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Abstract: Sasan field is in Nineveh governorate, 46 Km northwest Mosul city. The present Sasan 
structure was discovered from surface mapping and 2D seismic defined the Upper Cretaceous 
reservoir but due to poor data quality, any estimate of oil in places are highly uncertain. Sasan 
structure from seismic shows Block-Faulted anticline covering a small area (Sasan East). Several 
normal faults appear to separate SA-2 from SA-1 affected the hydrocarbon system in these two 
wells. The more possible realistic interpretation is an inverted graben, thick Shiranish Formation in 
Sasan wells support this interpretation.
The model suggest that normal faults created the accommodation during Late Cretaceous (Sinjar 
trough) and subsequent Tertiary compression uplifted the depocenter creating the topographic 
depression which interpretated as a fault propagation fold. The last compressional structures can 
only have been filled with remigrated petroleum from breached, older traps, earlier structures could 
have been filled by migration from an actively generating source rocks. The exploration potential in 
the old Sasan structure configuration is good but it is still an exploration play not a commercial oil 
discovery, although oil is present in Shiranish, Hartha/Mushora and Wajnah formations but not clear 
if it is recoverable.
Gas present in deeper formations, both the oil and gas traps are breaching traps. The best exploration 
targets should, therefore, be old structures, produced by Late shoulders of Sinjar basin contain many 
such leads as the prospective leads nominated A, B, C and D.
Second best are old structures which have been partially restructured and whose closure has been 
modified, but not breached. The prospective reservoirs will be at Late Cretaceous, Early Cretaceous 
and Late Triassic. 
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1. Introduction

The Field is in Nineveh Governorate, 46 km 
northwest of Mosul city. Topographically the 
area is hilly, dissected by m any deep wadies.

In 1938, the area of the field was covered by 
surface geological survey and showed that the 
Sasan Structure was an anticline trending 
East-West, with 11 km long and 6.4 wide. 
Dips measured on the Northern flank, range
20-35 degrees and the Southern flank from 7-
16 degrees. A smaller anticlinal structure was 
identified to the southwest of the main Sasan 
Structure, having a structural size of about 8.0 
X 2.5 km2, separated from the Sasan structure 
by synclinal saddle {1}. This dome was called 
Sasan West to separate it from the main 
Eastern dome.

In 1955 the first exploratory well was drilled 
at the crest of the Eastern dome and reached a 
total depth of 2950 m. in the Mus Formation. 
encountering oil shows which were discovered 
in the Shiranish, Hartha, Jawan / Mauddod of
the Cretaceous. {2}.

In 1960 the area was covered by seismic 
surveys. Interpretation results was not 
conclusive. Another seismic survey was 
conducted, by Iraqi National Oil Company 
(INOC), through the period 1972-1974,
covered mostly the western part of Sasan 
Structure. The results obtained were of bad 
quality. Nevertheless, the seismic maps 
showed that the Sasan Structure is represented 
by a domal structural shape complicated by 
many faults at deeper horizons {3,4}. In 1974, 
the second exploratory well (SA-2) was 
drilled to explore the hydrocarbon prospects 
and to clarify the structural configuration. The 
well reached a total depth of 2995 m in Baluti 
Formation (L. Jurassic). Results obtained from 
this well showed the existence of oil and gas 
at several horizons, proved from test results 
{5}.

In 1976, the area was again covered by 
seismic surveys. Interpretation results were
also not conclusive. As a results, the structural 

picture of the field, in particular the deeper 
horizons remain unsolved, which might be 
due to the structural complexities of the area 
at deeper horizons (Fig-1).

Fig.1. Location of Sasan (Recently nominated 
Sarjoon) Field.

2. The Main Objectives of the present
Study:

2.1. Define the influence of structural 
inversion on the hydrocarbon system of    
Sasan oil field.

2.2. Suggest the most suitable promising 
location for the next well.

3. TECTONIC Setting

Sasan field is part of the Foot-hill Zone (Low 
Folded Zone). The geological terminology of 
Buday and Jassim has been used in the present 
work {6}. It is about 200 km wide, bound by 
the Mesopotamian Zone in the southwest and 
the High Folded Zone in the northeast (Fig. 2). 
South of Sinjar, the Foothill Zone is in contact 
with the Stable Shelf units {7,8}. Sinistral 
strike slip movement is postulated by Ameen 
{9}. The contact with the High Folded zone is 
delineated by the sudden elevation of the 
sequence exposing the Paleogene succession 
in the anticlines of the High Folded Zone in 
comparison with the deep Neogene filled 
depressed block of the Foothill Zone to the 
southwest. The Foothill Zone was the site of 
deposition of thick Neogene molasse; the 
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eastern half of the zone, known as the 
Butmah-Chemchemal subzone was elevated 
during the Paleogene as indicated by the 
development of Upper Paleocene to Eocene 
shoal deposits {10}. The Foothill zone is 
characterized by long anticlinal structures with 
very broad shallow synclines; upwards 
continuation of gravity field indicates that 
some anticlines are often associated with 
basement elevation. Some buried structures
are (Fig. 2) also existed in the broad synclinal 
areas and are associated with diverging 
drainage system {11,12,13,14}. In the Mosul 
area where a thinner sedimentary column 
occurs above the basement and where 
carbonates associated with the thinning of the 
Jurassic and Cretaceous sequences are present.
The folding style here is different. The folds 
are shorter (about 20-30 km), arranged in an 
en-echelon pattern and possess a simple 
harmonic character relative to those to the 
south of the high. Generally, most anticlinal 
structures of the Foothill Zone are 
asymmetrical to the southwest except in the 
area around Mosul where anticlines may have 
faced asymmetry, one to the north and the 
other to the south. The dominant fault system 
in the zone is the NW-SE system and is often 
found in association with the anticlinal 
structures {15,16,17}.

As indicated above, the main master fracture 
directions controlling the basin and swell 
patterns and distribution were NW-SE and 
NE-SE (i.e., longitudinal and transverse). 
Variation of as much as 20° in these main 
trends occurs frequently along the same 
lineament. The NW-SE trend is the original 
extensional trend which developed over a 
wide area as rifting and separation of the 
Cimmerian blocks occurred in the Early 
Mesozoic (Permian-Triassic into Early 
Jurassic) {18}. Along this trend 
compartmentalization of basins by up and 
down movements, separated from each other 
often by horizontal motion along the 
conjugate NE-SW trend, not infrequently 
occurred to form longitudinal subsided ridges, 

sometimes of a short-lived nature, or more 
evident and persistent horsts and grabens. 
Inversion of sectors of these “longitudinal 
basins” by transposition through wrench 
motion or vertical block uplift along the NE-
SW fractures gave rise to such features as the 
Sinjar trough {19,20,21}.

This northern basinal area extended eastward 
into Laurestan province of western Iran. It is 
bounded to the north by the submerged Mosul 
High which also separates it form the 
Southeast Turkey Shelf. To the west is the 
submerged Rutbah Platform and the 
submerged Khleisia High. It appears that there 
was a narrow channel that existed between the 
Mosul and Khlesisia highs and this allowed a 
direct link between the northern basinal area 
and the Syrian Trough that occupied most of 
the central Syria and extended towards north-
western Iraq (Sinjar Trough) {22,23,24}.

Fig.2. Tectonic map of Iraq (After 
Buday&Jassim,1984)
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4. Geological Setting

Two wells were drilled in Eastern dome. The 
first (SA-1) was drilled in 1955 to a depth of 
2950 m and stopped in the Mus Formation. 
The second well (SA-2) was drilled to a depth 
of 2995m and terminated in Baluti formation 
{2,5}.

Stratigraphically, the Hydrocarbon potentials 
(oil & gas) are contained mainly with six pay
zones of Mesozoic age. Four of these pay 
zones are housed within the U. and L. 
Cretaceous and the other two pay zones are 
within the Middle and Lower Jurassic. These 
pay zones consist of variable lithologic 
characteristics ranging from fractured Basinal 
rocks of Mud / Wackstone as for the pay 
zones of Shiranish, Mashora & Sargelu, to 
shoal facies of pack /Grainstone as for the pay 
zones of Mauddod, Mus & Butmah, to 
evaporitic facies as for Jawan pay zone.

The chronostratigraphic column of 
Sasan field, based on SA-1 & SA-2 data is 
shown in table (1). It must be noted that most 
of the lower Cretaceous and Upper Jurassic 
sequences were eroded not only in Sasan field 
but, in almost, in the whole region of 
Northwest Iraq {13}.

rifting west striking faults in the Sinjar-Abd el 
Aziz area causing substantial thicknesses of 
syn-extensional Late Campanian-
Maastrichtian marly limestones to be 
deposited there. A latest Cretaceous 
collisional event along the northern Arabian 
Plate margin terminated the extension in the 
Sinjar-Abd el Aziz area. Eocene-Miocene 
suturing of Arabia to Eurasia had little effect 
on the structures of area, despite being the 
cause of significant uplift in the adjacent 
Palmy ride fold and thrust belt. Rather, the 
stress reorganization and northward Arabian 
Plate movement experienced since Pliocene 
time has caused reactivation of the normal 
faults in a reverse sense in northeast Syria-
northwest Mosul {23,24,25}. Fault-
propagation folding, and structural inversion 
have resulted in the topography that persists in 
the area today. This late-stage structural 

reactivation is critical to Cenozoic and 
Mesozoic anticlinal hydrocarbon trapping in 
the area. Paleozoic horizons remain to be fully 
explored {26,27}.

Table 1: Shows Chronostratigraphic events in Sasan 
Field.

5. Material and Methods

Data available suggest that present day 
structures in the Ninawa region are fault-
propagation folds caused by the inversion of 
pre-existent normal faults {8}.
Sasan structure from surface mapping,
identifies a domal closure aligned. WNW-ESE, 
known as Sasan East & a-3-way, dip closed 
(N, S &W) high to the West, “Sasan West” 
aligned WSW-ESE. Sasan East & West are
separated by a saddle area, possibly faulted 
{1}. Sasan East was drilled by SA-1 & SA-2
located 1.1 Km updip to the East. Probable 
fault of the northern flank of Sasan East 
oriented along strike. 1200 Km of 2D seismic 
data is made, 305 Km of the re-processed lines
are interpretable quality. Even after re-
processing, the quality of this data varies from 
fair to very poor, only 77Km of these lines 
cover Sasan Field, the rest extend to the east 
towards Alan & Atshan Fields and show 
possible exploration prospects {3,4}. From 
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seismic sections in Sasan area, four seismic 
events are mapped, the first occur near top 
Alan Formation, the second is near top 
Butmah Formation and two deeper events 
below well TD. The two wells SA-1 and SA-
2 show several faults which appear to separate 
SA-2 from SA-1. They are of extensional 
normal type (Fig-3).

The available data from the two wells SA-1 & SA-2
is shown in the Fig-4 and the Dipmeter log in the 
well SA-2 confirms the presence of probable fault 
cut the SA-2 well (Fig-5) besides the presence of 
subnormal formation pressure in the same interval 
(Fig-6).

6. Discussion

The Sinjar area of northeast Syria-northwest 
Mosul was part of the larger southwest-
northeast trending Palmy ride/ Sinjar Basins 
from Late Paleozoic to Late Cretaceous time 
{23,24}. Although rifting took place in the 
Palmy rides/Sinjar in the Late Paleozoic, 
during the commenced along northwest-
southeast trends in the Euphrates Fault System 
beginning in the Coniacian. In later 
Cretaceous time, extension began across east-

Mesozoic most of the stratigraphic thickening 
was subsidence related. Following plate 
tectonic reorganization in Cretaceous time, 
Structural inversion is a reversal of 
deformational processes must a commonly a 
depressed region is uplifted. Deposition 
occurs in the presence of normal faults such 
that a thick section is developed on the 
downthrown sides e.g., half graben or small 
rift basin. Low areas are then turned inside out 
into highs, usually by a combination of 
compression and wrenching. The final product 
is an anticlinal or structural high into which 
sedimentary unit thicken.
Structural inversion can strongly affect the 
petroleum prospectivness of an area in which 
it occurs {28, 29, 30, 31, 32}. To reach the 
above discussion a regional composite seismic 
sections were constructed to the area around 
Sasan structure nominated D-D ) (Fig-7) & 
(Fig-8) {29}. Only one strong reflection can 
be partially mapped across this composite line.  
Several interpretations (including different 
structural models) can be done with this data,
and all can be completely valid (Fig-9). One 
possible interpretation (widely used by 
literature) is an inverted graben. Thick 
Shiranish Formation in Sasan wells support 
this interpretation. The model suggests that 
normal faults created the accommodation 
during Late Cretaceous (Sinjar Trough?) and 
subsequent tertiary compression uplifted the 
depocenter creating the topographic 
expression which is interpreted as a fault 
propagation fold (Fig-10). The regional 
seismic line also shows several other 
structural highs lie in the area between Sasan 
Field and Alan & Ibrahim Fields nominated as 
A, B, C and D and Sasan West structure may 
also be prospective (Figs-11 & 12).
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Fig.13. Shows Top Wajnah depth map within Sasan 
Area.

Fig.14. Top Wajnah depth map in the area between 
Sasan Field & Alan- Ibrahim Fields shows the four 
prospective leads nominated A, B, C & D.

The timing of formation of structural traps in 
the studied area shows that the potential 
structural traps were produced in three stages:
The first, during rifting episodes (mainly early 
Late Cretaceous).  The main trap types are 
tilted fault blocks. The Earlier rifting in Mid-
Late Triassic time may also have produced 
similar traps.
The second, The Early Tertiary phase of 
compression may have created more traps. 
The compression event only affected the NW 
part of the studied area.
The third, A phase of compression in the Late 
Pliocene to Recent produced the anticline seen 
at surface. This structure is above older 
extensional structure that has been inverted 
{33,34}.
As concerning, the timing of generation and 
migration, the potential source rocks has been 
identified. Generation from this is likely to 
have occurred during the periods of rapid 
burial.
Late Cretaceous in the Sinjar basin, several 
kilometers of Upper Cretaceous post-rift 
sediments were deposited. This may have 
been sufficient to cause generation from 
Triassic source rocks (Kurra Chine Formation) 
{8, 27}. The Early Tertiary inversion episode 
would have temporarily “switched off” 
generation within the basin. Trap breaching 
and remigration: many structural traps created 
by Late Cretaceous rifting and, possibly, by 
Early Tertiary compression, could have been 
petroleum-filled. In areas strongly affected by 
the Late Tertiary compression most of these 
traps were structurally modified,
probably leading to breaching or spillage. 
Some of this remigrated petroleum may have 
found its way into new traps. Similarly, the 
Early Tertiary compression may have 
liberated petroleum by breaching older 
extensional traps {33,34}.

7. Conclusion:

7.1. Potential traps were formed by Late 
Cretaceous extension, and by phases of 
compression in the Early and Late Tertiary. 
The last phase of compression ended 
petroleum generation.
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7.2. The last compressional structures can 
only have been filled with remigrated 
petroleum from breached, older traps, earlier 
structures could have been filled by migration 
from an actively generating source rocks.
7.3. The exploration potential in the old Sasan 
structure configuration is good but it is still an 
exploration play not a commercial oil 
discovery, although oil is present in Shiranish, 
Hartha/Mushora and Wajnah formations but 
not clear if it is recoverable.
7.4. Gas present in deeper formations, both the 
oil and gas traps are breaching traps.  
7.5. The best exploration targets should, 
therefore, be old structures, produced by Late 
Cretaceous extension or Early Tertiary 
compression, which have not been 
restructured by Late Tertiary compression. 
The faulted areas north and south shoulders of 
Sinjar basin contain many such leads as the 
prospective leads nominated A, B, C and D.
7.6. Second best are old structures which have 
been partially restructured and whose closure 
has been modified, but not breached. 
7.7. The prospective reservoirs will be at Late 
Cretaceous, Early Cretaceous and Late 
Triassic. 

8.Recommendation:

8.1. Several other structures highs have been 
shown by 2D seismic data.
8.2. These structures lie between Sasan Field 
and Alan & Ibrahim Fields.
8.3. Further mapping is recommended 
preferably 3D seismic. 
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