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PROGRAMME 
Wednesday 23 January 

08.30 Registration 

09.00 Welcome 

 Session 1: Regional Perspectives & Petroleum Systems 
Session Chairs: Andrew Horbury & Jeremy Goff 

09.15 D. Mackertich & A. Sammarai  (Petroceltic International and MNR) 
The History of Hydrocarbon Exploration In Iraqi Kurdistan: 1901 to 2012. 

09.50 Nils Bang (DNO Iraq AS) 
Exploration in North Iraq, DNO experience 

10.25 Keynote Speaker: Max Bordenave 
Petroleum Systems and Distribution of the Oil and Gas Fields in the Iranian Part of the Zagros 
Foldbelt 

11.00 Break 

11.30 Roger E.  Summons 
A Geochemical Approach to Defining the Active Petroleum Systems of the Zagros Fold Belt In 
Northern Iraq.  

12.00 Ali Aljubory (Mosul University) 
Hydrocarbon Generation Potential of the Geli Khana Formation (Middle Triassic), Northern 
Iraq.  

12.30 Lunch 

 Session 2: Stratigraphic Framework 
Session Chairs: Dave Mackertich & Dermot Corcoran 

13.30 Keynote Speaker: Roger Davies 
Sequence Stratigraphy and Depositional Systems in the Zagros of Iran and Iraq; 
Implications for Regional Exploration and Reservoir Description 

14.00 James Howard (University of Cambridge)  
Stratigraphy, Structure and Hydrocarbon Potential of the Ordovician-Devonian Succession of 
Northern Iraq: A Multidisciplinary, Field-Based Study.  

14.30 Ståle Monstad (DNO International ASA) 
Latest Cretaceous Sedimentological Development and Depositional Style In the Dohuk-
Tawke Area, NW Iraq. 

15.00 Break 

15.30 Keynote Speaker: Janice Weston (RPS Energy Limited) 
Biostratigraphy in Kurdistan – A Multidisciplinary Approach 

16.00  
 

Thamer Al-Ameri  
Hydrocarbon Potential Of The Middle And Upper Jurassic Of The Zagros Fold Belt, Northern 
Iraq 

16.30 Joseph English (Petroceltic International) & Laura Davies (Fugro Robertson) 
Regional Trends In Jurassic Source Rock Maturity In Northern Iraq and Implications for 
Hydrocarbon Exploration In the Kurdistan Region 

17.00 Andy Horbury (Cambrisge Carbonates) 
Potential Hydrocarbon Plays within the Triassic Strata of the Kurdistan Region, Northern Iraq.  

17.30 Finish 

17.35 Wine Reception  
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Thursday 24 January 

08.30 Registration 

09.00 Welcome  

 Session 3: Reservoir Geology and Diagenesis 
Session Chairs: Ian Sharp & Jo Garland 

09.10 Keynote Speaker: Andy Horbury (Cambridge Carbonates) 
Reservoir Geology along the Zagros Fold-Thrustbelt 

09.45 Raffaele Di Cuia (G.E.Plan Consulting) 
Input Into Reservoir Characterisation of the Application of Artificial Intelligence Techniques to 
Interpret Image Logs – An Example from a Well In the High Folded Zone of Northern Iraq.  

10.15 Alberto Riva (G.E.Plan Consulting) 
Paragenetic Evolution of a Cretaceous Reservoir Sequence In Northern Iraq and Impact on 
the Distribution of Reservoir Properties. 

10.45 Break 

11.30 Jon Gutmanis (GeoScience Ltd in association with Heritage Oil) 
Fracture and Dynamic Characterisation in a Stress-Sensitive Anticline at Miran West, 
Kurdistan 

12.00 Ali Aljubory (Mosul University) 
Linking of Porosity Evolution and Diagenesis to Sequence Stratigraphy In the Upper 
Cretaceous Carbonate Reservoir of Northwestern Iraq.  

12.30 Jo Garland (Cambridge Carbonates Ltd) 
Complex, Two-Phase Dolomitisation In the Miran West Anticline, Kurdistan. 

13.00 Lunch 

 Session 4: Geophysics and Structure 
Session Chairs: Dave Mackertich & Joseph English 

14.00 Jaume Verges (ICTJA, CSIC) 

Why Folding Style Varies In The Zagros Orogenic Belt? 

14.30 Paul Lovatt-Smith  
Why Throw Away Good Data? The Use of Long Offset First-Break (Refraction) Seismic Data 
In Hydrocarbon Exploration of the Zagros Fold Belt Kurdistan 

15.00 Behzad Alaei (Rocksource ASA) 
Importance of Seismic Forward Modelling and Imaging in the Exploration of New Plays in 
Zagros Fold and Thrust Belt.  

15.30 Break 

16.00 Normand Begin (Talisman Energy) 
Influence of Pre-Existing Late Cretaceous Extensional Faulting on the Origin and Extent of a 
Pliocene-Age Triangle Zone in the Zagros Mountain Belt of S.E. Kurdistan. 

16.30 Graham Banks (WesternZagros Resources) 
Anatomy of the Foreland Part of the Zagros Orogenic Wedge: Implications for Hydrocarbon 
Trap Geometries.  

17.00 Luke Ferreira (Hess) 
Structural and Stratigraphic Observations In the Dinarta and Shackrok Blocks of North-Central 
Kurdistan and Their Implications for Petroleum Prospectivity.  
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17.30 George Pinckney (WesternZagros Resources) 
The Bakhtiari Fm – A New Play Concept In the Foothills Domain of the Zagros Fold and 
Thrust Belt, Kurdistan Region of Iraq.  

18.00 Finish 

18.05 Wine Reception and Posters  
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Friday 25 January 

08.30 Registration 

 Session 5: Structure 2 
Session Chairs: John Cosgrove & Jon Gutmanis 

09.00 Welcome  

09.10 Keynote Speaker: Eric Blanc 
The Role of Inherited Pre-Collision Structures In the Deformation Style of the Zagros Fold-
and-Thrust Belt -  

09.45 Raffaele Di Cuia (G.E.Plan Consulting) 
Relationship Between Structural Style, Stress Field Evolution and Exploration Results In the 
“High-Folded Zone” of Zagros Fold-Thrust Belt (Northern Iraq) 

10.15 Andrew Newson (Moose Oils) 
The Impact of Basement Architecture on the Structural and Stratigraphic Control of Prospects 
in the Southern Kirkuk Embayment, Kurdistan. 

10.45 Break 

11.30 Bernhard Bretis (OMV Exploration & Production GmbH) 
Lateral Fold Growth and Linkage In the Zagros Fold and Thrust Belt (Kurdistan, NE Iraq).  

12.00 Eduard Saura (Jaume Almera-CSIC) 
Numerical Modelling of the Interplay Between Surface and Tectonic Processes In the Zagros 
Foreland Basin (NW Iran).  

12.30 Emilio Casciello (Jaume Almera-CSIC) 
Folding in the Zagros-Mesopotamian Region.  

13.00 Lunch  

 Session 6: Structure 3 
Session Chairs: Matthew Brown & Graham Banks 

14.00 Keynote Speaker: James Jackson (University of Cambridge) 
Relations Between Surface Folding And Earthquake Faulting In The Zagros 

14.35 Agoston Sasvari (Fugro Robertson) 
Importance Of Strike Slip-Tectonics In The Late Stage (Post-Miocene) Deformation History Of 
Northern Kurdistan Region, Iraq.  

15.05 Agoston Sasvari (Fugro Robertson) 
Post-Miocene Stress Field Evolution of the Zagros Hawler Area, Kurdistan Region, Northern 
Iraq.  

15.35 Break 

16.00 Thomas Kubli (Addax Petroleum)  
Deformation History and Thin-skinned vs. Thick-skinned Tectonics in the Zagros Fold and 
Thrust Belt of Southeastern Kurdistan. 

16.30 Ebrahim Heydari (Aberdeen University) 
Regional Tectonic Effects on Reservoir Behaviour In Middle East Reservouirs 

17.00 Peter Keller (DNO Iraq AS) 
The Effects of Permo-Triassic and Mesozoic Extensional Tectonics of the Structure of the 
Tawke Area, Zagros Simply Folded Zone, NW Iraq 

17.30 Finish 
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Poster Programme 

A. Aqrawi, A. Horbury 
The Upper Permian Chia Zairi Exploration Play in Iraqi Kurdistan. 
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Fracture patterns of the Shiranish Formation in the Bina Bawi Anticline; comparison with Taq Taq Field, 
Zagros, Kurdistan, NE Iraq 

M.J. Fleming, A.Murray, 
Preliminary characterisation of the Butmah Formation in the Shaikan Field, Kurdistan; sedimentology and 
fracture morphology from cores. 

G.Frijia, J.C. Embry, I.R. Sharp 
The Upper Sarvak shallow water carbonates of Chenareh Gorge-Lurestan area (Iran): High resolution 
carbon isotope stratigraphy and biostratigraphy. 

Michael Hall 
The contribution of Remote Sensing to Hydrocarbon Exploration in Kurdistan. 

Rawand Noori 
A High resolution biostratigraphy of the Late Campanian-Early Maastrichtian  succession in the Kurdistan 
region, NE-Iraq 
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Keynote Speaker: The History of Hydrocarbon Exploration in Iraqi Kurdistan: 1901 to 
2012 
 
David Mackertich

1
, Adnan Samarrai

2
 

1
Petroceltic International, 75 St Stephen’s Green, Dublin 2, Ireland. 

2
Ministry of Natural Resources Kurdistan Regional Government, Erbil 

 

Part 1: 20th Century ‐ Drilling & discoveries in Iraq and Kurdistan Region 
The first exploration well in the Middle East was drilled in 1901 on the Chia Surkh structure 
close to the border with Iran in the south‐western part of the Kurdistan Region of Iraq. The well 

was located on a hill close to an active oil seep and it was abandoned with oil shows after 
drilling to 710 metres in depth. Between 1905 and 1922 four more wells were drilled on the 
structure, some finding oil shows with none of them drilling below 800 metres. During the next 
83 years (1922‐2005) just 23 wells were drilled in the Kurdistan Region of Iraq and these only 

targeted seven structures; Pulkhana, Injana, Jambur, Kor Mor, Chemchemal, Taq Taq and 
Jaria Pika. 
 
During this period and number of significant discoveries were made both in the central part of 
Iraq and in the Zagros of Iran. The Kirkuk field was discovered in 1927 by the Turkish 
Petroleum Company (later to become the Iraq Petroleum Company, IPC). The discovery well 
(Baba Gurgur‐1) found oil in the Tertiary and blew out, taking a few days to control. The 

discovery well was located on a surface anticline and close to a natural gas seep; "The Eternal 
Fire of Baba Gurgur" (father of fire) which is believed to have existed for more than 4,000 
years. Some of the other discoveries in Iraq included; Qaiyarah (1928), Rumaila (1953), West 
Qurna (1973), Majnoon (1975), East Baghdad (1976). Even during the Iran Iraq war (1980‐88) 

exploration and appraisal drilling continued in Iraq, albeit at a much reduced pace. 
 
Although the Taq Taq field in the central part of the Kurdistan Region of Iraq was first drilled 
and in 1960, drilling was suspended in April 1961 after Public Law 80 was issued which took 
away 99.5% of the IPC's ownership. Sixteen years later, INOC decided to re‐enter the well and 

it was deepened to the Lower Jurassic, testing oil from a number of formations within the 
Cretaceous. In 1979‐1980 INOC contracted a rig to drill more wells on the discovery but 

tensions between the Kurds and the Baath regime, coupled with the outbreak of the Iran‐Iraq 

war, led to a cessation of drilling. In 1994 the Kurdistan Regional Government tested and 
completed 2 of the wells (Taq Taq‐1 and 2) signaling the first production from the Kurdistan 

Region. 
 
Part 2: Opening of the Kurdistan Region of Iraq 
Since the turn of the Millennium the Kurdistan Regional Government has made rapid progress 
in dividing the Kurdistan region into almost 60 different blocks and attracting around 40 
different international oil and gas companies who have thus far shot over 10,000 km of 2D 
seismic and a handful of 3D seismic surveys in the Kurdistan Region of Iraq. The PSC model 
has been based on an initial signature bonus, 2D seismic acquisition followed by exploration 
drilling. Whilst only 28 wells were drilled in the 103 years from 1901 to 2004, over 100 wells 
have been drilled in the last 7 years (2005 to mid 2012) in the Kurdistan Region and drilling 
continues at a rapid pace. 
 
In 2005, the first well to be drilled in the Kurdistan Region for 25 years was drilled on the Tawke 
structure by the Norwegian company DNO. Tawke is a surface anticline in the far north of the 
Kurdistan Region with an active oil seep on the structure. The well discovered oil in Tertiary 
and Cretaceous carbonates and flowed in excess of 5000 bopd with aggregate flow rates in 
excess of 20,000 bopd. Other significant discoveries include Taq Taq, Shaikan, Bina Bawi, 
Kurdamir and others. 
 
The history of licensing in the Kurdistan region has been compressed relative to many other 
parts of the world. Early entrants included small / opportunistic companies some of whom were 
set up specifically for entry to Kurdistan. As time has progressed, and with some significant 
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discoveries, Kurdistan region has seen the entry of larger companies and in the last 12‐18 

months the arrival of a number of super‐majors. 

 
Part 3:Early Exploration activity 
With limited seismic and well data (in many cases none at all) companies embarked upon field 
programs (sedimentology / biostratigraphy / geochemistry) and made use of satellite imagery. 
Structural and play trends were extrapolated from neighbouring regions such as Iran, Syria and 
Turkey. Armed with this scant sub‐surface knowledge, companies drilled true wildcat wells 

which in some cases took over a year to complete. Early wells often targeted the Tertiary and 
Cretaceous intervals with deeper stratigraphy often deemed un‐prospective (even though it had 

not been drilled). The presence of considerable surface seeps was seen by some as a risk on 
the integrity of the traps deterring some early entrants. Others felt that plays deeper than the 
Tertiary were highly risky as they have not generally been drilled in the central part of Iraq. As 
time progressed, Jurassic fractured carbonates were encountered hydrocarbon bearing and 
wells started to probe the Triassic. A number of recent wells have found light oil in the Triassic. 
Much of this drilling has been based on relatively sparse 2D seismic data with less than five 3D 
surveys having been acquired to date. 
 
Part 4: Future Trends 
It is likely that as the early entrants complete their exploration phase PSC commitments there 
will be a significant shift in license ownership in Kurdistan, this is already happening. Those 
that have made discoveries may seek to monetise and / or bring in larger partners. Some of 
those that have been unsuccessful will reach the end of their licenses giving the KRG 
opportunity to recycle blocks to new entrants. The trend will almost certainly result in fewer, 
larger companies in the Kurdistan Region with such companies not only operating blocks but 
perhaps also helping build surface facilities (pipelines, refineries and associated plants). The 
KRG are actively encouraging and courting Whilst early wells generally stopped in 'shallow' 
stratigraphy, there is a clear trend of drilling into deeper targets. Clearly as more wells are 
drilled, collective experience will facilitate faster / easier drilling. The Triassic play is in its 
infancy and the Permian, one of the most productive reservoir targets in the Middle East has 
only been penetrated in a handful of wells to date. 
 
Nearly all drilling in Kurdistan has focused on anticlines; most of which have surface 
expression. Very few wells have been drilled on structures entirely visible on 2D seismic with 
no surface expression. After 7 years of activity and less than 50 exploration wells the vast 
majority of the surface features have been drilled and these will almost certainly have been 
fully drilled up within the next 2‐3 years. Whilst appraisal will continue on potentially commercial 

discoveries, new exploration will almost certainly shift to more complex features and plays such 
as stratigraphic traps, clastic reservoirs and sub thrust plays. 
 
Both seismic and exploration drilling has been challenging, particularly for the early entrants. 
Some of the challenges have included; remote terrain, limited contractor support, highly 
fractured carbonates, hydrocarbons that are at times heavy and sour and unpredictable 
pressure regimes. Despite these challenges the rewards for some have been tremendous. 
Discoveries in some cases have resulted in estimated STOIIP's ranging from 1‐10 bn bbls with 

hydrocarbon columns commonly in excess of 500 metres. Highly permeable fractured 
carbonates have delivered flow rates in excess of 20,000 bopd per well from multiple zones. 
 
The principal reasons for the attraction of Kurdistan to the world's oil industry are: 
Major discontinuity brought about by politics and exclusion of drilling for over 25 years 

 A world class source rock 

 Relatively simple structures in the Zagros fold belt 

 Onshore ‐ relatively easy access 

 Access to world markets 
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NOTES 
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Exploration in North Iraq, DNO Experience 
 
Nils A. Bang, DNO Iraq AS, Oslo, Norway 

 
The DNO Kurdistan team covers the entire spectra, from exploration, to development, to 
production, a cohesive team firmly committed to the “brick by brick” building of knowledge and 
experience-providing a solid base for work that brings together all aspects of the geology-
reservoir-production process. 
 
The first phase of the exploration included analysis of remote data, extensive field work, and 
mapping with local geologists, mapping of the large-scale geology and key detachment zones, 
as well as the logging and sampling of the fractured carbonate reservoir. Then, once the 
regional framework was solidly in place, 2D seismic acquisition and processing began, followed 
by drilling, coring, logging, sampling, and lab analysis. As the discovery was made 3D seismic 
was immediately mobilized. 
 
To be able to develop these fields it is fundamental to integrate the G/G knowledge to well 
completion and flow stimulation techniques, and finally, well testing and production. The careful 
collection and analysis of both static and dynamic data have been the fundament of how the 
Tawke Field was discovered and developed. 
 
After the Benenan field was discovered in the Erbil PSC, a 3D seismic survey was acquired 
over the structure and also designed to include the Bastora lead previously identified on the 2D 
lines. The PSDM processing of the seismic gave excellent imaging of the Bastora structure. 
The mapping identified a much larger structure than from the 2D seismic. In addition it was 
possible to map seismic thickness anomalies and possible hydrocarbon indicators indicating a 
reservoir development in the Upper Cretaceous, which was not present in the neighboring 
wells. 
 
The well Bastora-1 was drilled autumn 2010 to test the prospect. Oil discoveries were made in 
Paleocene and Cretaceous carbonates. The reservoir properties varied from tight fractured 
reservoir to matrix porosities up to 35%.  The production tests gave 200 – 500 bopd. The 
relatively low rates led to a decision to investigate the possibilities to increase the production 
rates by drilling a horizontal well. The horizontal side track well Bastora-1A was drilled during 
spring 2011 geosteering along a high porous unit in the Cretaceous. The results of the long 
term test in the horizontal well proved sustained rates of 1800 – 2200 bpd. 
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NOTES 
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Keynote Speaker: Petroleum Systems and Distribution of the Oil and Gas Fields in the 
Iranian Part of the Zagros Foldbelt 
 
Max Bordenave, MouvOil SA 

 
A unique geological setting that included a long-lived shallow-water, often reefal, carbonate 
barrier along the edge of South Tethys and a nearly thousand kilometer wide back-barrier 
shallow-water Intracratonic Sea occurred during much of Mesozoic time in what is now SW 
Iran. This barrier hampered water circulation between South Tethys and the Intracratonic Sea. 
This setting remained very sensitive to sea level variations and climatic conditions and resulted 
in the accumulation of excellent source rocks in localized depressions when anoxic conditions 
prevailed.  
 
The functioning of five petroleum systems through time is described in terms of the distribution 
and organic composition of source rocks, evolution of their maturity through time, geometry of 
drains and reservoirs, and trap availability at the time of migration. It also addresses the 
relative timing of trap formation versus oil expulsion from the source rocks.  
 
For the older systems, namely Paleozoic (Llandoverian source rocks), Middle Jurassic 
(Sargelu), Late Jurassic (Hanifa-Tuwaiq Mountains/Diyab), Early Cretaceous (Garau), oil and 
gas expulsion occurred before the Middle Miocene; i.e., before the onset of the main phase of 
Zagros Folding. Thus, oil migrated along gently dipping ramps towards large low-relief regional 
highs and salt-related structures. Oil and gas later re-migrated to the nearest Zagros anticlines. 
In such cases, oil was trapped far away from the kitchen where it was formed.  
 
In sharp contrast to the earlier petroleum systems, oil expulsion occurred almost everywhere in 
the Dezful Embayment after the onset of the Zagros Folding for the Middle Cretaceous to Early 
Miocene System (Kazhdumi, Pabdeh source rocks). Oil migrated vertically towards the closest 
anticlines through a system of fracturing. A comparison was made between the amount of oil 
expelled from the source rocks, as calculated by modeling, and the initial oil-in-place 
discovered in fields. As the result of this short distance migration, oils can be directly linked to 
the source rocks which generated them using oil-oil and oil-source rock pyrolysate correlation 
based upon δ13C and biomarkers.  
 
Although there are excellent source rocks in all five petroleum systems, three of these systems 
have a limited impact on the Iranian reserves. Two of them, Middle Jurassic (Sargelu) and 
Early Cretaceous (Garau) contain almost no reservoirs associated with the source rocks. Most 
of their oil could not be expelled and was cracked in situ in pyrobitumen and gas. The kitchens 
in the Late Jurassic system (Hanifa-Tuwaiq Mountains/Diyab) are peripheral to Iran. Oil 
migrated to the SW edge of the Gavbendi/Qatar Arch, and accumulated in salt-related 
structures, prior to the deposition of efficient cap rocks resulting in accumulations of heavy oil 
and bitumen. 
 
The Paleozoic Petroleum System caused the accumulation of huge gas reserves (750+ Tcf in 
Iran) in the Permo-Triassic carbonates of southern Fars and its contiguous offshore. Oil and 
later gas was expelled from Llandoverian source rocks, and migrated towards the 
Gavbendi/Qatar Arch where they formed a single gas field with a peripheral oil leg prior to the 
Zagros Folding. Oil was progressively cracked into pyrobitumen and either light oil or gas. Part 
of the gas re-accumulated in later-formed Zagros anticlines. 
 
The Middle Cretaceous to Early Miocene System (Kazhdumi, Pabdeh source rocks) caused 
the impressive gathering of oil fields that represent some 8% global oil reserves in the Dezful 
Embayment, an area of only 60,000 sq km. Oil migrated vertically from Kazhdumi (Albian) and 
Pabdeh (Late Eocene to Oligocene) source rocks into Sarvak (Cenomanian) and Asmari (Early 
Miocene) carbonates capped by Gachsaran evaporites. Modeling indicates that 90% of the oil 
originated from the Kazhdumi. Less than 20% of the oil calculated to have been generated by 
Kazhdumi and Pabdeh source rocks was found as initial oil in place (IOIP) in discovered fields. 
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Although the database used for modeling is somewhat inaccurate, the discrepancies between 
the results of the model and the oil in place does illustrate the fact that only part of the oil 
generated reached the reservoirs, while a large part of it remained trapped in source rocks, still 
being the target for unconventional exploration. 
 
Oils are grouped into families based upon carbon isotopic composition, and biomarkers. 
Correlation between pyrolysates and oils confirms the geological and modeling assumptions 
used to explain the current location of the oil (and gas) fields.  
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NOTES 
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A Geochemical Approach to Defining the Active Petroleum Systems of the Zagros Fold 
Belt in Northern Iraq 
 
Roger E.  Summons

1,2
, Don Rocher

1
, John E. Zumberge

1
 ,Thamer K. Al-Ameri

3
 

 
1
GeoMark Research, 9748 Whithorn Drive, Houston, TX 77095, USA 

2
Dept. Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology, 77 

Massachusetts Ave., Cambridge, MA 02139, USA 
3
Department of Geology, College of Science, University of Baghdad, PO Box 47062, Jadriyah, Iraq 

 

Geochemical analyses of 250 production oils together with over 600 core, cuttings, outcrop and 
seep samples provides a comprehensive, regional picture of the petroleum systems that are 
active across Iraq and within the bordering lands within the Arabian Plate.  A subset of these 
samples from the Zagros Fold Belt region in Kurdistan (Figure 1) exemplify the geochemical 
diversity of petroleum systems and the intimate relationships between stratigraphic placement 
of source and reservoir units. 
 

 
Figure 1.  Geographic distribution of oil, seep and source rocks samples in northern Iraq. 

 
For the rocks we evaluated source potential using TOC and Rock-Eval measurements before 
and after solvent extraction to distinguish active and potential source rocks from those with 
staining by migrated bitumen.  Effective source rocks with high TOC and hydrogen indices 
were identified in marls of the Triassic Kurra Chine Fm. and in carbonate sediments of the 
Upper Jurassic Sargelu, Najma and Naokelekan fms. and the Lower Cretaceous Ratwi and 
Sarmord fms.  Moderate source potential was identified in the Middle Cretaceous Nahr Umr 
Fms and minor source potential was identified in an evaporitic facies of the Gotnia Fm. Neither 
of these latter rock units, however, appeared to contribute significantly to produced or seep oils 
in the study area.  
 
Oils were classified on the basis of geochemical parameters diagnostic for source facies and 
lithology, thermal maturity and geological age.  Included in our analyses were several novel 
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geochemical parameters that reflected anoxic and euxinic conditions extending into surface 
waters.  Based on a statistical analysis of geochemical characters, we found that oils of the 
Kurdistan region of northern Iraq were predominantly related to sources in the Sargelu and 
Naokelekan fms.  Oils sourced from Cretaceous sediments appeared to be confined the Taq 
Taq field and fields in the northern Zagros fold belt.  Notably, oils sourced from Triassic 
sediments were confined to the far north of the study area in Iraq and we identified no 
Paleozoic petroleum in Iraq although oils from rocks of this age occur nearby in Syria and 
Turkey. 
 
The geographical distribution of the regional salt seal exerts a strong control on the 
stratigraphic placement of oils derived from Jurassic source rocks.  Early migrated, low maturity 
Jurassic oils can be found in reservoir rocks of Cenozoic age.  However, the main charge from 
Jurassic source rocks appears to be reservoired in Mesozoic sediments and particularly in the 
Suliay and Yamama formations. 
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NOTES 
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Hydrocarbon Generation Potential of the Geli Khana Formation (Middle Triassic), 
Northern Iraq 
 
Srood F.Naqishbandi

1
,Wrya Jihad Jabbar

1
, Ali Ismail Al-Juboury

2
 

 
1
Geology Department, College of Science, Salahaddin University 

2
Geology Department, College of Science, Mosul University. 

 

Hydrocarbon generation potential of the Middle Triassic Geli Khana Formation in Jabal Kand-1 
( JK-1) well and from outcrop section at Ora of northern Iraq is investigated. Total organic 
carbon (TOC), pyrolysis, and maturation assessment such as thermal alteration index (ATI) 
and vitrinite reflectance (Ro%) for nineteen samples; eight sample from (JK-1) and eleven 
samples from outcrop section, depending on lithologic variations are conducted. Rock-Eval 
data from the well and outcrop samples are summarized in Tables 1 and 2 respectively. 
 
The existed organic matters in well (JK-1) are composed of a mixed of kerogen type IIIII and III; 
while type IV in outcrop section which found in post mature state, indicating dry gas window. 
The estimated thermal alteration index (TAI) for the studied section ranged between 3.3-3.7 in 
JK-1 and 3.3-4 in Ora section. Additionally, the maturity derived information from vitrinite 
reflectance supported that the Geli Khana Formation is in dry gas window and post mature 
stage in both sections due to the average ratio of (Ro %) which is between 1.35%-2%. 
 
Table (1): Rock-Eval data from pyrolyzed samples of Geli Khana Formation in Kd-1 well 
 

 
 

A mummified bacterial colony in the form of tangled mesh of filaments is highly characteristic 
morphology in some of shale and shaley limestones of the Geli Khana Formation and could be 
resembles some genera of iron bacteria such as Gallionella. Spiroid, coccoidal and tape-like 
structures, likely to be remains of Gallionella, with its twisted stalk morphology and Leptothrix 
sheaths (Figure 1). 
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Table (2): Rock-Eval data from pyrolyzed samples of Geli Khana Fn in outcrop section 

 

 
 

In shallow lake environments, (and could be in lagoonal environments as the case of the 
studied Geli Khana Formation), ferric hydroxides/oxide deposits could serve as the substrate 
for the enzymatically mediated reduction of the ferric iron into the more soluble ferrous form by 
an organism such as Desulfovibrio, a sulfate reducing bacteria, Ferrous iron, in combination 
with bicarbonate and hydroxide ions, could have been readily converted to siderite. Economic 
accumulations of bacterial gases occur in shallow organic-rich shales and reflect the microbial 
effect of bacteria in generation of methane gas non-conventional gas deposits around the 
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world. 

 
 
Figure (1) Scanning electron microscope (SEM) photograph of A- scattered assemblages of bacterial 
colonies (white circles). B- enlarged view of upper portion of A showing long spiroidal shape of bacteria. 
C-mesh of filaments which could be a mummified bacterial colony. Sample 53 shaley limestone, Ora 
section, D-E tape-like (arrows) and spiroidal (S) morphology of bacteria. Sample 14, limestone of Oar 
section. C- Spiroidal (S) of presumed mummified bacteria. Sample 39, shale of Ora 
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Session Two: Stratigraphic Framework 
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Keynote Speaker: Sequence Stratigraphy and Depositional Systems in the Zagros of 
Iran and Iraq; Implications for Regional Exploration and Reservoir Description 
 
Roger B. Davies , Neftex Petroleum Consultants Limited 
 

The Zagros Mountains of Iran and Iraq contain stratigraphy ranging from Infra-Cambrian to 
Recent. The area evolved from an intra-cratonic basin setting via a passive margin to Neo-
Tethys to an active margin and associated foredeep, and ultimately to the present mountain 
belt. Its changing stratigraphy reflects its long tectonic history and also the migration of the 
Arabian Plate from high southern latitudes to its current position.  
 
Sharland et al (2001; updated in Sharland et al 2004; Simmons et al 2007) identified 63 plate-
wide maximum flooding surfaces in the Oxfordian to Valanginian succession. Further work 
continues to validate these surfaces and their corresponding sequence boundaries, not just on 
the Arabian Plate but world-wide. This scheme is readily applied to the Zagros region and still 
offers the most effective method for regional correlation. However additional published 
biostratigraphic analyses are still required to confirm interpretations.  
 
Sharland et al’s scheme identified a number of major regional unconformities that correspond 
to major reconfigurations of accommodation space and define tectonic megasequences. 
Detailed correlations also facilitate high resolution gross depositional environment mapping that 
is not only a requisite for accurate play fairway analysis but also helps predict potential 
mechanical stratigraphy in this tectonically complex area. 
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Stratigraphy, Structure and Hydrocarbon Potential of the Ordovician-Devonian 
Succession of Northern Iraq: A Multidisciplinary, Field-Based Study. 
  
James Howard

1
, Ali Al-Juboury

2 

 

1
CASP, University of Cambridge, 181a West Building, Cambridge CB3 0DH, UK.  

2
Geology Department, Mosul University, Mosul, Iraq. 

 

Geological research in Iraq has been restricted by conflict and a lack of investment.  One 
consequence of this lack of local data is that many of the geological models and stratigraphic 
interpretations applied to Iraq are interpolated from adjoining countries.  Most recent geological 
research in Iraq has focussed on the important Mesozoic petroleum plays in the south east of 
the country. However, the Paleozoic succession of Iraq also contains proven and potential 
hydrocarbon plays that require further research. Paleozoic sediments outcrop only in the 
Western Desert (Rutbah-Ga'ara area) and the Taurus Mountains. Recent publications on the 
Paleozoic stratigraphy of Iraq are based primarily on subsurface data and, to date, the most 
complete field descriptions of the Paleozoic outcrops of northern Iraq are those published in the 
1950's (Van Bellen et al., 1959; Wetzel and Morton, 1952; Wetzel, 1950).  
 
This study is based on observations and measurements made at the Khabour and Ora 
sections in the Taurus Mountains of Northern Iraq during 3 field seasons, combined with 
analysis of samples collected both at outcrop and from the Akkas-1, Akkas-3 and KH5/1 wells. 
The main results are: 1) Detailed sedimentological observations provide new insights into 
Paleozoic depositional environments at the northern margin of Gondwana. 2) Palynology 
studies can help to constrain the age of the Paleozoic succession at outcrop and to improve 
correlation between the outcrops in northern Iraq and the subsurface. 3) TOC/pyrolysis and 
geochemical analysis of shale samples from both the Khabour (Ordovician) and Akkas 
(Silurian) formations indicate they have good source potential. Silurian "hot" shales in Iraq are 
part of a regionally important source interval and are proven source rocks in the Akkas region, 
but have been eroded in northern Iraq. The source potential of shales in the Khabour 
Formation is less well understood but they are present in northern Iraq. 4) Petrographic, heavy 
mineral provenance and mineral geochemistry data provide new information on the 
composition, provenance, diagenetic history and reservoir characteristics of sandstones in the 
Khabour, Akkas and Pirispiki (Devonian) formations. Sandstones in the Khabour and Akkas 
formations are proven reservoirs in the Akkas region. 5) A structural transect through the 
Taurus mountains helps to constrain the nature, intensity and extent of Paleozoic deformation 
events in northern Iraq as a first step toward quantifying their impact on sedimentation patterns 
and hydrocarbon systems. The results of this research shed new light on the formation and 
subsequent evolution of Paleozoic sedimentary basins along the northern margin of 
Gondwana, however, many fundamental questions remain regarding the Paleozoic of Iraq and 
its petroleum systems.  
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Latest Cretaceous Sedimentological Development and Depositional Style in the Dohuk-
Tawke Area, NW Iraq 
  
Ståle Monstad, Andreas O. Harstad*, DNO International ASA, Stranden 1 Aker Brygge, N-0250 Oslo. 
 
*current address: RWE Dea Norge AS, Karenslyst allé 2, Postboks 243 – Skøyen, N-0213 Oslo). 
 

When DNO International entered into the Kurdistan region of Northern Iraq in 2004, it was the 
first international oil company working in the region since the late 1950’s. In addition the blocks 
awarded to DNO were located in the northwestern corner of Iraq, in an area that was virtually 
unexplored. As a result much of the geological concepts including stratigraphy and 
stratigraphic nomenclature had to be re-build from scratch.  
 
The Dohuk-Tawke area is part of the Zagros fold belt, with several anticlinal structures showing 
a clear surface expression.  The Zagros fold and thrust belt is a result of the closure of the 
Tethys Ocean between the Arabian and the Eurasian plates. Three main orogenic phases are 
documented in NW Iraq: 

 Late Cretaceous compressional phase leading to inversion of the Neotethys rift-
structure. 

 Eocene-Miocene  collision between the Arabian and Eurasian plates led to further 
inversion and the development of folds and thrusts. 

 Neogene shortening that shaped the actual Zagros fold and thrust belt. 
 
This study is focusing on the Campanian Shiranish formation and the relationship to the 
underlying Bekhme formation in the Dohuk-Tawke area. The Shiranish formation is described 
as blue marls and thinly bedded limestones of predominantly Maastrichtian age in van Bellen 
at.al, 2004. (Stratigraphic lexicon of Iraq). Our datings suggests a predominantly Campanian 
age for the formation 
 
The Campanian interval has been studied in the wells drilled on the Tawke structure and in 
exposed sections on the Dohuk anticline (Linava profile) to the south of the Tawke field as well 
as in Shiranish Islam to the north of the Tawke field (Shiranish Fm type locality).  
 
The correlation and comparison between the three study areas clearly reflects the impact of the 
Late Cretaceous compressional phase during deposition of the Shiranish formation. This is 
exemplified by deep erosion on the Tawke structure in contrast to the thick sequences of slope 
deposits  containing thick beds of conglomerates and breccias in the Linava profile. 
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Keynote Speaker: Biostratigraphy in Kurdistan – A Multidisciplinary Approach 
 
Janice Weston, Alessio Checconi, Kevin Cooper, Alison Merker and Dave Shaw, RPS Energy Limited, 
Goldsworth House, Denton Way, Goldsworth Park, Woking, Surrey, GU21 3LG 

 
Kurdistan is a relatively underexplored and emerging region of Iraq in which there has been a 
number of major oil and gas discoveries in the last few years.  This area is located at the NE 
corner of the Arabian Peninsula and is part of the Zagros Fold and Thrust Belt.  
 
The regional stratigraphy of Kurdistan comprises a 10-12 km thick succession of Proterozoic to 
Recent terrestrial and marine sediments that were deposited on the margin of the Arabian 
Plate.  Most of the Mesozoic and Cenozoic successions are characterised by marine 
carbonates, with lesser developments of shales and anhydrite.  Depending on the 
palaeoenvironmental conditions, several faunal and floral assemblages are developed, and in 
the past the biostratigraphic characterisation of the Kurdistan lithostratigraphy has been based 
mainly on macropalaeontological markers (ammonites) and thin section micropalaeontology. 
 
This presentation shows how a multidisciplinary approach that integrates thin-section 
micropalaeontological data with other disciplines such as macerated micropalaeontology, 
palynology, nannofossils and microfacies represents a more effective method for detailed 
stratigraphic and palaeoenvironmental determination and correlation in Kurdistan.  Because of 
the tectonically active setting of much of the Kurdistan region from the Cretaceous on, and the 
associated thrust tectonics, such biostratigraphic determinations can be important for 
correlation both at the reservoir and exploration scale. 
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Middle and Upper Jurassic Hydrocarbon Potential of the Zagros Fold Belt, North Iraq 
 
Thamer K Al-Ameri

1
, John Zumberge

2
  

 
1
Department of Geology, College of Science, University of Baghdad, Jadiriyah, Iraq. Tel: 009641 

7755152, Mobile 00964 7901254669 
2
GeoMark Research Ltd, Houston, TX 77095, USA. 

 

Structured organic matters of the Palynomorps of mainly dinoflagellate cysts are used in this 
study for dating the limestone, black shale, and marl of the Middle Jurassic (Bajocian-
Bathonian) Sargelu Formation, Upper Jurassic (Upper Callovian- Lower Oxfordian) Naokelekan 
Formation, Upper Jurassic (Kimeridgian and Oxfordian) Gotnia and Barsarine Formations, and 
Upper Jurassic- Lower Cretaceous (Tithonian-Beriassian) Chia Gara source rock Formations 
while spore species of Cyathidites australis and Glechenidites senonicus are used for 
maturation assessments of this succession. Materials' used for this palynological study are 320 
core and cutting samples of twelve oil wells and three outcrops in North Iraq. 
 
Terpane and sterane biomarker distributions, as well as stable isotope values, were 
determined for oils potential source rock extracts of Jurassic-Lower Cretaceous strata to 
determine valid oil-to-source rock correlations in North Iraq.  Two subfamily carbonate oil 
types-one of Middle Jurassic age (Sargelu) carbonate rock and the other of mixed Upper 
Jurassic/Cretaceous age (Chia Gara) with Sargelu sources as well as a different oil family 
related to Triassic marls, were identified based on multivariate statistical analysis (HCA & 
PCA).  Middle Jurassic subfamily A oils from Demir Dagh oil field correlate well with rich, 
marginally mature, Sargelu source rocks in well Mk-2 near the city of Baiji.  In contrast, 
subfamily B oils have a greater proportion of C28/ C29 steranes, indicating they were generated 
from Upper Jurassic/Lower Cretaceous carbonates such as those at Gillabat oil field north of 
Mansuriyah Lake.  Oils from Gillabat field thus indicate a lower degree of correlation with the 
Sargelu source rocks than do oils from Demir-Dagh field. 
 
Palynofacies assessments are performed for this studied succession by ternary kerogen plots 
of the phytoclast, amorphous organic matters, and palynomorphs.  From the diagram of these 
plots and maturation analysis, it could be assessed that the formations of Chia Gara and 
Sargelu are both deposited in distal suboxic to anoxic basin and can be correlated with 
kerogens classified microscopically as Type A and Type B and chemically as Type II.  The 
organic matter, comprised principally of brazinophyte algae, dinoflagellate cysts, spores, 
pollen, foraminifera test linings, and phytoclasts in all these formations and hence affected with 
upwelling current.  These deposit  contain up to 18 wt% total organic matters that are capable 
to generate hydrocarbons within mature stage of thermal alteration index (TAI) range in 
Stalplin’s scale (Staplin 1969) of 2.7-3.0 for the Chia Gara Formation and 2.9-3.1 for the 
Sargelu Formation. Case study examples of these oil prone strata are; one 7-m (23-ft) thick 
section of the Sargelu Formation averages 44.2 mg HC/g S2 and 439°C max (Rock-Eval 
pyrolysis analyses) and 16 wt% TOC especially in well Mk-2 whereas, one 8-m (26-ft) thick 
section of the Chia Gara and 1-m (3-ft) section of Naokelekan Formations average 44.5 mg 
HC/g S2 and 440°C Tmax and 14 wt% TOC especially in well Aj-8. One-dimension, petroleum-
system models of key wells using IES PetroMod Software can confirm their oil generation 
capability. 
 
These hydrocarbon type accumulation sites are illustrated in structural cross sections and 
maps in North Iraq. 
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Regional Trends in Jurassic Source Rock Maturity in Northern Iraq and Implications for 
Hydrocarbon Exploration in the Kurdistan Region  
 
Joseph M. English

1
, Laura Davies

2
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2
Fugro Robertson Ltd., Ty'n Y Coed, Llandudno, Conwy, LL30 1SA, UK  

 

While the vast majority (> 95%) of discovered hydrocarbon reserves in Iraq reside in 
Cretaceous and Tertiary reservoirs, numerous oil and gas fields have been discovered recently 
in deeper Jurassic and Triassic reservoirs in the Kurdistan Region of Iraq. The Jurassic and 
Triassic appear to represent separate and distinct petroleum systems, each with their own 
internal source rocks, reservoirs and regional top seals. Recent studies have indicated that the 
majority of oil discovered in the Kurdistan Region of Iraq to date is sourced from the Middle 
Jurassic Sargelu and Naokelekan Formations and the Upper Jurassic-Lower Cretaceous Chia 
Gara Formation, while oils discovered in Triassic reservoirs in NW Iraq are compositionally 
distinct, and sourced from organic-rich layers within the Upper Triassic Kurre Chine Formation. 
As many of the hydrocarbon discoveries within this region are situated on relatively recent 
compressional structures formed during the Zagros orogeny, it is probable that relatively short-
distance migration and charge occurs from the adjacent synclinal lows. Therefore, it is 
hypothesized that regional first-order trends in Middle and Upper Jurassic source rock maturity 
should show a close correlation to the spatial variation of the maturity of the oils discovered in 
the overlying Jurassic (and Cretaceous) reservoirs. Understanding this first-order spatial 
variation in thermal maturity of Jurassic and Triassic source rocks will not only be of value in 
the prediction of hydrocarbon fluid type within the adjacent reservoirs, but will also have 
implications for the types of hydrocarbon fluids that have yet to be discovered within the deeper 
Paleozoic section.  
 
Triassic and Jurassic source rock data (TOC and Rock Eval) from old well cuttings and 
outcrops have been compiled from the literature, and this dataset has been augmented with 
additional source rock outcrop samples taken from a series of field visits to the region. These 
data have been screened to remove non-source samples, and to remove samples that may 
have been contaminated with bitumen or drilling fluids. These data indicate that the Jurassic 
Sargelu, Naokelekan and Chia Gara Formations are regionally extensive, and have excellent 
source rock potential. The Sargelu and Naokelekan Formations are characterized by highly oil-
prone Type I-II organic matter, while the younger Chia Gara Formation is characterized by oil-
prone Type II organic matter; all are likely to have generated significant volumes of oil where 
they have reached sufficient thermal maturity. Jurassic thermal maturity in the region ranges 
from slightly immature to over-mature; in regions with the highest thermal maturity, it is 
expected that all Jurassic-sourced oils will have been thermogenically cracked to gas unless 
they have migrated into shallower Cretaceous and Tertiary reservoirs prior to peak burial. Less 
data are presently available for the Triassic source rocks, which may have a patchier 
distribution across the region. Where data are available, Triassic source rocks display a slightly 
higher thermal maturity than the shallower Jurassic source rocks, have moderate- good source 
rock potential, and are dominantly characterized by oil-prone Type II organic matter.  
 
In general, source rock maturity increases from the SW to the NE due to the increased burial of 
the source rocks beneath the northeastward-thickening Tertiary sedimentary wedge deposited 
in the foredeep of the developing Zagros fold and thrust belt. Additionally, there is an along-
strike increase in thermal maturity from the NW to the SE, due in part to thinning of the Upper 
Jurassic-Cretaceous section over the Mosul High to the northwest, and due in part to the 
thickening of the Tertiary foredeep sediments into a depocentre located in the southeastern 
part of the Kurdistan Region of Iraq and in the adjacent Iranian Zagros. This southeasterly 
increase in Jurassic source rock maturity is also reflected in the hydrocarbon fluid types 
discovered in Jurassic reservoirs along this trend: medium gravity oils (18-26° API) in Shaikan 
and Atrush to the northwest, light oil (44-47° API) in Bina Bawi, and gas condensate (55° API) 
in Miran West to the southeast. Understanding thermal maturity patterns and hydrocarbon fluid 
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type distributions should help to guide risk assessment for remaining prospects and future 
exploration drilling. 
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Potential Hydrocarbon Plays within the Triassic Strata of the Kurdistan Region, Northern 
Iraq 
 
Fadhil N. Sadooni, Research office, Qatar University, P. O. Box 2713, Doha, Qatar 
 
Talk to be given by Andy Horbury 
 

Triassic strata of Kurdistan region may have higher hydrocarbon potential than envisaged 
before. Exploration activities had indicated the presence of significant hydrocarbon potential in 
the west and western central parts of the region in addition to the new discoveries in Shaikan 
Field. The presence of sandstones in Metiaha and halite in Qara Chauq suggest that much of 
the past exploration effort was focused on the shallower part of the basin. Published data from 
southern Turkey, Jordan, Iran and Oman indicate the presence of well-developed microbial, 
sponge, coral and algal buildups with oolite shoals within the Triassic sediments. Such buildups 
are possibly found in Kurdistan region too. Much of the anticipated porosity and permeability 
could result from dissolution of the less stable components in the buildups facies as well as 
dissolution of evaporite cement in dolomites.  Since the source of the Triassic oil is an ongoing 
controversy, the presence of extensive areas covered with microbial mats may prove that the 
Triassic is a self-sufficient petroleum system and provide some answers to this dilemma also. 
The association of microbial mats with different types of evaporites and the extensive 
diagenesis make it difficult to delineate easily such plays from geophysical data.           
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Keynote Speaker: Reservoir Geology along the Zagros Fold-Thrustbelt 
 

Andrew Horbury, Cambridge Carbonates Ltd 

 
The Zagros-Tauride fold-thrustbelt is one of the oldest studied and exploited petroleum 
provinces of the world. Modern commercial discoveries began in Iran (Masjid-i-Suleiman, in 
May 1908) and Iraq (Kirkuk, October 1927).  These marked the beginning of a period of prolific 
development, with a relatively open exchange of technical information that largely ignored 
national boundaries.  With the onset of nationalisation in the 1950’s-1970’s and various 
conflicts of following years, our understanding of the basin and its reservoirs has generally 
been much more piecemeal. Recently, however, plate-wide approaches in terms of 
stratigraphy (e.g. Sharland et al., 2001) and the ability to build large map-based datasets, have 
proven useful in understanding regional reservoir distribution, allowing a properly integrated 
and predictive view of platform distribution across the whole fold-thrustbelt.  
 
By way of contrast with ‘stable’ Arabian Plate interior stratigraphy and its petroleum/reservoir 
systems, the more tectonically active Zagros margin can now be seen to be highly complex, 
not least because of its diverse underlying (pre-late Neogene deformation) structural elements. 
Perhaps the major factor on prediction of reservoir presence and petroleum potential depends 
on an understanding of unconformities within the stratigraphy and how these surfaces interact 
with structural elements along the whole margin.  Many very significant unconformities both 
destroy reservoir potential by removing regionally-widespread reservoir and source rocks, such 
as much of the Middle and Late Jurassic in NW Iraq, as well as providing new reservoir 
potential where karstification of carbonates has enhanced reservoir properties, e.g. the 
Oligocene reservoirs in the Kirkuk Field. Thick and often localized deposition of formations 
often took place in basins intervening between unconformity-dominated palaeohighs.  A lack of 
appreciation of the significance of these basin-wide unconformities and consequent careless 
application of formation names, has (amongst other factors) also led to extreme 
lithostratigraphic confusion and has hindered the development of basin-wide stratigraphic 
schemes.   
 
Unusually for a compressional margin, the initial Cenozoic closure of Tethys in the Zagros area 
was a relatively slow and gentle process, leading to only relatively minor production of flyschoid 
sediment derived from older carbonate-evaporite rock terrains.  Such sediment input was 
dominantly fine-grained and left significant unfilled accommodation space.  Consequently, 
healthy carbonate platform development continued through the early period of foreland 
development on both the SW and NE margins of the basin, a feature not recorded within other 
fold-thrustbelts that exhibit more dramatic histories (e.g. the Himalayan and Alpine belts).  As 
the basin closed, access to fully marine waters diminished and significant thicknesses of 
evaporites were deposited, at first interbedding with and then top-sealing the main Cenozoic 
carbonate reservoirs; whilst later loading by molasse resulted in rapid maturation of source 
rocks.  Early oil production in the basin was thus from these shallow reservoirs, principally the 
Asmari carbonates and equivalents of Oligo-Miocene age.  It was recognised early on that 
these reservoirs are complex and commonly in their lower parts, show strong progradation of 
slope and reef systems on an intra-anticline scale.  Higher stratigraphic levels commonly show 
intercalated carbonate-evaporite stratigraphies in which the reservoirs are isolated from one 
another.  Locally developed clastic reservoirs on the SW side of the basin, are related to input 
of sediment from thermal doming on the SW plate margin, rather than being sourced from the 
orogenic front; indeed, clastic reservoirs related to the compressional margin have been of 
limited interest to date and mainly occur in the younger Neogene stratigraphy.  Slightly older 
Cenozoic plays that were left uninvestigated during early exploration have proven to be 
worthwhile objectives in recent years, notably the carbonate shelf facies of the Pila Spi 
Formation (Eocene) (e.g. in Tawke and Taq Taq) with some additional production from small 
buildups in SE Turkey (Sinan, Silivanka fields).  These reservoirs are usually only productive in 
the outer parts of the foldbelt because they requires the presence of viable Middle Miocene 
caprocks, which are not in anhydritic facies in higher parts of the Zagros. 
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At Upper Cretaceous stratigraphic level, understanding the development of a strike-slip/pull-
apart basin system is of importance for reservoir development.  Wide areas of the folded zone 
are now known contain anticlines that have a largely inversion origin (e.g. jebels Sinjar and 
Abd-el Aziz), after basins of this age (with possible Triassic precursors).  Structures (e.g. Ain 
Zalah  and Butmah) commonly contain basinal carbonate reservoirs in which production is 
obtained from oil-saturated fractures within otherwise irreducible water-saturated matrix 
porosity systems.  Wells placed on the anticline crest are thus by definition testing former 
basin-centre facies whilst better reservoir quality shelfal facies may be found on untested 
footwall blocks (now within synclinal areas). Reserves can also be present within stratigraphic 
to combination traps, as has been proven in the Massive Limestone of NE Syria (e.g. 
Karatchok, Rumelan, Souedie) and its equivalents in SE Turkey (e.g. Magrip, Garzan, Raman) 
and by the breached accumulation at Aqra in Iraqi Kurdistan.   
 
Mid-Cretaceous reservoirs of the Qamchuqa/Sarvak formations are productive in both Iraq 
(notably Jambur, Kirkuk, and Bai Hassan) and Iran (Agha Jari and Mansuri amongst others). 
For their success these almost always rely upon the development of regionally important 
dolomite bodies; despite this, productivities are usually not as good as for the Asmari group 
reservoirs.  Recognition of many of these dolomites as being hydrothermal in origin comes 
from Iran, with the discovery and appraisal of the Azar and Chelugeh West fields, which was 
based in large part on analogues of the dolomitized Sarvak Formation in the Anaran 
Mountains. It is probably worthwhile reviewing other examples of unusual dolomitization in this 
context, e.g. the Shiranish Formation in Taq Taq field. It would appear that the dolomite bodies 
developed during the main Neogene compression of the basin (Late Miocene/Early Pliocene). 
 
Deeper Cretaceous to Permian reservoirs are relatively poorly understood.  They are 
economically important the inner parts of the foldbelt, where the higher regional seals are 
absent due to breaching of anticlines. Instead, Middle Jurassic to Lower Cretaceous 
bituminous marls and shaly limestones act as regional top-seals.  Historic production of lighter 
hydrocarbons was obtained from the Upper Triassic in Iraq (Butmah Field), fields in NE Syria 
(Rumeilan, Souedie) and Triassic-Liassic of Kabir Kuh, Veyzenhar in Iran.  Recent activity in 
the intervening parts of Iraqi Kurdistan has proven this reservoir system to be important, with 
discoveries reported from Liassic-Triassic reservoir units in Miran West and Shaikan.  Issues of 
note in these reservoirs are the presence of often thin porous productive dolomitic pay intervals 
that are interbedded with thick anhydrite (and sometimes halite) units, and the degree to which 
reservoir connectivity, producibility and pressure support is affected by fracturing. It would 
appear that depositional facies within intrashelf basins, was typically very low-energy and was 
interspersed with only occasional higher-energy facies that provide the best reservoir rock 
fabric. 
 
In summary, the Zagros fold-thrustbelt provides a unique example of a world-class petroleum 
province in a compressional setting where the bulk of the production comes from a surprisingly 
varied array of carbonate reservoirs, which have often only been properly tested in very small 
areas of the basin.  Future exploration and development activity should benefit from proper 
integration of reservoir data and play concepts along the whole margin; which suggests that it 
is likely to remain an area of great interest for a long time to come. 
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Input Into Reservoir Characterisation of the Application of Artificial Intelligence 
Techniques to Interpret Image Logs – An Example from a Well in the High Folded Zone 
of Northern Iraq 
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Image logs hold important information about the characteristics of reservoir units and they can 
supply insight on the rock texture, textural organization and porosity types and distribution. To 
reduce the subjectivity of the interpretation and cut the interpretation time we have used to 
interpret the image logs of an exploration well in Northern Iraq a new semi-automatic process 
based on an expert system that exploits image processing algorithms and clustering 
techniques to analyze and classify borehole images. This system extrapolates the maximum 
amount of information from the image logs by considering not only the surfaces that cut the 
borehole but also the textural features of the images. 
 
Once the image log is analysed the application of clustering techniques to the values extracted 
from the borehole images supply a consistent classification of the images and the propagation 
of this classification along the logged section. In this way, we can automatically extract rock 
characteristics. The final results of this process is a set of “image facies” identified along the 
image log obtained by a largely automated log interpretation, although some level of human 
interaction and correction is still necessary. 
 
The clustering process and the propagation of the classes along the logged section is very fast 
allowing an interactive approach, producing several scenarios with different number of classes 
and/or allowing a quick update of the image log interpretation once more data/knowledge is 
acquired. The different outputs have been used to frame the initial reservoir model of a recent 
discovery in the “High folded zone” of Northern Iraq. 
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Paragenetic Evolution of a Cretaceous Reservoir Sequence in Northern Iraq and Impact 
on the Distribution of Reservoir Properties 
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Diagenesis plays an important role in carbonate sequences because the circulation of fluids 
within these sequence can dramatically modify the characteristics and properties of these 
rocks. 
 
The characterisation of a complete paragenetic evolution in carbonate reservoirs is 
fundamental to understand the evolution with time of the pore network and the distribution 
within the reservoir of different petrophysical properties related to the different “reservoir 
facies”. 
 
To better distribute properties within the reservoir model a diagenetic study that included also 
geochemical and fluid inclusion analysis was carried out in a Cretaceous reservoir in Northern 
Iraq. 
 
The study was carried out in different steps:  

1) Petrographic analyses in transmitted light and cathodoluminescence in order to 
determine the mineralogical composition of the samples and to define the relative order 
of precipitation of the authigenic minerals (paragenesis). 

2) Fluid inclusions (fis) petrography to determine fis origin (primary, secondary, 
pseudosecondary, uncertain), composition (“aqueous” or “hydrocarbon”), and liquid to 
vapor ratios, with the aim of selecting appropriate samples for microthermometry; 

3) Microthermometry to achieve homogenization (th) and final ice melting temperatures 
(tm

ice
) 

4) Integration of the results with the other reservoir data 
 
The study highlighted the presence of 4 main cement types (pervasive dolomite, intergranular 
calcite, second phase of dolomites and late calcite) 
 

The main outcomes of the analysis can be summarised as follow: 
 

 The dolomites and the dolomitic cement formed at a temperature higher than that 
calculated with basin modelling related to a hydrothermal dolomitisation event(s) 
associated to the fault network present at that time 

 The late calcite precipitation occurred during cooling of the system with in some 
samples evidences of calcite precipitated from meteoric waters 

 Oil charging occurred at the same time of the dolomitisation event probably this 
happened at the same time of the maximum burial (Miocene Pliocene) 

 
The integration of these results with well log, seismic and core information allowed to better 
define the geological and reservoir models in particular introducing hydrothermal dolomites 
related to hot fluid circulating along the fault network.  
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Fracture and Dynamic Characterisation in a Stress-Sensitive Anticline at Miran West, 
Kurdistan 
 
John Gutmanis, GeoScience Ltd in association with Heritage Oil 
 

The Miran West structure is a NW-SE striking anticline controlled by a SW-propagating thrust 
with ramp and flat geometry and associated backthrusts. In common with other structures in 
the Simply Folded Belt it developed during the Mio/Pliocene collision of Arabia with Eurasia 
and retains an active contemporary stress field. This presentation describes how in-situ stress, 
litho-mechanical properties, and fracture distributions are intimately linked at Miran. When also 
linked with dynamic data it is possible to draw important conclusions which help to provide a 
rationale for development drilling.     
 
Wellbore-scale geomechanical models were constructed to approximately 4km depth within 
Miran using density logs, leak-off test data, and drilling records to constrain the 3 principal 
stress magnitudes, and image logs to identify the orientations of the two horizontal principal 
stresses. These show clear variations of stress regime with depth and with formation, from 
strike-slip to normal with a wide range of differential stress, together with changes in stress 
magnitudes and stress axis rotations at active faults.  When compared with open fracture 
distributions identified from the image logs (and calibrated with core observations) it is apparent 
that strong competent formations behave in a markedly different way to the weaker formations. 
This is shown primarily by variations in fracture intensity and orientation. Fracture apertures 
and fracture porosities as calculated from the image logs also reflect these changes.  The 
presentation will show how these observations of the coupled fracture and in-situ stress regime 
relate to dynamic behaviour as reflected by mud losses and test data.  
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Linking Of Porosity Evolution and Diagenesis to Sequence Stratigraphy in the Upper 
Cretaceous Carbonate Reservoir of Northwestern Iraq 
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Three of the upper Cretaceous formations "Gir Bir (Cenomanian-early Turonian, Wajnah (late 
Santonian) and Mushorah (early Campanian)" are studied in three wells in northwestern Iraq 
for their diagenesis and porosity evaluation in relation to sequence stratigraphic interpretation. 
The studied rocks are composed mostly of carbonates and marl ranging from outer shelf, rudist 
building back reef/shoal for the Gir Bir, to supratidal and outer lagoonal (shoal) for the Wajna 
and a relatively deep marine environment for the Mushorah Formation. Several diagenetic 
processes have affected on the studied rocks of which porosity resulted from dissolution 
affecting on the upper surface of the Gir Bir Formation in the form of Karst resulting in 
conglomerate and breccia formation. Other porosity types include; primary (inter and intra 
particle and fenestral) and secondary (intercrystalline, moldic, vuggy, channel and fracture) 
porosity (Figure 1). 
 

 
 
Figure 1: Types of porosity in the studied rocks. A, Core sample with fractures filled by hydrocarbons, 
Gir Bir Formation. B, fractures and conglomerates in the upper surface of Gir Bir Formation. C, 
Intergranular, Gir Bir Formation. D, moldic, Gir Bir Formation. E, Dolomite in the pores resulted from 
dissolution in rudist wall,+ Gir Bir Formation. F, Interparticle, Gir Bir Formation. G, Fenestral porosity, 
Mushorah Formation. H, Channel porosity filled by hydrocarbons, Mushorah Formation and I, SEM 
image for microfractures in the Gir Bir Formation. 
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The studied succession is divided into three zones (A, B, and C) based on shale content and 
Gamma ray log data (Figure 2). Zone (A) characterized by high shale content and low porosity 
(2-15%); zone (B) has low shale and porosity of 5-25% specially in the upper part of the zone 
where fractures dominate, whereas, zone (C) contains high shale and low porosity except the 
lower part where it reaches 15%. According to these data, the reservoir units are the zone (B) 
that could be recognized as fracture reservoir and the lower part of the zone (C). geochemical 
analysis of the oils in the studied wells reveal that they are of low sulfur content (0.1-0.2%) and 
are Paraffinic-naphthenic oils, medium density with high TOC content mainly for Mushorah 
Formation. Succession of the zone B coincide with the upper parts of the high system tract so it 
can be regarded as the main reservoir unit of the study area where moldic and fenestral 
porosities are common. 

 
 
Figure 2: Depth relationship with 
total porosity (green); effective 
porosity (red) and primary porosity 
(yellow) of the three studied wells 
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Complex, Two-Phase Dolomitisation in the Miran West Anticline, Kurdistan 
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A focussed diagenetic study on cores from the Miran West 2 well has recognised over 30 
diagenetic events which have modified the original Cretaceous sediments. Of key importance 
is the recognition of 2 dolomite events: 
 

1. An earlier (pre-chemical compaction) dolomitisation which is considered to be shallow 
burial in origin. These are very fine to finely crystalline in nature, and occur as scattered 
rhombs within limestones, or as thin dolomite bodies. The dolomites are too finely 
crystalline to be analysed by fluid inclusions, but based on the paragenetic sequence 
and semi-quantitative analyses from oxygen isotopes, it is likely they were precipitated 
from pore waters <85°C. 

2. A later, coarser dolomitisation event is clearly related to the development of faults, 
fractures and vugs. The dolomitisation is closely associated with highly corrosive pore 
fluids which have created features such as large dissolution vugs, and dissolution 
collapse breccias. Hydrofracturing has been responsible for creating features such as 
floating clast breccias, zebra dolomites, and provides the conduits for Mg-rich pore 
fluids which enabled the dolomitisation of the host rock. Fluid inclusion analyses 
indicated that these dolomites precipitated from pore waters that had temperatures 
typically between 130-150°C, with highly variable salinities. Carbon and oxygen isotope 
analyses confirm precipitation in high temperature conditions.  

 
Late, locally pore-occluding calcite cement patchily occurs as intercrystalline cements in the 
dolomites, but also lining vugs and partially occluding tensional shear gashes. Fluid inclusion 
analysis indicates the calcite cements were precipitated from fresh pore fluids with 
temperatures below 80°C. The lower temperature limit is undefined, but could be near surface, 
with the proviso that the system was always phreatic. Carbon and oxygen isotope analyses 
reveals highly negative δ18O and δ13C signatures, again reflecting the fresh, relatively cool 
nature of the pore fluids. The late calcite cements have therefore been precipitated from 
meteoric waters, and the most plausible explanation is that these meteoric waters are in fact 
recent to present-day. Present day salinities within the Cretaceous pore waters are 0.9 wt % 
NaCl equivalent, which is a meteoric cell of water which extends some 1.5km in depth in what 
is a currently active structure.  
 
All samples examined for fluid inclusions contained petroleum inclusions. The timing of the 
major charge largely occurred after the main dolomite precipitation and before late calcite 
precipitation. 
. 
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Why Folding Style Varies In The Zagros Orogenic Belt? 
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Introduction  
 
The Zagros Mountains, geographically elongated from NW of Iran to Strait of Hormuz, are 
situated within the general context of the convergence between the Arabian and Eurasian 
plates (Fig.1). The Proterozoic-to-Recent sedimentary cover has been detached from the Pan-
African basement and folded. The folds in this belt host giant hydrocarbon accumulations at 
different geological levels and better understanding of their geometry and kinematic evolution 
have crucial importance to promote exploration activities in the area.  
 
In last decade Zagros fold belt has undergone extensive investigations, from which a general 
understanding of prominent structural characteristics and involved deformational processes 
have emerged (Sherkati & Letouzey 2004, Molinaro et al 2004, Sepehr et al 2006, Verges et al 
2011. Jahani 2009).The mentioned works mostly concentrated in specific areas of the belt. The 
aim of this paper is to integrate achievements from different parts of the belt and to present an 
overview regarding controls on folding style through the belt. Meanwhile additional new 
available data (Seismic lines and well information) is used to improve interpretation.  
 

 
Fig. 1. Different structural zones and main structural boundaries are shown on Digital Elevation model of 
the Zagros orogenic belt. 

 
Results 
 
More or less equal folded wide (250 to 210 Km) along more than 2000 Km strike of the belt 
indicate efficient decollement unit propagate deformation forward.  But meanwhile distinct 
contrast in deformation style from tightly folded strata to broadly folded anticlines and different 
wedge taper could be seen in the Zagros. Sedimentary facies and thickness variation in 
addition to the pre-existing structures (Cretaceous N-S folds and salt domes) are the main 
factors controlled fold geometry, mechanism and localization. From east to west Fars, Central 
Zagros (Dezful Embayment and Izeh zone) and Lurestan are the main tectono-sedimentary 
subdivisions of the belt (Fig 1).  
 
Fars salient shows detachment folds well propagated SW ward and could be divided to three 
distinct zones (North Fars salt basin (NFSB), Prolongation of Qatar high and southern Fars salt 
basin (SFSB)). The highest value of wavelength to length ratio among the belt and irregular 
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strike are geometrical characteristics of folds in SFSB. Presence of thick halite at the base of 
sedimentary cover and thick Paleozoic sediments are the main reasons for this specific fold 
styles. Presence of pre-existing salt domes and accumulation of thick sedimentary pile in 
subsided mini-basins in between localized thrusts and folds initiation and development. Despite 
of the same Triassic facies almost at entire Fars salient, this formation involved as a 
decollement level mostly in prolongation of Qatar high. Probably thinner Hormuz complex in 
this region blocked folding along deeper decollement and shortening accommodated by 
activation of this intermediate soft unit. Absence of pre-existing salt domes in Qatar high 
favored development of regular folds more or less parallel to the belt. In NFSB again because 
of thick halite at the base, Dashtak formation did not involved in folding as intermediate 
decollement level. Wedge taper at this salient is the least at the belt. 
 
Central Zagros could be divided to Izeh zone and Dezful Embayment and High Zagros with 
some Hormuz salt diapirs. Wedge taper in Central zagros is two times higher than Fars. Less 
thick or absence of basal halite in Dezful Embayment increased friction at the base of 
sedimentary cover, and formed asymmetric anticlines with SW ward vergence separated by 
wide synclines. 3Km difference in elevation between Izeh zone and Dezful Embayment could 
be an indication of basement involvement in southern border of Izeh zone. In Izeh zone, tight 
folded structures are dominant. Vertical and Lateral facies change of sediments in Central 
Zagros complicated fold geometry and favored development of satellite structures around main 
anticlines. Inherited Arabic trends (Kazerun and Hendijan etc) well recognized in this part of the 
belt, where Zagros folds usually plunge to this pre-existing structures and do not cross them.  
 
Further to the northwest, Lurestan salient consist of different fold geometries. Lateral and 
vertical facies variation is also the main reasons behind structural style variation in this domain. 
Disharmonic folding is the dominant fold style at central part of Lurestan because of dominant 
basinal facies of sediments. Dominant platform condition of Mesozoic sediments at southern 
part of the Lurestan zone, probably played the role of obstacle against folding and favored 
development of salient form of the zone. More than 3 Km difference in elevation between 
Lurestan and southern low lands covered by Neogene sediments shows probable involvement 
of basement in deformation.  
 
Uplifted basement accelerated erosion in Izeh and Lurestan compare to Dezful Embayment 
where subsidence and deposition of thick Fars group happened. Gachsaran Fm. south of this 
border played role of upper decollement level separate lower formations from passively folded 
and faulted Neogene strata.   
 
Conclusions 
Shortening despite of almost equal fold wide in Zagros differently accommodated along the 
belt. Dominant Platform condition, thickness variation of basal halite and Paleozoic sediments 
and pre-existing salt domes in Fars domain, Lack of Hormuz salt in Central zagros, 
sedimentary mechanical contrast and inherited N-S structures in Central Zagros and prominent 
basinal facies sediments and its rapid vertical and horizontal variation in Lurestan are the main 
reasons behind structural style variation through the belt. 
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Why Throw Away Good Data?  The Use of Long-Offset, First-Break (Refraction) Seismic 
Data in Hydrocarbon Exploration of the Zagros Foldbelt, Kurdistan 
 
Paul Lovatt-Smith, New African Global Energy (NewAGE) 
 

Although refraction (first break) data from near offsets are commonly used for statics correction 
in seismic processing, data from longer offsets are almost always discarded.  Yet these data 
contain accurate and useful interval velocity information which can be modelled in depth with 
the help of computerised tomography.   The results of a seismic survey over a surface anticline 
in the Khalakan Block, Zagros Foldbelt, Kurdistan, designed to obtain both reflection and 
refraction data, show the value of long offset refraction data for hydrocarbon exploration in an 
area where reflection data is sometimes of poor quality.  A straight 2D seismic line aligned in 
the dip direction was recorded over the anticline using a single live receiver spread over its 
entire 18km length.  In all other respects, acquisition parameters were conventional.  As had 
been expected, the quality of the reflection signal is severely degraded in parts of the line 
where there are steep dips, steep topography or outcropping hard carbonates.  However first 
break (refraction) data are present throughout the line and out to maximum offset, with some 
variation in quality.  First breaks were picked by hand and an interval velocity vs depth model 
was produced by iterative tomography.  This work was carried out by Geopro GmbH of 
Germany on behalf of GPK.  The model extends to a depth of up to 3000m below surface and 
shows good correlation with the surface geology, structural models and offset well velocities.  
This refraction velocity model was incorporated into the subsurface prospect mapping and was 
also used to guide velocity modelling in time and depth processing of reflection seismic.  An 
exploration well, Khalakan-1, was subsequently drilled and tested all target horizons in an 
optimal, crestal structural position.  In this instance the incorporation of long offset refraction 
seismic data contributed significantly to the subsurface imaging and successful drilling test of a 
complex geological structure. 
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Importance of Seismic Forward Modelling and Imaging in the Exploration of New Plays 
in Zagros Fold and Thrust Belt 
 
Behzad Alaei, Rocksource ASA 
 

Introduction 
 
Seismic data has been used for hydrocarbon exploration in Zagros Fold and Thrust Belt 
(ZFTB) since 1927. Reflection seismic data has been routinely collected and used to identify 
hydrocarbon traps. As the seismic acquisition and processing techniques developed, more 
seismic data acquired over ZFTB. Several modern 3D surveys acquired in the last 15 years 
and data has been used for both exploration and development planning studies. The quality of 
seismic images from ZFTB, like other fold and thrust belts are not good enough to draw a 
complete picture of the subsurface in particular the deeper levels. Therefore structural 
interpretation of reflection seismic data is dependent on structural styles (Alaei, 2005; Bally; 
1983). The reliance on structural styles is necessary in view of the fact that the quality of 
seismic images of structures of ZFTB is poor. Seismic images usually show parts of the stratal 
geometry while other parts show either a lack or confusing overabundance of reflection signals 
(Figure 1a) (Lingrey, 1991). 
 
One of the main problems in seismic imaging of fold and thrust belts is revealing the detail 
internal geometry of the structures. Most of the structures with simple geometry have already 
been discovered and there is a need to apply seismic imaging technology on more complex 
and possibly deeper structures. The demand for more energy together with challenging 
remaining resources require advanced technologies to be applied in complex geological 
settings such as ZFTB. The ultimate goal of seismic data processing is to recover an image of 
the subsurface geological structure. In this abstract I will present two examples of applying 
seismic forward modelling and seismic depth imaging. Seismic forward Modelling has been 
applied to test a new play concept and advanced integrated depth imaging applied to improve 
seismic data quality of two complex faulted structures which revealed more structural detail 
from the area between the two structures. 
 
Example 1 Seismic forward modelling 
 
In complex geological settings seismic modelling is a valuable technique to verify seismic 
interpretation, test different processing workflows and design efficient seismic surveys. Alaei 
(2005) carried out 2D forward seismic modelling along the interpreted structural cross section 
constructed by Mapstone (1978). Part of the 2D model crosses the first discovery in Iran 
(Masjed-e-Suleiman anticline-MES). Figure 1a illustrates 2D seismic line that goes over MES 
structure. The interpretation of deeper part of this structure (shown by blue rectangle in figure 
1a) was mainly based on the considered structural style. Major thrust fault interpreted in the 
core of the anticline has the potential for subthrust play. Mesozoic and older strata (from 
hanging wall block) are thrusted over the younger Tertiary-Cretaceous units (footwall block). 
Oligo-Miocene Asmari Fm can be the primary target of such subthrust play. The modelling 
objectives were to investigate the validity of the interpretation and also to find out the optimum 
seismic migration aperture to clearly image the dipping (ramp) segment of the thrust fault. 2D 
model geometry is constructed using interface-based model building approach (Alaei, 2012) 
and 2D Image Ray Tracing (Hubral, 1977) has been used to create seismic response of the 2D 
model. This ray tracing mode is an approximation of time migrated section. The modeled 
seismic response (figure 1b) matches with the observed reflectivity from real seismic data 
(figure 1a). Although the interpretation of such complex setting is not unique but seismic 
modelling results confirm the interpretation of younger beds buried under older strata and the 
possibility of a subthrust play. The seismic migration aperture used for the modelling is more 
than twice larger than the one used for processing of the real seismic data and therefore, 
image quality from the dipping part of the thrust fault has been improved. 
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Figure 1 a-left) 2D seismic section that goes over MES structure. The area within the blue rectangle is 
the deeper section of MES with interpreted thrust plane (red line). A possible subthrust play is 
interpreted below the thrust plane. b-right) Time migrated seismic synthetic response. 
 

Example 2 Improved seismic imaging 
 
In this example Prestack Depth Migration (PSDM) method applied to 3D seismic data from 
mountainous area of Parsi and Karanj structures. In ZFTB one of the flanks of anticlines is 
usually steeper than the other and cause significant challenge for seismic imaging. This poor 
image quality of steeper flank can be interpreted either as faulted flanks or very 
steep/overturned flanks. The geologically constrained Kirchhoff PSDM has been carried out 
and the input velocity model for the migration has been generated using multiple structurally 
consistent reflection tomography (Alaei, 2006). Seismic interpretation of horizons 
 

 
 
Figure 2 a-left) Kirchhoff PSDM imaging of Parsi anticline. The chaotic reflectivity to the left of the line 
illustrates the heterogeneous beds above Asmari Fm. b-right) Interpreted PSDM section. The green 
picked horizon corresponds to top Asmari and the smaller structure to the left was identified as an 
exploration target. 

 
and major faults used to create solid geological model for running model based tomographic 
velocity update. Figure 2 illustrates the PSDM results from Parsi anticline. It is clear that the 
steep flank of the anticline is not faulted at the flank and improved imaging has also revealed 
another exploration target that is separated from the Parsi anticline with a thrust fault (figure 
2b). Different methods of imaging have been tested (Alaei & Pajchel, 2006) to investigate 
image quality at the steep flank of the structure. By constraining the Kirchhoff PSDM with hard 
geological information we have achieved results that are significantly more useable than those 
from conventional seismic imaging approaches. 
 
Conclusion 
 
To illustrate the advantages of seismic forward modelling and advanced prestack depth 
imaging applications in complex settings like Zagros fold and thrust belt two examples have 
been presented. The modelling study showed the subthrust play potential in the area and also 
helped to improve seismic processing (migration) parameters. Seismic forward modelling has 
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been extensively used elsewhere and there are synthetic datasets such as SEG overthrust 
model of Husky model to test different imaging methods of seismic data from complex fold and 
thrust belts. It can certainly be used in Zagros fold and thrust belt for testing different 
interpretation models. The PSDM imaging method is also necessary since conventional time 
imaging methods are not capable of dealing with lateral velocity variations and complexities of 
fold and thrust belts. 
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Influence of Pre-Existing Late Cretaceous Extensional Faulting on the Origin and Extent 
of a Pliocene-Age Triangle Zone in the Zagros Mountain Belt of S.E. Kurdistan 
 
Normand Bégin, Talisman Energy Inc., Calgary, Alberta, Canada 
 

The Kurdistan Region of northern Iraq lies within the Kirkuk Embayment of the Zagros Orogen, 
which resulted in the closure of the Thetys Ocean from the Middle Cretaceous to present time. 
Six weeks of field geological mapping were carried out in the Baranan, Qara Dagh, Bazian and 
Aj Dagh mountain ranges area in 2009 and 2011. The area of interest is dominated by NW-SE 
trending broad open synclines and narrow anticlines, where Upper Miocene- to Pliocene-age 
shallow marine mixed siliciclastic units (Fars to Baktiari Fms.) and Eocene-age lagoonal facies 
carbonates (Pila Spi Fm.) outcrop respectively. Northeast of the Baranan Range, Mesozoic 
carbonaceous units were involved in megascopic-scale folding, dominating the hinterland 
physiography, such as the Pira Magrun and Azmar anticlines.  
 
Previously published geological maps in SE Kurdistan show little information about the 
vergence of surface anticlines/thrusts and their associated detachment levels. Field 
observations combined with recently acquired seismic and available well data in the Bazian, 
Qara Dagh and Baranan ranges and Kalosh Mountain areas have outlined the discovery in the 
High-Fold Belt of a Pliocene-age Triangle Zone, with Tertiary units invariably involved in 
hinterland-verging (i.e. NE) folds and thrusts, rooted off shales of the Paleocene Kolosh 
Formation. This contrasts further to the SW in the Foreland-Foothills Belt, where an earlier 
phase of deformation (Phase 1 at ~ 15 Ma, Mid-Miocene) was responsible for foreland-verging 
ramp anticline folding of Oligocene and Eocene carbonates, restricted between a regional 
Paleocene-level detachment and a Mid-Miocene unconformity (e.g. Topkhana & Kurdamir 
structures). Phase 1 deformation is also seen in the Aj Dagh mountains area. 
 
Phase 2 deformation took place during the Pliocene (at < 3 Ma), with SW-directed structural 
thickening of the Mesozoic carbonates, such as the Pira Magrun and Azmar anticlines, below 
the regional Paleocene-level detachment. Growth in structural relief of either the thick thrust 
sheets (i.e. under the Qara Dagh Range and Aj Dagh mountains) or antiformal culmination (i.e. 
under the Baranan Range) of Mesozoic carbonates was responsible for passive folding of the 
regional Paleocene level Upper Detachment and its exhumation in the High-Fold Belt, as well 
as folding of an early Pliocene-age detachment developed in Mid-Miocene Lower Fars 
anhydrites. Seismic data in the Baranan Block confirmed the presence of a Triangle Zone as 
mapped in the field, where deformed Tertiary units have been passively folded and uplifted 
during the latest stage shortening of Mesozoic carbonates. On a regional scale, the SW limit of 
the Triangle Zone, with its hinterland-verging structures, coincides with an abrupt and 
substantial increase in thickness of the Late Cretaceous foredeep basin Tanjero Formation 
(marlstone-dominated section), from less than 100 m in the SW to well in excess of 850 m, 
located approximately along the foreland side of the Qara Dagh Range. It is believed that an 
extensional (growth) fault, namely the Tanjero Fault, was active during the Late Cretaceous 
foredeep basin evolution of the Zagros Orogen and responsible for the extra accommodation 
space and deposition of the much thicker Tanjero Formation. Inversion of this foredeep basin 
fault during the Pliocene-age compression of the Mesozoic carbonates would have acted as a 
buttress, forcing the hinterland vergence of folds and thrusts in Tertiary units, rooted from a 
detachment zone in the Paleocene Kolosh Fm. shales, and possibly too in the uppermost 
Tanjero Fm. marlstones. The Late Cretaceous extensional Tanjero Fault would disappear in 
the vicinity of the Delezah Gorge, where NW of it the thickness increase in the Tanjero 
Formation is gradual from SW to NE, as seen from well data at Chemchemal, Bazian North 
and Miran West, along with measured thicknesses in the field (Karim, 2004) The Triangle 
Zone, along with its associated hinterland-verging structures in the Tertiary section, would 
disappear to the NW of Delezah Gorge and before the Taq Taq area, where there is absence 
of a drastic thickness change in the Tanjero Formation across the depositional trend. 
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Anatomy of the Foreland Section of the Zagros Orogenic Wedge: Implications for 
Hydrocarbon Trap Geometries 
 
Graham Banks, Ke Lovan, WesternZagros Resources Ltd 
 

The Kurdish Autonomous Region of northern Iraq is attracting much attention from the oil and 
gas industry. The region has much potential to become a significant global energy player: 
resource estimate of 40 BBO and 60 TCF (U.S. Geological Survey, 2000); underexplored 
basin; favourable PSCs; recent discoveries of light oil pools. Wildcat drilling activity has 
increased considerably over the last five years, resulting in the announcements of major, new 
discoveries and the identification of various new play types. A number of large anticlines 
remain undrilled and there may be much opportunity for discovering hydrocarbons in 
stratigraphic and fault-bound traps.  
 
The Garmian geographic region is part of the tectonically active Zagros Foothills Fold and 
Thrust Domain. The outcrops range from Eocene age (in the Sangaw South window) to 
Quaternary age (across much of the Garmian PSC block). The land surface is dominated by a 
thick unit of clastic molasse in broad, gentle folds that is dissected by several, long, thrust 
traces. This lithology and the relatively gentle relief permit a well imaged seismic ‘picture’ of the 
subsurface. 
 
Interpretation across the Sangaw-Kurdamir-Garmian-Topkhana area displays how this region 
of N.E. Iraq is part of the Zagros Orogenic Wedge. The internal structure of the orogenic wedge 
is more complex than surface structure indicates. Orogenic wedge evolution has been 
accommodated via the formation of a stack of nappes and hinterland-dipping, connecting splay 
duplexes. Folding, faulting and uplift of early formed thrust sheets has occurred during 
progressive structural thickening of the orogenic wedge. Some hydrocarbon traps are likely to 
have been reshaped by multiple folding/thrusting episodes in underlying duplexes. Extensional 
faults cutting the Mesozoic stratigraphy have been inverted to varying extents, and there are 
also indications of strike-slip movement. Decoupling of thrust sheets by multiple decollement 
surfaces, e.g. The Kalar-Kirkuk Thrust, means that predicting reservoir anticline locations is 
unlikely to succeed when using the surface structural configuration alone.  
 
The interpreted stack of connecting splay duplexes makes the Garmian region very attractive 
for hydrocarbon exploration. Traditionally sought-after four-way dip anticlines may simply 
represent individual culminations within much larger fault-bound horses. Interpreting 
hydrocarbon traps as fault bound horses can explain how oil columns extend significantly 
deeper than the limit of seismically mapped four-way dip closures, e.g. in the giant Kurdamir oil 
discovery. Applying the fault-bound horse model to prospect mapping may enable identification 
of giant hydrocarbon traps/fields that could each encompass several anticlinal culminations. 
The fault-bound horse model also supports the presence of very large hydrocarbon columns 
that extend beyond traditional four-way dip closure spill point limits. 
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Structural and Stratigraphic Observations in the Dinarta and Shackrok Blocks of North-
Central Kurdistan and their Implications for Petroleum Prospectivity 
 
Luke Ferreira, Hess 
 

It is fair to say that the Zagros mountains expose the world’s biggest and most impressive fold 
structures  with, at least in the prospective external parts of the fold belt, little thrusting of any 
real consequence. They are the home of detachment folding. Throughout the whole of the 
range the wavelength and amplitude of the important folds indicates a deep detachment at the 
base of this ~10km  thick stratigraphic multilayer. In the Fars region of Iran and possibly also in 
Luristan,  this is likely to be the Hormuz salt but  in the Dezful and Kirkuk embayments the salt 
is not known to occur, and although the detachment  must be at comparable depth, its nature is 
obscure. Higher detachment levels at various within the stratigraphy give rise to minor 
irregularities in fold shape and to minor thrusts and gravity related extensional faults. In the 
area being considered, such subsidiary detachment levels seem to be at the top of the Jurassic 
and within the upper Cretaceous, mostly they are of little consequence. The significant regional 
dislocation at the level of the Fars evaporates is missing from the anticlines of Shackrok and 
Dinarta because of their erosion level  
 
Conventional, but common sense dip domain projection in the area suggests that the folds 
involve Triassic strata at least, i.e. the whole of the prospective Mesozoic section, and 
therefore there is very little risk that the Triassic petroleum system might be out of closure in 
the highly amplified central parts of the anticlines.  However, the structures are en-echelon 
periclines, with dramatic changes in amplitude along their hinges - one fold decreases in 
amplitude as its neighbour increases. This introduces some geometrical uncertainty in the 
areas where one structure give way to another. We discuss particular examples illustrating this 
important issue because, of course, these are the potential spill points.  
 
On the scale of the whole Kurdish Zagros there are the three plunge depressions which cross 
the fold belt, one just north west of the Luristan salient, one through Dukan Lake and one  
followed by the Zab river. Even though these are locally crossed unhindered by some of the 
anticlines, they reflect a lowering of the regional elevation of the enveloping surface of the fold 
trains. The ‘highs’ coincide with salients in the mountain front and could reflect basement 
elevation (maybe inversion partially utilising  presumed north-south trending basement 
fractures) or changes in the efficiency of the basal detachment, or they could be  the structural 
expression of a thicker stratigraphic section, and suggest carbonate platforms in the Triassic or 
Lower Jurassic . The plunge depressions would reflect basins between the platforms, a 
geometry which could have significant impact on the regional petroleum system. Recent 
stratigraphic work in the Shakrok block has defined the broad limits of a potentially analogous 
platform in the Upper Cretaceous Aqra-Bakme formation. 
 
Also potentially significant  in the petroleum story is the widespread evidence of early fold 
development. On some of the anticlines it appears that the Miocene Pilaspi Limestone rests 
directly on Shiranish or Aqra Bekme with Kolosh-Tanjero,Kurmala and Gercus confined to the 
lows and overstepped towards the anticlineal crests, probably indicating fold growth through 
the Palaeogene.  The extent of this varies from place to place  - an important issue where we 
believe that maturation and potentially migration began in Late Cretaceous time. In the Dinarta 
block the thickness of Shiranish and Kolosh formations varies from 400m to nothing at all, and 
we explore this in detail in the context of the evolution of the foreland basin in Kurdistan.   
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The Bakhtiari Formation – A New Play Concept in the Foothills Domain of the Zagros 
Fold & Thrust Belt, Kurdistan Region of Iraq 
 
Scott Barron, Ke Lovan, George Pinckney, Graham Banks, Michael Tinkler, WesternZagros Resources 
Limited 
 

The Zagros Fold & Thrust belt is a prolific hydrocarbon province in which Mesozoic and 
Tertiary carbonate reservoirs predominate. WesternZagros has identified a new, shallow 
clastics play in the Pliocene Bakhtiari formation (also called the Mukdadaiyah and Bai Hassan 
formations)  in the southern part of the Kurdistan Region of Iraq within the foothills domain of 
the Zagros fold and thrust belt. The play has been generated from recent well data within the 
Garmian block, 2D seismic, geological outcrop studies, satellite imagery data and water well 
information. The Bakhtiari formation comprises coarse, thick fluvial conglomerates, litharenitic 
sandstones, siltstones and claystones that represent erosional products of the Zagros 
mountain belt (“molasse” of the old “Geosyncline” terminology) within a major coarsening 
upward sedimentary cycle. The Bakhtiari reservoir comprises shallow, laterally continuous, 
litharenitic conglomerates and sands, individual units of which are up to 12 m thick and which, 
from water well data, flow at an average rate of 6,000 barrels of water per day on pump. The 
Sarqala-1 and Mil Qasim-1 wells notably had hydrocarbon shows in the Bakhtiari formation.   
Top seals are provided by extensive intra-formational mudstones.  Post-Pliocene to Recent 
anticlines and fault-assisted closures form traps for hydrocarbon accumulations and 
stratigraphic traps are also likely. The southern Kurdistan region contains several Type II 
carbonate source rocks of Jurassic, Cretaceous and early Tertiary age, many of which are 
actively generating hydrocarbons today with present-day migration demonstrated by common 
active oil seeps. The main technical risks with the play are possible reservoir 
compartmentalization in the block-faulted crests of anticlinal traps and oil versus gas prediction. 
WesternZagros is planning a drilling campaign to evaluate the Bakhtiari play at Mil Qasim in 
the southern part of the Garmian block in late 2012. 
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Keynote Speaker: The Role of Inherited Pre-Collision Structures in the Deformation 
Style of the Zagros Fold-And-Thrust Belt 

 
Eric Blanc, R&DI Exploration Statoil 
 

The Zagros is an active fold and thrust belt resulting from the collision between Arabia and 
Eurasia. The convergence between Arabia and Eurasia is recorded from the Late Cretaceous 
to Quaternary. Ophiolite emplacement is documented in upper cretaceous sediments in several 
localities along the northeastern edge of the fold and thrust belt, fold and fault growth strata are 
reported in paleogene and neogene age beds and present-day GPS velocity measurements 
and seismicity records indicate an active deformation related to the N-S convergence between 
Arabia and Eurasia.  
 
Along the Zagros range, from northern Iraq to southern Iran, and across it, from the 
Mesopotamian foreland basins to the suture zone in the High Zagros, deformation styles, fold 
shapes and fold strikes vary. Some of these structural characteristics are controlled by the 
variations in mechanical layering of the sedimentary fills and the extent of weak detachment 
layers relative to the occurrence and thickness variations of more brittle units. Subtle variations 
in lithologies and their inherent mechanical strengths may have been dictated by earlier Zagros 
pre-collision precursor structural grains and their eventual reactivation through local and 
regional subsidence dynamics. But this role remains difficult to assess: in the region, the earlier 
deformation pre-dating the convergence is poorly understood and only a few structures in 
areas of higher elevations have been dissected deep enough to expose older sedimentary fills 
and basement. The quality of onshore seismic reflection data imaging the older stratigraphic 
levels is generally poor to very poor and seismology data is at best patchy. Seismogenic 
thrusts faults with magnitude above 5 are only documented along the lower areas of the range 
where regional elevations do not exceed 1250 m. Seismological work using the inversion 
method of large earthquakes records shows that hypocentral depths of these faults are deep, 
with slip surfaces rupturing typically between 3 and 20 km, and steep, as focal mechanisms 
indicate dips greater than 30° and striking NE and/or SW; they also appear to cross cut locally 
the detachment levels underlying the giant Zagros folds. What are these faults? How do they 
originate? Can these faults be linked to precursor structures? How do they relate to the 
overlying folds and fold growth strata? 
 
Several dissected anticlines in the Iranian and Iraqi Zagros provide outcrops where the 
relationship between the present-day deformation structures and precursor structures can be 
assessed; we present here some observations collected on these outcrops and review some 
implications at the light of complementary interpretations of seismic reflection examples and 
seismological data.  
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Relationship between Structural Style, Stress Field Evolution and Exploration Results in 
the “High-Folded Zone” of Zagros Fold-Thrust Belt (Northern Iraq) 
 
F.Arboit, R.Di Cuia, A.Riva, R.Bitonte, G.E.Plan Consulting, Italy 

 

In the last 10 years, the northern part of Iraq have received a constantly increasing attention of 
oil companies interested in new frontiers for hydrocarbon exploration in are region where the 
presence of hydrocarbons is confirmed by proved plays and abundant oil seeps.  
 
Most of the Iraqi reserves are and have been produced from the “foothill zone” and the new 
exploration has moved into the “high-folded zone”  of the Zagros thrust belt. In this domain of 
the Iraqi Zagros range most of the oil and gas discoveries lie into carbonate rocks reservoirs, 
such as the Cretaceous Qamchuqa Shiranish, Hartha and Kometan formations (all important 
carbonate fractured reservoirs), and the Teriary Fatha (Lower Fars) Formation (limestone 
dominated unit), the Jurassic Sargelu and Butmah formations and the Triassic Kurra Chine 
formations. 
 
Matrix porosity in this complex carbonate reservoirs is very low and the main oil accumulations 
are within the open fault and fracture network. For this reason a complete understanding of the 
structural framework and of the evolution of the stress field with time is fundamental to predict 
the faults and fractures network distribution, the potential hydrocarbon accumulations and the 
potential deliverability characteristics of the different units and structures. 
 
This study analysed the characteristics and the evolution with time of the structural framework 
of the of the High Folded Zone in northern Iraq and described the structural styles across the 
Iraqi Zagros. The interpretation is based mainly on a structural analysis made through remote 
sensing techniques with the integration of geological and geophysical subsurface data, 
stratigraphy, tectonic published information and present day stress field measurements.  
 
The main results of the study are the structural description and characterization of 29 
structures in the high folded zone of the Iraqi Zagros and the possibility to propose a model that 
relates the structural style of the structures, the Zagros stress field and the present day stress 
field with the exploration results in the area. 
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The Impact of Basement Architecture on the Structural and Stratigraphic Control of 
Prospects in the Southern Kirkuk Embayment, Kurdistan 
 
Andrew C. Newson
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, Peter Graham
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The Zagros is one of the oldest and richest oil and gas provinces in the world. For a variety of 
geopolitical reasons the NW end of this mountain belt, the Kirkuk embayment, has been under-
explored in recent years. It lies in Kurdistan, a province of Iraq. The focus of this talk will be this 
tectonic embayment and in particular the position of the Mountain Front Fault within it. 
 
The Zagros fold and thrust belt lies on the boundary of the Arabian and the Eurasian Plates. It 
is orientated SE to NW and runs from the Arabian Sea in south-eastern Iran to the Taurus fold 
and thrust belt on the Iraq Turkish Border. It is made up of three zones of variable width that 
run sub parallel with the Main Zagros Suture.  The most proximal zone to it is the High Zagros, 
which is followed by the Zagros Foreland and the Zagros Foredeep progressively as you 
progress towards the Mesopotamian block on the Arabian plate. Together they make up a zone 
of deformation about 300 km. wide and 2,000 km. long. 
 
The High Zagros is bounded by the Main Zagros Suture and the High Zagros Fault. It is at an 
elevation of 3000 to 4000 meters. It has duplexed Palaeozoic metamorphic rocks at surface 
with a structural wavelength of 10 to 15 km. Outboard of this is the Zagros Foreland that is 
bounded to the SW by the Mountain Front Faults. This is lower, with an elevation of 2000 
meters. The younger Paleogene, Asmari and Pila Spi carbonates are mapped at the surface 
with the structures being dominated by detachment folds with a wavelength of 3 to 4 km. Lastly 
the most distal zone is the Zagros Foredeep. It has an elevation of about 1000 meters. It has 
recent sediments at surface with Miocene rocks forming anticlines in the hanging wall of 
thrusts.  This zone has a more variable wavelength of about 20 to 40 km. 
 
The structural style of the area is the result of the Cainozoic continental collision between the 
two plates. This episode of shortening has affected a 10 to 12 km. thick sedimentary 
succession of Cambrian to Early Miocene platform sediments (mainly carbonates), the 
Gachsaran evaporites and the Mio-Pliocene foredeep clastic deposits. The direction of 
transport is NE to SW with the major anticlinal axis and faults orthogonal to this direction.  This 
fold and thrust belt is complicated by the interaction of an old deep seated strike slip system 
that runs NE to SW. It originates in the autochthonous basement of the Mesopotamian block in 
front of the Zagros and is seen as major lateral discontinuities and minor fracture swarms 
through out the Zagros Foreland and Foredeep. 
 
The width of the Foreland zone is variable. In map view there are two prominent re-entrants 
defined by the Mountain Front Fault. These are the Dezfur and the Kirkuk embayments.  
 
Within the south part of the Kirkuk embayment there are two major tectonic elements that 
significantly control the stratigraphy of the post Jurassic formations.  They are the regionally 
significant Mountain Front Fault and the less well known Amij Samarra Fault. Both of these 
have analogies in other parts of the Zagros Fold Belt both to the north west in the Kirkuk 
Embayment and to the south east in the Dezfur Embayment. 
 
The Mountain Front Fault originates in the middle Cretaceous as a normal fault which later 
becomes inverted. It traces a sinuous path and  runs NW to SE sub parallel to the core of the 
deformation belt. It provides a locus for the deposit of over thickened upper Cretaceous to 
Miocene formations. 
 
The Amiji Samarra fault is oblique to and interferes with the Mountain Front Fault. It acts as a 
secondary  locus of deposition for the Upper Cretaceous and Tertiary formations. Its age 
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relationship to the Mountain Front Fault is less certain but it controls the distribution of the 
Upper Cretaceous to Palaeocene formations. 
 
In summary, the stratigraphic and the structural history are closely linked in this part of the 
Kirkuk Embayment. The prospectively of the area has recently evolved with the discovery of a 
Tertiary oil source and a Tertiary reservoir in a basin that was only poorly defined by drilling up 
until 2011. 
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Lateral Fold Growth and Linkage in the Zagros Fold and Thrust Belt (Kurdistan, NE Iraq)  
 
Bernhard Bretis
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Geomorphology provides excellent markers to quantify the interactions between deformation, 
exhumation and erosion. In this study, we investigate lateral fold growth (i.e. parallel the strike 
of the fold axis) and fold linkage by means of tectonic geomorphology in order to understand 
compartmentalization of potential hydrocarbon reservoirs and spilling points of anticlinal traps. 
Based on the fact, that progressive evolution of the drainage patterns directly reflects the 
amplification and lateral growth of anticlines we analyse the fold growth and lateral linkage in 
the area NE of Erbil (Kurdistan, Iraq).  
 
The major portion of the shortening between the Arabian and Eurasian plates which is ongoing 
since the Miocene is accommodated by the Zagros fold and thrust belt. Whereas the 
southeastern parts of the belt have been thoroughly studied, the northwestern extent, being 
part of the Republic of Iraq, has not been in the focus of research until recent times.  
 
In particular we concentrate on the interaction of the transient development of drainage 
patterns along growing antiforms, which directly reflects the kinematics of progressive fold 
growth. If folds are amplifying and propagating laterally, complex river patterns develop which 
sometimes can reveal the history of lateral propagation and vertical growth. Detailed 
geomorphological studies of the Bana Bawi-, Permam- and Safeen fold trains show that these 
anticlines have not developed from single sub-cylindrical embryonic folds but they have 
merged from different fold segments that joined laterally during fold amplification. These 
segments, with length between 5 and 25 km, have been detected by mapping ancient and 
modern river course. The rivers initially cut the nose of growing folds until eventually getting 
defeated and leaving curved wind gaps behind. Our geomorphologic investigations of fold 
growth in the northeastern Zagros suggest two different scenarios for fold linkage: (a) Linear-
linkage occurs when embryonic fold segments are linearly aligned perpendicular to the 
shortening direction and join laterally to form sub-cylindrical folds that cannot be easily 
distinguished from a fold that developed from an single embryonic fold with a greater axial 
length; (b) En-echelon-linkage occurs when embryonic fold segments that are aligned en-
echelon to the shortening direction link to form a continuous structure. Mechanically, there 
must be a critical distance between two laterally propagating folds perpendicular to their fold 
axis, above which the growing folds pass each other without mechanical interaction and 
linkage, forming an antiform-synform train.  
 
The comparison of natural examples from the Zagros fold and thrust belt in Iraq with published 
numerically modelled fold growth patterns suggests that both linear-linkage and en- echelon 
linkage are mechanically feasible and are common processes during progressive shortening 
and fold growth. 
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Numerical Modelling of the Interplay between Surface and Tectonic Processes in the 
Zagros Foreland Basin (NW Iran) 
 
Vanessa Parravano, Eduard Saura, Jaume Vergés and Daniel García-Castellanos, Institut de Ciències 
de la Terra Jaume Almera-CSIC, Barcelona 

 
The evolution of the Zagros foreland basins is approached by coupled forward modelling of 
orogenic wedge formation, lithospheric flexural isostasy, erosion/ sedimentation and deep 
crustal and mantle deformation. Modelling results give quantitative insights of the processes 
involved in mountain building, while providing an interesting perspective on the evolution of 
foreland basins. 
 
The evolution of the Zagros Amiran and Mesopotamian foreland basins is studied along a 
transect based on two cross-sections across the NW Zagros belt in Lurestan (Vergés et al., 
2011) and the Mesopotamian basin in Iraq (Aqrawi et al., 2010). This transect includes, from 
NE to SW, the Sanandaj-Sirjan metamorphic Zone, in the Eurasian plate, and the accreted 
thrust sheets of the imbricated zone, the decoupled cover and basement of the simply folded 
belt and the Mesopotamian foreland basin in the Arabian plate. These units result from the 
protracted Late Cretaceous-Miocene Eurasia-Arabia convergence. Vergés et al (2011) 
estimated a minimum shortening of 180 km with an average shortening rate of ∼2mm yr−1 for 
the last 90 Myr, based on the restored geometry of the NE Arabian plate, including six different 
tectonosedimentary domains. 
 
Two main stages are differentiated in the formation of the Zagros orogen, the obduction and 
the collision stages (Ricou et al., 1977). The Late Cretaceous-Eocene obduction stage resulted 
in the accretion of the Imbricated Zone over the Arabian margin associated to the formation of 
Amiran foreland basin, with a width of 145 km and a maximum thickness of 2 km. The basin fill 
is characterized by a diachronous, shallowing upwards, mixed clastic-carbonate succession 
that deposited from Late Cretaceous to early Eocene, while prograding south-westwards at an 
average rate of ~5 mm yr-1(Saura et al., 2011). Subsequently, final oceanic closure and 
Arabia–Eurasia continental collision took place from late Oligocene to early Miocene (Agard et 
al. 2005). During this process, major lithospheric flexure resulted in the Mesopotamian 
foreland, with a width beyond 200 km and a subsidence in excess of 5 km, mainly filled by 
continental clastics. 
 
Two numerical models were used to study the Amiran and Mesopotamian foreland basins; 1) A 
geometric/kinematic thrust and fold modelling software (Move) and 2) the tAo lithospheric 
flexure and surface processes forward model. Geometric/kinematic modelling was used to 
obtain the thrust system parameters (geometry, displacement and sequence of emplacement) 
required by the process-based forward modelling, together with flexural, hydrological and 
erosion/sedimentation parameters, which were mainly determined from published data. 
 
We obtain the geometry of the fault thrust system and its sequence of emplacement using both 
backward and forward kinematic modelling of fault slip, adopting a vertical simple shear 
deformation and constrained by available timing data and current observed fault geometry. 
 
A pure elastic thin plate is adopted for isostatic calculations, whose behaviour is governed by 
its elastic thickness (Te). The best fit between the constraints imposed by the data and the 
modelled section was obtained considering lateral variations in the plate rigidity and the stress 
fields that range from Te values of 80 km under the Mesopotamian basin to values of 35 km 
under the Imbricate Zone and 20 km for the Oceanic crust. The lateral Te variation is key to 
simultaneously explain the flexure behaviour, the deviations in the record of vertical motions in 
the foreland basin and the infill geometries. 
 
Modelling results reproduce the Amiran foreland basin from 83 to 48 Ma, with a wavelength of 
140 km and a maximum sediment thickness of 2.2 km. The topography evolution of the 
hinterland remains below 2 km of altitude, reaching its maximum in the early stages and 
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progressively flattening by erosion. The vertical deflection under the Imbricate Zone reaches 5 
km during the last stages of thrusts sheet emplacement. Sedimentation continues for ~12 Myr 
after the end of the obduction, prograding outwards to complete the basin fill. A 2D 
conservative erosion/sedimentation budget is enough to fill the flexural basin with an average 
sedimentation rate of 45 m/Myr, in agreement with the restricted nature of the Amiran basin, 
transversally filled with sediments eroded from the adjacent Imbricated zone (Saura et al, 
2011). 
 
The Mesopotamian foreland basin is also reproduced by modelling results after 23 Ma, under 
the load of the Sanandaj-Sirjan zone and the thick basement unit below the obduction complex 
and the simply folded belt. However, a 2D conservative model only accounts for 40% of the 
sediments currently observed in the Mesopotamian wedge. Based on the current axial 
drainage network and associated sediment income in the Mesopotamian foreland basin, an 
additional sedimentation rate of 80 m/Myr is introduced in the model, accounting for 60% of the 
sediments in the basin. This also allows sedimentation to keep pace with subsidence, always 
remaining above sea level as is the case in the Mesopotamian foreland basin. 
 
The loading of the Iranian plate on top of the Arabian lithosphere is identified as the main 
process responsible for the vertical deflection of the Arabian lithosphere below the Imbricated 
zone, with a maximum of about 10 km, and maximum depth and width of the foreland basin of 
4 km and 200 km, respectively, in agreement with present day values (Aqrawi et al., 2010). 
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The external belt of the Zagros mountain chain and the adjoining Mesopotamian area possess 
the favourable conditions for the development of folds, that is: they are composed by a 
multilayer stratigraphy with an efficient detachment at its base and an alternation of competent 
and incompetent layers in the remaining section. Folds that developed in this region are 
renowned for their outstanding size, continuity and quality of exposure. Besides, these folds 
host some of the largest oilfields in the Middle-East. For all these reasons the folds of the 
Zagros fold-belt and its Mesopotamian foreland have been studied in detail since the beginning 
of hydrocarbon exploration, at the beginning of the 19th hundreds.  
 
Along this almost 2.000 km long chain, folds display a huge variability in size, shape and 
association with other structures. Due to the high prospectivity of this region, the wide spectrum 
of geometries that can arise from compressing this heterogeneous multilayer is of crucial 
interest for the oil industry. In this contribution we try to summarise on this variability, 
presenting examples and discussing the factors that may govern such variableness. Examples 
include (Fig. 1) disharmonic folding caused by decoupling intervals, the effect of multiple 
detachment horizons on the finite geometry of anticlines, the effects of thickness and facies 
heterogeneity on fold distribution, the role of salt in the nucleation of folds and in the 
development of upright isoclinal synclines and anticlines. The origin of flap-folds, structures 
peculiar to the Zagros stratigraphy and interpreted as gravitational structures is also 
scrutinised. In addition, examples of anticlines in the Persian Gulf, studied by 2D and 3D 
seismic interpretation, permit discussing the interference between folds with different trends, 
the role of inherited fault structures and their multiple reactivations.  
 

 
Figure 1. Idealised structures illustrating the complexity that may be associated with the folding of an 
anisotropic multilayer. 

 
The common aspect of all these examples is the strong and double-directed link between 
stratigraphy and structure. Deformation (folding/faulting) influences patterns of sediment 
deposition and therefore facies and thickness, which in turn influence any later additional 
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contraction. The link between stratigraphy and structure is such that in many instances 
information from one discipline can be used to draw conclusions regarding the other discipline 
and vice-versa. 
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Earthquake faulting, folding and shortening 

For the last few decades, the known presence of Hormuz salt at the base of the ∼10 km-thick 
folded sedimentary cover, together with the general absence of surface rupturing in 
earthquakes, have led to an assumption that the frequent earthquakes of MW 5.5-6.5 in the 
Zagros are concentrated within the basement.   This conclusion was reinforced by the 
confirmation, from seismic body-wave analysis, that the centroids of many such earthquakes 
were deeper than 10km.  Yet some earthquakes had centroids that were shallower, and the 
uncertainty in the depth determinations together with a poor knowledge of stratigraphic 
thickness variations below the Mesozoic left some doubt as to what was really occurring in the 
sedimentary cover, in spite of the open folding that dominates the geomorphology of the 
Simple Folded Belt. 
 
New information from local microearthquake and aftershock surveys as well from space-based 
radar interferometry (InSAR) reveal more subtle and intriguing features of the deformation.   
InSAR studies that show some recent earthquakes in the SE Zagros ruptured, and were 
probably contained within, the ‘Competent Group’ of mechanically strong strata in the lower 
sedimentary cover, dominated by carbonates of the late Palaeozoic and Mesozoic.   In 
contrast, local network data demonstrate that microseismicity occurs within the basement, 
reaching depths of ∼20 km and in places up to 30 km. Centroid depths of larger (Mw > 5) 

earthquakes are mostly in the range 4–14 km, with rare events up to ∼20 km (and ∼28 km 
along the Oman Line).  Within the Simply Folded Belt, most of these events are contained 
within the Competent Group and are limited in size to Mw < 6.1.   But at least two of the larger 
earthquakes, including the Mw 6.7 Ghir (1972) and Khurgu (1977) events, had source 
dimensions that were too large to have been contained within the Competent Group and 
probably ruptured both basement and cover.  Both are associated with strongly asymmetric 
anticlines containing rare exposures of Palaeozoic strata, features that may be symptomatic of 
places where the biggest (Mw > 6.5) earthquakes occur.   Earthquakes within the Competent 
Group can account for much of the overall shortening at this level, but the seismic strain rate in 
the basement is much lower. In earthquakes in two places, at Qeshm Island and at Fin in the 
SE Zagros,  the available InSAR and local seismic data are sufficient to show that although the 
co-seismic rupture in the mainshock was confined to shallow (<10 km) depths, nearly all well-
located aftershocks were deeper, at 10-20 km.   This vertical separation of the seismogenic 
layer into two levels with apparently contrasting behaviour is enigmatic; but was observed with 
similarly high-quality data in the Mw 6.5 Bam earthquake in 2003. 
 
The accommodation of basement shortening in the Zagros 
While earthquakes and folding can account for the shortening of the sedimentary cover, the 
basement of the Zagros must be shortening predominantly aseismically. For much of the 
Phanerozoic, the Zagros was a subsiding continental margin that was accumulating thick 
sediments. Basins filled with sediments of low conductivity are able to retain high temperatures 
long after initial lithospheric stretching increases the geothermal gradient; a mechanism that 
might allow the Arabian basement underlying the sediments of the Zagros to remain hot and 
weak. Nevertheless, it must be strong (or cold) enough to support pervasive microseismicity at 

depths of up to 20–30 km, as well as rare larger earthquakes at depths of up to ∼20 km. 
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There are at least two possible mechanisms for shortening the Zagros basement that can 
account for these observations, although there are problems with each one: 
 
(1) Aseismic fault creep or folding provides one viable mechanism for substantial shortening of 
the Arabian basement beneath the Simply Folded Belt (Fig. 1a).    
(2) The Arabian basement may remain mostly rigid beneath the Simply Folded Belt  (thus 
accounting for the low seismic moment release at depths of 10–20 km), with aseismic 
shortening at this level instead occurring further north (Fig. 1b), either in the High Zagros or 
beneath the Sanandaj–Sirjan zone.   Most of the larger  thrust earthquakes are restricted to low 
parts of the Simply Folded Belt, but the topography continues to rise NE of this limit, reaching 
its maximum elevation along the Main Zagros Reverse Fault (Fig. 1c), perhaps indicating 
aseismic basement shortening beneath the High Zagros, where it is presumably deeper, hotter 
and weaker.  Alternatively, the Arabian basement may remain rigid beneath the whole range, 
indenting weaker Iranian material beneath the Sanandaj–Sirjan zone (Fig. 1b), where the crust 
is known to be thickest.  These suggestions require a low-angle surface with which to detach 
the sediments from the basement, for which there is little evidence except in the far SE Zagros.  
High-angle basement steps in places such as Ghir and Khurgu should disrupt any such 
detachment, making a single, regionally-ubiquitous detachment unlikely. 
 

 
 
Fig. 1. Schematic cross-sections showing possible mechanisms for the shortening of the Zagros 
basement. In (a), the seismogenic basement mainly deforms by aseismic fault creep or folding 
(accompanied by high levels of microseismicity and rare larger earthquakes) beneath the Simply Folded 
Belt. In (b), the basement remains mostly rigid beneath the Simply Folded Belt, passing northwards 
along a low-angle detachment to deform in a ductile manner beneath the High Zagros or the Sanandaj-
Sirjan zone. (c) Smoothed topography and teleseismically recorded earthquake epicentres in the Zagros. 

 



Hydrocarbon Exploration in the Zagros Mountains of Iraqi Kurdistan and Iran 

 

January 2013 #Zagros13 Page 93  

NOTES 



Hydrocarbon Exploration in the Zagros Mountains of Iraqi Kurdistan and Iran 

 

January 2013 #Zagros13 Page 94  

Importance of Strike Slip-Tectonics in the Late Stage (Post-Miocene) Deformation 
History of Northern Kurdistan Region, Iraq 
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The Zagros-Taurus Mountains formed during Cretaceous and Tertiary collision of Arabia and 
Eurasia. Surface folding and faulting occurred mainly after the Miocene, although evidence 
exists for earlier extensional and contractional episodes. Integrating new field data with, 
satellite imagery, published subsurface data as well as kinematic vorticity estimates and rock 
mechanical computations, we demonstrate the importance of strike-slip deformation in the late 
stage (post-Miocene) deformation of the area. 
 
Major observations in Northern Kurdistan are: 
 
1) Major anticlines are present in linked chains controlled by the existence of earlier, pre-

folding structures, for example early normal faults. 
2) Kinematic vorticity analysis of these anticlines – based on the angle between the 

deformation zone and the shortening direction responsible for the en échelon deformation – 
shows a 30% strike-slip to pure compression ratio. 

3) Rock mechanical computation on steep reverse faults shows that it is impossible to 
reactivate a fault in dry conditions that is steeper than 60 degrees to horizontal. The fluid 
pressure required to reverse reactivate a steep fault is at least ~40 MPa, but depending on 
depth and stress field parameters, it can reach ~200 MPa.  

4) The deformation style for the area can be related to ductile transpression with reverse 
faults as the principal controlling structures.  

 
As a general conclusion, the initial stage of anticline formation in the Zagros-Taurus Mountains 
in Northern Kurdistan involved pure shear with a minor strike-slip component (NNW – SSE 
maximum horizontal compression) in Early Miocene – Late Pliocene time. The main 
deformation was a result of later pure shear with dominant strike-slip (NE – SW maximum 
horizontal compression) in the Late Pliocene to Recent period. 
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Post-Miocene Stress Field Evolution of the Zagros Hawler Area, Kurdistan Region, 
Northern Iraq 
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Field mapping in coarse clastic molasse sediments of the Bakhtiari Formation of the Hawler 
area has been carried out to study the deformation sequence of major surface structures 
(Demir Dagh, Ain Al Safra and Banan anticlines) in the Foothills Fold and Thrust Zone of the 
Zagros Mountains. Tilting test and direct inversion of fault and slickenside data recorded in the 
Miocene-Pliocene aged Bakhtiari Formation demonstrates the importance of the strike-slip 
component of transpressional deformation and the absolute timing of this late stage (post-
Miocene) deformation. Detailed mapping of unconformities and observations on pebble 
imbrication in the clastic sediments supports deformation event chronology based on the 
slickenside data interpretation. 
 
Three deformation (tilting) events are observed in the late Tertiary sediments. The first event 
(D1) is post Lower Bakhtiari – pre/syn Upper Bakhtiari, and the second one (D2) is syn/post 
Upper Bakhtiari. These events are defined by sets of pre- and post-folding slickenside 
striations, angular unconformities, and pebble imbrications. In some areas a minor, younger 
deformation event (D3) is observed based on the tilted geometry of Quaternary beds. 
 
Two dominant and two subordinate stress fields were identified in the area based on stress 
field computations and host rock ages. The oldest deformation phase shows strike-slip stress 
characteristics with WSW-WNW – ENE-ESE maximum horizontal compression direction. This 
stress field is pre-D1 folding and, based on host rock age, a pre-Lower Bakhtiari stress field is 
suggested. In the second phase a dominant strike-slip stress field with NW – SE maximum 
horizontal compression was confirmed; this stress field was not observed in the Upper 
Bakhtiari Formation and tilt test shows that it also predates the D1 folding activity. In the third 
deformation phase, a subordinate strike-slip stress field with NNW – SSE maximum horizontal 
compression direction was observed in Upper Bakhtiari and older sediments with pre-D2 
deformation activity. Post D2 and pre-D3 deformation activity was observed with significant 
strike-slip movement in Upper Bakhtiari and older sediments within a later NE-NNE – SW-SSW 
maximum horizontal stress direction.  
 
These structural data suggest a continuous clockwise rotation of the Late Miocene-Pliocene 
stress field orientation within the Hawler area with maximum horizontal stress directions 
varying between NW – SE to NE – SW. Mapping of the Bakhtiari unconformities independently 
confirms NE – SW maximum horizontal compression of the main phase of Late Pliocene to 
Recent deformation in the area. This precise record of the deformation sequence has been 
integrated with the hydrocarbon maturation and migration history in order to understand the 
timing of trap formation relative to hydrocarbon charge. 
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Deformation History and Thin-skinned vs. Thick-skinned Tectonics in the Zagros Fold 
and Thrust Belt of Southeastern Kurdistan 
 
Thomas E. Kubli, Stephen McKenna, Addax Petroleum, Geneva 
 

Although there have been several significant hydrocarbon discoveries in Kurdistan over the last 
years, source, migration and timing issues have not been clearly resolved.  This is reflected in 
several exploration failures in wells that have targeted large surface anticlines.  Understanding 
the timing of the formation of these major structures relative to hydrocarbon migration has to be 
a main focus for current studies so that future failures can be avoided.  This contribution is a 
first step in this direction and aims to elucidate the relationship between different phases of 
deformation and structural styles during the Cenozoic. 
 
We present a summary of our findings to date using public and proprietary fieldwork, seismic 
and well data in the area south and west of the city of Sulaymaniyah in the Zagros fold and 
thrust belt (Figure 1).   Three compressional phases of Cenozoic deformation are recognizable 
across the area: 
   

1) The earliest phase (>15 Ma) predates the deposition of the Lower Fars evaporites of 
middle Miocene age.  It is expressed in low-amplitude, short-wavelength detachment 
folds of strata possibly as young as Eocene age with a detachment that may reach as 
deep as the Triassic or Permian.  It may also include some thrust faults that duplicate 
Tertiary strata above a detachment in the lower Kolosh Formation,  such as the 
Kurdamir structure.  This deformation phase is not easily recognizable at the surface.  
Evidence comes from erosional relationships observed in seismic sections.  Erosion 
apparently occurred at the level immediately underlying the Lower Fars evaporites.  It 
represents an unconformity that may span most of the Eocene and Oligocene in some 
areas. 

 
2) The second phase (2-3 Ma) is thin-skinned and produced thrust faults that  duplicate 

Tertiary strata between the Paleocene to Eocene Kolosh basal detachment and the 
Lower Fars evaporites.  It appears that the latter also served as an upper detachment to 
these structures.   This is apparent at Kewa Chirmila and the back limb of the Sangaw 
structure, where there is no evidence for erosion.  The Lower Fars evaporites represent 
both an unconformity and a detachment horizon, whose regional significance is yet to 
be investigated 

 
This deformation phase is likely related a tectonic wedge or triangle zone recently 
discovered in the Baranan Range (Begin, 2012).  The identification of the Kolosh 
Anticline as a northeast verging detachment fold and duplications of stratigraphy in the 
Baranan Range indicate that hinterland-directed displacement and associated 
shortening within the triangle zone may be far greater than just a few kilometers.  It 
appears that some of the shortening that was not accommodated in the upper 
detachment of the triangle zone was transferred southwestward along the base Kolosh 
and resulted in foreland-directed displacement in the order of a few kilometers. 

 
3) The third phase (< 2 Ma) is thick-skinned, exhibits little shortening and has mainly 

resulted in the uplift of some of the larger anticlines in the area.  The overlying Pliocene 
Bakhtiari Formation was folded, uplifted and has subsequently been eroded over the 
structures.  The structural style is characterized by pop-up anticlines, steep reverse 
faults and the tightening of pre-existing anticlines such as at Kewa Chirmila, Qara Dagh 
or maybe even at Miran, Sangaw or TaqTaq.   

 
The deformation is deep-rooted, and most seismic lines do not reach deep enough to 
show a complete picture.  It may be that basement blocks are also involved in this 
phase and there is most likely reactivation along some of the pre-existing Late 
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Cretaceous extensional faults.  Facies changes and thickness variations associated 
with this extension were observed in wells at Kewa Chirmila and Qara Dagh.   
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Figure 1: Location Map of southeastern Kurdistan, showing study area (red outline), exploration blocks 
(yellow outlines) and structures mentioned in text. 
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Regional Tectonic Effects on Reservoir Behavior in Middle East Reservoirs 
 
Ebrahim Heydari, Joyce Neilson, Aberdeen University 
 

There are number of oil and gas reservoirs worldwide that cannot be adequately described 
using conventional drainage capillary pressure curves. In many, production is different than 
that forecasted, and the transition zone determined by capillary pressure curves is much longer 
than that suggested by wire line log evaluation. In these situations and where residual oil may 
be present below the hydrocarbon-water contact, the reservoir is better modeled and 
characterized using imbibition capillary pressure curves (Adams, 2003). 
 
Presence of residual oil below oil water contact (OWC) prior to  production is seen in both 
carbonate and clastic reservoirs in the Middle East. Ssurprisingly this phenomenon is 
predominantly seen in the northern parts of the fields rather than southern parts.  

In order to determine why there is 
residual oil below the contact and 
its effect on reservoir behavior a 
comprehensive study was done 
and results of a detailed 
petrophysical study were 
integrated with geological, 
geophysical and reservoir 
data/studies in the area.  
This study revealed that the 
presence of trapped (residual) 
hydrocarbon below contact is 
linked to the history of the plate 
margin evolution in the area; in 
particular the Zagros collision has 
played a major role. Collision of 
the Afro-Arabian continental 
lithosphere with the Iranian plates 
and its consequences are responsible for presence of residual oil below contact in the Middle 
East reservoirs. 
 
In order to find out the history of the structure, reconstruction of the regional tectonics in the 
area was carried out by literature review, and by examination of structural growth and 
sedimentation history in different parts of particular fields using comparison of formation 
thicknesses in selected wells, covering the regions of interest over the fields.  
 
Results of the study showed that formation thicknesses increase toward the north of the area 
during the last 11 m.y., which is indicative of higher accommodation space and initiation of a 
strong northward tilting during the sedimentation of Guri and Aghajari formations. This tilting is 
due to a flexural loading in the Zagros after collision.  
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Presence of residual oil below contact is due to a change in OWC depth caused by regional 
flexural tilting essentially several million years after oil generation and migration to the 
structures. This structural tilting has played a consequential role in equilibrium of its structure 
fluid content and oil has been replaced by Water (Imbibition).  Under these conditions early 
accumulated oil was swept by water rise and residual oil was been trapped in the fields below 
contact (zone 5).  

 

 

 

The study showed that Imbibition capillary pressure curves are the most 
appropriate curves to use in reservoir studies in the fields that have been 
affected by Zagros. Imbibition is particularly important when establishing 
initial hydrocarbon in place for reservoirs which already have residual oil 
columns prior to the beginning of production. The other indicators that 
imbibition may be important and need to be considered in reservoir 
studies of these fields are 
 

 possibility of dry oil production very close to FWL (and more 
OOIP)  

 sharper log-derived transition zones than reservoir permeability 
suggests 

 effects on reservoir pressure and aquifer support 

 Prediction of amount of residual oil during production 
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The Effect of Permo-Triassic and Mesozoic Extensional Tectonics on the Structure of 
the Tawke Area, Zagros Simply Folded Zone, NW Iraq 
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DNO Iraq AS has been operating in the NW Zagros fold and thrust belt, in Iraq since 2004 and 
discovered the ‘giant’ Tawke oil field in 2006. The Tawke anticline is part of a system of NNW-
SSE and E-W trending anticlines that characterize the NW corner of the Zagros fold belt. This 
region is well known as a result of an extensive multi-faceted and disciplinary study, using a 
large proprietary database including 2D & 3D seismic, fieldwork, satellite imagery and 
published data. 
 
The present structure observed in the study area is the result of the tectonic inversion of the 
Mesozoic northern margin of the Arabian plate, manifesting as several compressive events 
during the progressive closure of the Neo-Tethys Ocean. 
 
Earliest orogenic movements in the Late Cretaceous are related to the obduction of radiolaritic-
ophiolitic oceanic slices together with distal parts of the Arabian margin as observed in the 
Zagros of Iran and in Turkey.  In NW Iraq, the Late Cretaceous compression inverted the Neo-
Tethys rift-structure initiating the folding and thrusting associated with the formation of an early 
foreland basin (the NW continuation of the Amiran basin in Iran).   
 
Initially, deep-marine limestones of the Shiranish Formation were deposited in the Zagros 
foreland basin. On top of these carbonates, a significant influx of siliciclastic deposition filled in 
the basin that became progressively shallower (Kolosh (Paleocene) and Gercus (Eocene) 
formations). The overlying ‘Tertiary Carbonates’ sequence was deposited predominantly in a 
passive margin setting, although there is evidence in the study area to believe that Late 
Cretaceous paleohighs persisted well into the Paleogene. 
 
The continental collision between the Arabian and Eurasian plates in the Neogene marked the 
final closure of the Neo-Tethys and shaped the present day Simply Folded Zone. The detailed 
timing of this closure is not yet fully determined in the study area, although proposed ages for 
the collision range from the late Oligocene to late Miocene. 
 
Two extensional systems have been characterized in the study area. An E-W to NNW-SSE 
Permo-Triassic system related to the opening of the Neo-Tethys; and a NE-SW Late Jurassic 
to Early Cretaceous system related to passive margin subsidence. It is observed that both of 
these extensional systems exhibit a control on the subsequent compressional deformation and 
on the morphology of the Simply Folded Zone. This study presents these observations and 
highlights the differing effect of the Permo-Triassic and Mesozoic extensional fabric on the 
compressional structural style in the Tawke area of the Zagros Simply Folded Zone, NW Iraq. 
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The Upper Permian Chia Zairi Exploration Play in Iraqi Kurdistan 
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Abstract 
In Iraq the Upper Permian Chia Zairi Formation, together with the overlying Lower Triassic 
Mirga Mir Formation, forms the chronostratigraphic equivalent of the Khuff Formation of 
eastern Arabia. The Upper Permian to lowermost Triassic Chia Zairi Formation extends from 
the northern outcrops in Iraqi Kurdistan near the Turkish border, into southern Iraq (such as in 
wells; West Kifil-1 and Diwan-1), thus it covers mostly the central and eastern parts of the 
country. It is absent in the far western deserts at the borders with Jordan and some areas near 
Syria (i.e. Khleisia High region) due either to non-deposition or erosion. Lithologically, the Chia 
Zairi Formation is composed of both carbonates and siliciclastics; thicknesses and the 
carbonate proportion increases northward and eastward. However, it is deeply buried in most 
parts of Iraq except in Kurdistan, where the estimated overburden is only around 3-5 km, based 
on the location within different tectonic zones.  
 
The Chia Zairi Formation was originally subdivided into three members. The upper Darari 
Member contains the regional MFS Tr10, P30 and P40, which allows correlation with the Khuff 
C (and maybe also the Khuff B) of Saudi Arabia, and the upper Dalan Member of Iran. The 
middle Satina Evaporite Member may be correlated with the Khuff D anhydrites of Saudi Arabia 
and the Nar Member of Iran. The lower Zinnar Member contains at its base the regional MFS 
P20 that can be correlated with the MFS at the base of the Khuff D Member of Saudi Arabia 
and the lower Dalan Member of Iran.  Facies models indicate the development of an easterly 
facing, mostly deeper subtidal carbonate ramp up to 800m thick, in which there developed 
coral bioherms. Coastal clastic-backed, shallow-water high-energy inner ramp facies are only 
well developed in the west and towards the top of the formation.  The Satina evaporite member 
represents a lowstand/drawdown deposit below P30 MFS, developed within a probably low-
relief shallow intrashelf basin that is located within the axis of the Chia Zairi depocentre.   
 
The main source rocks for the Palaeozoic plays in Iraq are the proven Lower Silurian Akkas 
“hot shale” in addition to organic-rich shales of the Ordovician Khabour and Lower 
Carboniferous Ora formations. However, the Chia Zairi Formation has source rock potential in 
its lower shaly parts (of around 20 m thick), which may also act as a local seal for the 
underlying older reservoir units. Shale beds of the overlying Merga Mir and Beduh Formations 
can be considered as a potential regional seal for the Chia Zairi reservoir.  This thick and often 
dolomitic limestone has the potential to form an important deep-objective non-associated gas 
reservoir in Iraqi Kurdistan. However, from the present limited dataset the Chia Zairi reservoir 
appears to be characterized by lower quality compared to the Khuff in the Gulf region, 
particularly due to its low percentage of very shallow water facies, high degree of cementation 
and physical compaction that resulted from a thick overburden.  
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Fracture Patterns of the Shiranish Formation in the Bina Bawi Anticline; Comparison 
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Abstract 
The Zagros fold-and-thrust belt hosts a prolific hydrocarbon system. Shiranish Formation is a 
common fractured carbonate reservoir of Late Cretaceous age in the Taq Taq Field located in 
the Kirkuk Embayment of the Zagros foothills. Image log and core data provide information on 
fractures in the Taq Taq Field. For comparison, an outcrop study has been carried out around 
the Bina Bawi Anticline (10 km from Taq Taq Field), where Shiranish Formation is exposed in a 
continuous, lenticular-shaped belt, and around the Taq Taq Anticline, where Upper Fars 
Formation of Late Miocene age is cropped out. Fracture data have been collected using scan 
lines on bedding surfaces in the limbs and hinges of the anticlines.  
 
Both Bina Bawi Anticline and Taq Taq Field show a systematic relationship between fracture 
sets and fracture lineaments, with a dominance of NE-SW oriented structures. This orientation 
is perpendicular to the major folds and parallel to the maximum horizontal in-situ stress. There 
are three fracture populations in the Bina Bawi Anticline, classified according to their 
relationship with the fold axis and bedding; (i) orthogonal fractures (NW-SE) normal to bedding, 
(ii) perpendicular fractures (NE-SW) normal to bedding, and (iii) conjugate oblique fracture sets 
sub-normal to bedding. Both fracture intensity and fracture terminations are controlled by the 
location within the anticline; the hinge zone displays the highest intensity and the most fracture-
abutting terminations. Cross-cutting relationships suggest that a pre-folding stage of NE-SW 
extensional fractures predates folding-related extensional and shear fractures. We propose that 
the former fracture set (joints) formed in a foreland setting and was controlled by the far-field 
stresses, whereas later fracturing occurred due to outer arc extension during flexing of the Bina 
Bawi and Taq Taq anticlines. Our comparative analysis of outcrop and well data underline the 
importance of representative analogue data for reservoir modelling and production strategies. 
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Preliminary Characterisation of the Butmah Formation in the Shaikan and Sheikh Adi 
Fields, Kurdistan; Sedimentology and Fracture Morphology from Cores 
 
Marguerite Fleming, Ann Murray, Kevin Parmassar, Neil Price,  John Stafford. 
 

To date, the Lower Jurassic Butmah Formation (also known as the Sarki Formation) has not 
widely been regarded as a productive target for hydrocarbon exploration in Kurdistan.  
However, detailed sedimentological and structural evaluation of core acquired from four wells 
in the Shaikan and Sheikh Adi  Fields, together with test data has yielded promising results.  
These studies have determined that fracture style, intensity and fill vary according to lithology. 
Lithology types penetrated in core include a range of dolomitic facies intercalated with 
anhydrite and limestones.  The mid-upper section of the Butmah Formation is characterised by 
lithologies and textures indicative of shallow tidal / algal flat deposits whereas deposition in a 
shallow, locally agitated, shelfal or lagoonal setting is inferred for the uppermost section.  The 
succession demonstrates an overall upwards deepening or transgression. This study presents 
the results generated from core logging and petrographic analysis and attempts to characterise 
the formation in terms of depositional facies and broad sedimentary trends. 
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The Upper Sarvak  Shallow Water Carbonates of Chenareh Gorge-Lurestan Area (Iran): 
High Resolution Carbon Isotope Stratigraphy and Biostratigraphy 
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 Institut für Erd- und Umweltwissenschaften,Universität Potsdam,  

2
 Statoil ASA, Research Centre Bergen, Geology, 90 Sandsliveien, Bergen 5020, Norway 

 

The Mid-Cretaceous (Upper Albian- Turonian) Sarvak Formation is one of the most prolific 
reservoir intervals in Iran. It consists of a range of platform to basin lithologies deposited on a 
carbonate shelf along the north facing passive margin of Arabia (Razin et al. 2010). 
 
The uppermost part of the formation is often marked, in the platform settings, by regionally 
developed karst surfaces of latest Cenomanian-Turonian age. These major exposure events 
are interpreted to be associated with a major tilting of the platform systems corresponding to 
flexure of the Arabian Plate during the initiation of the intra-oceanic deformation (Sharp et al., 
2010; Saura et al. 2010). However, the precise age and duration of the hiatus associated with 
these karst events are in general poorly constrained due to the limitation of biostratigraphic 
tools in shallow water carbonate settings. 
 
This study is based on the integration of carbon isotope stratigraphy and conventional 
biostratigraphic data in order to increase the stratigraphic resolution of the upper part of Sarvak 
Fm. and to propose a high resolution carbon isotope reference curve that can be used for 
regional correlations. 
 
The Upper Sarvak Fm, in the study area, is 390m thick and it has been divided in 4 to 5 
regionally correlatable sequences, which can be partially correlated with formations and 
members used elsewhere in the Middle East (e.g. Rumalia and Mishrif Formations. Sharp et 
al., 2010). In term of facies evolution, this interval shows a vertical succession of (1) 
basin/slope calcisphaeres and planktic-foraminifera rich wkst-pkst overlain by (2) shallow 
marine carbonates rich in benthic foraminifera and rudists debris and finally capped by (3) wkst 
rich in planktic foraminifers and calcisphaeres. Evidences of meteoric diagenesis and subaerial 
exposure are widespread throughout the section. Bitumen residue is also very common in the 
interval between 340 and 360 meters from the base, staining sample matrix, lining seams, or 
filling interparticle porosity and dissolution vugs/moulds. 
 
At least two major unconformities, associated with karstification, occur towards the top of the 
section (respectively at 270m and 360m from the base). The first karst episode can be dated 
as late Middle Cenomanian according to C-isotope stratigraphy and the second one occurs 
close to the Cenomanian-Turonian boundary for the LO of C.fraasi and P. reicheli. Above the 
second karst, the top most cycle of the Sarvak Fm is dated, according to its faunal content, as 
Middle-Upper Turonian. Due to repeated subaerial exposures some parts of the carbon isotope 
record along the Chenareh section are believed to reflect both primary global marine and 

13C signal. 13C record shows a good agreement with the English 
Chalk reference curve of Jarvis et al. (2006). The chemostratigraphic correlation shows that the 
structure of the main carbon isotope events of the Cenomanian (ACBE, LCEI-III and MCE I-II 
of Jarvis et al. 2006) are accurately reproduced in our isotopic profile except for the large 
positive excursion of the Cenomanian/Turonian boundary which is not recognized in our curve. 
This suggests that diagenetic processes associated to one of the major unconformities likely 
strongly affected this part of the section making chemostratigraphic correlations difficult. 
However the pattern of biostratigraphic events observed in this interval allows precise dating.  
 
The precise time framework established in this study, integrating chemostratigraphy and 
biostratigraphy, can help to greatly improve the understanding of the evolution of the 
depositional system of the Sarvak Formation in the western part of Iran. 
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The Contribution of Remote Sensing to Hydrocarbon Exploration in Kurdistan 
 
Michael Hall, Astrium Geo-Information Services 
 

Introduction 
Satellite imagery datasets with a range of spectral and spatial specifications have a role to play 
in the regional assessment and appraisal of surface geological structure and stratigraphy 
together with detailed licence block scale evaluation. The objective of this poster is to review 
how this geological information, derived from remote sensing data, can contribute to onshore 
exploration, focusing on Kurdistan and the surrounding region. These contributions include a 
greater understanding of the variation in tectonic characteristics and surface geology across 
the fold belt, together with the identification of previously unmapped structures.  
 

Regionally the primary remote sensing datasets used in this study for geological interpretation 

include; orthorectified Landsat 7 ETM + mosaics in a 742 (RGB) pseudo-colour composite 

band combination with a resolution of 15m and the Shuttle Radar Topographic Mission (SRTM) 

90m Digital Elevation Model (DEM). Landsat 7 ETM+ satellite imagery is the standard imagery 

dataset used for regional scale geological mapping down to 1:50,000 scale, typically in a 742 

(RGB) band combination. Utilising the Short Wave InfraRed (SWIR), this 742 band combination 

offers maximum lithological discrimination. 

 

Interpretation is undertaken using the spectral information provided by the Landsat imagery in 

combination with the geomorphological and textural information from the SRTM DEM, 

including: 

 

 Faults; classified into thrust, strike-slip, extensional and unclassified major/minor  

 Lineaments 

 Fold axial surface trace indicating sense of vergence and direction of fold plunge 

 Relative dip of bedding 

 Indication of possible sub-surface structures 

 Major stratigraphic units 

 Superficial geology 
 
Over specific areas of interest higher resolution datasets have been obtained to undertake 
mapping down to 1:5,000 scale. With a resolution of 0.5m and derived DEMs with a grid 
spacing of 1m, these detailed datasets allow the accurate assessment of fracture orientations, 
faulting and fold characteristics over individual licence blocks. 
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A High Resolution Biostratigraphy of the Late Campanian-Early Maastrichtian 
Succession in the Kurdistan Region, NE-Iraq 
 
Rawand Noori Jaff; Mark Williams; Ian Wilkinson; Jan Zalasiewicz, Sarah Lee, University of Leicester 
 

Species of  the  benthic  foraminifera  genus  Bolivinoides   provide  a high   resolution   
biostratigraphy  for   the  Late   Campanian  to   Early Maastrichtian  succession  for  many  
regions  of   Middle East, Europe, America, Australia, North Africa and others. Here we provide 
the first application of  these  species  to  the  biostratigraphy  of  NE-Iraq, enabling  more 
precise correlation of Tethyan carbonate successions of the Shiranish  Formation. Work  on  
Bolivinoides  is  part  of  a  much greater study  in NE-Iraq  that  will  evaluate  the  planktonic   
and   benthonic foraminiferal  signature  of  Tethyan  successions,  providing   a   high 
resolution  stratigraphy for the  Late Cretaceous of this region. 
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Burlington House  
Fire Safety Information 

 
If you hear the Alarm 
 
Alarm Bells are situated throughout the building and will ring continuously for an evacuation.  
Do not stop to collect your personal belongings. 
Leave the building via the nearest and safest exit or the exit that you are advised to by the Fire 
Marshall on that floor. 
 
Fire Exits from the Geological Society Conference Rooms 
 
Lower Library: 
 Exit via Piccadilly entrance or main reception entrance. 
Lecture Theatre 
 Exit at front of theatre (by screen) onto Courtyard or via side door out to  
 Piccadilly entrance or via the doors that link to the Lower Library and to the  main 
reception entrance. 
Piccadilly Entrance 
 Straight out door and walk around to the Courtyard or via the main  
 reception entrance. 
 
Close the doors when leaving a room.  DO NOT SWITCH OFF THE LIGHTS. 
 
Assemble in the Courtyard in front of the Royal Academy, outside the Royal Astronomical 
Society. 
 
Please do not re-enter the building except when you are advised that it is safe to do so by the 
Fire Brigade. 
 
First Aid 
 
All accidents should be reported to Reception and First Aid assistance will be provided if 
necessary. 
 
Facilities 
 
The ladies toilets are situated in the basement at the bottom of the staircase outside the 
Lecture Theatre. 
 
The Gents toilets are situated on the ground floor in the corridor leading to the Arthur Holmes 
Room. 
 
The cloakroom is located along the corridor to the Arthur Holmes Room. 
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