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Plate 1

Fig. 1- Biscutum constans (Gorka, 1957) Black, 1959, sample 279; Fig. 2- Braarudosphaera africana Stradner, 1961, sample 277; Fig. 3- Cyclagelosphaera
margerelii Noel, 1965, sample 262; Fig. 4- Discorhabdus ignotus (Gorka, 1957) Perch-Nielsen, 1968, sample 220; Fig. 5- Diazomatolithus lehmanii
Noel, 1965, sample 203; Fig. 6- Eprolithus floralis (Stradner, 1962) Stover, 1966, samples 274; Fig. 7- Flabellites oblongus (Bukry, 1969) Crux
in Crux et al., 1982, sample 259; Fig. 8- Hagqius circumradiatus (Stover, 1966) Roth, 1978, sample 258; Fig. 9- Helenea chiastia Worsley, 1971,
samples 261; Fig. 10- Hayesites irregularis (Thierstein in Roth and Thierstein, 1972) Applegate et al., in Covington and Wise, 1987, sample 254;
Fig. 11- Lithraphidites carniolensis Deflandre, 1963, sample 247; Fig. 12- Micrantholithus hoschulzii (Reinhardt, 1966) Thierstein, 1971, sample 259;
Fig. 13- Micrantholithus obtusus Stradner, 1963, sample 239; Fig. 14- Nannoconus bucheri Bronnimann, 1955, sample 263; Fig. 15- Nannoconus
circularis Deres and Acheriteguy, 1980, sample 258; Fig. 16- Nannoconus kamptneri Bronnimann, 1955, sample 262; Fig. 17- Nannoconus steinmannii
Kamptner, 1931, sample 230; Fig. 18- Nannoconus truitti Bronnimann, 1955, sample 251; Fig. 19- Rhagodiscus angustus (Stradner, 1963) Reinhardt,
1971, sample 276; Fig. 20- Tubodiscus burnettiae Bown in Kennedy et al., 2000, sample 270.

OA



O 5 55 Sl et

& S d —F

035 o] Il o 531 (53158 8 sty sl 7 (53 5550 Ol g i S 5l 3l 8 4 e (08 Wil (ST Gl fed iU mas o)
Micrantholithus g3l 5 (i S U Ol pu b Ol jan . Cowl 0l &5 (OAE 1a) Oy oo 3 ¢t T = et ool Slismy 5 (Nannoconid decline)
3 @l ST Ll s Cod o s s sl (2 & ) i 4 3 S Sl Do S s oty 3T Ol sy 53 (Nannoconid erisis) s 587t
1318 I3don (856 Ol 31 g Sl (e 1m B SIL Obe (a5 58 56 3L Ole jon . Azed OAE 1a iy T oo 531 (65158 i sl
b S JUET Gl 58750 Wl o 57 Iy (151 G e JUEST sl 5750 YU Ol Lasls Wig e & A oo Micrantholithus 5> sl 3 )3
Ailodd b Db gy 53 (o5 Sl S5l 2 Ll by 08 s S M 3l Ol SRIB s balisgs 3555

S s

o 0§ ol VL irlen e a5 pn sl s pmpn a5 ol plot s L S O 9,87 55 (50,8 900n Jiley (s 2=V PAD i (S o J 3 5 05 55
ABVY GO Y . as (g ed 7 6 F e popile o5 oK1 00 !

23 ook 4,50 S S BB g s I 3 (ST (sla Jud U bl 1 5 8 5l VU (Sla a5, i S5 (o2 =IO 5 50kl 5 S Slale g 5l
FE LGN e (N8 sy slaoslust

2 PP L lilE 31E 5,18 5 ol et gn <Ol bl 51 YAF sl

(el gy 5 (58S (sla s (e Dl 0387 S & g0s b2 93 (o T= a8 55) 5,8 Wi3le (31,875 5 5 (oo 352V g (B3l 550 S sm oz 3T cp cOULar
YPLN e ¥ oslad FF Gl ojled oiia 5 Sy Jl

sl oolead (i gy 5 K air Gla ta s woliib S O (S ola o VICoS i 3 58 ke (31,55 e b -1 ot el ez p bl g o Bilo s lyplae
FALAY o X olad PV

AP BNF . jaw 35 als aais o315 (Ol gl e pmmi] 6V Sslos om0t 58 18 @ g0 5 53 5,5 L5l 3132 56— WWAY €.l (oS 50 ¢S

References

Aguado, R., De Gea, G. A., Castro, J. M., O’Dogherty, L., Quijano, M. L., Naafs, B. D. A. and Pancost, R. D., 2014- Late Barremian—early
Aptian dark facies of the Subbetic (Betic Cordillera, southern Spain): Calcareous nannofossil quantitative analyses, chemostratigraphy and
palaeoceanographic reconstructions. Palacogeography, Palacoclimatology, Palacoecology 395, pp. 198- 221.

Applegate, J. and Bergen, J., 1988- Cretaceous calcareous nannofossil biostratigraphy of sediments recovered from the Galicia Margin, ODP
Leg 103. Proceedings of the Ocean Drilling Program, Scientific Results 103, pp. 293- 348.

Barbarin, N., Bonin, A., Mattioli, E., Pucéat, E., Cappetta, H., Gréselle, B., Pittet, B., Vennin, E. and Joachimski, M., 2012- Evidence for a
complex Valanginian nannoconid decline in the Vocontian basin (South East France). Marine Micropaleontology 84—85, pp. 37- 53.

Bersezio, R., Erba, E., Gorza, M. and Riva, A., 2002- Berriasian—Aptian black shales of the Maiolica formation (Lombardian Basin, Southern
Alps, Northern Italy): local to global events. Palaecogeography, Palacoclimatology, Palaeoecology 180, pp. 253-275.

Bordenave, M. and Burwood, R., 1990- Source rock distribution and maturation in the Zagros orogenic belt: provenance of the Asmari and
Bangestan reservoir oil accumulations. Organic Geochemistry 16, pp. 369- 387.

Bottini, C., Erba, E., Tiraboschi, D., Jenkyns, H., Schouten, S. and Sinninghe Damsté, J., 2015- Climate variability and ocean fertility during
the Aptian Stage. Climate of the Past 11(3), pp. 383-402.

Bown, P. R., 2005- Early to mid-Cretaceous calcareous nannoplankton from the northwest Pacific Ocean, Leg 198, Shatsky Rise. Proceedings
of the Ocean Drilling Program: Scientific Results 198.

Bown, P., 1998- Calcareous nannofossil biostratigraphy. Chapman and Hall; Kluwer Academic, 314pp.

Bralower, T. J., Arthur, M. A., Leckie, R. M., Sliter, W. V., Allard, D. and Schlanger, S. O., 1994- Timing and paleoceanography of oceanic
dysoxic/anoxic in the late Barremian to early Aptian. Palaios 9, pp. 335-369.

Bralower, T. J., Leckie, R. M., Sliter, W. V. and Thierstein, H. R., 1995- An integrated Cretaceous microfossil biostratigraphy. SEPM Special
Publications 54, pp. 65- 79.

Chen, X., Idakieva, V., Stoykova, K., Liang, H., Yao, H. and Wang, C., 2017- Ammonite biostratigraphy and organic carbon isotope
chemostratigraphy of the early Aptian oceanic anoxic event (OAE 1a) in the Tethyan Himalaya of southern Tibet. Palacogeography,
Palaeoclimatology, Palaecoecology 485, pp. 531- 542.

Coccioni, R., Nesci, O., Tramontana, C. F., Wezel, C. F. and Moretti, E., 1987- Descrizione di un livello guida “Radiolaritico Bituminoso
Ittiolitico” alla base delle Marne a Fucoidi nell’ Appennino Umbro Marchigiano. Boll. Soc. Geol. Ital. 106, pp. 183-192.

Duchamp-Alphonse, S., Gardin, S. and Bartolini, A., 2014- Calcareous nannofossil response to the Weissert episode (Early Cretaceous):
Implications for palaeoecological and palacoceanographic reconstructions. Marine Micropaleontology 113, pp. 65-78.

Dumitrescu, M. and Brassell, S. C., 2006- Compositional and isotope charactristics of organic matter for the early Aptian oceanic anoxic event
at Shatsky Rise, ODP Leg 198. Palacogeography, Palaeoclimatology, Palacoecology 235, pp. 168-191.

Erba, E. and Tremolada, F., 2004- Nannofossil carbonate fluxes during the Early Cretaceous: phytoplankton response to nutrification episodes,
atmospheric CO2, and anoxia. Paleoceanography 19, pp. 1- 18.

Erba, E., 1994- Nannofossils and superplumes: the early Aptian “nannoconid crisis”. Paleoceanography 9, pp. 483-501.

09



-------- 95 35w 43 ST Gl gl Gubwl Jp iyl G135 Gawgstidl 6192yt Slas) s

Erba, E., 2004- Calcareous nannofossils and Mesozoic oceanic anoxic events. Marine Micropaleontology 52, pp. 85-106.

Erba, E., Bottini, C., Weissert, H. J. and Keller, C. E., 2010- Calcareous nannoplankton response to surface-water acidification around Oceanic
Anoxic Event la. Science 329(5990), pp. 428- 432.

Erba, E., Duncan, R. A., Bottini, C., Tiraboschi, D., Weissert, H., Jenkyns, H. C. and Malinverno, A., 2015- Environmental consequences of
Ontong Java Plateau and Kerguelen Plateau volcanism. The Geological Society of America Special Paper 511, pp. 271- 303.

Follmi, K., 2012- Early Cretaceous life, climate and anoxia. Cretaceous Research 35, pp. 230- 257.

Hay, W. W., 2008- Evolving ideas about the Cretaceous climate and ocean circulation. Cretaceous Research 29, pp. 725- 753.

Heimbhofer, U., Hochuli, P. A., Herrle, J. O., Andersen, N. and Weissert, H., 2004- Absence of major vegetation and palacoatmospheric pCO2
changes associated with oceanic anoxic event la (Early Aptian, SE France). Earth Planetary Science Letters 223, pp. 303- 318.

Herrle, J. O. and Mutterlose, J., 2003- Calcarcous nannofossils from the Aptian—-Lower Albian of southeast France: palacoecological and
biostratigraphic implications. Cretaceous Research 24, pp. 1- 22.

Herrle, J. O., 2003- Reconstructing nutricline dynamics of mid-Cretaceous oceans: evidence from calcareous nannofossils from the Niveau
Paquier black shale (SE France). Marine Micropaleontology 47, pp. 307- 321.

Heydari, E., 2008- Tectonics versus eustatic control on supersequences of the Zagros Mountains of Iran. Tectonophysics 451, 56-70.

Huber, B. T., Hodell, D. A. and Hamilton, C. P., 1995- Middle-Late Cretaceous climate of the southern high latitudes: stable isotopic evidence
for minimal equator-to-pole thermal gradients. Geological Society of America Bulletin 107, pp. 1164-1191.

James, G. and Wynd, J., 1965- Stratigraphic nomenclature of Iranian oil consortium agreement area. AAPG bulletin 49, 2182-2245 pp.

Jenkyns, H. C., 2010- Geochemistry of oceanic anoxic events. Geochemistry, Geophysics, Geosystems 11(3), pp. 1-30.

Leckie, R. M., Bralower, T. J. and Cashman, R., 2002- Oceanic anoxic events and plankton evolution: Biotic response to tectonic forcing during
the mid-Cretaceous. Paleoceanography 17 (3), pp. 1-13.

Li, Y. X., Bralower, T. J., Montafiez, I. P., Osleger, D. A., Arthur, M. A., Bice, D. M., Herbert, T. D., Erba, E. and Premoli Silva, I., 2008- Towards
an orbital chronology for the early Aptian Oceanic Anoxic Event (OAE 1a, ~120 Ma). Earth and Planetary Science Letters 271, pp. 88-100.

Mahanipour, A., Eftekhari, M. and Dastanpour, M., 2018- Barremian-Aptian calcareous nannofossil biostratigraphy in Zagros Basin (West
Iran), Tethyan Realm. Stratigraphy and Geological correlation (In press).

Mahanipour, A., Mutterlose, J., Kani, A. L. and Adabi, M. H., 2011- Palacoecology and biostratigraphy of early Cretaceous (Aptian) calcareous
nannofossils and the 613Ccarb isotope record from NE Iran. Cretaceous Research 32, pp. 331-356.

Millan, M., Weissert, H., Fernandez-Mendiola, P. and Garcia-Mondéjar, J., 2009- Impact of Early Aptian carbon cycle perturbations on
evolution of a marine shelf system in the Basque-Cantabrian Basin (Aralar, N Spain). Earth and Planetary Science Letters 287, pp. 392-401.

Motiei, H., 1994- Stratigraphy of Zagros. Geological Survey of Iran, pp. 345-346.

Motiei, H., 1995- Iran Petroleum Geology - Geology of the Zagros 1. Publications GSI, Iran, 1009 p.

Mutterlose, J. and Bottini, C., 2013- Early Cretaceous chalks from the North Sea giving evidence for global change. Nature communications 4 (1686), pp. 1-6.

Mutterlose, J., Bornemann, A. and Herrle, J. O., 2005- Mesozoic calcareous nannofossils - state of the art. Paldontologische Zeitschrift 79, pp. 113-133.

Patruno, S., Triantaphyllou, M. V., Erba, E., Dimiza, M. D., Bottini, C. and Kaminski, M. A., 2015- The Barremian and Aptian stepwise
development of the ‘Oceanic Anoxic Event 1a’(OAE 1a) crisis: Integrated benthic and planktic high-resolution palacoecology along the
Gorgo a Cerbara stratotype section (Umbria—Marche Basin, Italy). Palacogeography, Palacoclimatology, Palacoecology 424, pp. 147-182.

Pauly, S., Mutterlose, J. and Alsen, P., 2012- Early Cretaceous palacoceanography of the Greenland—Norwegian Seaway evidenced by
calcareous nannofossils. Marine Micropaleontology 90, pp. 72-85.

Perch-Nielsen, K., 1985- Mesozoic calcareous nannofossils, In Plankton stratigraphy. Cambridge University Press, pp. 329-426.

Premoli Silva, 1., Erba, E., Salvini, G., Locatelli, C. and Verga, D., 1999- Biotic changes in Cretaceous oceanic anoxic events of the Tethys. The
Journal of Foraminiferal Research 29, pp. 352-370.

Roth, P. H., 1978- Cretaceous nannoplankton biostratigraphy and oceanography of the northwestern Atlantic ocean. Initial report of Deep Sea
Drilling Project 44, pp. 731-759.

Schlager, 1981- The paradox of ddrowned reefs and carbonate platforms. Geological Society of America, Bulletin 92, pp. 197-211.

Schlanger, S. and Jenkyns, H., 1976- Cretaceous oceanic anoxic events: causes and consequences. Geologie en Mijnbouw 55, pp. 179-184.

Sissingh, W., 1977- Biostratigraphy of calcareous Nannoplankton. Geologie en Mijnbouw 56 (1), pp. 37-65.

Talbot, C. J. and Alavi, M., 1996- The Past of a Future Syntaxis across the Zagros. In: Alsop, G.I., Blundell, D.J. and Davison, 1., Ed., Salt
Tectonics, Vol. 100, Geological Society, London, pp. 89-109.

Tejada, M. L. G., Suzuki, K., Kuroda, J., Coccioni, R., Mahoney, J. J., Ohkouchi, N., Sakamoto, T. and Tatsumi, Y., 2009- Ontong Java Plateau
eruption as a trigger for the early Aptian oceanic anoxic event. Geology 37, pp. 855-858.

Thibault, N. and Gardin, S., 2006- Maastrichtian calcareous nannofossil biostratigraphy and paleoecology in the Equatorial Atlantic (Demerara
Rise, ODP Leg 207 Hole 1258A). Revue de Micropaléontologie 49, pp. 199-214.

Vincent, B., van Buchem, F. S., Bulot, L. G., Immenhauser, A., Caron, M., Baghbani, D. and Huc, A. Y., 2010- Carbon-isotope stratigraphy,
biostratigraphy and organic matter distribution in the Aptian-Lower Albian successions of southwest Iran (Dariyan and Kazhdumi
formations). GeoArabia Special Publication 4, pp. 139-197.

Weissert, H. and Erba, E., 2004- Volcanism, CO2 and palaeoclimate: a Late Jurassic—Early Cretaceous carbon and oxygen isotope record.
Journal of the Geological Society 161, pp. 695-702.

Wilson, P. A., Norris, R. D. and Cooper, M. J., 2002- Testing the Cretaceous greenhouse hypothesis using glassy foraminiferal calcite from the
core of the Turonian tropics on Demerara Rise. Geology 30, pp. 607-610.



Scientific Quarterly Journal, GEOSCIENCES, Vol. 29, No.115, Spring 2020

The early Aptian oceanic anoxic event 1a (OAE 1a) based on calcareous

nannofossils at Garau Formation (Kabir-Kuh anticline), West of Iran
A. Mahanipour", M. Eftekhari® and S. Soheili?
!'Associate Professor, Department of Geology, Faculty of Science, Shahid Bahonar University of Kerman, Kerman, Iran
*M.Sc., Department of Geology, Faculty of Science, Shahid Bahonar University of Kerman, Kerman, Iran
Received: 2018 August 20 Accepted: 2018 December 19

Abstract

In order to study the early Aptian Oceanic Anoxic Event 1a (OAE 1a), calcareous nannofossils are investigated at the late Barremian -early
Aptian sediments of the Garau Formation at south west of the Kabir-Kuh anticline, Qaleh-Darreh section. Ninety species of calcareous
nannofossils from 43 genus and 15 families are identified along with marker species like Hayesites irregularis and Eprolithus floralis. Based
on index calcareous nannofossil taxa, the studied interval is located between the uppermost part of the CC6/NC5 and the early part of CC7/
NCT7A. The first occurrence of H. irregularis, the marker of the Barremian - Aptian boundary, used as an index species between CC6/NCSE and
CC7/NC6. Statistical analysis of the calcareous nannofossil assemblages at the studied interval indicate the presence of nannoconid decline at
the Barremian - Aptian boundary and early Aptian and nannoconid crisis at CC7a/NC6B biozone. Nannoconid crisis is one of the main markers
of the early Aptian OAE 1a that is recorded from different parts of the world at the Tethys and Boreal realms, Atlantic and Pacific oceans at
the early Aptian (NC6 biozone). At the current study the early Aptian OAE 1la is recorded from the Garau Formation based on calcareous

nannofossil assemblages.
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