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ABSTRACT

The contact between Bekhme and Shiranish Formations 1is studied
paleontologically in Bekhme gorge and Rawanduz area. The nannofossils are used to
prove that the age of the base of the Shiranish Formation is lower late Campanian
and middle Campanian in Bekhme gorge and Rawanduz area respectively. The older
age of the Rawanduz area is attributed to early drowning (flexing downward) of the
forebulge of the Arabian platform due to southwest propagation of tectonic load of
the Zagros Orogen during early stage of collision of Afro-Arabian and Iranian plates
by which the Tethys ocean closed later.
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INTRODUCTION

According to Bellen ef al.. (195%) the type section of Bekhme Formation was
defined by Wetzel in 1950 and located in the Bekhme Gorge in the High Folded Zone
(Figs.1 and 2). It consists of carbonate rocks of detrital and biogenic limestone which
are intensively and coarsely dolomitized. The latter author cited that the overlying
formation is Shiranish with abrupt contact which is marked by condensation of
planktonic foraminiferal fauna and by glauconite concentration, doubtfully
conformable. He further mentioned that the age of Bekhme and Shiranish Formations
was Upper Campanian—perhaps Lower Maastrichtian and Late Upper Campanian-
Maastrichtian respectively. The aim of study age of the lower part of the Shiranish
Formation in the Bekhme gorge and northwest of Rawanduz town (southwest of
Diana town) by studying the nannofossils and using as Indicator of the southeast
advance of the Zagros orogenic belt during campanian.

METHOD OF THE STUDY

Five and three samples were taken from the boundary between Bekhme and
Shiranish Formation at Bekhme Gorge and Rawanduz sections respectively. These
samples are inspected under hand lens in the field and smear slides are prepared for
nannofossils identification by using more than 1000 power magnification. The slides
were prepared by placing a small partion of the sample on a glass slide and mixed
thoroughly with distilled water to make a paste. Spatula was used to make very thin
and even laminae (smeared sample) on the glass slide. The slide was dried on a hot
plate and covered with glass cover slide by using Canada balsam and examined with
transmitted light microscope (Armstrong and Brasier, 2005).

For the achieving the identification and age determination of the nannofossil the
studies of Perch-Nielsen (1985), Gradstein, et al., (2004). Hadavi et al., (2008), and
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Shamrock and Watkins (2009) were used. The inferred age was compared with the
age of the underlying Bekhme Formation.

In past and during the fifties of the last century, the Campanian was divided into
three (early, middle, later) ages or parts of nearly equal durations. The age
determination of the Bellen et al., (1959) are based on this tripartite division while in
some recent studies, two (early and late) divisions are used. In the present study the
tripartite division is used and when the two divisions of some authors are used, the
absolute age is converted to its equivalent in the three part divisions.

DESCRIPTION OF STUDIED LOCALITIES
1- Bekhme Gorge section (or Bekhme section).

This section represents the boundary between Bekhme and Shiranish formations
and located at the end of the tunnel that passes through northeastern limb of Perat
anticline. Directly to the east of the northeast outlet of the tunnel, a well exposed
section of the boundary can be seen along the road cut (Fig.3). The latitudes and
longitudes of this section are 36° 41 4520 N, 44° 1709.55 E. At this area, the
Perat anticline is trending northwest—southwest and cut transversally by Greater Zab
River and consequently Bekhme gorge is formed which has two and four kilomeres of
width and length respectively. The anticline is asymmetrical and its southwestern
limb is steeper than the northeastern one. In the gorge, Balambo, Qamchuqa and
Bekhme Formations are exposed while along its two limbs Shiranish, Agra, Tanjero
and Kolosh Formations are outcropping.

The main sedimentological feature of this section is a glauconitic marly
limestone bed which is located between the two formations. It is about 10cm
thick and contains grass green disseminated glauconite grains (Fig. 3). Wetzel
(1950 in Bellen et al., 1959) cited an abrupt contact between the two formations
which is marked by condensation of planktonic foraminiferal fauna and by glauconite
concentration, doubtfully conformable.

2- Rawanduz town section (or Rawanduz Section).

This section is located between Rawanduz and Diana towns, directly to the west of
the Kawlokan Bridge on the western bank of Rawanduz stream (Figs.1 and 2). The
latitudes and longitudes of this section are 36° 37" 25.20" N, 44° 32" 01.13" E. The
section is near the plunge of Handreen and Bradost anticlines. In the area the oldest
formation is Qamchuqa Formation which is overlained by Bekhme Formation. The
later formation is underlying Shiranish Formation with very clear sharp contact in
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which there are sporadic limestone gravels (or gravel sized clasts or intraformational
conglomerate) in a bed of marly limestone about 30cm thick. The bed is directly
overlying the Bekhme Formation at the base of Shiranish Formation (Fig. 4). The
surface of the last bed (directly below the conglomerate) is irregular and shows some
sign of submarine erosion and possible etching. Due to high thickness, hardness and
massiveness of Qamchuqa and Bekhme Formations, the mass-wasting is not common;
therefore chemical and stream vertical erosion are active. This absence of mass
wasting, formed many vertical sided gorges in many areas such as those that surround
Rawanduz town and by which the city looks like large man made castle.

Age of the Base of the Shiranish Formation at Bekhme Gorge

The samples of this section contain Globotruncanita calcarata (Cushman) which
is found at the base of Shiranish Formation in a bed directly overlains the glauconitic
bed that is directly above Bekhme Formation, The bed consists of a pale yellow to
grey marly limestone. This fossil has short range and determined, in recent study, as
index fossil of lower Late Campanian with some controversy as cited below.
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Fig. 1: Location Map of the Studied Area.
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Fig. 2: Google Earth Image on Which the location of the Two Studied
Sections are Shown.

Sliter (1968), El-Nady, (2006) and Al-Mutwali ef al., (2008) indicated the age of
this species as late Campanian while Darvishzad and Abdolalipour (2009),
Ozer and Toker (2009) ; Gradstein, et al., 2004, Georgescu (2007), Sari (2006),
(Fazli, et al., 2010), (Falzoni, and Petrizzo, 2011), Erba, et al., (1995), Abdelghany
(2003) stated a lower Late Campanian age for this fossil. In Tibit and Turkey, the age
of this fauna is assigned as middle Campanian by Li et a/., (2011) and Ozcan, (2007)
respectively. The same age (Middle Campanian) is stated by Petrizzo et al., (2011).
Odin et al., (2001) aged it as middle part of late Campanian. In Bulgaria Valchev and
vd Dimitrova, (2007) and Robaszynski, (2006) referred to it as fauna upper late
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Campanian. In the present study, the age is determined as lower late Campanian as
mean value for the all above ages (Fig. 7).

The same section is studied for nannofossil and within the collected samples two
of them contain index nannofossils such as Aspidolithus constricts, FEiffellithus
eximius, Glaukoithus diplogramus, Microrhabdulus decorates, Micula decussata,
Quadrum sissingh, Micula cf. swastika Pervilithus varius, Tranolithus phacelosus and
Watznaueria barnesae. These species gave the age of lower late Campanian (Fig. 7).
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Fig. 3: Outcrop of the Contact Between Bekhme and Shiranish Formations at
Northeastern Outlet of Bekhme Gorge (Immediately at the Northeastern End of the
Tunnel).
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Fig. 4: Outcrop of the Contact Between Bekhme and Shiranish Formations at
Rawanduz Area (A and B). the Contact Contains Intraformational Conglomerate (C).
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Age of Base of the Shiranish Formation at Rawanduz

As mentioned before, the Rawanduz section does not contain glauconite bed but
instead it contains an intraclastic (intraformational conglomerate) bed between
Bekhme and Shiranish Formations at the same stratigraphic position (directly above
Bekhme Formation). The intraclastic bed is about 30cm thick and consists of marly
limestone that contains clasts of gravels of limestone (Fig.4). it is possible that these
clasts were ripped up from underlying beds of Bekhme Formation during its
drowning. During onset of drowning, the partially lithified sediment of the Bekhme
Formation was opened to strong wave of the open sea and consequently the reworking
of the intraclasts had taken place.

For the age determination of the base of the Shiranish Formation in the
Rawanduz section, the bed that is located directly above the intraclastic bed was
sampled (Fig. 4). The samples were studied for nannofossil age determination and
gave Middle Campanian. This age is represented by the occurrence of index
nannofossils of Aspidolithus parcus, Micula decussata and Quadrum cf. sissingh.
These fossils gave the age of the base of the Shiranish Formation as Middle
Campanian or younger (Fig. 6).

DISCUSSION OF THE AGE

There are differences by about 1.5 million years between the base in Bekhme
and Rawanduz sections as they have the age of lower late Campanian and Middle
Campanian respectively (Fig. 7). The younger age of the Bekhme section could
be attributed to what mentioned by Bosence (2005), That due to progressive advance
of the orogenic wedge, the platform (Bekhme gorge) at any one site will drown
within a few million years but the composite platform (platform in Rawanduz
and Bekhme area) is diachronous, becoming younger towards the foreland (toward the
southwest). The same migration of drawning is clarified by Dorobek (1997), as
shown in the (Fig. §).

The figure can be applied to the Bekhme Formation in Rawanduz area
(Ty RAMP) and in the Bekhme Gorge Formation (T; RAMP). The covering of
Arabian platform (Bekhme Formation) by Shiranish Formation agrees with the
literature in Europe such as Sinclair (1997), who mentioned examples from Tertiary
foreland platform of Alps where the upper surface of the carbonates ramp is a sharp or
transitional passage into deeper-water globigerinid marls. He added that the high rates
of siliciclastic supply sourced from the advancing orogenic wedge, onlap, overlie and
bury the platforms at the base of the foreland basin fill (Bekhme Formation at
Rawanduz area).

The early drowning of the Rawanduz area (T, RAMP) is due to its closeness
to the frontal part of the Iranian Plate that overridden the Arabian plate. The area had
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subsided earlier and received clastic sediments of marl (hemipelagite or distal
turbidite) while the Bekhme gorge (T; RAMP) remained shallow and depositing
reefal limestone or starved from sedimentation as shown by glaucontic bed (Fig. 3).
The delay of subsidence was lasted for about 1.5 million years during which the
deepening of the Rawanduz area forced the sediment influx to settle there and did
not reach Bekhme gorge, which was in higher submarine topography (forebulge),
(Znad, 2013)

It is possible that the submarine erosion (as an event) in the Rawanduz section
(as indicated by intraformational conglomerate) is a hiatus that is equal in duration to
non-deposition (glauconitic bed) in the Bekhme Gorge. This means that the two
events are diachronous like the drowning of the platform in the two studied sections.

Fig. 5: Species of Nannofossils in Shiranish Formation Directly above Bekhme and
Shiranish Formations at the Northeastern Outlet of Bekhme Gorge that
Indicate Lower Late Campanian: 1- Aspidolithus Parcus, 2- Eiffellithus
Eximius, 3- Glaukoithus Diplogramus, 4- Microrhabdulus Decoratus, 5-
Micula Decussata, 6- Micula cf. swastika, 7- Pervilithus varius, 8- Quadrum
sissingh, 9-Tranolithus Phacelosus 10- Watznaueria Barnesae 11, 12, 13-
Foraminifera Species, bar is (5) micron.
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Fig. 6: Species of Nannofossils of Shiranish Formation Directly Between Bekhme
and Shiranish Formations at Rawanduz Area,These Fossils Give the Age
of Middle Campanian: 1- Aspidolithus Constricts, 2- Micula cf. decussata,
3- Quadrum cf. Sissingh, 4, 5- Watznaueria Barnesae, bar is (5) micron.
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Fig. 7: Biozonation of the Late Cretaceous (Gradstein et al., 2004).
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Fig. 8: Gradual (Diachronous) Drowning of Forebulge (Dorobek, 1997) which can
be applied to the Arabian Platform (Bekhme and Qamchuqa Formations) in the
Studied Area (Rawanduz and Bekhme Gorge, T1, T2 and T3 Ramps).
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CONCLUSION
This study has the following conclusions:

1- The nannofossils age determination of the base of Shiranish Formation at Bekhme
gorge and Rawanduz area gives lower Late and Middle Campanian age
respectively.

2- The difference in age is about 1.5million year which could be attributed to earlier
drowning of Arabian platform in the Rawanduz area than the Bakhme gorge.

3-The effect of tectonic migration was reached in Rawanduz area earlier than
Bekhme Area.

4- These ages are new and in contract to with previous studies.

REFERENCES

Abdelghany, O., 2003. Late Campanian—Maastrichtian foraminifera from the
Simsima Formation on the Western Side of the Northern Oman Mountains.
Cretaceous Research, Vol. 24, pp. 391 - 405.

Al-Mutwali, M., M., Al-Banna, N. Y. and Al-Ghrear J. S. 2008. Mirofacies and
Sequence Stratigraphy of the Late Campanian Bekhme Formation in the dohuk
area, North Iraq. GeoArabia, Vol. 13, No. 1. pp. 39 - 54.

Ameen B, M. and Karim, K. H. 2008. New Sedimentologic and Stratigraphic
Characteristics of the Upper Boundary of Qamchuga Formation
(Early Cretaceous) in Northwest of Erbil, Kurdistan Region, NE-Iraq. Iraqi
Bulletin of Geology and Mining Vol. 4, No. 1, pp. 1 - 13.

Armstrong, H. and Brasier, M. 2005. Microfossils Black Well Publishing. 296 p.

Bellen, R. C. Van, Dunnington, H. V., Wetzel, R. and Morton, D., 1959. Lexique
Stratigraphique, Interntional. Asie, Iraq, Vol. 3c. 10a, 333 p.

Bosence, D., 2005. A genetic Classification of Carbonate Platforms Based on their
Basinal and Tectonic Settings in the Cenozoic, Sedimentary Geology, Vol. 175.
pp. 49 - 72.

Darvishzad, B. and Abdolalipour S. 2009. Campanian and Maastrichtian
Biostratigraphy and Paleoenvironment in Jorband Section, North of Iran
Journal of Sciences, Islamic Republic of Iran, Vol. 20, No. 1, pp. 23 - 35.



The Significance Diachronous Age as an Indicator of the Southeast.........cccocuvneeee. 13

Dorobek, S. L., 1995, Synorogenic Carbonate Platforms and Reefs in Foreland
Basins: Controls on Stratigraphic Evolution and Platform/reef Morphology, in,
Dorobek, S. L., and Ross, G. M., eds., Stratigraphic Evolution of Foreland
Basins: SEPM Special Publication, V ol. 52, pp. 127 - 147.

El-Nady, H., 2006. Contribution to the Stratigraphic Significance of the Genus
Bolivinoides and their Paleoecology Across the Campanian / Maastrichtian
Boundary in the Gabal El-Mouriefik Section, Eastern Sinai, Egypt. Revue de
Paléobiologie, Genéve, Vol. 25, No. 2, pp. 671 - 692.

Erba, E., Silva, I. P. and Watkins, 1995. Cretaceous Calcareous Plankton
Biostratigraphy of Site 872 through. 879. In: Haggerty, J. A., Premoli Silva, 1.,
Rack, F., and McNutt, M. K., ( Eds.) Proceedings of the Ocean Drilling
Program, Scientific Results, Vol. 144.

Falzoni, F. and Petrizzo M. R. 2011.Taxonomic Overview and Evolutionary
History of Globotruncanita Insignis (Gandolfi, 1955), Journal of Foraminiferal
Research, Vol. 41, No. 4, pp. 371 - 383.

Fazli, L., Daneshian J., Khosrow, Tehrani K. K. and Baghbani, D. 2010
Foraminifera Biostratigraphy of the Gurpi Formation Southeast Jahrum.
International Applied Geological Congress, Department of Geology, Islamic
Azad University - Mashad Branch, Iran, pp. 26 - 28.

Georgescu, M. D. 2007. Taxonomic re-evaluation of the Late Cretaceous Serial
Planktonic Foraminifer Giimbelina punctulata Cushman, 1938. and Related
Resumen Species. Revista Espafiola de Micropaleontologia, Vol. 39, No. 3,
pp. 155 - 167.

Gradstein,F. M., Ogg, J. G., Smith, A. G. (Editors) 2004. A Geologic Time Scale
2004. Cambridge University Press, 589 p.

Hadavi, F., Khosrotehrani, K. H., Aghanabati, A. and Baniasadi, M. R. 2008.
Introduction of Calcareous Nannofossils (SantonianMaastrichtian) From South
East Isfahan in Central Iran, Journal of Applied Geology, Vol. 4, No. 3,
pp. 224 - 233.

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

Li, G., Jiang, G., and Wan X. 2011. The age of the Chuangde Formation in Kangmar,
Southern Tibet of China: Implications for the Origin of Cretaceous Oceanic Red
Beds (CORBs) in the Northern Tethyan Himalaya. Sedimentary Geology,
Vol. 235, pp. 111 - 121.

Odin, G.S., Arez, j. R. Caron, M., Jon, J. and Molina, M. 2001. Campanian—
Maastrichtian Planktonic Foraminifera at Tercis les Basin (Lanndes, France);
synthetic view and potential for global correlation, chaptor,C5d (In: Campanian—
Maastrichtian Boundary, G. S. Odin (editor), Elsevier Science, B. V. 234 p.


http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=Felix%20M.%20Gradstein
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=James%20G.%20Ogg
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=Alan%20G.%20Smith

14 Kamal H. Karim et al.

Ozer, C. K., and Toker, V., 2009.Campanian - Maastrichtian Planktonic
Foraminifera Biostratigraphy of the Akveren Formation (Bartin, Western Black
Sea) Journal of the Earth Sciences Application and Research Centre of
Hacettepe University Yerbilimleri, Vol. 30, No. 3, pp. 213 - 233.

Perch-Nielsen, K., 1985. Mesozoic Calcareous Nannofossils. In Bolli, H. M.,
Saundes, J. B., and Perch-Nielsen, K. (eds.), Plankton Stratigraphy. Cambridge
University Press, Cambridge, pp. 427 - 554.

Petrizzo. M., R. Falzoni, F.and Silva 1. P. 2011. Identification of the Base of the
Lower-to-Middle Campanian Globotruncana Ventricosa Zone: Comments on
Reliability and Global Correlations Cretaceous Research, Vol. 32, pp. 387 - 405.

Robaszynski F. 2006. Maastrichtian, Geologica Belgica, Vol. 9, No. 1-2, pp. 63 - 72.

Sari, B., 2006.Upper Cretaceous Planktonic Foraminiferal Biostratigraphy of the Bey
Dag Lari Autochthon in the Korkuteli Area, Western. Journal of Foraminiferal
Research, Vol. 36, No. 3, pp. 241 - 261.

Shamrock, J. L. and Watkins, D. K. 2009.Evolution of the Cretaceous Calcareous
Nanofossil Genus Eiffellithus and Its Biostratigraphic Significance, Cretaceous
Research, Vol. 30, pp. 1,083 - 1,102

Sinclair, H. D.1997. Tectonostratigraphic Model for Underfilled Periferal Foreland
Basins: an Alpine Perspective. Geol Soc Amer Bull, Vol. 109, pp. 324 -346.

Sliter W., V., 1968. Upper Cretaceous Foraminifera from Southern California and
Northwestern Baja California, Mexico, Volume 7 of Protozoa Article
University of Kansas Paleontological Contributions, 147 p.

Valchev, B. and Dimitrova E, 2007. Attempt for Upper Cretaceous Planktic
Foraminiferal Zonation of the Srednogoria and Eastern Balkan Zones (Bulgaria)
Ekaterina Dimitrova. Geologica Balcanica, Vol. 36, No. 2, pp. 55 - 63.

Znad, R. Kh., 2013. Early Cretaceous-Early Eocene Tectonic Evolution of a part of
Zagros Forland Basin Northern Irag. Unpublished Ph.D. thesis. Mosul
University.166 p.


http://www.google.com/search?tbo=p&tbm=bks&q=inauthor:%22William+V.+Sliter%22&source=gbs_metadata_r&cad=6



