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Abstract 

Petrophysical properties of the Early Cretaceous Sarmord and Garagu forma-
tions from the Atrush and Sarsang Blocks in the Kurdistan Region are stu-
died. These formations are generally composed of limestones and dolomitic 
limestones interbedded with thin to medium layers of yellowish-gray marl 
(calcareous mudstone). The current study shows that the average shale vo-
lume in the Sarmord and Garage formations is between 16% and 20%. In 
Atrush-1 Well, the average porosity ratio of the Sarmord and Garagu forma-
tions is fair to good (15% and 11%, respectively). However, in Mangesh-1 
Well, the porosity value is poor; it is around 4% on average. Generally, most 
of the hydrocarbons that have been observed within the pore spaces are resi-
dual oil type in Atrush-1 Well and movable hydrocarbon type in Mangesh-1 
Well. In Atrush-1 Well, out of 362 m thickness of both formations, only 180 
m is considered to be a pay zone; whereas, the pay zone is just around 8.0 m 
thick out of 347 m of the total thickness. According to the calculated porosity 
values, the Garagu and Sarmord formations are not considered as good re-
servoirs in the studied wells, with the exception of Atrush-1 Well where the 
Sarmord Formation has fair potential reservoir characteristics. 
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1. Introduction 

Wireline logs represent one of the most common techniques used mainly by pe-
trophysics and petroleum geologists in order to interpret data and information 
retrieved from wells, including physical properties of the rock formations; for 
example, lithology, porosity value, depth and thickness. Moreover, wireline logs 
are very useful tools to distinguish between water, oil and gas contacts, and the 
estimation of hydrocarbons within the reservoir units [1]. In the current study, 
the corrected well log data were used to determine the lithology, porosity, hy-
drocarbon saturation, and water saturation from the Sarmord and Garagu for-
mations from Mangesh-1 and Atrush-1 Wells in the Sarsang and Atrush Blocks, 
respectively. 

Mangesh-1 Well is situated within the Sapna valley in the Sarsang Block. This 
block is located in the northern limb of Gara Anticline, about 50 km northeast of 
Duhok City. It is structurally very complex and contains several folds with horst 
and graben structures [2]. Atrush-1 Well, on the other hand, is located within 
the Atrush Block, which is located about 25 km northeast of Duhok City [3] 
(Figure 1). The structure of the Atrush block is an anticline and fault structure 
developed along a shallow thrust zone that oriented east-west in the Zagros Basin. 

In the study area, the Sarmord Formation is underlain by the Garagu Forma-
tion and overlain by the Qamchuqa Formation. The formation has a thickness of 
187 m and 180 m in Mangesh-1 and Atrush-1 Wells, respectively. Garagu For-
mation, on the other side, is underlain by Chia Gara Formation, and its thick-
ness varies from 182 m in Atrush-1 Well to 160 m in Mangesh-1 Well. 

Until now, little attention has been paid to reservoir characteristics of the 
Lower Cretaceous successions in the Kurdistan Region. The role of the Sarmord 
and Garagu formations within the petroleum systems context in the area is still 
debatable. However, Mamaseni et al. [4] in a study on Lower Cretaceous forma-
tions from Shaikhan oilfield, found that the lower part of Sarmord Formation 
had a poor porosity (5%); though, the upper part of the formation has a fair po-
rosity (up to 13%). Edilbi et al. [5] also concluded that the Sarmord Formation 
has very low porosity and is not considered a significant reservoir in the Kirkuk 
area. This study aims to evaluate the reservoir quality of the Sarmord and Gara-
gu formations in two blocks in the High Folded Zone from Kurdistan Region.  

2. Geological Background 

Late Tithonian-Early Turonian Megasequence (AP8) was deposited within a  
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(a) 

 
(b) 

Figure 1. (a) Location of the studied area (red rectangular) on tectonic zones of Iraq [6]; (b) Geological Map of the study area 
(Modified from Stevanovic et al. [7]). 
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large intra-shelf basin contemporaneous with a new phase of ocean floor spread-
ing in the Southern Neo-Tethys [8]. Because of the opening of the Southern 
Neo-Tethys which caused drifting away of a narrow microcontinent, a new pas-
sive margin of carbonate ridge was formed along the northeast margin of the 
Arabian Plate. In the western margin of the Mesopotamian Basin, the Rutba Up-
lift was developed. The Late Tithonian-Hauterivian Sequence in Iraq comprises 
several formations; namely, are Sulaiy, Makhul, Chia Gara (Karimia), Yamama 
(Garagu and Zangura), Ratawi and Lower Sarmord formations. 

The Garagu Formation was first introduced by Wetzel in [9] in the Gali Ga-
ragu from the Chia Gara anticline in the High folded Zone of Northern Iraq 
(Kurdistan Region) (Figure 2). The Lower Cretaceous Garagu Formation has 
been observed in many drilled wells and outcrops in the northwest of Iraq [10]. 
This formation could be defined as a mixed carbonate-siliciclastic succession. 
Lithologically, the Garagu Formation is divided into three distinct units. The 
lower and upper parts are comprised of limestones, oolitic limestones and sand-
stones, whereas the middle part is made of marls, marly limestone and limestone 
beds. The formation is believed to be a good hydrocarbon reservoir in some 
subsurface sections [11]. The Garagu Formation was deposited in a shallow wa-
ter environment with two high-energy belts in the lower and upper parts [9] [12]. 

Concerning the Sarmord Formation, it was defined by Wetzel in [9] in the 
Surdash Anticline from the High Folded Zone in the Sulaimaniya area of NE 
Iraq. In its type section, the formation comprises 455 m thickness of homoge-
neous, brownish, and bluish-gray marls, with units of the argillaceous limes-
tones. The age of the formation was suggested as Valanginian-Aptian by [9]. 
Aqrawi et al. [11] divided the Sarmord Formation into two parts, namely Lower 
and Upper Sarmord. The Upper Sarmord is absent in the High Folded Zone of 
the northeastern part of Iraq, similarly, the type section of Sarmord Formation 
includes only the Lower Sarmord part. It is suggested that the depositional envi-
ronment of the formation is a deep inner shelf to outer shelf environments [9] 
[11].  

3. Materials and Methods 

In this research, the well log data were used to investigate the reservoir quality of 
both Sarmord and Garagu formations. For interpretation of these data, the In-
teractive Petrophysics software (IP V3.5, 2008) was run in order to estimate the 
reservoir characteristics of the studied formations. The LAS files are important 
for Interactive Petrophysics (IP) program to run, especially those which have 
suites of gamma ray, neutron, density, and resistivity logs. The reading mea-
surements are set as one reading per 0.1524 meters. Gamma ray log (GR) is 
usually used to measure the natural radioactivity of the formation. Thus, it is 
used to determine the volume of shale. The resistivity of a formation for its ma-
trix and fluid in the pores is considered as true resistivity (Rt), which is obtained 
from deep resistivity log such as Deep Induction Log or Deep Lateral Log. On  
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Figure 2. General stratigraphy and hydrocarbons occurrences in Kurdistan Region [13]. 
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the other hand, the resistivity of the flushing zone can be measured by Micro-
spherical Focused Logs. The IP V3.5 software was also used to determine the 
Temperature Gradient model to generate a continuous temperature curve for 
each well (Table 1). Practically, the formation water resistivity with Archie pa-
rameters such as saturation exponent (n) and cementation exponent (m) can be 
calculated from Pickett plot method, which is the relationship between true re-
sistivity and effective porosity. The porosity (Ф) can be determined from several 
types of porosity logs, for example, sonic, density and neutron logs. The water 
saturation and permeability were calculated by Archie [14] and Timur [15] equ-
ations, respectively. The following equations were used to evaluate reservoir 
quality in this research.  

3.1. Shale Volume Estimation 

Shale volume can be measured from the gamma ray through the following steps: 
Calculating the Gamma Ray Index (IGR): 

( ) ( )log min max minGRI GR GR GR GR= − −                  (1) 

Transforming the Gamma Ray Index into shale content using the empirical 
equation for old rocks: 

( )20.33 2 1GRI
shV ∗= −                         (2) 

where: 
IGR: Gamma Ray Index; 
GRlog: Gamma Ray log reading of formation; 
GRmin: Minimum Gamma Ray reading in the clean zone, (clean sand or car-

bonate); 
GRmax: Maximum Gamma Ray reading in shale zone; 
Vsh: Volume of shale. 

3.2. Porosity 

The following equation is used to find out the total porosity from density and 
neutron porosities. 

2
N D

ND
Φ +Φ

Φ =                         (3) 

where:  

NΦ : Neutron Porosity; 

DΦ : Density Porosity. 
 
Table 1. Temperature and total depth for the studied wells. 

Wells BHT (˚C) Surface Temp. (˚C) Total Depth (m) 

Atrush-1 54.00 25.70 3400 

Mangesh-1 60.38 26.00 4600 

https://doi.org/10.4236/ojg.2021.1110027


A. N. F. Edilbi et al. 
 

 

DOI: 10.4236/ojg.2021.1110027 515 Open Journal of Geology 
 

The relationship between total porosity ( tΦ ) and effective porosity ( eΦ ) can 
be calculated from the below equation: 

( )1e t shVΦ = Φ ∗ −                        (4) 

3.3. Water Saturation (Sw) 

Water saturation of the uninvaded zone of a reservoir is estimated from the 
Archie’s [14] formula: 

1
n

w
w m

t

RaS
R

 
∗ 

 Φ
=                         (5) 

where: 
Sw: Water Saturation, fraction; 
Rw: Formation Water Resistivity, ohm-m; 
Rt: True formation resistivity for the uninvaded zone, ohm-m; 
Ф: Effective Porosity, and, a, n, and m: Archie’s parameters, dimensionless. 
The water saturation of the formation’s flushed zone (Sxo) depends on Archie’s 

equation as following: 
1
nmf

xo m
xo

RaS
R

 
= ∗ 

Φ 
                       (6) 

3.4. Hydrocarbon Saturation (Shc) 

The hydrocarbon saturation can be derived from the water saturation via the 
following equation: 

1hc wS S= −                           (7) 

Hydrocarbon saturation is normally discriminated into the residual hydro-
carbon (Shr) or non-exploitable and the movable hydrocarbon (Shm) or exploita-
ble as follow: 

hc hr hmS S S= +                         (8) 

4. Results 

Shale volume from the rock formations can be measured by using gamma ray 
log. The more shale present, the more radioactive the formations are; hence, the 
more gamma ray counts. It is believed that low shale formations are usually con-
sidered to be a better reservoir; however, the increase in the volume of shale 
content reduces the effectiveness of reservoir capacity. As shown in Figure 3, the 
volume of shale in Sarmord Formation generally ranges from 13% to 19%, whe-
reas it increases in the Garagu Formation, ranging from 18% to 22%. The son-
ic-neutron and neutron-density cross plots are used to determine the lithology 
of the formations. Both methods are widely used to make the separation between 
sandstone, limestone, and dolomite in a cross plot [16]. Each cross plot is a chart 
based on the slope and intersects with two porosity logs [17]. In this study,  
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Figure 3. Volume of shale of the Sarmord and Garagu formations in Atrush-1 Well (a) and Mangesh-1 Well (b). 
 
neutron-density, the cross plot was used to determine lithology for the studied 
formations, except Garagu Formation in Mangesh-1 Well in which its lithology 
was determined via sonic-neutron cross plot. The neutron porosity and bulk 
density data for the Sarmord Formation were plotted on the limestone line 
which reveals that the dominant lithology in the formation is limestone (Figure 
4), whereas the Garagu Formation comprises limestone and dolomitic limestone.  
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Figure 4. Neutron-density and neutron-sonic cross plot for the Sarmord and Garagu in Atrush-1 and Mangesh-1 Wells. 
 
Moreover, due to the effect of borehole enlargement on bulk density logs, some 
points were scattered.  

Porosity is one of the essential attributes of a reservoir, which is concerned to 
the ratio of the whole pore space in a rock sample to its bulk volume [18] [19]. A 
combination of the density and neutron logs can be used to estimate porosity 
from logs. The porosity that is obtained directly from logs without correction for 
clay content is regarded as total porosity, whereas effective porosity is the resul-

https://doi.org/10.4236/ojg.2021.1110027


A. N. F. Edilbi et al. 
 

 

DOI: 10.4236/ojg.2021.1110027 518 Open Journal of Geology 
 

tant porosity that is achieved after the removal of the effect of clay content. It is 
believed that in the no-shale intervals, the total porosity equals the effective po-
rosity [20]. Generally, due to the impact of compaction and cementation on the 
reservoir rocks, the values of porosity are greatly reduced in the ancient and 
deeper reservoir rocks [21]. 

The high values of porosity have been recorded from the Sarmord Formation 
in Atrush-1 Well, reaching up to 15%. On the other hand, the porosity values for 
the Sarmord and Garagu formations in Mangesh-1 are very low (Table 2). 

The principle of the Pickett plots depends on the double logarithm plot of a 
resistivity measurement on the x-axis versus porosity measurement on the 
y-axis, and it is used to appraisal the formation water resistivity (Rw). After plot-
ting the points, the resulted straight line represents constant water saturations, 
and from it, the water resistivity can be determined. As shown in Table 3 and 
Figure 5, the formation water resistivity for studied zones show the water resistivity’s  
 
Table 2. Total and effective porosity ratios for the Sarmord and Garagu formations in the 
studied wells. 

Wells Formations Average PHIT Average PHIE 

Atrush-1 
Sarmord 0.15 0.14 

Garagu 0.11 0.09 

Mangesh-1 
Sarmord 0.04 0.03 

Garagu 0.04 0.03 

 

 

Figure 5. Formation water resistivity of the Sarmord and Garagu formations in Atrush-1 (a) and Mangesh-1 (b) Wells. 
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Table 3. Water resistivity (Rw), Archie parameters, and Mud filtrate (Rmf) for the stu-
died wells. 

Wells Measured Rmf Rmf at BHT m n a Rw 

Atrush-1 0.09 @ 25.70 0.06 @ 54.00 1.99 2 1 0.074 

Mangesh-1 0.21 @ 26.00 0.12 @ 60.38 1.97 2 1 0.054 

 
value, which seems to be uncontaminated by drilling mud that saturates the 
porous formation. 

Water saturation is defined as the amount of pore volume in a rock that is 
filled with formation water and is expressed as a decimal fraction or as a percen-
tage [1]. Water saturation of the flushed zone is usually used to determine the 
movable hydrocarbon in the rocks. If the porosity value of the flushed zone is 
much higher than water saturation, then hydrocarbons in the flushed zone (Sxo) 
have probably been moved from the zone nearest the borehole by the invading 
drilling fluids [1]. In this research, the values of the flushed zone are greater than 
water saturation. This might indicate that the formations have good movable 
hydrocarbon content, especially in Mangesh-1. Movable hydrocarbon is represented 
by the yellow color on the computer processing interpretation (CPI) and the re-
sidual hydrocarbon is shown by the green color (Figure 6). 

5. Discussion 

The increase in the content of shale in a reservoir causes decreases in reservoir 
potentiality, which in turn is resulted from decreasing porosity and permeability 
[22]. The date of gamma ray log from Atrush-1 Well shows that the Sarmord 
Formation has around 13% shale content, while the shale volume increases in 
the Garagu Formation up to 18%. 

The Neutron-density cross plot shows that the Sarmord Formation consists of 
limestone and dolomitic limestone, whereas the Garagu Formation is composed 
of limestones, dolomites, and dolomitic limestones with subordinate units of 
shale. The average values of shale volume in the Garagu and Sarmord formations 
from Mangesh-1 Well are very close; it is 18% in the former and 19% in the latter.  

According to Levorsen [23] and Gluyas and Swarbrick [24] the porosity values 
of less than 5% can be neglected, the values between 5% - 10% indicate poor 
quality, the values between 15% - 20% show good quality, and the values greater 
than 20% are regarded as very good quality.  

Although in some intervals the values of porosity may reach 35%, the general 
values of porosity of the Sarmord Formation in Atrush-1 range from 5% to 19% 
(15% on average); it shows poor-fair porosity in the lower part of the formation, 
whereas good porosity is recorded in its upper part. Unlike the Sarmord Forma-
tion, the average values of porosity for the Garagu Formation range between 5% 
and 16% (11% in total average), indicating good porosity in the lower part of the 
formation, and poor porosity in the upper part of the formation. 
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(b) 

Figure 6. Computer Processed Interpretation (CPI) for the Sarmord and Garagu formations in Atrush-1 (a) and Mangesh-1; (b) 
Wells. 

https://doi.org/10.4236/ojg.2021.1110027


A. N. F. Edilbi et al. 
 

 

DOI: 10.4236/ojg.2021.1110027 522 Open Journal of Geology 
 

In some points, the petrophysical characteristics of the Garagu and Sarmord 
formations in Mangesh-1 are slightly different from Atrush-1. The general val-
ues of porosity of the Sarmord and Garagu formations in Mangesh-1 Well are 
0% - 6%, 0% - 5% (0.4% in average), respectively. These values are considered 
negligible to very poor porosity ratios.  

Hydrocarbon movability is very useful to define the ability of hydrocarbon 
movement, recognizing the type of movable hydrocarbon, consequently the well 
productivity [25], and the trapped hydrocarbons in parts of the pore volume are 
called the residual oil saturation [26]. As mentioned earlier, the porosity values 
of the flushed zone are greater than water saturation, which indicates that the 
formations have good movable hydrocarbon content, especially in Mangesh-1 
Well. The Presence of residual oil in a zone is possibly due to the type of hydro-
carbons or low permeability, in which a zone of heavy hydrocarbons and low 
permeability is expected to occupy the residual hydrocarbon. On the other hand, 
the presence of movable hydrocarbons could indicate a zone of connected pores 
or/with light hydrocarbon. The Sarmord Formation, in Atrush-1 Well, is cha-
racterized by the presence of residual oil with little movable hydrocarbon in the 
upper part of the formation, but the Garagu Formation has no trace of hydro-
carbon except in the middle part of the formation, which shows good movable 
hydrocarbon. From a total thickness of 180 meters, only 120 meters is consi-
dered as net pay zone from the Sarmord Formation, and the Garagu Formation 
has 60 meters net pay zone out of a total thickness of 182 meters. On the other 
hand, some movable oil with no to very little residual hydrocarbon has been no-
ticed within Sarmord and Garagu formations in Mangesh-1. In Mangesh-1, out 
of a total 187 meters, there are only 3 meters net pay zone for the Sarmord For-
mation, and the Garagu Formation has a 5meters net pay zone from 160 meters 
thick. Based on these results, the Sarmord and Garagu formations from Atrush-1 
have more chance than Mangesh-1 to be considered as a reservoir. This differ-
ence in porosity values, regardless of unroofing, is possibly due to the high 
amount of overburden at Mangesh-1 compared to the Atrush-1 wells. 

6. Conclusions 

In this study, petrophysical analysis was carried out to estimate the reservoir 
characteristics of the Sarmord and Garagu formations in Atrush-1 Well from 
Atrush Block and Mangesh-1 Well from the Sarsang Block. According to the 
analyzed results, in Atrush-1 Well, the Sarmord Formation has poor to fair po-
rosity values in its lower part, while good porosity was recorded in its upper 
part. Regarding the Garagu Formation, a good porosity ratio was documented in 
its lower part and poor values from its upper part. Furthermore, the Sarmord 
Formation is characterized by residual oil with little movable hydrocarbon in the 
upper part; on the contrary, the Garagu Formation shows no signs of hydrocar-
bon as expected in its middle part, since it shows good movable hydrocarbon. 
Both Sarmord and Garagu formations in Mangesh-1 Well display low porosities, 
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which are regarded as negligible to very poor porosity quality. In addition, insuf-
ficient movable oil with inadequate residual hydrocarbon has been noticed 
within Sarmord and Garagu formations in Mangesh-1 Well.  
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