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ABSTRACT

Organic geochemistry of the Ora Formation in one surface and two
subsurface sections has been conducted based on pyrolysis and biomarker
analyses supported by palynofacies and organic petrographic to evaluate the
source rock potentiality and reconstruction of the depositional environment.
Fifty-two samples were analyzed to determine the pyrolysis parameters. For
biomarker content, six samples were analyzed to interpret the biological source
of organic matter, thermal maturity, and depositional environmental conditions.
Palynofacies analysis is conducted on thirty surface and three subsurface
samples, while organic petrographic study was focused on eight surface and
three subsurface samples in order to determine the types of palynomorphs and
organic  matter and conclude their  depositional  environments,
paleoenvironmental indications and possible hydrocarbon-generating potential.
Mineralogical study using X-Ray diffraction and scanning electron microscopy
was conducted to support paleoenvironmental reconstruction. The Total Organic
Carbon (TOC) content is classified as poor to excellent. The low or lean TOC
values relate to the influence of high clastic input, sedimentation rate, prevailing
oxic environment during deposition and effects of weathering. The HAWK
pyrolysis results revealed limited potential in the surface section while potential
1s favorable in the subsurface sections. Surface samples are either highly mature,
highly weathered (oxidized), or both. Conversely, a mixed composition of
kerogen types IIl and II-III, with the organic matter being immature were
recognized in subsurface sections. The aromatic fractions of the Ora Formation
in Akkas-1 and Akkas-3 extracts include high abundance of alkylated
naphthalenes with presence of phenanthrene and methylphenanthrene,
dibenzothiophene and methyldibenzothiophene in addition to aromatic steroids.
The high abundance of amorphous organic matter in subsurface section of the
Ora Formation and the smooth normal alkanes distribution with short-chain

predominance with maximum at (n-Ci7, n-Cis, and n-Cyv), and low abundance of
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>n-Cyomay indicate the marine planktonic organic materials, mostly algae for
the studied organic matter source. This is also supported by CPI values which
are very near to one and do not change with depth and the high value of Cy;
reflects high contribution of marine planktonic algal organic matter. The organic
matter of Ora Formation (in subsurface section) is immature-early mature. This
is indicated by Tmax values, fluorescence color and normal alkanes distribution.
The GC and GC-MS analyses of the light hydrocarbons suggest the
hydrocarbons are highly mature in the selected subsurface samples as indicated
by Ts/Tm, moretane/hopane, homohopane and steranes isomerization ratios, and
triaromatic steroid parameters. The palynofacies and organic petrographic
analyses revealed that the shales of the Ora Formation in surface section were
deposited under shallow marine conditions with dominant oxic—dysoxic
conditions and some intervals of anoxia which also supported by common
detrital influx, low TOC content and presence of iron oxides and hydroxide
minerals as indicated from XRD and SEM. Whereas, the shales in subsurface
sections were deposited under marine anoxic conditions as indicated by
relatively high TOC values, low Pr/ Ph ratios (generally less than 1) absence of
bioturbation and common pyrite. A distinctive difference between the surface
and subsurface sections of the Ora Formation in thermal maturity and
composition of organic matter with increasing in the thermal maturity gradient
and quality of organic matter toward the north is observed. The areas in the
middle way between the studied sections are predicted to have intermediate
thermal maturity and more hydrocarbon production. Pyrolysis results indicate
that the Ora Formation is immature or at the early maturity, while the biomarker
samples indicate that it is highly mature. The biomarker values are for highly
mature oil, which has not been studied previously and appears for the first time
in the Akkas field. The rocks from which these hydrocarbons likely originated

are expected to locate in the older Khabour Formation.
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