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Abstract

The present study deals with sedimentary and geochemical analysis of Early
Cretaceous sequences within the Balambo Formation in four sections, three of them
(Qula Rash, Azmer and Bosheen) in Sulaymaniyah Governorate and other
Barsarin section in Erbil Governorate, northeastern Iraq. The field work includes;
samples collection and describing the sequences and their content. The studied
sequences consist of limestone, marly limestone, shale and marl with black or dark
gray color and are rich in certain sedimentary structures (such as, lamination, fissile
and platy structures). Calcareous nannofossils study was performed to determine
the age of the studied sequences. Therefore, the age in Qula Rash and Barsarin
sections was determined as Early Aptian based on the presence of many species
belonging to the genus Nannoconus, such as, (Nannoconus Kamptneri) in addition
to record of the so-called “Nannoconoid crisis” event in the Barsarin section, which
may refer to Oceanic Anoxic Event (OAEla). Whereas, the presence of species
belonging to the genus (FEiffelithus turriseiffelii) and the species (Hayasites cf.
albiensis) in Azmer and Bosheen sections refer to Late Albian age.

Petrographic and facies analysis shows that the studied sequences include
planktonic foraminifera such as (Hedbergella, Heterohelix and Globigerinelloides),
whereas, the genus (Schackoina) is observed in an elongated digitate chambers, in
addition to few benthonic foraminifera such as; genus Reticulinella and Textularia.
Radiolaria presents in different shapes and forms. Other observed skeletal
components are; calcispheres, and sponges. Clayey materials, common organic
matters, pyrite, phosphates and iron oxides are also recorded. The most important
microfacies are the lime mudstone, wakestone, and to a little extent packstone.
These main microfacies are further subdivided into submicrofacies. The recorded
lithofacies include; shale, marl and mudstone.

Mineralogical study revealed that illite is the abundant clay mineral followed
by chlorite, kaolinite and mixed layers. Other recorded minerals are; pyrite, apatite
and iron oxides. The percentage of carbonate materials varied among the studied
sections and ranged between (27.38-82.17%), with a relatively higher percentages
in Azmer and Bosheen sections. From the nature of clay minerals and some other
climatic-index parameters such as, (C-value), (Sr/Cu) and (Rb/Sr), it is assumed
that Balambo Formation was deposited under hot (fluctuated between dry and wet)
climate.

Geochemical study shows that total organic carbon (TOC) is greater in the
Azmer and Bosheen sections than in the Qula Rash and Barsarin sections. The
productivity parameters such as (P, Ba, P/Ti, Ba/Al, Ba «, and Ba i,) indicated
generally higher paleoproductivity in the Late Albian, Azmer and Bosheen sections
than in Early Aptian Qula Rash and Barsarin sections. The paleoredox proxies such
as (V/V+Ni), (V/N1), (N1 /Co), and (Cu/Zn) revealed that the studied limestone,



marly and shaley sediments sequences were deposited in low-oxygen marine
environment conditions (anoxic-dysoxic) that promote well preservation of the
organic matter in these rocks. Detrital supply was low-very low in the Balambo
sediments, and the upwelling marine currents played a role in the development of
paleoproductivity and enrichment with organic matter.

Relationship between carbon stable isotope (8'*Cearn) and oxygen (8'30) data,
and after removing the influence of modulation processes on it, these isotopes data
represent the initial imprint in those rocks unaffected by diagenesis.

The values of carbon isotope are positive in all the studied samples with a
positive excursion due to the accumulation of organic materials and their light
carbon, which in turn lead to enrichment of the marine sediments with heavy
carbon. Accordingly, the oxygen isotope values were negative indicating an
increase in temperature (warming). Current isotopic data are similar to those
recorded in regional and global studies on the events (OAEla) for the Qula Rash
and Barsarin sections, and to (OAE1d) for the Azmer and Bosheen sections.

In conclusion, the oceanic anoxic events (OAEs) are recorded in the Balambo
Formation based on paleoenvironmental and climatic indices through
sedimentologic, biologic and geochemical studies in the present work. The oceanic
anoxic event (OAEla) was recorded in the sediments of the Qula Rash and
Barsarin sections within Early Aptian, and the oceanic anoxic event (OAEI1d) in the
sediments of Azmer and Bosheen sections at Late Albian.
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