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ABSTRACT 

The s~bsrurface geology qf west Deltu area has been 
integrated by the well-log arin1y.si.s to evaluate the 
hydrocarbon potentialities of this area. 

Tlie sc~bsurface geology cornpr-iscs tlie st~rd.y of 
litlzo.stratigraphy and lithofrrcies analysis of Kafr El 
Sheikh, ADLL Macli and Sidi Salerrz Fornzntions as well as 
the outlining of the regional stt-~ucturnl clefor~izatiorz and 
the tectonic implications operated it1 the stcrdy area. These 
elements are illustrated bj, isochore maps, correlation 
charts, the shale and net sand percentage rsmps, str~~ctur-a1 
contocw nzap.r and geologic cross sectiot7.s. 

The well-log analysis is cont-ernecl with logging 
interpretation of t l ~ e  given logs to perform quantitative 
estinzation of reservoirs in .s~~b.sl~rfacc~ sequence by using 
the well-log tecl iniq~~e.~.  Envirorznie~ltc~l corrections were 
applied on the log reaclir1g.s for evalr~ation of Abu Macli 
Formation in the study area. 

The litl7ologic conzposition, effective porosity, 
hydrocarbon and water sat~trations were clrrrified t lzro~~gh 
the l i t l io-sat~irat ion crossplots.  The I ior i~onta l  
d i s t r ib~~t ions  of the above rnentior7ecl petroplzysical 
parameters and their relation to the geologic setting of 
tlle s t ~ ~ l y  area were presented thro~igll the iso-pamtnetric 
I1Zap.S. 

Based on the obtained resrrlts, Ab11 Madi sandstorie.~ 
halve a prorni.sing reservoir cl~nrtrcteristics which slio~dd 
be taken into consicleratiorl. 
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INTRODUCTION 

Since the 1920's interest in Deltas has been stimulated by the 

fact that the sediments of many ancient Deltas contain large 

accu~nulations of hydrocarbons. 

Twenty years ago, hydrocarbons have been discovered in Abu 

Madi gas field, and later in Qantara field within the Nile Delta 

onshore. Recently, hydrocarbons have been discovered in west Abu 

Qir gas field. 

In the last years, Abu Madi Formation in west Nile Delta area 

received particular atLention from petroleum geologists as it 

represented the main gas producing formation in the Nile Delta. Its 

age is attributed to Lower Pliocene or Middle Miocene (Barakat, 

1982). 

The area of study is located to the west of Rossetta Branch 

(Fig.l). It occupies an area delineated by longitudes 30" 00 to 30° 45' 

E, and latitudes 30° 50' to 31" 15' N. It embraces an area of about 

3105 Km2. 

For the present research the geologic and well-log data of six 

wells covering the study area were selected. These six wells 

(Mahmodiya-1, Kaf El Dawar-1, South Damanhour-1, Itay El 

Baroud- 1, Hosh Isa- 1 and North Dillingat- 1 ) were drilled by Philips 

Petroleum Company in 1970, The geologic setting of the Nile Delta 

has been studied by many authors such as Rizzini et al. (1976), Zein 

El-Din and Marzouk (1973), Zaghlul et al. (1977), Marzouk (1981), 

Halim (1992) and others. However, this study was suggested to 

integrate the subsutiace geologic developments for understanding Abr~ 

Madi reservoir in west Nile Delta area. 
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1. SUBSURFACE GEOLOGIC SETTING 

The subsurface evaluation, dealt with in this study, is  based 

principally on the l i thologic and depth data obtained from the 

composite logs of the studied wells in the west Delta area. 

The sedimentary sequence of the Nile Delta (Fig.2) ranges in 

age from Pre-Miocene (Oligocene or older) to Holocene. 

Regarding the hydrocarbon potentiality in the study area, more 

emphasis was made on Sidi Salim, Abn Madi and Kafr El Sheikh 

Formations. 

Thickness Variation : The isochore map of Sidi Salim 

Formation (Fig.3) indicates that the maximum thickness of the 

formation is  recorded i n  the center of the sti-ldy area around South 

Damanhour-1 well, with a gradual thinning outwards. The isochore 

map of Abu Madi Formation (Fig.4) illustrates a considerable 

reduction in  thickness of this formation with complete change in  the 

basinal and ridge-like areas as they were during deposition of Sidi 

Salim Formation. This thickness pattern indicates that the deepest 

part of the Abu Madi sedimentation basin was at the northern sector of 

the study area, with a gradual rise of the basin floor southward. This 

may point to the presence of the shore-line in the South. Similar to 

Abu Madi Formation the isochore map of Kafr El Sheikh Formtion 

(Fig.5) illustrates that the thickness increases gradually towards the 
northern and western'parts around Mahmodiya and Kafr El  Dawar 

wells. 

However, the study of isochore maps of Sidi Salim, Abu Madi 

and ~ a f r  El Sheikh Formations indicates that the basinal distribution 

of Sidi Salim Formation of Miocene age is completely different from 

that of Abu Madi and Kafr El Sheikh Formations of Early and Middle 

Pliocene age. 
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FIG. (I )  LOCATION blAP OFTHE STUDY A m .  

rlc. I l l  sLBSURFACE STRATIGR-IC COLUhlM FOR TClE 
I 4 L E  CELTA AREA. E G Y P T  
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FIG. (31 LSOCHORE P U P O F S l D l  SALEZI FORMATIOJ. 
WEST DELTAARF-I EGYFI 

FIG. (4) ISOCIIORE S U P  OFABU 3lADl FOK\l.\TIO\. 
WEST DELTA AREA. EGYPT 

FIG. (4 ISOCHORE &lAP OFKAFR El. S l l E l l l l  FOKVATION, 
WEST DELTA A R W  EGYPT 
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Configuration of the Structures : The constructed structural 

contour maps (Figs. 6 to 8) show that Abu Madi and Sidi Salim 

Formations appear to be deformed in  the form of anticline structure 

with a general SW-trend, while Kafr El Sheikh Formation is a 

monocline or very gentle anticline dipping towards East. Faulting is 

observed allover the study area. The faulting system is  discriminated 

essentially'into three main trends; ENE - WSW, NW - SE and E - W. 

These faults  produce horst and step structures. The constructed 

cross-sections (Figs. 9 to 13) revealed the same conclusion that 

previously obtained from the structural contour maps. 

Lithofacies Analysis : The lithofacies analysis of Sidi Salim 

and Kafr El Sheikh Formations (Figs. 14 to 19) show that these 

formations are  composed mainly of argillaceous sediments as 

evidenced from their shale percentage maps. On the other hand, Abu 

Madi Formation can be classified into two more sandy and two more 

shaly units; namely 1 ,  2, 3 and 4 from base to top of the formation 

(Figs. 20 and 21). However, the geologic history of the wes t  Ni!e 

Delta area reveals that the area was influenced by different phases of 

transgression and regression of the Mediterranean Sea. 

2. WELL LOGGING ANALYSIS 

The sandstone of Abu Madi Formation was subjected to 

comprehensive well-log analysis for evaluation of its hydrocarbon 

potentiality. The formation evaluation process was based on equation 

and charts  rec.ommended by Schlumberger: Principles (1972) 

Essentials (1972), Applications (1974) and Charts (1985) as  well as 

Clavier et  al .  (1971) and Helander (1978). The determination of the 

formation temperature (FT) and the correction of fluid resistivities at 

this temperature were made through Helander equ3,tion (1978). 

Corrections of bore-hole effect on resistivity logs were also done. The 
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FIG (h STRUCTURAL C0,WOUR VAPO*TOISlDI SALEhl iOR\lATIO\, 
WEST DELTA A R E 4  EGYPT 
(FAULTlRENDS \IODIFIEDAFTER PRESUTl 1971) 

FIG. (7) STRUCTURAL COlr70UR MAP ON TOPABU JUDl  FOR\UTION. 
WEST DELTA % EGYPT. 
(FAULTTRENDS IIODIFIED,UTER PRESUTI, L97l) 

FIG (8)  STRUCTURALCONTOUR h U P  OCTOP M ELSllElKll FOKIIATIOC. 
WESTDELTAAWEGYP7 
(FAULTTRENDS MODIFIEDAFTER PRESmI. 1971) 
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RC. (91 CEOUXjlC CROSS SECTION MROUGA 7HE WELLS; 
ITAY ELBAROUD-1 AND MAHMODIYA-I. 

I(- KAFR EL SHEIKH FOmIATlON 

A s  ABU MAD1 FORMATION 

Sn SlDl  SALEM FORMATION FOFLMATlON 

I(= KAFR ELSHEIKH FORMATION 

A= ABU IlADI FOIMIATION 

S= SlDI SALEM FORXMTION 

A FICUI,  CFOLOClCCROSSSECllON TIIROUCII T I E  WELLS. 
I(MR EL DAWAR-I. S. DA.VANHOL~R.I AhD .FAY EL BAROUD-I 
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FIG. (12) GEOLOGIC CROSS SECnONTHROUGIl  THE WELLS. 
MFR EL DAWAR-1. HOSH ISA-1 AhV K DILLWGAT-I 

0 5 

FIG. (13) GEOLOGIC CROSS SECTIOXTHROUGH TlIE WELLS: :' 
N. DILLlhGAT.1, S. DAhWKHOtiRl AND haHMODIYA-I. 

I(= h;\m ELSHElhH FORbIA710h 

A=ABU &WID1 PORblATlOV 

S= SIDI SALEM FOR\IATlOh 

K= MFR EL S X K H  FORMATION 

A= ABU 1WDI FOR\IATION 

S= SIDI SALEM FORMATlON 
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FIG. ( 1 9  JASDSTOSE PERCENTACE MAP OF SlDl SALE&[ FOR.\.Lr\T!ON. 
V S T D E L T A A R W  ECYVT. 
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FIG. (I? SHALE PERCE3TACE >LAP OF U F R  ELSHEIKH FOIL\L.\TlOI', 
WFST DELTA AREA. EGYPT. 

FIG. (18) SANDSTOXE PERCENTAGE hL4P OF KAFR ELSHEIMI FOR\UTION. 
WFST DELTA A m .  ECYII .  
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water resistivity (Rw) was determined by the graphical technique, 

using the stat ic spontaneous potential (SSP) and the mud filtrate 

resistivity (Rmf) at  the formation temperature through Schlumberger 

Conversion Charts (1972). The determination of the shale content 

(Vsh) is achieved through both gamma-ray and spontaneous potential 

after executing the needed corrections. The minimum value of these 

indicators i s  subjected to correction formula (Clavier et al. 1971) to 

be very closed to actual value of VSh through core analysis. The 

determination of the corrected effective porosity O E  is executed 

using the combination of the density and sonic logs (Figs. 22 to 25), 

after  applying the various corrections needed to those logs. The 

deviation of the plotted points in  Figures 24 and 25 is  due to the high 

values of 0, which may attributed to the effect of hydrocarbons or the 

secondary porosity. Evaluation and discrimination of the fluid 

contents as water, movable and immovable hydrocarbons are also 

carried out for each zone using Simandoux (1963) and the normal 

analytical equations : 

S h = l - S w ,  Shr = 1 - S x o ,  S h m  = Sh - Shr 

(S chlumberger Applications, 1974) 

Averaged values of each parameter for Abu Madi Formation in 

each well was calculated. Average of these parameters is achieved by 

using the weighed average equations (Table 1) 

3. RESERVOIR-ROCK STUDY 

Several attempts have been made to deduce the reservoir 

characterist ics,of Abu Madi Formation within the study area by 

integrating the various results obtained from the subsurface geologic 

studies and the formation -evaluation process. This can be achieved 

through the study of the vertical and lateral changes in the Abu Macii 

Formation in  the investigated wells through the litho-saturation 

crossplots and isoparametric maps. 
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FIG. (1J) DESESTTY-DERIVED VERSUS SOSIC DERIVED POIIOSITIU 
W WELLS. D&%.\HOUR.IBU MAD1 FOR\lATIOY. 

FIG. (25) DBKESITY.DERIVED VERSUSSONIC DERIVED POROSTTIS 
LN WELL IlOSH IS*. ABU MAD1 FORIUTION. 

9,: p o r o s i t y  d e r v i e d  from S o n i c  Log 

$, : p o r o s i t y  d e r v i e d  from D e n s i t y  Log 
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Table (1) : Average Reservoir Parameters of Abu Madi Sandstone 
(Lower Pliocene), West Delta Area. 

Table (1) : Average Reservoir Parameters of Abu Madi Sandstone 
(Lower Pliocene), West Delta Area. 

Formation Gross Net sand 
Well thick 

Top Bottom N: VSH 'Phie SW SH 
FT FT FT .% % % % 

- --- - 

Kafr El-Ddawar-1 5006 5291 285 207 31 % 33 % 73 % 27 % 

Mahmodiya- 1 5641 6424 783 462 20 % 23 % 71 8 29 % 

Hosh Isa-1 3492 3696 198 135 2 1 %  3 7 %  7 9 %  2 1 %  

S. Damanhour- 1  3985 4208 223 39 26 % 38 % 69 % 31 % 

Itay El Baroud-1 4955 5219 264 190 9 % 39 % 99 B 1  8 

N.B. : Net San Calculation : -. . -.. - -  - - -  

Litho-Saturation Crossplots 

1- Mahmodiya- 1 well 

Fig. (26) shows almost identical relationship between rock and 

fluid fraction in Abu Madi Formation of Mahmodiya-1 well. The shale 

matrix content i s  relatively lower than sand matrix, while the 

limestone matrix increases towards the top of Abu Madi Formation. 

The porosities of Mahmodiya-1 well are generally considerable 

(average BE =23%). Such pores are filled with more than (70%) of 

water. Movable hydrocarbons are predominant in this well. 

2. Hosh Isa-1 we11 : 

In  the Abu Madi Formation of Hosh Isa-1 well (Fig. 27), the 
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sand matrix constitutes the major part of this formation, while the 

shale and the limestone matrices are the minor constituents. The 

porosities of Abu Madi Formation in Hosh Isa-1 well are generally 

higher than that of Mahmodiya-1 well (average lZIE = 37%)., These 

pores contain high percent of connate water (average S = 79%) and a 

relatively low hydrocarbon content which is represented only by 

movable hydrocarbons (average Sh = 21%). The composite log of this 

well suggested that the top of Abu Madi  orm mat ion is a shaly sand, 

while the well-log analysis reveals that this top is nearly clean sand. 

This may be due to the accurate calculation of the corrected Vsh 

through the well-log analysis. 

3. South Damanhour-1 well : 

The litho-saturation Crossplot of South Damanhour-1 well 

(Fig. 28) exhibits that the shale matrix is the minor constituent in Abu 

Madi Formation, while the sandstone matrix represents the major part. 

There is limestone intercalations in the upper and central parts of the 

Abu Madi Formation. The porosity of Abu Madi Formation in this 

well is rather high compared with the other studied wells (average OE 

= 38%). Such pores are filled with more than 31% of movable 

hydrocarbons, which represent the highest value comparing with the 

other wells. 

Lateral Variation of Hydrocarbon Plays : 

The lateral variation of hydrocarbon plays can be illustrated 

through a number of porosity and saturation maps. These maps utilize 

the important effect  of some of the petrophysical parameters 

(available pore spaces and the fluid content) in  the Abu Madi 

Formation through the studied wells. 
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1. Effective Formation Porosity : 

The iso-effective porosity map (Fig.29) for the Abu Madi 

Formation in west of Delta area, shows a porosity gradient ranging 

from (23%) in Mahrnodiya-1 well to (39%) in Ptay El ~ a r o u d - 1  well 

with a general increase from the northwest to the southeast direction. 

However, .the porosity highs are occupying the eastern part of the 

study area (between wells South Damanhour and Itay El Baroud and 

the area which extending between wells South Damanhour- 1 and Hosh 

Isa-1) while the porosity lows occupying the northern and 

northwestern parts of the study area (between wells Mahmodiya and 

Kafr El Dawar). The coincidence between the porosity highs and the 

ridge belt (at the flanks of the study area) may attribute such increase 

in porosity to either the erosion which occurred after the deposition 

of Abu Madi Formation or to the sedimentation on a longitudinal 

positive feature. 

The presence of the porosity lows in the northern and 

northwestern parts of the study area may be attributed to the 

sedimentation of Abu Madi Formation on a negative feature in 

northern area, which can be confirmed by the obvious increase in 

shale content of this area. Consequently, it can be concluded that the 

effective porosity of Abu Madi Formation generally increases from 
a 

northwest to southeast, and was affected by the sedimentational 

processes and structural factors. 

2. Water Saturation : 

The distribution of the water saturation in the Abu Madi 

Formation of west Nile Delta area (Fig.30) is strongly affected by the 

structural setting and the effective porosity underneath the considered 

area. The step and graben blocks (between Mahmodiya-1 and Kafr El 

Dawar-1 wells) which represent the two porosity lows are replaced 
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by the two water saturation minima reflecting the effect of these 

step-blocks i n  which the two wells (Mahmodiya-1 and Kafr El 

Dawar-1) located in the downthrow side of this fault block, while the 

horst blocks around Itay El-Baroud-1 well, which represents the 

porosity highs, are replaced by areas of high water saturation. The 

water saturation in the horst block of well south Damanhour-1 is  

relatively low and consequently the hydrocarbon saturation seems to 

be high, may be attributed to  the migration of oil-up to this horst 

block. The water saturation within Abu Madi Formation of the study 

area generally increases from the northwestern parts (70%) to the 

southeastern parts around Itay El Baroud-l well (99%). 

3. Hydrocarbon Saturation : 

The hydrocarbon saturation map (Fig.3 1) confirms the effect of 

the structural  setting and the effective po.rosity of Abu Madi 

Formation on  the distribution of f luids,  and shows a regional 

matching with the water saturation map with a conversion of regional 

increasing trend to become northwestwards, indicating a deficiency in 

the hydrocarbon content of the southeastern parts of the study area. 

Moreover, there is  a probable migration of hydrocarbons from 

both North and South, where the source rocks may l ie (Kafr El Sheikh 

and Sidi Salim Formations), towards the horst blocks (around and 

between Hosh Isa-1 and South Damanhour -1 wells in the central part 

of the study area), where there are two structural closures suitable for 

hydrocarbon trapping mechanism. 

CONCLUSION 

Based on subsurface geologic studies and well-log analysis of 

Abu Madi Formation in west Delta area the following results can be 

concluded : 
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1. The west Delta area has all the essential elements for 

hydrocarbon generation, migration and accumulation, but the extreme 

change in hydrocarbon saturation, as shown on the hydrocarbon 

saturation map of Abu Madi Formation, indicates that the 

hydrocarbons in the study area are present in a scattered pattern. 

Several explanations can be given for the scatter of the hydrocarbon 

in the area under investigation; among those: 

- The regional tilting may have caused the hydrocarbons to spill 

out of the traps. (the tilting is to north direction in the study area). 

- The large anticline (occupying the whole area with a double 

plunging around Hosh Isa- 1 well), which is lying along the migration 

pathway, would prevent hydrocarbons from reaching a smaller up-dip 

anticlines. 

2. There is a frequent distribution of shales in Abu Madi 

Formation especially, in the northern wells, while a considerable 

amount of sandstone matrix is found in the northern and southwestern 

wells of the study area. 

3. The effective porosity of Abu Madi Formation increases from 

Northwest to Southeast in the study area. 

4. Within the study area, the structural closures suitable for 

trapping mechanism are represented by two horst blocks: the first 

block comprises South Damanhour-1 well in the central parts of the 

study area, while the other horst block comprises Hosh Isa well, 

which is located to the southwestern parts of the study area. 

5. The structural setting and the effective porosity, in the study 

area, play an important role in the distribution of water and 

hydrocarbons. 
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