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ABSTRACT 

The Alan oilfield consists of three domes western, middle and eastern. Well Alan-1 and 

Well Alan-2 are drilled in the middle and western domes respectively. Oil fills the lower part 

of the Kurra Chine Formation (Late Triassic) in the middle dome while it occupies the 

upper part of the formation from the western dome; also, the gas and condensate fill the 

lower part of the formation in the western dome. Alan field consists of the lower and upper 

reservoirs of the Kurra Chine Formation separate by 220 m of anhydrite cap rocks. Alan 

structure develops at the end of Pliocene at the northwest ridge of the Mosul High. Source 

rocks of Triassic sequence, especially northwest Iraq, are matured and generate 

hydrocarbon that migrates laterally up-dip toward Alan structure. The folding plays an 

important role to trap the hydrocarbon in the lower reservoir. Western dome fills by gas and 

condensate completely until gas-oil contact reaches to the spill point between the western 

and middle domes. The oil is pushed toward the middle dome because it beyond and higher 

than the western dome. Another factor affected the hydrocarbon distribution in the lower 

reservoir was the erosion of about 800 m from overburden of Miocene sequence upward 

which was led to increase the void volume of porosity for the reservoir carbonate rocks. 

This increase allows to release of gas and push the oil to the middle dome. Two scenarios of 

hydrocarbon entrapment in the lower reservoir, the first one depends on the concepts of 

Gussow′s fill and spill, in which the source rock enters maturity levels after or within the 

formation of the structure. The second scenario is in which the development of structure 

after charge of hydrocarbons. The latter is the most widely accepted in the Alan field case.         
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INTRODUCTION 

Alan Oilfield locates 30 km northwest of the Mosul city. It is asymmetrical anticline structure 

in the northern part of Iraq between the latitude of N36º26′ – N36º30′ and longitude of 
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E42º39′ – E42º58′. The length of its E-W, trending axis is about 28 km and the width is about 

5 km (Fig. 1). It reaches to a high of 400 m above sea level. The average dip of the northern 

flank is 8º while the southern flank reaches to 30º nevertheless; structural map of the Kurra 

Chine reflector reveals that the northern flank is steeper than the southern (N. O. C., 2015).  

 

Fig. 1. Location map of Alan Anticline (Landsat 8 Satellite image RGB 642)  

Alan anticline consists of three domes western, middle and eastern with small saddles 

between them. Middle dome is higher than the western dome about 100 m but it is lower than 

the eastern dome about 25 m (O.E.C., 2010). The well Alan 1 was drilled on the middle 

dome, in which the lower part of the Kurra china Formation reserves crude oil. The well Alan 

2 at the western dome reserves at the upper part crude oil, in which oil water contact is at 

depth -2150 m, while gas and condensate in the lower part of the formation. Gas water contact 

in the western dome is at depth -2528 m and lower than oil water contact in the middle dome 

about 47 m. The distance between both wells is 7 km. Well Alan-2 did not penetrate lower 

contact of the Kurra Chine Formation but well Alan-1was penetrated the lower contact of the 

Kurra china Formation (O.E.C., 2010). 

The Kurra Chine Formation consists of an alternation of limestone or dolomite, shale 

and anhydrite sometime halite (Sadooni, 1995 and Aqrawi et al., 2010). Shale and dolomite 

intervals of the Kurra Chine Formation are source rocks in northern Iraq which contain fair to 

good total organic carbon (TOC) that belongs to type II and III kerogen (Al-Ameri et al., 2009 

and Edilbi, et al., 2019). Some studies have been carried out on Alan field (O.E.C., 2009 and 

2010, N.O.C., 2015) but no one was going into a convincing interpretation of why this 

hydrocarbon entrapment is irregular. Three aims of this paper, the first one is to interpret a 

rapid change in hydrocarbon - water contact between closely spaced wells Alan-1 and Alan-2, 

the second aim is why the lighter hydrocarbon, the gas, in the western dome is in the lower 
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part of the Kurra Chine Formation whereas the oil at the upper part of the formation in the 

same dome. The last aim is horizontally, why the gas is accumulated in the lower part of the 

Kurra Chine Formation of the western dome while the oil is accumulated in the middle dome.   

      GEOLOGICAL SETTING 

The stratigraphic sequence of Triassic Period in the northwest of Iraq is represented by the 

Mirga Mir Formation (Early Triassic), the Beduh Formation (Early Triassic), the Geli Khana 

Formation (Middle Triassic) and the Kurra Chine Formation (Late Triassic) (Buday, 1980 and 

Jassim et al., 1984). The Mirga Mir Formation consists of thin bedded grey and yellow 

argillaceous limestone and shale (Bellen et al., 1959). The thickness of the formation is 165 m 

in the north of Iraq (Jassim and Goff, 2006). The Beduh Formation comprises shale and marl 

with thin limestone interbeds with sandstone (Bellen et al., 1959). The Geli Khana Formation 

consists of dark, massive dolomites overlying thick layers of limestone in the upper division 

while the lower division comprises yellowish, greyish and bluish shale with thin bedded 

limestone (Hall, 1958). Source rocks have not been recorded in the Geli Khana Formation 

(Aqrawi et al., 2010). The Kurra Chine Formation consists of dark brown and black limestone 

and papery shale with recrystallization breccia (Bellen, et al., 1959). Some salt layers are in 

the middle of the formation (Jassim and Goff, 2006). Massive evaporate at the upper part of 

the Kurra Chine Formation seals the Triassic reservoirs (Aqrawi et al., 2010) (Fig. 2).   

 

Fig. 2. Stratigraphy of the Kurra Chine (Aqrawi et al., 2010) 
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Tectonically, Alan Field within the low folded zone of the Western Zagros Fold-Thrust 

Belt of Iraqi territory (Fouad, 2015). The field locates in the Foothill Zone within the unstable 

shelf (Jassim and Goff, 2006). Foothill zone contains four transversal basement blocks with 

different structural histories. Mosul High, where Alan field locates, is one of these four 

blocks. The basement is at depth 6 km (CGG, 1974). Compressional stress due to collision 

between Arabian and Eurasian plates develops many folds in the north and northwest of Iraq 

at end of Pliocene (Numan, 1997, Numan and Al- Azzawi, 2002 and Jassim, 2019).      

MATERIALS AND METHODS 

The geological cross section parallel to hinge line of the Alan anticline is done by using data 

of wells Alan-1 and Alan-2, and Kurra Chine reflector in some seismic sections (Fig. 3).  

Well data of northeast Iraq such as Alan-1 (Al-1), Alan-2 (Al-2), Atshan-1 (At-1), Qalian-1 

(Ql-1), Ibrahim-1 (Ib-1), Adaiyh-1 (Ad-1), Mityaha-1 (Mt-1), Tel Hajar-1 (Th-1), Ain 

Ghazal-1 (Ag-1), Abtakh-1 (Ab-1), Sufaiyah-1 (Sf-1), Ain Zalah-29 (Az-29), Rafan-1 (Ra-1), 

Butmah-15 (Bt-15), Kand-1 (Qd-1) and Sasan-2 (Sa-2) are used to draw synoptic block 

diagram to the upper surface of the Kurra Chine Formation by using Surfer 16 software )Fig .

4). The figure shows Alan Field locates at northwest margin of Mosul High. Kurra Chine 

Formation in the Alan Field is higher than it in west and northwest area where well Abtakh-1 

is located about 1200 m. It's important to refer to the thickness variations in the sequence of 

the upper Triassic and Lower Jurassic formations within the studied area (Table 1).   

 

Fig. 3. Cross section in the Alan field shows two reservoirs and three domes 
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Fig. 4. Synoptic block diagram, panoramic view and reconstruction of architectural 

geometry of the Kurra Chine Formation, extracted from well data of northwest  

Iraq (see the text for name abbreviations of wells) 

 

 

Table 1. Thickness variations in sequence of U. Triassic and L. Jurassic between wells 

Alan-1 and Alan-2, data from (N.O.C., 2015) 

Rock units Thic. in Alan-1 (m) Thic. in Alan-2 (m) Difference in Thic. (m) 

L. Jurassic 87 152 65 

Evaporates of upper cap rocks 137 84 53 

Carbonates of upper reservoir 125 116 9 

Evaporates of lower cap rocks 212.5 247 34.5 

Carbonates of lower reservoir 171 Not reach to lower contact  

 

DISCUSSION 

There are some variations in the physical properties of the oil between the upper and lower 

reservoirs such as API gravity which is 31 API and 29.6 API for the upper and lower 

reservoirs, respectively (O.E.C., 2010) and there is an abnormal distribution of hydrocarbons, 

oil in the upper part of The Kurra Chine Formation and gas, the lighter, in the lower part of 

the formation in well Alan-2. The variety of the oil properties and abnormal distribution 

reflect difference in the thermal maturation, burial history, source rocks and structural 

evolution (Dahlberg, 1982 and 1995 and Fustic et al., 2012). Organic matters in the Kurra 

China Formation are type II and III kerogen in northwestern and northern Iraq (Al-Ameri, et 
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al., 2009 and Edilbi, et al., 2019) and the formation is characterized by extensive fractures in 

the northern Iraq that it can be considered as reservoir a (Awdal et al., 2016). Kurra China 

Formation is source rocks in addition to reservoir rocks in some parts which is characterized 

by fracture. These source rocks enter the maturity stage due to the high thickness of the 

sequence from the Kurra Chine Formation upward (Fig. 3).  

For the upper reservoir; charged oils have been migrated up-ward toward Alan Field 

that feeds the upper reservoir of western dome because it is the nearest (Figs. 3 and 4) in 

addition to the oil may be related to the Lower Jurassic source rocks that accumulate in the 

fractured reservoir rocks of the Kurra China Formation by the faults with high network 

fractures. Some Factors may limit the oil in the upper reservoir only in the western dome; the 

source rocks of hydrocarbon in the upper reservoir separate from the lower, thickness of the 

upper reservoir carbonate is little in comparison with the lower (Table 1), porosity of the 

upper reservoir is reduced due to the anhydritization processes that form anhydritizated 

doloston, and the last factor is the 220 m anhydrite barrier rocks between the upper and lower 

reservoirs prevent the hydrocarbone comes from lower source rocks.  

For the lower reservoir; shale, marl and argillaceous limestone in the Mirga Mir 

Formation (Lower Triassic) and the bivalve-rich beds in the Beduh Formation (Lower 

Triassic) may have source rocks potential (Aqrawi et al., 2010) as well as the lower part of the 

Kurra Chine Formation as mentioned above enter thermal maturation and feed the lower 

reservoir by up-dip lateral migration toward Alan field. Gas condensate fills completely lower 

reservoir in the western dome, the nearest and lowest (Figs. 3 and 4). Gas oil contact reaches 

to spill point in western dome, and then push the oil to fill the middle dome, higher and away 

from the western dome. There are two scenarios of differential entrapment in the lower 

reservoir, the first one depends on Gussow′s principle (Gussow, 1954) and the concept of fill 

and spill (Fustic et al., 2012) in which specific structurally setting plays the major role. Source 

rocks enter oil maturity window then feed and fill the closest structure, western dome, after 

displaces water then the source rocks enter gas window. Charged gas pushes the pre-existing 

oil from western dome to neighboring structure, middle dome, further away from source 

rocks. Lower seal of carrier bed in this model is close to the fluid contacts and spill points 

levels that affect the entrapment mechanism (Fig. 5) but in Alan field case no lower seal close 

to fluid contacts and spill points. The second scenario is in which generation of hydrocarbon 

is before the formation of Alan anticline; Alan area subjects into two stages of tectonic uplift, 

the first one is development of the Mosul High from Late Cretaceous to Late Oligocene (Al-

Azzawi, 2013 and Burberry, 2015). 



76-6853 (2A), 2020:      Alhadithi and Alhadithi   Iraqi Geological Journal     
 

 74 

 

Fig. 5. Differential entrapment of hydrocarbons in the lower reservoir of Alan field 

depend on Gussow′s principle of differential hydrocarbon entrapment (Gussow, 1954) 

and concept of fill and spill (Fustic et al., 1012) 

The second stage of tectonic uplift is the Alpine folding in foreland anticlines north and 

northeast Iraq. The folding is paroxysmal not progressive at the end of Pliocene (Numan and 

Al-Azzawi, 2002, Jassim, 2019 and Alkhatony et al., 2019). During the first tectonic stage the 

source rocks were entered maturity levels before the development of Mosul High due to the 

thickness of the sequence from source rocks upward to the Late Cretaceous is about 2151 m 

in well Alan-1 with Upper Jurassic gap and some unconformities that sufficient to allow the 

source rocks to generate hydrocarbons with considering the source rock is deeper in the 

northwestern Iraq more than 1200 m (Fig. 4). The hydrocarbons migrate laterally toward 

Mosul High due to up-dip movement.  

The second stage of upliting allows the fluids to continue lateral migration toward Alan 

anticline, the lighter fluid, gas, reaches first to the lower resevoir of the Kurra Chine 

Formation in the western dome but prevented to reach upper reservoir due to the anhydrite 

unit between the two reservoirs. While the gas fills the western dome and the gas - oil contact 

reaches to spill point the oil continued to lateral migrate and fill the middle dome therefore, 

oil or water is in the eastern dome. The entrapment of hydrocarbon in the lower reservoir of 

the Kurra Chine Formation was controlled by structural setting (folding). (N.O.C., 2015) 

suggests that the variation in the fluid contact levels between western and middle domes is 

due to normal fault between the two domes that makes contrast in elevation of rock masses. 

Another factor plays an important role to distribute the hydrocarbone in lower reservoir is 

increasing the voids of porosity and fratures after eroded about 800 m of overburden, where 

the sequence from Middle Miocene upwaed that include Fatha, Injana and Muqdadia 

formations. The increasing of void due to unloading allows the gas to saperate from the oil 
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that fills lower reservoir in the western dome and push the oil to the middle. Carbonate of 

lower reservoir behaves elastic material. The elasticity of carbonates is high in compersion 

with other rocks (Van der Pluijm and Marshak, 2004) 

CONCLUSIONS 

The current study shows some important results, which are given conclusions as in the 

following: 

1. There are two reservoirs in the Alan oilfield, upper and lower. Both reservoirs are 

within the Kurra Chine Formation. They are in the upper and lower parts of the 

formation respectively that separated by ~220 m of anhydrite cap rocks.  

2. The Alan field locates in the northwest margin of the Mosul high.  The Kurra Chine 

Formation of Alan Field rises about 1200 m than the northwest Kurra Chine 

sedimentary basin. The source rocks of the deepest part of basin in the northwest Iraq 

enter thermal maturity and generates hydrocarbon that migrates laterally toward the 

Alan field. 

3. Tectonics, structural and stratigraphic situations play important role of differential 

entrapment of hydrocarbons in the Alan field. There are two stages of tectonics that 

develop Alan Field, the first one is uplifting of Mosul high where the field is located 

in the northwesterm margin of the high. The second tectonic stage is compressive 

stress of Alpine orogeny. 

4. The difference in elevation between gas-water contact in the lower reservoir of the 

western dome and oil-water contact in the middle dome is due to the structural factor, 

folding, and elastic behavior of carbonates. 

5. Oil of the upper reservoir was generated due to the source rocks of the upper part of 

the Kurra Chine Formation and may be related to the Lower Jurassic source rocks and 

the faults with high network fractures helped to accumulate in the fractured reservoir 

rocks of the Kurra China Formation. 

6. The possibility of oil existence in the lower reservoir of eastern dome is high due to 

the water-oil contact is with the spill point between the middle and eastern domes.  
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