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ABSTRACT

A field survey was carried out in 2012 focusing on the tectonic position and the
role of Upper Triassic (Upper Norian-Rhaetian) Avroman Formation outcrops
located in the Zalm area of Iraq, close to the Irag-Iran border. At this location, the
Cretaceous chert-bearing strata of the Qulqula Formation are overlain by sheared
mafic bodies, which are in turn topped by the cliffs of the megalodontaceae-
bearing Upper Triassic Avroman Formation. Similarities in lithology, sequence
and tectonics position, suggest that the Triassic section of the Bisotoun Unit from
the Kermanshah Zone of Iran can be used as a tectonic analogue of the Avroman
Formation. According to our model, both the Avroman and the Bisotoun
units formed an intra-oceanic carbonate platform, built-up by a characteristic
megalodontaceae-bearing carbonate platform assemblage during the Late Triassic.

The Harsin oceanic basin, which separated the Avroman-Bisotoun Platform
from the Arabian Platform, was characterised by deep-marine sedimentation,
the remnants of which form the Qulqula Formation in Iraq, and the Radiolaritic
Nappe and the Harsin Mélange in the Kermanshah Zone. This tectonic setting
is not unique; numerous authors suggest the existence of an oceanic rim basin,
separating carbonate platform units (e.g. Oman ‘exotics’) from the Arabian
Platform. The age of the deformation could be Late Cretaceous (Maastrichtian),
but using analogues from Iran, a Palaeogene deformation also seems possible.

The Avroman Formation was interpreted to be a Dachstein-type sediment,
similar to the well-studied Dachstein Formation of the Northern Calcareous Alps,
Austria. Rock units, with similar lithology, or identical depositional environment
and macroscopic fauna, were described by numerous authors along the Neo-
Tethys suture zone from Austria to Japan, and from several tectonic units along
the Panthalassa margin. The implication of this correlation is important for future
studies: using well-described type localities of the marine units from the Northern
Calcareous Alps as a reference, it is possible to significantly extend the available
background knowledge, and to gain better insight into the Triassic regional
depositional environment of the Middle East.

INTRODUCTION

The Zagros-Taurus Mountains formed during the Cretaceous to Recent collision between the Arabian
and Eurasian plates. In Iraq and Iran, they are comprised of six tectonic zones oriented parallel to the
Arabian-Eurasian plate boundary, as follows (Figure 1): (1) the Mesopotamian Foredeep/Arabian
Gulf (part of the Arabian Plate), (2) the Zagros Fold-and-Thrust Belt, (3) the Outer Zagros Ophiolitic
Belt, (4) the Sanandaj-Sirjan Zone, (5) the Inner Zagros Ophiolitic Belt, and (6) the Urumieh-Dokhtar
Magmatic Arc (Stocklin, 1968; Shafaii Moghadam and Stern, 2011). Surface folding and thrusting
occurred mainly during the Pliocene phase of orogeny, although evidence exists in the surrounding
area for earlier, pre-Miocene, extensional and compressional episodes.

This paper presents new geological information from the Zalm area, Kurdistan Region of northern
Iraq, in the NW continuation of the Kermanshah Zone of the Outer Zagros Ophiolitic Belt (Figures
1 and 2). The majority of the investigated sections are dominated by an Upper Triassic platform
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Figure 1: (a) Structural divisions of the Zagros Fold-and-Thrust Belt with the position of the Inner
and Outer Zagros Ophiolitic Belt.
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Figure 1: (b) Geological map of the Zagros Suture Zone along the Iraq-Iran border, showing the
location and tectonic division of the study area (after Ali, 2012).
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Richthofen, 1860; Pisa, 1974; Viel, 1979; Brack and Rieber, 1993). An abundance of megalodontaceae
and foraminifera were described from this lithological unit, including for example, Gemmelarodus
seccoi seccoi and Triasina hantkeni, which indicate a Late Norian—-Rhaetian age (cf. Jassim and Goff,
2006). A similar lithological unit, the Ubaid Formation, which yielded Neomegalodon sp. in Wadi
Hauram in southern Iraq, may be coeval to Avroman Formation (Karim and Ctyroky, 1981; Jassim
and Goff, 2006; Sissakian and Mohammed, 2007).
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Figure 3: (a) Topographic map of the Halabja area, and (b) geological map of the Zalm Valley.
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This paper focuses on the tectonic and stratigraphic role of the Avroman Formation (Figures 1 and 2).
Our main goals are to: (1) extend local observations on the structural relationship and deformation
history of the investigated units in the Zalm area to a larger scale; (2) confirm their Upper Triassic
tectonic position by investigating the correlation of these units to those seen in the Kermanshah
Zone of Iran. The Kermanshah Zone seems to be a valid structural analogue of the investigated Zalm
section (Wrobel-Daveau et al., 2010; Shafaii Moghadam and Stern, 2011; Figure 2). (3) We correlate
the characteristic megalodontaceae-bearing sediments of these units to the Circum-Tethyan realm,
especially to the well-studied and described Austrian equivalents.

ZALM VILLAGE SECTION, NORTHEASTERN KURDISTAN, IRAQ

Close to Zalm Village in the Avroman Mountains (Figure 3), a deformed sequence of the Avroman
Formation (Figures 4 and 5) crops out. Three Avroman tectonic units (Lower, Middle and Upper
Avroman units) were identified. The section is intensely folded, and thrusted onto the younger
Mesozoic Qulqula Formation (Karim and Baziany, 2007; Ma’ala, 2008; Al-Qayim et al., 2012; Davies
et al., 2014; Ali et al., 2014) along a sheared mafic body (Lower Mafic Body). A second sheared mafic
body (Upper Mafic Body) was observed between the Lower and Middle Avroman units.
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Figure 4: View and geological interpretation of the Lower Mafic Body and its surroundings.
Photo by Agoston Sasvari.

Sedimentological Observations

Qulqula Formation

Samples from the Qulqula Formation (Enclosure la—-d) have been petrographically evaluated
and described as planktonic foraminifera-rich wackestones with 50% lime mud content. Original
grains are rare (approximately 5%) but they include planktonic foraminifera, globigerinids, sponge
spicules and skeletal debris. The vast majority of grains (particularly the planktonic foraminifera
and globigerinids, the dominant grain types) have been recrystallised. Primary calcite microspar has
cemented the pore structures within the thin-walled globigerinid foraminifera (ca. 10%). Grains have
been replaced by a later phase of calcite microspar (ca. 15%) and non-ferroan calcite (ca. 5%). A large
fracture system fans out and splits into several smaller veins. It is cemented by non-ferroan calcite (ca.
10%). There are also a small percentage of stylolites (< 1%).
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Figure 5: View and geological interpretation of the Upper Mafic Body and its surroundings.
Photo by Agoston Sasvari.

Avroman Formation

Based on the field observations (Figures 4 to 6 and Enclosure I) the Avroman Formation is not
lithologically uniform from a stratigraphic or sedimentological point of view. It consists of the lower
“Thick-Bedded Avroman Member”, and the upper “Thin-Bedded Avroman Member”. Historically,
these members have been mapped and described as a single formation (e.g. Sissakian, 2000; Karim,
2007).

Thick-Bedded Avroman Member

This member consists of megalodontaceae-bearing, white to light-grey, light-yellowish metre-thick
beds of limestone (Enclosure Ih, i and k). Complete megalodontaceae and a significant amount of thick
shell fragments were found, indicating a subtidal platform or platform edge. With the exception of the
macroscopic fossils, neither bioturbation, nor ichnofossils or sedimentary structures were found. The
analysed samples (Enclosure I) are texturally wackestones and packstones, and the following textures
were identified.

Peloidal wackestone-packstone: limestones containing 20-30% lime mud, the grains (10-40%)
are peloids, which also include thin-shelled bivalves and skeletal debris. Sometimes a much
lower percentage of original grains (10%) is observed due to a dominance of cements and grain
replacements. A large percentage (33.5%) of early primary equant non-ferroan calcite cement and
micritised envelopes surround some of the neomorphically recrystallised grains. Small percentage
(3—-4%) stylolitisation of these samples was observed.

Skeletal packstone: grain-supported, consisting of 20-30% lime mud and a relatively high percentage
of neomorphically recrystallised skeletal material. There is a total of 20-30% non-replaced grains
with peloids and skeletal debris being the dominant grain types. There are also minor amounts of
Dasycladaceae, benthonic foraminifera, echinoids, intraclasts and thin-shelled bivalves. 20% of the
grains have been leached and cemented by early drusy non-ferroan calcite cement, and micritic
envelopes are also present around some recrystallised bivalves and benthonic foraminifers.

Dolomitic skeletal wackestone: upwards of 44% lime mud and 18% scattered matrix replacive
dolomite. Remaining grains represent 12%, including skeletal debris, thin-shelled bivalves and
bryozoans, while 17% of grains (including green algae fragments, skeletal material and bivalves) have
been cemented or replaced by non-ferroan calcite and microspar, which have also cemented vugs.

22

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Dachstein-type Avroman Formation, Harsin Basin, Iraq

Thin-Bedded Avroman Member

This member consists of well-bedded, decimetre-thick beds (ca. 10-20 cm) of light-brown to medium-
grey, slightly nodular limestone with small-scale spherical grains, ooids, bioclastic debris of algae
and echinoderms, oncoids or probably peloids (Enclosure Ij, 1 and m). Minor stylolitisation was
observed. The spherical clasts are completely recrystallised, well rounded, poorly sorted, and from
field observations, calcareous in nature. No macroscopic fossils were observed, and except for the
spherical components, the texture is micritic. At one location, a slightly nodular bed surface was
observed.

In thin-section view, the Thin-Bedded Avroman Member can be described as an oolitic, mud-lean
packstone, which primarily consists of neomorphically recrystallised ooids (and secondary peloid
grains), which make up 60% of the rock. They have been cemented by blocky non-ferroan calcite,
micritised envelopes formed around a number of grains. The matrix in parts has also been replaced
by microspar and there is only 10% lime mud remaining. The remaining original grains equate to just
6% of the whole rock composition, with peloids, intraclasts, gastropods and faecal pellets (Favrina).

Structural Geological Observations

Because of the folding, the steepness of the gorge walls and the loose blocks, the structural elements
were not clearly visible in the field. Accordingly a combination of field observations and satellite
image interpretations were used to interpret a sequence of structures both as a geological map (Figure
3) and cross section (Figure 6). Three important deformation zones occur in the study area, and are
interpreted as detachment planes below and in between the deformed Avroman units (Figures 3 to 6
and Enclosure I).

(1) Sheared mafic rocks, forming the Lower Mafic Body, were observed at the contact of the Qulqula
Formation to Lower Avroman Unit (Figure 4, Enclosure Ie—f).

(2) Sheared mafic rocks, forming the Upper Mafic Body, were mapped at the contact of Lower to
Middle Avroman units (Figure 5, Enclosure In and o).

(8) The third deformation zone occurs at the contact between the Middle to Upper Avroman units
(Figures 3 and 6), and is mainly interpreted from remote field observations and satellite images.
Detailed observations were not possible in the area due to the large number of unexploded objects
and the proximity of the state border.
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Figure 6: Geological cross section of the Zalm area.
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Lower Mafic Body between the Qulqula Formation and Lower Avroman Unit

The first deformation zone was identified immediately above the dark-grey radiolaritic Qulqula
Formation (Bolton, 1958b; van Bellen et al., 1959; Figures 3, 4, 6 and Enclosure le-g), which forms
the lowermost part of the section. The age of this formation is poorly constrained; Karim et al. (2009)
assigned a Late Cretaceous (Early Maastrichtian) age. The topmost chert beds are overlain by sheared
mafic rocks of the Lower Mafic Body; this contact is close to the NE edge of Zalm. Due to recent road
constructions, the contact has become visible, but the relationship of the chert to mafic material is
not visible. The Lower Mafic Body (Figure 4) is slightly weathered and subsequent alteration has
obscured its internal structures. The estimated thickness of the Lower Mafic Body is approximately
60-80 m.

Thick-bedded, megalodontaceae-bearing limestones of the Lower Avroman Unit overlie the Lower
Mafic Body (Figures 3, 4, 6 and Enclosure I). The contact between the mafic body and carbonates
is structural and not sedimentological. The lowermost bed of the thrusted Lower Avroman Unit is
nearly parallel to the NE-dipping thrust plane. Significant change in the bedding is observed from the
Qulqula Formation to the Lower Avroman Unit outcrops: the Qulqula Formation beds are tilted by an
average about 45° to the SW whereas the Avroman beds dip by about 40° to the NE.

SE-vergent thrusting is indicated by the great number of detachment planes, the geometry of shear
indicators, the overall geometry of the ophiolitic body, as well as the geometry and bedding of the
overlying Lower Avroman Unit limestone (Figure 6).

Upper Mafic Body between the Lower and Middle Avroman Units

The second deformation zone was observed between the Lower and Middle Avroman units,
approximately 700 m ENE from Zalm Village (Figures 3, 5, 6 and Enclosure I). Both of these units dip
70-85° to the ENE, and are separated by the Upper Mafic Body. The contact between the carbonate
and mafic body is partially obscured, but the overall linear geometry of the mafic is clearly visible,
both in the landscape and on the satellite imagery.

Loose blocks, most likely sourced from this mafic body, are found in the surroundings of the upper
mafic detachment plane, and cubic metre-size, unsorted, polymictic, clast-supported chert breccia
blocks are also observed at this location. The clast material is dominated by chert and limestone
with subordinate amounts of rectangular mafic clasts. No sedimentological structures (bedding,
gradation) were observed.

The position and the geometry of the sheared mafic body, as well as the bedding geometry of both the
Lower and Middle Avroman units, can be used to identify SE-vergent thrusting, parallel to the Lower
Mafic Body geometry.

Contact between the Middle to Upper Avroman Units: Indication of a Young Overthrust?
The Middle Avroman Unit is tectonically uniform (Figures 3, 6 and Enclosure I), with no visible internal
thrust planes and/or sheared mafic bodies. Elevated cliffs with almost horizontal and tectonically
undisturbed bedding, tilted slightly to the SW, overlie both the highly folded Lower and Middle
Avroman units. According to field observations, this Upper Avroman Unit is composed of the same
thick-bedded carbonates as the Lower and Middle Avroman units, and despite the lack of outcrop
data, this carbonate unit can be associated with the Avroman Formation. The Upper Avroman Unit is
less deformed, and structurally cuts the folds of both Lower and Middle Avroman units.

BASIN-SCALE INTERPRETATION AND DISCUSSION

In the recent tectonic model, which is in agreement with Ali (2012) and Ali et al. (2014), the
Kermanshah Zone (Figure 2) was used as a structural and sedimentological analogue of the Zalm
section. Palaeo-facies correlation of the investigated units helped reconstruct the palaeo-tectonic
position and deformation of the structural units of the study area (Figure 7). The significance of
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Figure 7 : Original model of Hanna (1995) with the Kermanshah Zone and Zalm area
tectono-sedimentary units.

the Kermanshah Zone deformation model is to illustrate the existence of the Triassic Harsin Basin
equivalent in Kurdistan, separating the Arabian Platform from the intra-oceanic Bisotoun Unit (e.g.
Wrobel-Daveau et al., 2010). The basal part of the Bisotoun Unit is built up by megalodontaceae-
bearing platform carbonates (Braud, 1978, 1989), which are similar to the Avroman Formation (see
below).

The position, stratigraphic tectonic sequence, as well as tectonic model for the Kermanshah Zone
are not unique. A similar model for the Oman ‘exotics’ (e.g. Béchennec, 1987; Béchennec et al., 1990;
Pillevuit et al., 1997) suggests the existence of an oceanic rim basin, separating a carbonate platform
unit from the Arabian Platform margin (Figure 7). In this early model, a bipartite nature of the
Hawasina branch of the Neo-Tethys Ocean was interpreted. The original model was to assume a chain
of platforms in the middle of the Hawasina branch (Oman ‘exotics” and Kawr Group, equivalent of
the Bisotoun Unit), separating the Hamrat Duru Basin (equivalent of the Harsin Basin) and the Umar
Basin.

Tectono-sedimentary Units of the Kermanshah Zone

The Kermanshah Zone in Iran is exposed along the Main Zagros Thrust, and is composed of the
following elements (Wrobel-Daveau et al., 2010; Shafaii Moghadam and Stern, 2011; Figures 2, 7 and 8a).

The Radiolaritic Nappe interpreted to be the substratum of a continental rim basin (Harsin
Basin, Ricou et al., 1977; Braud, 1978, 1989), separating the carbonate dominated Bisotoun Unit
(see below and Figures 7 and 8a) from the Arabian Platform. According to Gharib (2009), its age
is early Pliensbachian to early Turonian. In the Early Jurassic-Cenomanian period, sedimentation
remained cherty in the Harsin Basin, and was controlled by carbonate deposition in the Bisotoun
Unit. The Qulqula Formation in the Avroman Mountains area of northern Iraq was associated to the
‘Kermanshah Radiolarite” by Ali et al. (2014) (Figures 2 and 8).

The Harsin Mélange composed of serpentinites, radiolarites, lava beds and carbonate blocks. The
Harsin Ophiolite, SW of the Bisotoun Unit, is seen as the oceanic crust of a small basin between the
Arabian and the Bisotoun Unit (Figures 2, 7 and 8a).
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The Bisotoun Unit is composed of 1,500-3,000 m-thick Upper Triassic-Cenomanian platform
carbonates, with megalodontids in the Triassic section (Braud, 1978, 1989). Ricou et al. (1977) and
Braud (1978, 1989) suggested the existence of a radiolaritic trough (Harsin Basin), separating the
Bisotoun Unit from Arabia since the Late Triassic (Figure 7). The nature of the original substratum
beneath the Bisotoun Unit remains unknown but is assumed to be continental crust (Braud, 1978,
1989). Such a limestone, deposited in a shallow-water environment over more than 100 million years,
could be consistent with a continental substratum (Wrobel-Daveau et al., 2010). In their work, Ali et
al. (2014) assumed the same tectonic position for the Avroman Mountains in the Zalm area as for the
Bisotoun Unit, and interpreted them as the same structural unit (Figures 2 and 8).

The Saneh-Shahabad Ophiolite has an intra-plate oceanic island arc to island arc chemical signature
(e.g. Desmons and Beccaluva, 1983) and has been assigned a Late Cretaceous age (Figures 2, 7 and 8).
Ali et al. (2014) associated this ophiolitic body with a mafic unit, tectonically overlying the Avroman
Formation in the Avroman Mountains.

The above noted units (called ‘Cretaceous Nappes” after Braud, 1978) were emplaced during the
first, Campanian obduction in Iran (Braud, 1978; Homke et al., 2009), and Oman (e.g. Boote et al.,
1990; Warburton et al., 1990; Breton et al., 2004), and are unconformably overlain by the Oligocene—
Miocene Qom Formation (Figure 8a). In a subsequent phase of deformation, both the Cretaceous
Nappes and the Qom Formation were folded and thrusted, together with Cenozoic turbidites and
pelagic limestones, as a result of the second collision between the Central Iran Block and the Eocene
arc (e.g. Leterrier, 1985).

Different models were proposed to explain the origin, evolution and tectonic position of these units.
Agard et al. (2005) consider that the Bisotoun Unit is a tectonic window located in the footwall of the
Saneh-Shahabad south-verging thrust. In their model, the thrusting of the Bisotoun Unit is a late and
out-of-sequence deformation event.
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In the model of Wrobel-Daveau et al. (2010), the Bisotoun Unit is the cover of a micro-continental
block and not a tectonic window. This unit is thrusted between the Tethyan units (Saneh-Shahabad
Ophiolite) and the Harsin Basin (exhumed mantle and its radiolarite filling). According to Wrobel-
Daveau et al. (2010), two oceanic domains are proposed for the evolution of the Kermanshah Zone.
One domain is the Harsin Basin (continental rim basin) separating the Arabian Platform and the
Bisotoun Unit, and a second, the Neo-Tethys Ocean, initially located northeast of the Bisotoun Unit.

Qulqula Formation

In the case of the Qulqula Formation, the large percentage of lime mud, planktonic foraminifera
including globigerinids, indicative of a pelagic, relatively deep-marine, sub-wavebase environment.
These results are in agreement with the observations of Karim (2007) and Karim et al. (2007).
According to Ali (2012) and Ali et al. (2014), the Qulqula Formation is interpreted as the equivalent of
the Radiolaritic Nappe of the Kermanshah Zone from both depositional and tectonic points of view.
Using this analogue, the Qulqula Formation is a good indicator of the same rim basin as interpreted
by Wrobel-Daveau et al. (2010); in the same way, the Qulqula Formation can be interpreted as a
tectonically affected remnant of the Harsin Basin.

Lower and Upper Mafic Bodies

Both the Lower and Upper Mafic Bodies are believed to represent a significant tectonic contact below
and in between the Avroman units. The available geological information does not allow excluding
a more complex tectonic position: an overturned Lower Avroman Unit topped by overturned mafic
fragment, or a more complex tectonic window position (Agard et al., 2005). However, according to
our structural observations, these scenarios are unlikely. If we use the Kermanshah Zone as a model
for the Zalm region, the tectonic significance of the Lower Mafic Body is crucial: this unit could be
indicative of a fragment of the oceanic basement either below the Qulqula Formation, and/or the
mafic basement of the Lower Avroman Unit, and in this scenario, it may be an equivalent of the
Harsin Mélange of the Kermanshah Zone. The Upper Mafic Body can be interpreted as an out-of-
sequence, back-thrusted fragment of the Lower Mafic Unit. An alternative interpretation is that the
Upper Mafic Body is an exhumed mafic ‘basement” of the Avroman Formation.

Avroman Formation

The peloidal wackestone and packstone samples described from the Avroman Formation are part of
a back-shoal, subtidal setting. The presence of green algae in samples of this formation may indicate a
lagoonal environment. The overall microfacies type indicates shallow, inner-neritic environment with
relatively high water energy. The overall diagenetic history for the Avroman Formation shows early
leaching and cementation of the grains by an equant calcite spar, with some later grain replacements
and finally followed by mechanical and chemical compaction, forming the fracture systems and
stylolites.

Both lithological characteristics and the tectonic position of the Avroman Formation confirms its
correlation to the megalodontaceae-bearing ‘Bisotoun Formation” of the basal part of the Bisotoun
Unit in the Kermanshah Zone, in agreement with the observations of Ali (2012) and Ali et al. (2014).
Taking these observations and interpretations of both the radiolaritic and the sheared ophiolitic units
into consideration, the Avroman Formation could have formed an ‘exotic” block, separated by the
Harsin Basin from the Arabian Platform. In this case both the Qulqula Formation and the Avroman
Formation have oceanic basement and are not continental.

Despite the good tectonic and stratigraphic correlation, the Avroman Formation could only be a good
equivalent of the lower part of the Bisotoun Unit (Enclosure I). According to the previous and recent
observations (e.g. Bolton, 1958a; Buday, 1980; Jassim and Goff, 2006; Karim and Baziany, 2007; Karim,
2007), both the thickness and the confirmed age of the Avroman Formation seem to be different
from those from the original Bisotoun Unit in Iran. The youngest age reported from the Avroman
Formation is Rhaetian (Jassim and Goff, 2006) and its maximum thickness (Bolton, 1958a) is about
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300 m. In the case of the Bisotoun Unit (e.g. Ricou et al., 1977; Braud, 1978), the youngest observed
age was Late Cretaceous (Cenomanian and younger), and the lithological succession is much thicker
(1,500-3,000 m).

Several interpretations can explain these differences: (1) The Zalm section is complete, and assumed
younger units (with Early Jurassic to Cenomanian age) were eroded. (2) The Zalm section could be
incomplete, and younger units (with Early Jurassic to Cenomanian age) could be expected in the
area close to the Irag-Iran border or in Iran. (3) The Bisotoun Unit type section (Braud, 1978, 1989)
is tectonically disturbed and the Jurassic and Cretaceous units are not in an allochthonous position
relative to the Upper Triassic units (this solution is shown in Figure 8a).

Age of Deformation

The age of deformation along the Lower and probably the Upper Mafic Body is younger than the
?Late Cretaceous (Early Maastrichtian) age of the Qulqula Formation (based on Karim et al., 2009).
In the case of these shear zones, taking the analogue from Iran into consideration, a Late Cretaceous
(Maastrichtian) or younger thrusting age could be suggested.

The Upper Avroman Unit is less deformed than the Lower and Middle Avroman units. However,
the Upper Avroman Unit structurally cuts the folds of both Lower and Middle Avroman units, and
as such, structural emplacement of the Upper Avroman Unit is definitely younger than the thrusting
of the Lower Avroman Unit. It could be assigned to the same Late Cretaceous (Maastrichtian)
deformation age, but using the same analogue from Iran, a Palaeogene deformation is also possible
(Leterrier, 1985).

TETHYS-SCALE SEDIMENTOLOGICAL
INTERPRETATION AND DISCUSSION

During the Carnian a large carbonate platform system developed along both the northern and
the southern margins of the Neo-Tethys Ocean, leading to the accumulation of km-thick platform
carbonates (e.g. Kiessling et al., 1999) with easily identified Upper Triassic megalodontaceae fauna.
These platform carbonates were described by numerous authors along the Neo-Tethys suture zone
from Austria to Japan, throughout Siberia, Australia, and from several tectonic units along the
Panthalassa margin (Enclosure II). The remains of these sediments are well preserved in the Dachstein
area of Austria, which is the type locality of the Dachstein Formation.

In this paper, the Avroman Formation of the Zalm area is correlated to the basal part of the Bisotoun Unit
(type section at Kuh-e Bisotoun). According to the age, fossil content and depositional environment,
the Avroman Formation is interpreted to be a Dachstein-type sediment, similar to the well-described
Dachstein Formation of the Northern Calcareous Alps, Austria.

As a consequence of this interpretation, the basal part of the Bisotoun Unit type section could be
an equivalent of the Dachstein Formation as well. Possible correlation of the Ubaid Formation
needs further clarification, but accepting the original observations of Karim and Ctyroky (1981) on
Neomegalodon sp. fragments from the Ubaid Formation (Wadi Hauram area), the Ubaid Formation can
also be interpreted as a Dachstein Formation equivalent.

Dachstein Formation: Sediment of the
Dachstein-type Platforms

One of the first identified and most typical Upper Triassic carbonate platform-related units is the
megalodontaceae-bearing Dachstein Formation. The Dachstein Nappe of the Northern Calcareous
Alps (sensu Plochinger, 1995) is named after the small village of Dachstein, and refers to both a tectonic
unit and a facies zone (e.g. Mandl, 2000). The Dachstein Nappe is characterised by thick-bedded
or massive platform limestones (Dachstein Limestone of Simony, 1847) and dolomites (Dachstein
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Dolomite and/or Hauptdolomit). This unit and its equivalents have been studied since the 19t
Century across Austria, Germany, Italy and Hungary (e.g. Simony, 1847; Peters, 1855; Gumbel, 1862),
and this unit was identified and documented by several authors throughout the Neo-Tethys realm
(e.g. Kiessling et al., 1999). Megalodontids were described from several tectonic units related to the
Neo-Tethys realm (Enclosure II), allowing us to correlate these Tethyan sediments over much of the
Tethyan margins.

Dachstein-type platforms (Haas, 2004) were developed on rapidly subsiding passive continental
margins, indicating regional geodynamic control. In the latest Carnian (Tuvalian), a distinct
transgressive pulse led to widespread flooding and sedimentation on top of the Lower Carnian
Wetterstein carbonate platforms (e.g. Tollmann, 1976). The sea-level change caused a complex pattern
of local reef patches separated by local depressions.

In the early stage of Dachstein platform growth (Late Carnian-Late Norian), the palaeogeographic
setting controlled the facies polarity. Opening of the Neo-Tethys Ocean resulted in a fairly uniform,
coastline-parallel, facies zonation. The outer platform is characterised by deposition of oncoidal and
ooidal limestones and patch reefs. In the inner platform, deposition of a cyclic bedded, intertidal
to subtidal carbonate succession took place. The inner platform was affected by pervasive early
diagenetic dolomitisation under the prevailing semi-arid climate resulting in the deposition of the
‘Dachstein Dolomit” and its equivalents (‘Hauptdolomit’, ‘Dolomia Principale’).

Chronostratigraphy of the Dachstein-type platform carbonates isbased mainly on the megalodontaceae
fauna (Végh-Neubrant, 1982): Neomegalodon carinthiacus, N. boeckhi, N. triqueter pannonicus, and
Corcucardia hornigii hirnigii are indicative of the Carnian. The presence of Neomegalodon complanatus
complanatus, N. guembeli guembeli, N. boeckhi, Gemmellarodus seccoi seccoi and Dicerodardium curionii
indicate a Norian age. The locally rich foraminifera assemblage (e.g. Oravecz-Scheffer, 1987) allows
subdivision at the stage and locally at the substage level.

CONCLUSIONS AND RECOMMENDATIONS
FOR FUTURE STUDIES

This study confirms that the Qulqula Formation and the Avroman Formation in the Avroman
Mountains, Iraq, have identical tectonic position to the Radiolaritic Nappe and the Bisotoun Unit
of the Kermanshah Zone, Iran. Sheared mafic bodies between the Avroman units are interpreted
as deformed units with oceanic crust origin, acting as a Qulqula/Avroman and intra-Avroman
detachment planes. This study suggests the tectonic independence of the Avroman Formation from
the Arabian Platform margin. We propose that they are separated by the northerly continuation of
the Harsin Basin, which formed the depocentre of the Qulqula Formation. The age of the deformation
may be Late Cretaceous (Maastrichtian), but using analogues from Iran, a Palaeogene age is also
possible.

The Qulqula Formation was deposited in a deep-marine environment, similar to the setting of the
Harsin Basin to the south, and is interpreted as coeval to the Radiolaritic Nappe in the Kermanshah
Zone of Iran. The Avroman Formation is interpreted as the lateral equivalent of the basal part of the
Bisotoun Unit of the Kermanshah Zone. These correlations are based on their age-indicative fossil
contents, similarity of facies, and tectonic positions. The Harsin Basin may therefore have separated
the Avroman-Bisotoun Platform from the Arabian Platform, and represents the continuation of the
Hawasina and Hamrat Duru basins of Oman (Glennie et al., 1974; Béchennec, 1987; Béchennec et al.,
1990; Pillevuit et al., 1997).

Based on their Late Triassic age, fossil content and similar facies, the Avroman Formation and Bisotoun
Unit could be associated with Dachstein-type deposition, similar to the Dachstein Formation of the
Northern Calcareous Alps of Austria. Using these proposed correlations, the well-studied Alpine
reference sections could be used to gain a better understanding of the Triassic of the Middle East and
Peri-Tethyan regions.

29

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Sasvari et al.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the contribution of J. Watson. His assistance with PlateWizard® is
greatly appreciated. We are also grateful to CGG Robertson for its permission to present the work. The
authors thank two anonymous reviewers for their important comments, which have improved the
manuscript. GeoArabia’s Assistant Editor Kathy Breining is thanked for proofreading the manuscript,
and GeoArabia’s Production Co-manager, Nestor “Nino” Buhay IV, for designing the paper for press.

REFERENCES

Agard, P, J. Omrani, L. Jolivet and F. Mouthereau 2005. Convergence history across Zagros (Iran): Constraints
from collisional and earlier deformation. International Journal of Earth Sciences, v. 94, no. 3, p. 401-419.

Ager, D.V,, M. Gutnic, T. Juteau and O. Monod 1980. New Early Mesozoic brachiopods from Southern Turkey.
Bulletin of the Mineral Research and Exploration Institute of Turkey, v. 91, p. 59-75.

Ali, S.A. 2012. Geochemistry and geochronology of Tethyan-arc related igneous rocks, NE Iraq. PhD Thesis,
School of Earth and Environmental Sciences, University of Wollongong, 326 p. http://ro.uow.edu.au/
theses/3478.

Ali, S., M. Mohajjel, K. Aswad, S. Ismail, S. Buckman and B. Jones 2014. Tectono-stratigraphy and general
structure of the northwestern Zagros collision zone across the Irag-Iran border. Journal of Environment and
Earth Science, v. 4, no. 4, p. 92-110.

Al-Qayim, B., A. Omer and H. Koyi 2012. Tectonostratigraphic overview of the Zagros Suture Zone, Kurdistan
Region, Northeast Iraq. GeoArabia, v. 17, no. 4, p. 109-156.

Baud, A., R. Arn, P. Bugnon, A. Crisinel, E. Dolivo, A. Escher, ].G. Hammerschlag, M. Marthaler, H. Masson,
A. Steck and J.G. Tieche 1982. Le contact Gondwana-Peri-Gondwana dans le Zanskar oriental (Ladakh,
Himalaya). Bulletin de la Société Géologique de France, v. 24, no. 2, p. 341-361.

Béchennec, F. 1987. Géologie des Nappes Hawasina dans les parties orientale et centrale des Montagnes d’Oman.
These Doctorat d’Etat, Université Pierre et Marie Curie, Paris 6. Documents du Bureau de Recherches
Géologiques et Minieres, no. 127, 474 p.

Béchennec, F, J. Le Metour, D. Rabu, Ch. Bourdillon-de-Grissac, P. de Wever, M. Beurrier and M. Villey 1990.
The Hawasina Nappes: Stratigraphy, palaeogeography and structural evolution of a fragment of the south-
Tethyan passive continental margin. In A.H.F. Robertson, M.P. Searle and A.C. Ries (Eds.), The Geology and
Tectonics of the Oman Region. Geological Society of London, Special Publication no. 49, p. 213-224.

Bernecker, M. 1996. Upper Triassic reefs of the Oman Mountains: Data from the South Tethyan margin. Facies,
v. 34, no. 1, p. 41-76.

Bohannon, R.G. 2010. Geologic and topographic maps of the Kabul North 30" x 60" quadrangle, Afghanistan. U.S.
Geological Survey Scientific Investigations Map 3120, 34 p. pamphlet, 2 map sheets, scale 1:100,000.

Bolton, C.M.G. 1958a. Geological map-Kurdistan series, scale 1:100,000, sheet K6, Halabja. Report 287, State
Establishment of Geological Survey and Mining (GEOSURV), Baghdad.

Bolton, C.M.G. 1958b. The Geology of Ranyia area. Unpublished Report, State Establishment of Geological
Survey and Mining (GEOSURYV) Library, Baghdad.

Boote, D.R.D., D. Mou and R.I. Waite 1990. Structural evolution of the Suneinah Foreland, Central Oman
Mountains. In A.H.E. Robertson, M.P. Searle and A.C. Ries (Eds.), The Geology and Tectonics of the Oman
Region. Geological Society of London, Special Publication no. 49, p. 397-418.

Bossellini, A. 1967. La tematica deposizionale della Dolomia Principale (Dolomiti e Prealpi Venete). Italian
Journal of Geosciences, v. 86, p. 113-169.

Brack, P. and H. Rieber 1993. Towards a better definition of the Anisian/Ladinian boundary: New biostratigraphical
data and correlations of boundary sections from the Southern Alps. Eclogae Geologicae Helvetiae, v. 86, p. 415-527.

Braud, J. 1978. Geological Map of Kermanshah, 1:250,000 scale. Geological Survey of Iran, Tehran.

Braud, J. 1989. La suture du Zagros au niveau de Kermanshah (Kurdistan Iranien): Reconstitution
paléogéographique, évolution géodynamique, magmatique et structural. Unpublished Doctoral Dissertation,
University Paris-Sud, Orsay, 439 p.

Breton, J.P., F. Béchennec, J. Le Métour, L. Moen-Morel and P. Razin 2004. Eoalpine (Cretaceous) evolution of
the Oman Tethyan continental margin: insights from a structural study in Jabal Akhdar (Oman Mountains).
GeoArabia, v. 9, no. 2, p. 41-58.

Buday, T. 1980. The regional geology of Iraq, stratigraphy and paleontology. State Organization for Minerals,
Baghdad, Iraq, v. 1, 445 p.

Chablais, J., R. Martini, E. Samankassou, T. Onoue and H. Sano 2010. Microfacies and depositional setting of the
Upper Triassic mid-oceanic atoll-type carbonates of the Sambosan Accretionary Complex (southern Kyushu,
Japan). Facies, v. 56, no. 2, p. 249-278.

Cornée, J-J., R. Martini and L. Zaninetti 1994. Une plate-forme carbonatée d’age rhétien au centre-est de Sulawesi
(région de Kolonodale, Célebes, Indonésie). Comptes Rendus de 1’Académie des Sciences, IIA, Earth and

30

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf

by guest
on 25 April 2024



Dachstein-type Avroman Formation, Harsin Basin, Iraq

Planetary Science, v. 318, p. 809-814.

Davies, L., A. Sasvari and A. Mann 2014. Tectonic significance of the Avroman Formation: Confirmation of
Glennie et al.’s (1974) model from the Kurdistan region of Iraq. Geo2014, poster session.

Desmons, J. and L. Beccaluva 1983. Mid-ocean ridge and island-arc affinities in ophiolites from Iran: Palaeographic
implications. Chemical Geology, v. 39, p. 39-63.

Di Stefano, P., G. Mallarino, M. Marino, N. Mariotti, C. Muraro, U. Nicosia, G. Pallini and M. Santantonio 2002.
New stratigraphic data from the Jurassic of Contrada Monzealese (Saccense domain, SW Sicily). Italian
Journal of Geosciences, v. 121, no. 1, p. 121-137.

Dimitrijevic, M.N. and M.D. Dimitrijevic 1991. Triassic carbonate platform of the Drina-Ivanica element
(Dinarides). Acta Geologica Hungarica, v. 34, no. 1-2, p. 15-44.

Dozet, S. 2009. Mohorje Formation, Southern Slovenia. Geologija, v. 52, no. 1, p. 11-20.

Dumont, J.F. 1976. Etudes géologiques dans les Taurides Occidentales: Les formations paléozoiques et
mésozoiques de la coupole de Karacahisar (Province d’Isparta, Turquie). Dissertation, University of South
Paris, 213 p.

Eren, M., K. Tasli and N. Tol 2002. Sedimentology of Liassic carbonates (Pirencik Tepe measured section) in the
Aydincik (Icel) area, southern Turkey. Journal of Asian Earth Sciences, v. 20, no. 7, p. 791-801.

Eren, M., M.Y. Kaplan and S. Kadir 2007. Petrography, geochemistry and origin of Lower Liassic dolomites in the
Aydincik Area, Mersin, Southern Turkey. Turkish Journal of Earth Sciences, v. 16, p. 339-362.

Fruth, I. and R. Scherreiks 1984. Hauptdolomit: Sedimentary and paleogeographic models (Norian, Northern
Calcareous Alps). Geologische Rundschau, v. 73, no. 1, p. 305-319.

Fuchs, G. 1987. The Geology of Southern Zanskar (Ladakh) - Evidence for the Autochthony of the Tethys Zone
of the Himalaya. Jahrbuch der Geologischen Bundesanstalt, v. 130, no. 4, p. 465-491.

Fulop, J. 1976. The Mesozoic basement horst blocks of Tata. Geologica Hungarica Series Geologica, v. 16, 228 p.

Gaetani, M., R. Casnedi, E. Fois, E. Garzanti, F. Jadoul, A. Nicora and A. Tintori 1985. Stratigraphy of the Tethys
Himalaya in Zanskar, Ladakh. Rivista Italiana di Paleontologia e Stratigrafia, v. 91, no. 4, p. 443-478.

Gaetani, M., P. Le Fort, S. Tanoli, L. Angiolini, A. Nicora, D. Sciunnach and A. Khan 1996. Reconnaissance geology
in Upper Chitral, Baroghil and Karambar districts (northern Karakorum, Pakistan). Geologische Rundschau,
v. 85, p. 683-704.

Garzanti, E., F. Jadoul, A. Nicora and F. Berra 1995. The Triassic of Spiti (Tethys Himalaya; N India). Rivista
Italiana di Paleontologia e Stratigrafia, v. 101, no. 3, p. 267-300.

Gawlick, H-J., L. Krystyn, R. Lein and G.W. Mandl 1999. Tectonostratigraphic concept for the Juvavic Domain.
Tubinger Geowissenschaftliche Arbeiten, Series A, v. 52, p. 95-104.

Gazdzicki, A. 1971. Megalodon limestones in the sub-tatric Rhaetian of the Tatra Mountains. Acta Geologica
Polonica, v. 21, p. 387-398.

Gazdzicki, A. 1983. Foraminifers and biostratigraphy of the Upper Triassic and Lower Jurassic of the Slovak and
Polish Carpathians. Acta Palaeontologica Polonica, v. 44, p. 109-169.

Gharib, F. 2009. Biostratigraphie des radiolarites de Kermanshah (Iran). PhD Thesis, Museum National d"Histoire
Naturelle, Paris, 343 p.

Gjata, K., A. Kodra and A. Pirdeni 1980. Géologie de certains parties périphériques de la zone Mirdita.
Permbledhje, Studimesh, Tirana, v. 3, p. 57-73.

Glennie, K.W., M.G.A. Beouf and M.W. Hughes Clarke 1974. Geology of the Oman Mountains. — Verhandelingen
van Ket Koninklijk, Nederlands. Geologisch-Minjbouwkundig Genootschap, v. 31, 423 p.

Godroli, M. 1992. Tectonique des ophiolites dans les zones internes: Modalites d’ouverture et de fermeture d'un
basin océanique étroit (exemple des ophiolites de la zone de Mirdita). PhD Thesis, Orsay, 324 p.

Gumbel, C.W. 1862. Die Dachsteinbivalue (Megalodon triqueter) und ihre alpinen Verwandten. Sitzungsberichte
/ Akademie der Wissenschaften in Wien. Mathematisch-Naturwissenschaftliche Klasse Abteilung I, Biologie,
Mineralogie, Erdkunde, v. 45, p. 326-377.

Haas, J. 1982. Facies analysis of the cyclic Dachstein Limestone Formation (Upper Triassic) in the Bakony
Mountains, Hungary. Facies, v. 6, p. 75-84.

Haas, J. 2004. Characteristics of peritidal facies and evidences for subaerial exposures in Dachstein-type cyclic
platform carbonates in the Transdanubian Range, Hungary. Facies, v. 50, p. 263-286.

Haas, J. and V. Skourtsis-Coroneou 1995. The Upper Triassic platform sequences in the Transdanubian Range and
the Pelagonian Zone s.1.: a correlation. Geological Society Athens, Greece Special Publications no. 4, p. 195-200.

Haas, J., S. Kovacs, L. Krystyn and R. Lein 1995. Significance of Late Permian-Triassic facies zones in terrane
reconstructions in the Alpine-North Pannonian domain. Tectonophysics, v. 242, p. 19-40.

Hanna, S.S. 1995. Field Guide to the Geology of Oman. Historical Association of Oman, Ruwi, Sultanate of
Oman, 179 p.

Hautmann, M. 2001: Die Muschelfauna der Nayband-Formation (Obertrias, Nor-Rhat) des ostlichen Zentraliran.
Beringeria, v. 29, 181 p.

Homke, S, J. Vergés, J. Serra-Kiel, G. Bernaola, I. Sharp, M. Garcés, I. Montero-Verdu, R. Karpuz and M.H.
Goodarzi 2009. Late Cretaceous—Paleocene formation of the proto-Zagros foreland basin, Lurestan province,
SW Iran. Geological Society of America Bulletin, v. 121, p. 963-978.

Hudson, R.G.S. and R.PS. Jefferies 1961. Upper Triassic brachiopods and lamellibranchs from the Oman

31

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Sasvari et al.

Peninsula, Arabia. Palaeontology, v. 4, p. 1-41.

Iannace, A., S. Vitale, M. D’Errico, S. Mazzoli, A. Di Staso, E. Macaione, A. Messina, S.M. Reddy, R. Somma, V.
Zamparelli, M. Zattin and G. Bonardi 2007. The carbonate tectonic units of northern Calabria (Italy): A record
of Apulian palaeomargin evolution and Miocene convergence, continental crust subduction, and exhumation
of HP-LT rocks. Journal of the Geological Society, v. 164, no. 6, p. 1165-1186.

Jadoul, F, F. Berra and E. Garzanti 1988. The Tethys Himalayan passive margin from Late Triassic to Early
Cretaceous (South Tibet). Journal of Asian Earth Sciences, v. 16, no. 2-3, p. 173-194.

Jadoul, E, E. Garzanti and E. Fois 1990. Upper Triassic - Lower Jurassic Stratigraphy and palaeogeographic
evolution of the Zanskar Tethys Himalaya (Zangla Unit). Rivista Italiana di Paleontologia e Stratigrafia, v. 95,
no. 4, p. 351-396.

Jadoul, E, F. Berra and S. Frisia 1992. Stratigraphic and paleogeographic evolution of a carbonate platform in
an extensional tectonic regime: example of the Dolomia Principale in Lombardy (Italy). Rivista Italiana di
Paleontologia e Stratigrafia, v. 98, p. 29-44.

James, G.A. and ].G. Wynd 1965. Stratigraphic nomenclature of Iranian oil consortium agreement area. American
Association of Petroleum Geologists Bulletin, v. 49, no. 12, p. 2182-2245.

Jassim, S.Z and J.C. Goff 2006. Geology of Iraq. Dolin, Prague and Moravian Museum, Brno, 341 p.

Jones, D.L., N.J. Silberling, B. Cseytey Jr, WH. Nelson and C.D. Blome 1980. Age and structural significance of
ophiolite and adjoining rocks in the Upper Chulitna District, South-Central Alaska. United States Geological
Survey Professional Paper 1121-A, p. A1-A21, 1 sheet, scale 1:63,360.

Karim, K.H. 2007. Stratigraphy and lithology of the Avroman Formation (Triassic), North East Iraq. Iraqi Journal
of Earth Sciences, v. 7, no. 1, p. 1-12.

Karim, K.H. and M.M. Baziany 2007. Relationship between Qulqula Conglomerate Formation and Red Bed
Series, at Qulqula area, NE Iraq. Iraqi Journal of Earth Sciences, v. 7, no. 1, p. 55-68.

Karim, K.H., A M. Surdashy and S.T. Al-Barzinjy 2007. Concurrent and lateral deposition of flysch and molasse in
the foreland basin of Upper Cretaceous and Paleocene from NE-Iraq, Kurdistan Region. Germena II, p. 757-769.

Karim, K.H., H.R. Habib and S.M. Raza 2009. Lithology of the lower part of Qulqula Radiolarian Formation
(Early Cretaceous), Kurdistan Region, NE Iraq. Iraqi Bulletin of Geology and Mining, v. 5, no. 1, p. 9-23.

Karim, S.A. and P. Ctyroky 1981. Stratigraphy of the eastern and southern flanks of the Ga’ara High, Western
Desert, Iraq. State Establishment of Geological Survey and Mining (GEOSURV), Report no. 1185.

Kiessling, W. and E. Flugel 2000. Late Paleozoic and Late Triassic limestones from North Palawan Block
(Philippines): Microfacies and paleogeographical implications. Facies, v. 43, no. 1, p. 39-78.

Kiessling, W., E. Flugel and ]. Golonka 1999. Paleoreef maps: Evaluation of a comprehensive database on
Phanerozoic reefs. American Association of Petroleum Geologists Bulletin, v. 83, no. 10, p. 1552-1587.

Kojima, S.1989. Mesozoic terrane accretion in Northeast China, Sikhote-Alin and Japan regions. Palaeogeography,
Palaeoclimatology, Palaeoecology, v. 69, p. 213-232.

Kristan-Tollmann, E. 1991. Triassic Tethyan microfauna in Dachstein limestone blocks in Japan. In T. Kotaka, ].M.
Dickins, K.G. McKenzie, K. Mori, K. Ogasawara and G.D. Stanley Jr (Eds.), Shallow Tethys 3: Proceedings
of the International Symposium on Shallow Tethys, Sendai, 1990. Saito Ho-on Kai Special Publications, v. 3,
Sendai, Japan, p. 35-49.

Kristan-Tollmann, E. and F. Gramann 1992. Paleontological evidence for the Triassic age of rocks dredged from
the northern Exmouth Plateau (Tethyan foraminifers, echinoderms, and ostracodes). In U. von Rad et al.
(Eds.), Proceedings of the Ocean Drilling Program, Exmouth Plateau; covering Leg 122 of the cruises of the
drilling vessel JOIDES Resolution, Singapore, Report of Singapore sites 759-764, 28 June 1988-28 August 1988.
Texas A and M University, Ocean Drilling Program, College Station, TX, United States, v. 122, p. 463-474.

Leterrier, J. 1985. Mineralogical, Geochemical and isotopic evolution of two Miocene mafic intrusions from the
Zagros (Iran). Lithos, v. 18, p. 311-329.

Lukeneder, S., A. Lukeneder, M. Harzhauser, Y. Islamoglu, L. Krystyn and R. Lein 2012. A delayed carbonate
factory breakdown during the Tethyan-wide Carnian Pluvial Episode along the Cimmerian terranes (Taurus,
Turkey). Facies, v. 58, p. 279-296.

Ma’ala, K.A. 2008. Geological map of Sulaimaniyah Governorate, sheet NI-38-3. State Company of Geological
Survey and Mining, Baghdad.

Mandl, G.W. 2000. The Alpine sector of the Tethyan shelf: Examples of Triassic to Jurassic sedimentation
and deformation from the Northern Calcareous Alps. Mitteilungen der Osterreichischen Geologischen
Gesellschaft, v. 92, p. 61-77.

Martin, .M. and ].C. Braga 1987. Alpujarride carbonate deposits (Southern Spain) - marine sedimentation in a
Triassic Atlantic. Palaeogeography, Palaeoclimatology, Palaeoecology, v. 59, p. 243-260.

Martini, R., B. Peybernes and P. Moix 2009. Late Triassic foraminifera in reefal limestones of SW Cyprus. Journal
of Foraminiferal Research, v. 39, no. 3, p. 218-230.

Maurer, E, R. Rettori and R. Martini 2008. Triassic stratigraphy, facies and evolution of the Arabian shelf in the
northern United Arab Emirates. International Journal of Earth Sciences, v. 97, no. 4, p. 765-784.

Mensink, H. and G. Tichy 1977. Megalodontiden aus dem Keuper der Sudpyrenaen sudlich Seo de Urgel (ein Beitrag

32

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf

by guest
on 25 April 2024



Dachstein-type Avroman Formation, Harsin Basin, Iraq

zur Stratigraphie der Trias in Nordspanien). Geologisch-palaontologische Mitteilungen, v. 7, no. 1, p. 1-19.

Michalik, J. 1980. A paleoenvironmental and paleoecological analysis of the West Carpathian part of the northern
Tethyan nearshore region in the latest Triassic time. Rivista Italiana di Paleontologia e Stratigrafia, v. 85,
p- 1047-1064.

Michalik, J. 1993. Mesozoic tensional basins in the Alpine-Carpathian Shelf. Acta Geologica Hungarica, v. 36, no.
4, p. 395-403.

Novak, M. 2003. Upper Triassic and Lower Jurassic beds in the Podutik area near Ljubljana (Slovenia). Geologija,
v.46,no. 1, p. 65-74.

Novak, M. and S. Dozet 2002. Comparison of the Julian and Tuvalian beds in two cross-sections in the Central
Sava Folds area (Slovenia). Geologija, v. 45, no. 1, p. 47-57.

Okay, A.I. and D. Altiner 2007. A condensed Mesozoic succession North of Izmir: A fragment of the Anatolide-
Tauride Platform in the Bornova Flysch Zone. Turkish Journal of Earth Sciences, v. 16, p. 257-279.

Ogorelec, B. and P. Rothe 1992. Mikrofazies, diagenese und geochemie des dachsteinkalkes und hauptdolomits
in Sud-West-Slowenien. Geologija, v. 35, p. 81-181.

Ogorelec, B. and S. Buser 1996. Dachstein Limestone from Krn in Julian Alps (Slovenia). Geologija, v. 39, p. 133-155.

Oravecz-Scheffer, A. 1987. Triassic foraminifers of the Transdanubian central range. Geologica Hungarica Series
Palaeontologica, v. 50, 331 p.

Pallini, G., S. Elmi and F. Gasparri 2004. Late Toarcian - Late Aalenian Ammonites assemblage from Mt.
Magaggiaro (Western Sicily, Italy). Geologica Romana, v. 37, p. 1-66.

Patrulius, D. 1966. Dorsala dolomitica, rudiment al Carpatilor Orientali in timpul Triasicului. Dari de Seama ale
Institutului de Geologie si Geofizica, LII/2, p. 135-160.

Peters, K. 1855. Bericht uber die geologische Aufnahme in Karnten 1854. Jahrbuch der Kaiserlichen und
Koniglichen Geologische Reichesanstalt, v. 6, p. 508-580.

Pillevuit, A., J. Marcoux, G. Stampfli and A. Baud 1997. The Oman exotics: A key to the understanding of the
Neotethyian geodynamic evolution. Geodynamica Acta, v. 10, no. 5, p. 209-238.

Pisa, G. 1974. Tentativo di ricostruzione paleoambientale dei depositi di piattaforma carbonatica mediotriassica
delle Alpi Carniche sudoccidentali. Memorie della Societa Geologica Italiana, v. 13, p. 35-83.

Plochinger, B. 1995. Tectonics of the Northern Calcareous Alps: A review. Memorie di Scienze Geologiche, v. 47,
p. 73-86.

Pomoni-Papaioannou, F., E. Trifonova, S. Tsaila-Monopolis and N. Katsavrias 1986. Lofer type cyclothems in
a Late Triassic dolomitic sequence on the eastern part of Olympus. Geological and Geophysical Research,
Special Issue, Institute of Geology and Mineral Exploration Athens, p. 403-417.

Protic, L., L. Filipovic, P. Pelikan, D. Jovanovic, S. Kovacs, M. Sudar, K. Hips, Gy. Less and R. Cvijic 2000.
Correlation of the Carboniferous, Permian and Triassic sequences of the Jadar Block, Sana-Una and “Bukkium”
Terranes. In S. Karamata and S. Jankovic (Eds.), Proceedings of the International Symposium Geology and
Metallogeny of the Dinarides and Vardar Zone. Academy of Science and Arts Republic of Srpska, Collection
and Monographs 1, Department of Natural, Mathematical and Technical Sciences, v. 1, p. 61-69.

Ricou, L.E,, J. Braud and J.H. Brunn 1977. Le Zagros. Memoire hors série de la Societé Geologique de France, v.
8, p. 33-52.

Roniewicz, E. and G.D. Stanley Jr 1998. Middle Triassic Cnidarians from the New Pass Range, Central Nevada.
Journal of Paleontology, v. 72, no. 2, p. 246-256.

Rohl, U., T. Dumont, U. von Rad, R. Martini and L. Zaninetti 1991. Upper Triassic Tethyan carbonates off
northwest Australia (Wombat Plateau, ODP leg 122). Facies, v. 25, no. 1, p. 211-251.

Sandy, M.R. and M.F. Aly 2000. A southern Tethyan brachiopod fauna from the Late Triassic of the United Arab
Emirates. Geobios, v. 33, no. 5, p. 561-567.

Satterfield, ].I. 2002. Geologic map of the Southern Sand Springs Range, Churchill and Mineral Counties. Nevada
Bureau of Mines and Geology Map 133, 1 sheet, scale 1:24,000, 16 p.

Schafer, P. and B. Senowbari-Daryan 1982. The Upper Triassic Pantokrator limestone of Hydra (Greece). Facies,
v. 6, p. 147-164.

Senowbari-Daryan, B. and F. Maurer 2008. Upper Triassic (Norian) hypercalcified sponges from the Musandam
Peninsula (United Arab Emirates and Oman). Facies, v. 54, no. 3, p. 433-460.

Senowbari-Daryan, B., M. Bernecker, L. Krystyn and M. Siblik 1999. Carnian reef biota from a megabreccia of the
Hawasina Complex (Al Aqgil), Oman. Rivista Italiana di Paleontologia e Stratigrafia, v. 105, no. 3, p. 327-342.

Septfontaine, M. 1986. Milieux de dépot et foraminiferes (Lituolidés) de la plate-forme carbonatée du Lias moyen
du Maroc. Revue de Micropaléontologie, v. 28, p. 265-289.

Seyed-Emami, K. 2003. Triassic in Iran. Facies, v. 48, no. 1, p. 91-106.

Shafaii Moghadam, H. and J.R. Stern 2011. Geodynamic evolution of Upper Cretaceous Zagros ophiolites:
formation of oceanic lithosphere above a nascent subduction zone. Geological Magazine, v. 148, no. 5-6,
p. 762-801.

Shallo, M., Dh. Kote, A. Vranaj and I. Premti 1986. Particularitées pétrochimiques des volcanites associées aux
ophiolites des Albanides. Bulletini i Shkencave Gjeologjike Tirana, v. 3, p. 103-118.

Silberling, N.J. and D.L. Jones 1989. Geologic map of pre-Tertiary rocks of the Paradise Range and southern Lodi
Hills, west-central Nevada. United States Geological Survey Miscellaneous Investigations Series Map 2062,

33

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Sasvari et al.

1 sheet, scale 1:24,000.

Simony, F. 1847. Zweiter Winteraufenthalt auf dem Hallstatter Schneegebirge und drei Ersteigungen der hohen
Dachsteinspitze (am 29 Janner, 4 und 6 February, 1847). In W. Haidinger (Ed.), Berichte uber die Mittheilungen
von Freunden der Naturwissenschaft in Wien, v. 2, p. 207-221.

Simunic, A. and A. Simunic 1997. Triassic deposits of Hrvatsko Zagorje. Geologica Croatica, v. 50, no. 2, p. 243-250.

Sissakian, V.K. 2000. Geological Map of Iraq, sheet no.1, scale 1:1,000,000. State Establishment of Geological
Survey and Mining, GEOSURYV, Baghdad, Iraq.

Sissakian, V.K. and B.S. Mohammed 2007. Stratigraphy. In K.S. Al-Bassam (Ed.), Geology of Iraqi Western Desert.
Iraqi Bulletin of Geology and Mining, Special Issue, no. 1, p. 51-124.

Slavin, V.I. 1971. Triassic deposits from the Afghan part of the Tethys and their correlation with the Triassic of the
Soviet Union. International Permian-Triassic Conference, Calgary, p. 356-357 (abstract).

Stanley, G.D. Jr, C.A. McRoberts and M.T. Whalen 2008. Stratigraphy of the Triassic Martin Bridge Formation,
Wallowa terrane: Stratigraphy and depositional setting. In R.B. Blodgett and G.D. Stanley (Eds.), The terrane
puzzle: New perspectives on paleontology and stratigraphy from the North American Cordillera. Geological
Society of America Special Paper, v. 442, p. 227-250.

Stocklin, J. 1968. Structural history and tectonics of Iran: a review. American Association of Petroleum Geologists
Bulletin, v. 52, no. 7, p. 1229-1258.

Szabo, F. and A. Kheradpir 1978. Permian and Triassic stratigraphy, Zagros basin, south-west Iran. Journal of
Petroleum Geology, v. 1, no. 2, p. 57-82.

Tamura, M. 1972. Myophorian fossils discovered from the Konose Group, Kumamoto Prefecture, Japan, with a
note on Japanese myophoriids. Memoirs of the Faculty of Education, Kumamoto University, Natural Science,
v. 21, p. 66-73.

Tamura, M. 1981. Triassic bivalves from the Buko Limestone, Saitama Prefecture, Japan. Memoirs of the Faculty
of Education, Kumamoto University, Natural Science, v. 30, p. 5-18.

Tamura, M. 1983. Megalodonts and megalodont limestone in Japan. Memoirs of the Faculty of Education,
Kumamoto University, Natural Science, v. 32, p. 7-28.

Tollmann, A. 1976. Analyse des klassischen nordalpinen Mesozoicums. Stratigraphie, Fauna und Facies der
Nordlichen Kalkalpen. Deuticke, Wien, 580 p.

Tunaboylu, B.C. 2008. Sedimentary cyclicity and micropaleontological investigations in the Upper Triassic
shallow marine carbonate successions (Central and Western Taurides, Turkey). PhD Thesis, Natural and
Applied Sciences of Middle East Technical University, Ankara, Turkey, 182 p.

van Bellen, R.C., H.V. Dunnington, R. Wetzel and D.M. Morton 1959. Stratigraphic Lexicon of Iraq. Lexique
Stratigraphique International, 03 10 Asie (Iraq). Paris, 333 pages. Reprinted by permission of CNRS by Gulf
PetroLink, Bahrain.

Végh-Neubrant, E. 1957. Uledékfoldtani jellegzetességek triasz karbonatos kozetekben. Foldtani Kozlony, v. 87,
no. 1, p. 19-25.

Végh-Neubrant, E. 1960. A Gerecsehegység felsotriasz képzodményeinek uledékfoldtani vizsgalata. Geologica
Hungarica Series Geologica, v. 12, 74 p.

Végh-Neubrant, E. 1982. Triassische Megalodontaceae. Entwicklung, Stratigraphie und Palaontologie, Akadémiai
Kiado, Budapest, 526 p.

Viel, G. 1979. Litostratigrafia Ladinica: Una revisione. Ricostruzione paleogeografica e paleostrutturale dell’area
Dolomitico-Cadorina (Alpi Meridionali). Rivista Italiana di Paleontologia e Stratigrafia, v. 85, no. 1, p. 85-125.

Villeneuve, M., J.-J. Cornée, R. Martini, L. Zaninetti, J.-P. Rehault, S. Burhanudin and J. Malod 1994. Upper Triassic
shallow water limestones in the Sinta Ridge (Banda Sea, Indonesia). Geo-Marine Letters, v. 14, no. 1, p. 29-35.

von Richthofen, F. 1860. Geognostische Beschreibung der Umgebung von Predazzo, Sanct Cassian und der Seiser
Alpe in Sud-Tyrol. Gotha (Perthes), 327 p.

Warburton, J., T.J. Burnhill, R.H. Graham and K.P. Isaac 1990. The evolution of the Oman Mountains Foreland
Basin. In A.H.E. Robertson, M.P. Searle and A.C. Ries (Eds.), The Geology and Tectonics of the Oman Region.
Geological Society of London, Special Publication no. 49, p. 419-427.

Wrobel-Daveau, J.-C., J.C. Ringenbach, S. Tavakoli, G.M.H. Ruiz, P. Masse and D. Frizon De Lamotte 2010.
Evidence for mantle exhumation along the Arabian margin in the Zagros (Kermanshah area, Iran). Arabian
Journal of Geoscience, v. 3, no. 4, p. 499-513.

Yao, H., R. Zhang, J. Pojeta Jr, J. Sha and ]. Wang 2007. Late Triassic megalodontids (Bivalvia) from the headwaters
of the Yangtze River, Qinghai Province, West China. Journal of Paleontology, v. 81, no. 6, p. 1327-1347.

Yancey, T., G.D. Stanley Jr, W. Piller and M. Woods 2005. Biogeography of the Late Triassic wallowaconchid
megalodontoid bivalves. Lethaia, v. 38, no. 4, p. 351-365.

Zanchi, A. and M. Gaetani 2011. The geology of the Karakoram range, Pakistan: The new 1:100,000 geological
map of Central-Western Karakoram. Bollettino della Societa Geologica Italiana, v. 130, no. 2, p. 161-262.

Zankl, H. 1967. Die Karbonatsedimente der Obertrias in den Nordlichen Kalkalpen. Geologische Rundschau,
v. 56, p. 128-139.

34

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf

by guest
on 25 April 2024



Dachstein-type Avroman Formation, Harsin Basin, Iraq

ABOUT THE AUTHORS

Agoston Sasvari holds an MSc in Structural Geology from Eotvos
Lorand University of Sciences, Budapest, Hungary, in 2003. After his PhD
studies in the same university, he worked as Exploration Geologist at MOL
Hungarian Oil and Gas Company focusing on the Middle East region.
He currently works in the consultancy for CGG Robertson as Structural
Geologist. Agoston has almost 10 years” experience in structural geology
and petroleum geology as participant of many field surveys in Oman,
Pakistan, Iraq, Tanzania and EQypt, and he is experienced in both surface
and subsurface structural geological methods. His own software, designed
for an easy-to-use field and well structural data processing, is used by
many researchers in exploration. Agoston has relevant personal experience in the Tethyan geology
both from the Northern Calcareous Alps/Transdanubian Range (Austria/Hungary) and had the
chance to study the same sediments in Iraq.

agoston.sasvari@cgg.com

Laura Davies obtained a degree in Environmental Resource Geology
from the University of Manchester (UK) in 2004. Since then, she has been
employed with Robertson (formerly Fugro Robertson) and contributed
to the technical work and management of several regional petroleum
evaluation studies. These studies included the petroleum geology of
Kurdistan, investigating at various scales the petroleum system, reservoir
quality and stratigraphy of the region. She is currently employed at Getech
PLC, Leeds, where she manages large-scale multi-client studies and
contributes to business development strategies.

laura.davies@getech.com

Andrew Mann is a Structural Geologist with Robertson (UK) Ltd, =
based in North Wales. He has experience in field mapping and fractured
reservoir analysis throughout the Middle East region including the Zagros
Mountains, Taurus Mountains and the Oman Mountains. His interest in
Middle East geology and tectonics began in 1983 when he undertook field
mapping in Al Jabal al-Akhdar, Central Oman Mountains, with the Earth
Resources Institute, University of Swansea. He previously worked as a
Field Geologist in Svalbard for the Cambridge Arctic Shelf Programme.
Since 2006 he has undertaken geological mapping projects and led field
courses for petroleum exploration in the Kurdistan Region of northern
Iraq. Andrew holds BSc and PhD degrees from the University of Wales, Cardiff (UK).
andrew.mann@cgg.com

Jawad Afzal is working as a Stratigrapher at Robertson UK Ltd since
2011. He has obtained his PhD degree in December 2010 from University
of Leicester, England, specializing in Tethyan carbonate platform
micropalaeontology, isotopic geochemistry and sedimentology. Jawad has
worked in academic institutes in Pakistan and England as a researcher in
the field of stratigraphy and sedimentology before joining Robertson UK.
He has authored a number of research articles in reputed international
journals on topics ranging from the early Tertiary of East-West Tethys
to Paleozoic of Middle East and United Kingdom. During his academic
and industry career, Jawad worked on numerous projects relating to
stratigraphical and sedimentological aspects of onshore and offshore Middle East (especially Iraq
and Saudi Arabia), Africa (mainly Somalia, Kenya and Tanzania), Gulf of Mexico, Peru, Barent
Sea, Greece and Indian continent. He is particularly interested in Middle Eastern carbonate
geology, with emphasis on stratigraphic and reservoir characterization.

jawad.afzal@cgg.com

35

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Sasvari et al.

Gabor Vakarcs holds a PhD degree in Geology from Rice University
(USA). He also holds a Masters Degree in Geophysics from Miskolc
University, Hungary and Masters Degree in Geology from Eotvos Lorand
University, Budapest. Gabor joined Hungarian Oil and Gas Co. (MOL)
in 1987 as a Staff Geologist and during his 20 years with this company
worked in many parts of the world at various positions. Later he joined
Petrogas in 2007 and Kuwait Energy in 2009. Since 2014 he is working
at CGG Robertson as a Technical Director. During his career he also took
several short courses on sequence stratigraphy from different universities
and oil companies.

gabor.vakarcs@cgg.com

Eugene Iwaniw joined Robertson in 1985 as Sedimentologist, and recently
he holds the role of Director of Exploration and Reservoir Consultancy.
He has a deep knowledge of the petroleum geology and prospectivity of
the former Soviet Union, Eastern Europe, Mexico, Middle East and North
Sea. Licensing round organisation and technical auditing of oil companies,
as well as field and prospect evaluation is part of his daily routine. As
manager of large-scale regional projects, he has a good and in-depth
personal knowledge of the petroleum geology of the Black Sea, Dnipro-
Donets Basins (Ukraine), Kazak sector of the Caspian Sea, Douala Basin
(Cameroon), Uralsk area of Kazakhstan and the petroleum geology and
hydrocarbon prospectivity of East Siberia.

eugene.iwaniw@cgg.com

Manuscript received September 19, 2014
Revised January 31, 2015

Accepted February 10, 2015

36

Downloaded from http://pubs.geoscienceworld.org/geoarabia/article-pdf/20/4/17/5448215/sasvari.pdf
by guest
on 25 April 2024



Dachstein-type Avroman Formation:
An indicator of the Harsin Basin in Iraq ENCLOSURE |

Agoston Sasvari, Laura Davies, Andrew Mann,
Jawad Afzal, Gabor Vakarcs and Eugene Iwaniw
GeoArabia, 2015, v. 20, no. 4, p. 17-36, with 2 Enclosures

Middle Avroman Unit

Enclosure I: Lithological column, field pictures and
microphotographs. Letter “Y” shows younging
upwards direction. Photos by Agoston Sasvari,
Andrew Mann and Jawad Afzal.
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Middle Avroman Unit:

(p) peloidal wackestone/packstone, showing
recrystallised peloids in a lime mud matrix;

(q) skeletal packstone, comprising lime mud,

unaltered skeletal grains, in addition to grains

leached and cemented by an early drusy
non-ferroan calcite;

large megalodontaceae shells on the weathered

rock surface;

(s) neomorphic skeletal wackestone with patchy
matrix replacive rhombic dolomite; lime mud is
the major constituent and the majority of the
skeletal material has been replaced by
non-ferroan calcite.

Middle Avroman Unit
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Upper Mafic Body:

(n) chert and mafic rock bearing polymict breccia,
base of the Upper Mafic Body;

(o) Upper Mafic Body, over- and underlain by the
Avroman Formation.

-800

UPPER TRIASSIC

Lower Avroman Unit, Thin-Bedded Member:

(j) Mud-lean packstone, primarily constituting
recrystallised ooids. Peloids and lime mud
provide the remainder of the framework with
minor gastropods, faecal pellets and
intraclasts.

(D blocky texture of sheared Avroman
Formation, indicative for bedding-parallel
deformation;

(m) thin-bedded unit of the Avroman Formation,
Lower Avroman Unit.

Thick-Bedded
Avroman Member

< K

I-700

Lower Avroman Unit
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Thin-Bedded
Avroman Member
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« (.0 oo

Lower Avroman Unit, Thick-Bedded Member:

(h) Megalodontid shell cut;

(i) ooidal mud-lean packstone, primarily
comprising recrystallised ooids. Peloids and
lime mud provide the remainder of the
framework with minor gastropods, faecal
pellets, green algae, echinoids and
intrabioclasts.

(k) Cliff formed by Thick-Bedded Avroman
Member, Lower Avroman Unit.

Thick-Bedded
Avroman Member

Lower

Mafic Body <« (o). (0. (9

400

« ()

Lower Mafic Body:

(e) road cut, West of Zalm Village;

(f) gabbroic, porphyritic texture with fine
plagioclase groundmass and phenocrysts of
plagioclase feldspar and heavy chlorite
overprint in green, lower mafic detachment
body;

(g) lower mafic detachment plane showing
gabbroic, porphyritic texture with fine
plagioclase groundmass and phenocrysts of
plagioclase feldspar.

300

I-200

JURASSIC - CRETACEOUS
Qulqula Formation
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<« (@, (). ()

Qulqula Formation:

(a) field photo of cherty Qulqula Formation;

(b) wackestone with a lime mud matrix and an
abundance of planktonic foraminifera and
more specifically globigerinid;

(c) highly fractured wackestone with
globigerinids;

(d) field photo of the upper, chert-bearing part of
the Qulqula Formation.
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Enclosure II (a): Norian paleogeographic position of the Dachstein Formation-equivalent megalodontaceae-bearing carbonates on a topographic and tectonic background
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Enclosure II (b): Recent position of the Dachstein Formation-equivalent megalodontaceae-bearing carbonates on a topographic and tectonic background. See Table 1 for locations.
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