrite layer shares the same sedimentological and compositional characteristics (Tables 1 and 2). These aspects
and its stratigraphic position (Figure 14) suggest that this facies represents the same stratigraphic level in both
outcrops. Finally, the upper bedded boundstone displays the same thickness of 2.5 m (Figure 14) in both outcrops and
features similar bioclasts (Tables 1 and 2).

The correlation between both outcrops is also supported by the seismic refraction survey (Figures 11-13) which
revealed a gentle dip of the beds to the east, allowing for the interpretation that the carbonates that are exposed in the
west and above the parking lot occur in the east below the parking lot.
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Figure 14. Correlation of limestone beds between the eastern and western outcrops based on similar lithology,
analogous stratigraphic positions and bed thickness considerations.

6. Conclusion

The “Carbonates” of [7] of the Barzaman Formation contain three limestone units which are dominated by poritid
corals, red algae and benthic foraminifers. They represent two different facies, a lower bedded boundstone facies, a
middle massive debrite facies and an upper bedded boundstone facies. The upper two units can be correlated between
the two outcrops on the SQU campus (Muscat/Seeb area), using stratigraphic and seismic survey methods. The real
thickness of the debrite cannot be quantified by stratigraphic field work as its base is not exposed because it cuts
through the oldest limestone bed. Our seismic survey, however, indicates a trend of thickness increase to the east.

Based on the foraminifer content, the “Carbonates” of the Barzaman Formation of [7] represent the Upper
Oligocene to Lower Miocene. For the first time, it is indicated that the Barzaman Formation of the Muscat/Seeb area is
at least of Upper Oligocene age. The entire formation may be slightly older because the “Carbonates” are still
underlain by the “Lower Conglomerates and Sandstones” of [7], which have not yet been dated. Analogously, the
formation is also younger than the Lower Miocene as the overlying “Dolomitic Conglomerates”, “Claystones and
Conglomerates” and “Varied Thick Sandstones and Conglomerates” of [7], have also not yet been dated.
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