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Abstract The non-availability of the advanced tools such

as FMI and Borehole Televiewer has led to the use of

conventional well logging methods in the examination of

potential fractures and ultimately help in reservoir char-

acterization and development. This study uses the said

conventional well log data for fracture detection in the

Upper Cretaceous Matulla Limestone Formation in the

Geisum oil field, southern Gulf of Suez province, Egypt.

Different applications have therefore been integrated

together, which include the Secondary Porosity Index (SPI)

with tri-porosity crossplot (M–N), the natural gamma ray

spectroscopy (NGS), the Dual Laterolog–MSFL logs sep-

aration, the litho-density and compensated neutron logs and

the Variable Density log (VDL), which is based on the

responses of the compressional and shear waves in front of

fractured zones. Good secondary porosity is prevalent in

the Matulla Formation with SPI values reaching maximum

values of 21.5 and 15.1% in the studied wells. Three and

six fractured zones have been recognized in Geisum A-2

and Tawila N-1 wells, respectively, based on SPI logs.

Several of these proposed zones are supported by other

tools such as NGS, photoelectric (Pe), and VDL and

fracturability Index (FI). This integrated method using

various conventional well log has produced results sug-

gesting great probability in fracture identification in the

carbonate Matulla Formation.

Keywords Gulf of Suez � Matulla Formation � Fractures �
Conventional logging

Introduction

The complex nature of Egypt’s geology makes the explo-

ration and development of hydrocarbons extremely chal-

lenging since faults, fractures, evaporite sequences and

radioactive minerals are common in Egypt. Petroleum

exploration around the Gulf of Suez began just over

100 years ago at Ras Gemsa. The gulf has high hydrocar-

bon potential and is now a well-established oil province.

This basin contains more than 80 oil fields, with reserves

ranging from 1350 to\1 million bbl, in reservoirs of pre-

Cambrian to Quaternary age (Alsharhan 2003). It is pre-

sently ranked seventh in terms of production among the

major grabens or rift basins of the world.

The Gulf of Suez in Egypt covers an area of about

25,000 sq km. It extends along a north-northwest–south-

southeast orientation from latitude 27�300N to 30�000N and

is located at the junction of the African and Arabian plates,

where it separates the northeast African continent from the

Sinai Peninsula (Alsharhan 2003). Its width varies from

about 50 km at its northern end to about 90 km in the

south, where it merges with the Red Sea (Bosworth and

Mcclay K 2001).

This study aims to use the conventional logging tools to

identify fracture zones in the Upper Cretaceous Matulla

limestone formation in the southern part of the Gulf of

Suez. The study area is located between latitudes 27�350N
to 27�390N and longitudes 33�41.50 to 33�440E (Fig. 1).

The Gulf of Suez was subjected to open marine trans-

gression during the Upper Cretaceous up to Eocene (Omran
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and El Sharawy 2014). The Matulla Formation, which is

widely distributed in the Gulf of Suez province, represents

a slightly shallow marine facies.

Most carbonate reservoirs have complexity and hetero-

geneity as a result of their naturally fractured characteristic.

These fractures have significant influence on the reservoir

behavior and performance, such that they can produce

complex paths for fluid movement, which impact reservoir

characterization and production. Therefore, understanding

fracture properties is very important (Roehl and Choduette

1985). Fractured zones can be detected both directly and

indirectly using seismic sections, petrophysical logs, well

tests, drilling mud loss history and core description

(Thompson 2000; Nelson 2001; Martinez-Torres 2002;

Dutta et al. 2007). Advanced logging methods for fracture

analysis and detection, like the borehole acoustic tele-

viewer, Formation Microscanner (FMS), Formation

MicroImager (FMI) and Electric MicroImaging (EMI) are

more accurate, but they naturally require higher cost and

can only produce images at specific certain intervals.

Conventional logging tools, on the other hand, can be

assessed without interval limitations. Moreover, open and

water- or hydrocarbon-filled fractures are also sensitive to

conventional logging methods (Laongsakul and Durrast

2011).

Geology of the study area

The Gulf of Suez was initiated as the northern extension of

Red Sea rifting, a continental rift zone that was active from

the Late Oligocene to the end of Miocnee (Khalil and

McKlay 2001). However, while the Red Sea has continued

to develop to an oceanic sea floor spreading stage, the

growth of the Dead Sea Transform east of the Gulf of Suez

resulted in the gulf being cut off at a relatively early stage

of rifting (Garfunkel and Bartov 1977; Garfunkel 1981;

Tamsett 1984; Steckler and Ten Brink 1986; Feinstein

Fig. 1 Location map for the study area and well locations
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et al. 1996). At present, the Dead Sea Transform plate

boundary accommodates most of the motion between

Africa and Arabia north of the Red Sea (Feinstein et al.

1996). During its brief post-rift history, the deepest part of

the remnant rift topography has been filled by the sea,

creating the Gulf of Suez. The gulf represents one of the

most intensively faulted areas on the Earth (Fig. 2). Its

present shape has been determined by fracture systems

which were and possibly still are due to tectonic events

caused by movements of the Nubian, Arabian and Sinai

plates and the resulting rift trends, the (NNE–SSW) Aqaba

Trend and E–W (Tethyan) Trend (Dahy 2010). This ten-

sional movement and subsidence resulted in the stretching

and collapse of the crust. Subsidence moves potential

source rocks to depths suitable for generation of hydro-

carbon, whereas stretching movement can provide petro-

leum structural traps in the fault blocks for hydrocarbon

accumulation. This is characteristic of rift basins (Lashin

and Mogren 2012).

The lithostratigraphic units in the Gulf of Suez range in

age from pre-Cambrian to Holocene. Figure 3 shows a

simplified generalized stratigraphic section of the study

area. Due to the Cenozoic rifting, the stratigraphic suc-

cession in the Gulf of Suez can divided into three lithos-

tratigraphic megasequences (Plaziat et al. 1998): pre-rift,

syn-rift and post-rift. These units vary in thickness,

lithology, areal distribution, depositional environment and

hydrocarbon importance (Alsharhan 2003).

The pre-rift stratigraphic sequence extended from

Cambrian to Eocene. Deposition of pre-rift sediments was

over a pre-Cambrian basement without noticeable tectonic

deformation (Schutz 1994). Clastic Nubia sandstones (Pa-

leozoic to Lower Cretaceous Albian) were deposited at the

base, and this was followed by a stage of marine

transgression (Omran and El Sharawy 2014). The marine

transgression resulted in a sequence of carbonates and

clastics interbeds. This Upper Cretaceous carbonates and

clastics sequence is subdivided into the following forma-

tions from base to top: Raha, Abu Qada, Wata, Matulla,

Brown Limestone and Suder (Chalk). The marine trans-

gression continued into the lower Tertiary with the depo-

sition of Paleocene and Eocene shales, carbonates, and

marls. Eocene deposits determined the last stage of the

transgression environment regime that has been dominated

since Cenomanian (Omran and El Sharawy 2014). The syn-

rift stratigraphic sequence is comprised of Oligocene and

Miocene sediments. During Oligocene, continental or very

shallow water conditions were common all over the Gulf

region (Tromp 1950; Said 1962).

The focus of this study is the Lower Senonian Matulla

Formation. It is 140 m thick on average, and its lithology is

made up of marls, limestones, and shales, with several

sandstone units. The Matulla Formation unconformably

overlies the Wata Formation. The upper part of the Matulla

Formation is generally represented by sandy shales that grade

into shales toward the top. A sharp break marks the onset of a

different depositional environment of radioactive, dark

brown, organic-rich limestones of the overlying Brown

Limestone Member of the Sudr Formation (Schutz 1994).

Data and methodology

Types of available data

Conventional logging tools have been obtained for two

wells (Geisum A-2 and Tawila N-1) in the study area. For

Geisum A-2 Well, the data set covers the interval from

Fig. 2 Cross section showing the intensely faulted Gulf of Suez (Modified after Younes 2003)
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4640 to 4790 m, with thickness of about 150 m. It contains

porosity logs (sonic, neutron and density), natural gamma

ray spectroscopy (NGS) log, and litho-elastic properties log

or Variable Density log (VDL). In the case of Tawila N-1

Well, the data set consists of porosity logs (sonic, neutron

and density), natural gamma ray spectroscopy (NGS),

litho-density compensated neutron log with photoelectric

effect (Pe), and the three resistivity log readings (LLd, LLs

and MSFL), covering an interval of about 23 m from 3030

to 3053 m.

Methods of analysis

Logging tools are designed to respond to different char-

acteristics of the wellbore environment. With the exception

of the acoustic and micro-resistivity image logs, which are

considered the most direct and important tools to detect

fractures and can, in favorable circumstances, see fractures

directly, conventional logging tools results are indirectly

affected by the presence of fractures. The detection of the

open fracture network is of great importance in the Gulf of

Fig. 3 Simplified stratigraphic

section for the Gulf of Suez

area, Egypt (modified Abd-El

Naby et al. 2009)
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Suez area, particularly in the low porosity/permeability

carbonates, due to the considerable increase in effective

permeability provided by fractures. As in the case of faults,

there is no single technique that can be relied upon to

identify open fractures, but there are several tools that can

be taken together to help in the recognition and under-

standing of fracture system. More details for all methods

can be found in (Serra 1986, 1988; Ellis 1987; Ellis and

Singer 2008; Crain 2010). The following is a series of brief

descriptions on how the conventional logging tools can be

used to estimate the fractured zones.

Combination of litho-density (LDT) and compensated

neutron (CNT)

In most cases, the neutron and density logs respond to

fractures filled with mud filtrate, by rapid excursions

toward higher porosity. The density is highly influenced

due to its better vertical definition and its sensitivity to

associated borehole rugosity. Secondary porosity and

lithology interpretation is an approach which can be

applied using different tools and laboratory measurements.

The more available and easiest method is to estimate total

porosity and secondary porosity, as well as, to calculate the

mineral content using well log data. The most useful ways

are used by Wyllie et al. (1956, 1958), Dresser Atlas

(1982), Asquith (1982), Bateman (1985), Schlumberger

(1989). The total porosity deduced from the density-neu-

tron combination-sonic porosity overlays (Figs. 4, 5) are

particularly useful for determining the Secondary Porosity

Index, SPI (vugs and fractures). In this work, the M–N plot

has been used (Fig. 6) for lithology identification and

secondary porosity effect estimation, which may be related

to the presence of fractures. This plot was first introduced

by Burke et al. (1969) to help identify the mineral mixtures

from sonic, density and neutron logs. We can estimate the

lithology-dependent quantities M and N. The M and

N values are essentially porosity-independent parameters,

where the crossplot provides lithology and secondary

porosity identification.

The measurement of photoelectric effect (Pe) is applied

in one well (Tawila N-1) as shown in Fig. 7b. It is usually

influenced by the barite, a compound in drilling mud. This

barite mud may penetrate into open fractures, and this

causes very large photoelectric effect, whereby very high

and sharp peaks can be observed in front of mud-filled

fractures. In this particular case, the well was drilled with

barite mud, and in those conditions the Pe becomes a very

useful indicator, since the barite concentrated in the frac-

tures produces high spurious Pe readings.

Dual Laterolog–MSFL crossplot

The combination of Dual Laterolog and Microspherically

Focused Tool (DLT–MSFL) (Fig. 7a) is another effective

resistivity tool for fracture identification, because the

laterolog measurements will monitor the fractures parallel

to the shallow formation resistivity (MSFL). The MSFL

reads very high resistivity across low permeability matrix

blocks, but gives anomalous low readings for fractures. For

laterolog, the separation between the curves in a fractured

zone is greater due to the invasion effects. Boyeldieu and

Winchester (1982) and Sibbit and Faivre (1985) have used

the characteristics of Dual Laterolog to estimate and detect

the fractured zones.

Fig. 4 The secondary porosity indicated from porosity crossplots in

a Geisum A-2 and b Tawila N-1 wells
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Natural gamma ray spectroscopy (NGS)

The natural gamma ray spectroscopy (NGS) tracks the

natural gamma ray emission from the decays of Potas-

sium, 40 K, Thorium, 232Th, and Uranium, 238U, usu-

ally found in clay minerals. Most of the Uranium

compounds are soluble in both water and hydrocarbon

which makes it easier for them to penetrate into and

precipitate in fracture zones with enhanced permeability.

NGS, therefore, indicates more activity levels or more

Uranium content in front of the fractured zones. Fig-

ures 8 and 9 are the crossplots of NGS versus depth in

the two studied wells.

Variable density log (VDL)

The Variable Density log (VDL) is one of the most

important techniques that can be used to identify or pro-

pose fractures. VDL displays the acoustic waveform

reaching a receiver. Using different processing steps, the

log analyst can identify the compressional and shear waves.

Fractures and formation discontinuities affect the trans-

mission of acoustic energy, since they cross the borehole

within the transmitter/receiver spacing, which can be rec-

ognized easily on the VDL. In fractured zones, the

appearance of wave train recorded on the VDL shows

sudden changes. The shear wave velocity (Vs) is more

Fig. 5 Secondary porosity Index (SPI) showing probability for fractures, a in Geisum A-2 and b in Tawila N-1 wells
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affected by the fractures than the compressional wave

velocity (Vp); Vs shows apparent decrease while Vp remains

constant. Thus, by comparing Dts with Dtc possible frac-

tured zones can be identified or suggested where the Dts
increases while Dtc remains constant (Serra 1986).

Morris et al. (1963) and Cheung (1984) used the sonic

log, compressional and shear acoustic amplitudes for the

location of fractures. Young’s modulus (E), shear modulus

(G), bulk modulus (K), Poisson’s ratio (r) and bulk density

of sediment (q) can be estimated using different equations

based on the Vp and Vs (Dobrin and Savit 1988; Gardner

et al. 1974; Hawkins and Whiteley 1979; McMahon 1980;

Tezcan et al. 2006; Uyanik 2010).

Fracturability Index (FI) is a concept developed for

hydrocarbon exploration, particularly useful for fracture

placements and sweet spot identification in shale reser-

voirs. Jin et al. (2014) introduced three FI models: (1) the

average product of normalized brittleness and rate of strain

energy released, (2) the average between normalized brit-

tleness and normalized fracture toughness, and (3) the

average of normalized brittleness and normalized Young’s

modulus. In this study, different fracturability indices (FI)

have been applied, based on the aforediscussed elastic

properties, following the methods by Alzahabi et al.

(2015), Shanks et al. (1976).

Results and discussions

SPI and porosity crossplots

The evaluation of porosity overlay is an essential parameter

in studying the probability of fractured zones in the for-

mation. In the following part, different porosity crossplots

and overlays have been used to identify the probability of

fractured zones in the limestone Matulla Formation. Fig-

ure 4a shows the porosity overlay between total porosity on

X axis and sonic porosity on Y axis in Geisum A-2 Well.

The plotted points are observed to be equally distributed

between both groups but there are many notable points

plotted in the secondary porosity zone, which may suggest

that good secondary porosity is expected from the lime-

stone of the Matulla Formation in Geisum A-2 Well. The

Secondary Porosity Index (SPI) for the examined interval

in Geisum A-2 Well (Fig. 5a) reaches up to a maximum

value of 21.5% in some zones, with an average of 3.17%.

Based on the SPI log plot, three zones show increments in

the plot and can therefore be proposed to be considered as

fracture intervals. Following this hypothesis, the formation

is likely subjected to fracturing process at the specified

depths 4662, 4698–4710, and 4736–4746 m (Fig. 5).

In Tawila N-1 Well (Fig. 4b), the porosity crossplot

between total porosity and sonic porosity also suggests the

presence of abundant secondary porosities. The total

porosity is observed to be higher than the sonic porosity in

many zones. The Secondary Porosity Index (SPI) is plotted

versus depth (Fig. 5b). Maximum SPI value records 15.1%,

with an average of 4%. A total of six fractured zones are

proposed in this formation. They are expected at depths of

3034, 3038, 3040–3042, 3044, 3048.5 and 3052 m.

Figure 6a, b shows the M–N crossplots in Geisum A-2

and Tawila N-1 wells, respectively. It is noticed that most

of the plotted points of the limestone of Matulla Formation

are clustered mainly toward the calcite and dolomite

points, indicating carbonate lithology. The presence of

secondary porosity can be seen in both wells. Many points

are shifted upward, indicating the effect of secondary

porosity. This secondary porosity may be attributed to

various reasons, but fracturing is one good possibility. In

addition, there are some points that are shifted downward,

Fig. 6 The secondary porosity indicated from M–N crossplots in

a Geisum A-2 and b Tawila N-1 wells
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indicating the shale effect, whereas some others are shifted

upward right, which suggests the effect of gas.

Resistivity, litho-density and compensated neutron

logs

In Fig. 7, the Dual Laterolog–MSFL for Matulla Formation

in Tawila N-1 Well is presented versus depth (Fig. 7a). It is

observed that the MSFL reads very low values and

simultaneously, a big separation is observed between the

LLd and LLs curves. The latter can be interpreted as a

result of fracture effect in the formation.

The litho-density and compensated neutron crossplot for

the Matulla Formation in Tawila N-1 Well is presented in

Fig. 7b, c. The photoelectric capture measurement taken by

Schlumberger litho-density tool (LDT) is very sensitive to

barite, and so it can detect fractures that have been invaded

by barite mud (Fig. 7b). In front of the fractured zones at

the specified depths, the tool measures very high values of

photoelectric effect (Pe). The increase in Pe values indi-

cates the presence of fractures within the formation. Sharp

Pe peaks have been noticed at seven zones at 3032.5, 3034,

3036–3038, 3042, 3045, 3048–3050 and 3052 m. Five out

of seven of suggested fractured zones from SPI (3034,

3038, 3040–3042, 3048.5 and 3052 m from Fig. 5b are

supported by the Pe result with good agreement with each

others. Moreover, the presentation of the neutron-density

overlay shows a sharp decrease in the formation matrix

Fig. 7 Fractures indicated from well logging in Tawila N-1 Well,

a Dual Laterolog–MSFL, separation indicating high permeable zone,

b photoelectric effect (Pe) increases showing fracture zones,

c neutron-density overlay sowing very low density and high neutron

reading proposing fracture zones
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density, which is accompanied by another sharp increase in

the neutron log reading. This can be interpreted as a result

of invasion of mud filtrate into the formation fractures,

which destroys the readings of formation density log.

Simultaneously, the plot also indicates that the neutron log

has been dramatically increased as it is measuring within

the fractures occupied mud (Fig. 7c).

Natural gamma ray spectroscopy (NGS) log

The standard gamma ray tool, or the spectroscopy of the

natural gamma ray, will show increased activity levels or

increased uranium content in front of the fractured zones.

This feature can be observed when the precipitation of

uranium occurs in the fracture system, which may be aided

Fig. 8 Fractures probability as indicated from natural gamma ray spectroscopy in Geisum A-2 Well

J Petrol Explor Prod Technol (2017) 7:977–989 985

123



by the circulation of fluids. Figures 8 and 9 show the nat-

ural gamma ray spectroscopy crossplots for Matulla For-

mation in Geisum A-2 and Tawila N-1 wells, respectively.

In these two figures, it is observed the radioactivity

increases in the formation. The level of increased uranium

content is clearly observed, while no apparent peaks are

observed for thorium and potassium. In Fig. 8b, uranium

peaks are observed in the Matulla Formation in the Geisum

2-A Well at three zones at depths 4662, 4698–4710 and

4736–4746 m, which is in good and perfect agreement with

the fracture intervals identified by the aforementioned SPI

(Fig. 5a). Therefore, this further increases the possibility of

finding fractures in these zones. Figure 9b shows that rel-

atively slight increase in uranium peaks at several zones in

Fig. 9 Fractures probability as indicated from natural gamma ray spectroscopy in Tawila N-1 Well
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Tawila N-1 Well. The increment can be seen in three zone

intervals as follow; at depths 3030–3034, 3038–3041, and

3044.5–3047. Noticeably, the intervals are not sharp peaks,

but the slight increase may indicate fracture probabilities. It

can be seen that several fractured zones obtained from SPI

results (3034, 3038, 3040–3042, 3044 m from Fig. 5b are

supported by this NGS result. The presence of uranium

peaks along those intervals together with constant thorium

and potassium radioactivity increases the probability of the

presence of fractured zones within the formation.

Variable density log (VDL)

Variable Density log data in Geisum A-2 Well were

available for analysis and interpretation (Fig. 10). The

compressional and shear waves (Dtc and Dts) have been

recognized and used for fracture evaluation. Poisson’s ratio

(r) and fracturability index (FI) have been determined to

detect the possibility of fracture occurrences in the for-

mation. Figure 10 represents the analyzed section of the

Variable Density log (VDL). The resultant fracturability

Index (FI) is based on two methods, by Alzahabi et al.

(2015), Shanks et al. (1976), using the elastic properties

(Young’s modulus, shear modulus, bulk modulus, Pois-

son’s ratio and bulk density of sediment) derived from the

compressional and shear velocities (Vp and Vs). The FI log

based on Alzahabi et al. (2015) shows six promising

fracture zones, at 4656–4668, 4682, 4694, 4702, 4720 and

4734–4762 m (Fig. 10b), while the FI based on Shanks

et al. (1976) (Fig. 10c) shows five possible zones at

intervals 4656–4672, 4698, 4716, 4722 and 4731–4760 m

(Fig. 10b). Both FI log results support all three proposed

Fig. 10 Fractures indicated by shear wave velocity and fracturability index (FI) obtained from Variable Density log data (VDL) in Geisum-A2

Well
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fracture zones obtained from SPI and NGS results, at 4662,

4698–4710 and 4736–4746 m (Figs. 5a, 8b). There are

other additional peaks or zones observed in each FI

method. For the Alzahabi et al. (2015) method, the addi-

tional intervals include 4682, 4694 and 4720 m (Fig. 10b),

whereas the Shanks et al. (1976) method shows two addi-

tional zones at 4716 and 4722 m (Fig. 10c), which are not

previously supported by SPI and NGS results. These

intervals may be as a result of other factors that are not

explained by the mentioned tools.

From the complete analysis of all the conventional

logging tools used in this study, it can be concluded that the

Matulla Formation is characterized by the presence of

fractures at some specific zones. There is general agree-

ment between the results obtained from the analysis of

disparate different tools.

Conclusions

The main objective of this study was to use the conven-

tional well logging tools to predict the fractures in the

Upper Cretaceous limestone of the Matulla Formation in

the southern part of the Gulf of Suez. Well log data

including sonic, density, neutron, natural gamma ray

spectroscopy, photoelectric effect and variable density log

were analyzed and interpreted to estimate and evaluate the

fractures in the formation.

Good secondary porosity has been observed in the M–

N crossplots, and the Secondary Porosity Index (SPI)

reflects good values in many zones. The SPI indicates the

probability of fractured zones at three and six intervals in

Geisum A-2 and Tawila N-1 wells, respectively. For

Geisum A-2 Well, the natural gamma ray spectroscopy

(NGS), as indicated by the uranium peaks, perfectly

correspond and support the suggested fractured intervals

from the previous tools. Fractures in this Geisum A-2

Well have also been detected using the Variable Density

log (VDL), which is based on the responses of the

compressional and shear waves in front of the fractured

zones. The study of litho-elastic properties and com-

parison between the Dts, Dtc and the fracturability

indices (FI) indicate that the formation may be charac-

terized by fractured zones, which is in good agreement as

specified by other conventional tools. For Tawila N-1

Well, the proposed fractured zones indicated by NGS log

are supported by the SPI results. The photoelectric

capture effect also give considerable Pe values and

supports several suggested fractured zones indicated by

other tools. All these observations and findings can be

directly related to the probability of presence of fractures

in the formation.

Recommendations

Future recommendation for this research study includes

correlation with published data for a more sound conclu-

sion. The study has represented a more theoretical

approach, with positive correlations from the techniques

and data used; hence, the availability of more data would

produce an improved quality of study.
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