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ABSTRACT 

This paper deals with petrographic studies, x-ray 
anapsis, D .TA  analysis and chemical characteristics of 
m e ]  t y  core samples collected fi-om rhe subsurface 
Crer nceous &ell "Misri-l " Northeastern Sinai. 
Petr..)graphically the carbonate core aanz.~tz!es of Misri- l 
well can be classified from surface ro bottom as spcrry 
bionricrite; dolomitized micrite; marly dolomitized 
sparrymicrite and marly micrite .facies. All these fncies 
indicates deposition, in outer neritic zone with 
com ?aratively shallow marine environments. 
Psfineraizpically , these rocks are composed of calciie, 
dolc;.;it~, ~ao;fni te  and quartz as mujor contents whereas 
gypsl~m and illite are the minor constituents as derected 
by x-ray analysis. The shaly samples examined by 
D.T.A analysis show a broad endothermic peak czt the 
tempwarire range of 1 I 5  O C  to I40 OC and 530 - 560 OC 
indicizte loss of structural water from kaolinite. 

Chemically, four main rock types have been 
established; pure limestone, sandy limestone, dolostone 
and shales. The interelement correlation revealed a 
strong negative correlation between COO and Sr contenr 
with acid insoluble residue and positive correlation 
between K20 content and acid insoluble residue. Also 
Sr froms srrong posithe correlation with rhe calcium 
content. 

Finally, the subsur-ace Cretaceous core samples at 
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Misri-l well v~rrs attributed to the efSect of three types 
of diagenetic processes, reclyst~llization as neornorphic 
process dolomitization and silicijkation. 

INTRODUCTION 

This study is based on the geological data obtained from the 

exploratory Pdisri-1 well (Fig.1). It lies in the northeastern part of 

Sinai at longitude 34O 02' E and latitude 30° 52' N. 

Recently, several studies are going on in order to adequately 

assess the hydrocarbon potenial of north Sinai. A gas fie'd was 

discovexd in the Cenomanian carbonates of Road structure, south 

of Rai'ah, and weak oil shows were found in the Cenomanian 

dolomite in NakhI-1 and in the Aptian dolomite in Sneh-1 well. 

Hence, the Cretaceous rocks seem to be qualified for 

_. hy..+..-.,.,r-..- --,,,,;~n generation and entrapment in northern Sinai. The 

entrapment capacity of the Cretaceous is favoured by their 

deformation by the Syrian arc movements which led to the 

do-&opir?ent of many structures and anticlines. 

Twenty c x e  samples of the Cretaceous sectioa in kiisri- 1 

well form the material of this study. The sedimentological arid 

lithoicyisal data were utilized to accomplish the objectives of this 

study which are : 

I. - To define the petrographical, mineralogical and 

geochemical characteristics of the Cretaceous deposits in the study 

we% 

2 - To provide a depositional environments for the Cretaceous 
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sediments in the studied well as detcted in the constructed log (Fig. 

2 )  - 

3 - To elucidate the diagenetic processes affecting the 

deposition;il environments. 

For these purposes, fifteen core samples have been selected to 

represent the petrographic study in thin section. All the studied 

samples have been subjected to x-ray analysis using CaF2 as 

internal standard for estimating semi-quantitively the mineral 

percent age after Carver (1971) ,411 samples are chemically 

analyzed csing complexmetric, gravimetric, colorinletric, flame 

photometric and atomic absorption spectrophotometric techniques 

by the present author in the Central Laboratory of  the Faculty of 

Science, Menoufia University. 

The lithologic succession of r . 1 ~  s~utlic:r,l c:ore samples of the 

expolatory Misri-1 well (about 13.5') 111. thick) is composed mainly 

of limestcne, shales and d o l o s ~ ~ m : .  Figure, 2 includes a 

description of this section. 

The classification of Folk (I!)!;!) & 1962), for carbonate rocks 

is followed in the present work. '!'!kt: different petrographic facies 

recognized are arranged from surface to bottom as sparrymicrite; 

dolomitized micrite; marly dolomitized sparrymicrite and marly 

micrit. 
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This facies is represented in the limestone of Misri-1 well 

represenled by samples No. l b  and 3 a at depths 870  and 1083 m 

respectively. In hand specimcn, Lhe rock is  pale grey, soft  

limestone. In thin scction, the rock is composed mainly oT micrite 

(Figs. 3 a & b). However sinail area of micrite have neornorphosed 

inlo sparry calcile. Thc  discrele particles that form the rock 

frarncwork are mainly non-skeletal particles and genetically grouped 

into Sragmcn~al and non-fragmenlal grains, few Cragmented tests are 

also present. There are two typcs affccling the recrystallization o i  

the particlcs; aggrading recrystallization (enlargrnent lo coarse 

crystalline calcitc) (Fig. 3,) and degrading recrystallizalion 

(reduction in thc grain sizc o f  the particle) (Fig. 4). 

This lithofacies indicatcs deposition under comparatively 

shallow marine condilions o r  thc ncrilic zonc (outcr nerilic zone). 

2 - Doloniitized Micrite Facies : 

This Cacies is represented by samples No. 4 a and 5 a of the 

sludied core samplcs at Misri-l wcll at depths 1155 and 1374 m 

rcspccrivcly. In  hand specinicn, thc rock is grey hard dolon~i t ic  

iirneslonc. 111  thin scclion, the rock is composcd nii~inly of' various 

sizcs from dolomite rhornbes embedded in n~icri l ic groundmass 

(Figs. 5 ,  6), the dolomite rhombs ranges from 70 lo 8 0  % of the 

rock volu~nc;  dolomite crystals arc characterized by being subhedral 

toeuhedral  without zonation but interlocked in some parts (Fig. 5).  

Very rare delrital subrounded quarlz can be noticed in some part of 

the groundmass. In sample No. 5 a, the groundmass sufrered 
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Figure 3 a, b : photon~icrograph of sparrymicrite Facies showing 
aggrading recrystallization of the lime - mud matrix. 
Misri -1 Well. "Ordinary Light" 

Fig. 4 : Photomicrograph of sparryrnicrite Fig. 5 : Photomicrograph of dolomitized 
Facies showing degrading micrite Facies showing the 
recrystallization. Misri-1 Well l ime-mud which suffered 
"Ordinary Light: e x t e n s i v e  do lomi t iza t ion .  

Misri-1 Well. "Ordinary Light" 
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extensive dolomitizalion (Fig. 6). This microfacics association 

indicates  deposi t ion under comparat ively  shallow marine  

environment (outer nerilic zone). 

3 - Marly Dolomitized Sparrymicrite Facies : 

This facies is represented by samples No. 6a and 9a a1 depths 

1527 and 1944 m. respeclivcly. In hand specimen, the rock is grey 

dolomitic hard limeslonc in samplc No. 6 a  and modcralcly hard, 

slighlly dolomilic in samplc No. 9a. 

In thin section, thc rock is composed mainly of micrite 

showing recrystallization to microspars and pseudospars as shown 

in Figures 7a, b, c,. Very l ine  dolomite crystals and patches 

associated with argillaceous materials distributed haphazardly 

within thc groundmass. Very small sill-size quartz grains with 

wavy extinction is prescnt in samplc No. (,a. The  perccnl of 

dolomite is diminshcd in sample No. 9 a  and replaccd partially by 

lilnc-mud matrix. T h c  lilnc-mud matrix was aUccled by 

recrysta l l iza~ion into sparry rnicrite. This  lac ies  indicates 

deposition undcr shallow to marginal marine environments. 

4 - Marly Micrite Facies 

This facies is rcprescnlcd by samplcs No. 8b, 9b and l o b  a t  

dcpths 1815, 1975 and 2145 m rcspcclively. In hand spccimcn, ~ h c  

rock is grcy, sofl marly limc,stonc. In thin scction the rock is 

composcd mainly o l  microcryslalline calcile ooze associated with 

clayey malcrials (Figures 8a, i-, and 9). Few angular to subrounded 

quartz grains arc scattered within the matrix in sample No. lob 
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Fig. 6 : Photomicrograph of dolomitized 
micrite Facies showing varigated 
size of dolomite rhombs scattered 
haphatherdly within the lime-mud 
matrix. Misri-1 "Ordinary Light" 

Figure 7 a, b and c : Photomicrograph of marly dolomitized 
sparrymicite Facies showing patches of clayey 
material associated with very fine dolomite 
crystals embedded in micritic matrix lime-mud 
which undergon recrystallization Misri -1 Well 
"Ordinary Light" 
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Figure 8 a, b : Photomicrograph of marly micrite Facies showing 
clayey materials dissimitiated with the lime - mud 
matrix, Misri - 1 well "Ordinary Light". 

Figure 9 : Photomicrograph of marly micrite facies showing very fine 
subangular quartz grains scattered within the marly lime - 
mud matrix, Misri - 1 Well "Ordinary Light" 
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(Fig. 9). The prcscnce of argillaccous material makes it 

identify thc othcr constituents. This Pacics indicates 

under shallow to marginal marine environments. 

C lay  minerals are difficult to be identified 

difficult to 

deposition 

with the 

petrographic microscope because of their fine crystal size. For this 

reason, clay mincrals undcr consideration arc identified by using 

x-ray diffraction method and D.T.A. mclhod. They are rcpresented 

mainly by kaolinite and illite. 

T o  confirm the results of pctrographic cxaminalion, all core 

samples from Misri-1 wcll werc analyzcd by x-ray diffractometry 

~ncthod. 'I'hc idcntil'ication ol' tlic ~nilicral c o t i t c ~ ~ t s  arc carricd oul 

using the ASTM cards. 

MINERALOGY 

X-ray diffraction analyscs of the cxploratory. Misri-1 Well 

indicatc that the major mineral specics presenl are calcite, 

dolomite, kaolinite and quartz with minor amount of halitc and 

gypsum. 

Thc  semi- quantilative data are presented in Table 1 and 

Figurc 10 show the vcrlical distribution of niincral asscn~blagcs 

obtaincd from thc x-ray analyscs and by the aids of pctrographic 

studics. 

From the vertical distribution of mineral asscmblege in Fig. 

10, it can bc concluded that : 

Calcite content ranges from 12 % to 89 % with an average of 
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Fig.(\()): Ve r t i ca l  distr ibut ion of Calcite , Dolomite , Quartz  , 
Ha l i t e ,  Haotinite and Gypsum in the rock samples 
under study. 
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Cretaceous 



Nadia M. S. Abdel Maguid 

31 it is noticed that the maximum ccr:ltent of calcite was reported at 

depths 870 and 1083 m (upper part of Misri-1), dolomite content 

ranges from 2 % to 89 % with an avcrage of 44, and the maximum 

amount of dolomite was reported at dcpths 1155 and 1374 m (middle 

part of Misri-l well) this gives the indication that the metasornatic 

replacement is the origin of dolomite. Kaolinite content ranges 

from 8 5% to 79 % with an average of' 48 and reported its maxiinum 

valces at depths 1026, 1527 and !S 15 m. Quartz content ranges 

from 2 % to 40 % with an average, of 11, the higher amount of 

Quartz was reported at depth 1617 H I  whereas calcite and dolomite 

decreases. Halite content ranges fro:n 1 % 10 9 % with an average 

of 4 %, gypsum detected in two sr.mples only with minor amount of 

2 % and illite in three samples. 

The formation of Kaolinite requires intense weathering and 

strong lcaching of Al-silicate rocks. These processes bring about 

the removal of alkali and alkali earth metals such as Na, K, Ca and 

Pvlg (Enu et al., 198 1; Enu, 1986). 'Thus, the presence and relative 

abundance of Kaolinite in these sediments indicate rigorous 

weathering of aluminium-rich sourze rock with steep relief and 

exhausive Ieaching of weathered rnar.:rids under a warm, humid and 

acidic milieu (Enu, 1986). 

Difkrential thermal analyses uas carried on the shaly samples 

in the range of 40 O to 900 OC by 30 "C / min. The identification 

s f  minerals was carried out using !he charts prepared by Ivanova 

(196 I ) ,  Mackenzie (1957) and Warner (1974). 

The shaly c o x  samples examined show a broad endothermic 

peak at the temperature range of f 10 "C to 140 OC as shown in fig. 

11. The axothernic effect at 370" - 390 "C suggests the presence of 
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S. P(o.(8 b ) 
D e p t h  1815 m. 

I S. No. ( 7 b )  
D e p t h  1780 rn. 

I I I I I 

100 300 500 700 900 
Tern perature ('c ) 

Fig.(11): DTA of the studied s a m p l e s  
from Misri- 1 wel l ,  n o r t h e a -  
s t e r n  S i n a i ,  Egypt. 
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carbonaceous mattel-. Tkc preserxe of endothernic peak at the 

temperature 530 " C - 560 O C  inacates loss of striictural water from 

Kaolinite. The presence of sharp exoihermic effect 2t 890 - 925 OC 

confirms the presence of Kaolinile (Bazk,  1973). 

CHEMICAL AND GEOCHEMICAL CHARACTERISTICS : 

The core samples have been subjected to complete chemical 

analysis. The following ma,ior and minor constituents have been 

determined : Si02, A1203, 1 i02, Fe203, 

SO- -3 ,  C1- and Sr. A M  insolubk residue (A.I.R.) and Loss 

on ignition were also determined. The resillts of the chemical 

analysis of the core samples understudy is shown in Table 2. 

From the vertical distribution of the major and minor 

chemical constituents (Fig. 12) it can be concluded that : Si02 % 

and A. I. R contents are relstively high especially at dcpih 1617m 

~eflecting the sandy and shaly character of the beds. Moreover some 

samples are characterized by relative high content of CaO and MgO 

content in some par% which may indicare the dolornitization of 

some parts of Lie caIcsreous maleria2. The scarcity of 503-- and C1- 

content in the middle and lower part the of this well indicate the 

deposition of open morine environinent wiih normal salinity and 

not evaporationzl (Mason, 1971, Pettijohn, 1975). The high 

concentration of A1207 content, and K 2 0  content reflect the 

presence of clay minerals such as kaolinite and illite as detected by 

x-ray analysis. 

From Fig. 13, a reversible correlation fields is observed (r = - 



Table (2 )  : Resulls of chemical Analyses of the major and minor conr;tilum& of  Mkrr-1 wcll 

(LOJ) : Loss on ignkion ( k 1 . K )  : Acid l ~ o l u b l c  residuc 
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Fig.(12): V e r t i c a l  d istr ibut ion of t h e  m a j o r  

C.0.1 : Lcss on ign i t ion  
R.1.R : &cid insoluble residue 

-. u .4  I-CL-U 4 - 
0 !O ?C 0 2 1. 0 0.4 Of? 0 L 8 0 20 40 

M ~ O  Ida$ K2O ~ 1 ~ 6  L.O.I. 
'1. '1. *i. '1. *lQ 

a n d  minor  c h e m i c a l  const i tuents  a t  t h e  r o c k  samples  

f r o m  M i s r i  - 1 w e t l ,  northeastern Sinai , Egypt 
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0.89) indicating the increase of Si02 on the expense of the total 

carbonates in the studlcd section. The ternary diagram Fig. 14, 

indicates that most samples (60%) are related to field (A), the 

category of sandy shale and 40% are related to field (B) the category 

of limestone and dolostone where diagenetic dolomitization is 

pixsible. The triangular diagram (Fig. 15) show that most samples 

are iocated between CaC03, MgC03 and CaC03- A.1.R Sides of the 

triangle. This reflects that these rocks vary between pure limestone, 

dolomitic bi?~estons, dolostone and shaly rocks rich in clay 

minerals a~!d 0 t h ~  te~~igenous components. 

From the inter-element correlations (Fig 16). the geochemical 

significmce shows that : 

Calcium content forms a strong negative correlation with acid 

insoluble residue (Fig 16 a) where (r = -0.86). Potasium content 

forms a moderatly positive correlation with acid insoluble residue (r 

= -1-0.64 j in Fig 16 b. Strontium content forms a strong positive 

correlation with calciwn (r = + 0.79) in Fig 16 c and strong 

negative correlation wirh acid insoiubie residue (r = -0.82) in F;g 

16 d. 

Diagenesis 

The limestones of the subsurface Certaceous core samples of 

s i  Well were subjected to a number of diagenetic processes; 

most important of these are neomorphism; dolornitization and 

silicification. 



Nadia M. S. ilbdel Maguid 

. . 
si I i c a  . I .  

FigSl3):Scatier d i (~grorn of to ta l  

carbonates versus s i l ica '1- 

in the studied rock samples F i p ( ~ 4 ) : T ~ i - n a r y  diagram of  5 i 0 2  , A1203 a n d  (CaO+MgO ) 

ir; t h e  rock sornmlcs 

50 M U C O ~  
Fig.( 15):Trianoular d ~ a y r a m  on the b a s i s  of Ca C 0 3 ,  MgC03 

and A.1 R In the studied s o m o l e s .  
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A.1 .R  " is  A.1.R 'I* 

T n a 60/e..- 

- LOO 

Fiy. (  16): In te re lement  correlat ions for the studied rock samples 
at M i s r i  - 1 w e l l ,  northeastern Sinai , Egypt . 



B - Recrystalhit;!tisn as neomsrpbaic process : 

- 
i he presenct O f  the micriie relicts and the graduation from 

mi; rice rc, micro::parite are evidence for the recrysthllizatior, 

process. There are two types affecting eke rccrystallization of the 

parrls:cs, 

s - 4ggrailing recrystallization s n d  b - Degrading 

recrystallization. 

The particle, subjected to this type of recrystallization will 

be altered into coarsely crysmliine calcite more or less merging 

within the surrcj,u.ding nat ter  and enclousing them as in sample 

Is (Fig. 3,). Thc alteration begins at the margins of the particies 

and spreaci inwardly to altering their internal structure. Ghosts 

within the matrix are observed in thin sections. 

b) Degrading R.ecsystalllizstion : 

This type o! recrystaliizat$n leads to reduction in  the grzin 

size o i  the particles and can bc observed in samples 321, 6a and 9a 

represefiting differmt types of degrading recrystaliization including: 

1 - Migh degree of recrystallizatior, leading to complete 

obleteration of the pardcles and the matrix into microsparry calcite. 

2 - Obliteration of the internal structure of the particles 

through "rnicritization" stage according 10 Bathurst (1975), 

3 - The lime mud invades the internal texture and change it 
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into a mass of lime - muc! with only the external shape of the 

original grains. 

2 - Doiornitization : 

This proccss affected the core samples represented by samples 

4a3a  and 62 where extensive dolornitization took place especially 

in samples 4a and 5a. Some twin crystals of dolomite rhomite 

thlit resultcd from the coaleszcnce of two adjacent dolomite rhombs, 

were cbserved (Fig. 5a). This may be regarded as a result of the 

crysrdlizaiion of some Golomite rhombs. From the petrographic 

investigatioli, :he presence of line grained dolomite crystals 

indicates that dolomitization process was active directly after 

deposition. 

This process affected the core samples of Misri -1 Well 

represented by sarncles No&, 9a, 9b and IOb. The source of silica 

content n a y  derived from the sha!:j7 samples associated with the 

core samgles as en.2ogenic origin. The existence of composite 

quartz grains showing wavy extinction and the well - sorted crystals 

showing sutures among the micritic groundmass indicate that the 

rock was subjec~ed to tectonic stress (Tucker, 1984). 

CONCLUSIONS 

The petrographical, mineralogical and geochemical studies for 

the core samples collected from Misri-1 Well have revealed that 

there are four types of facies from surface to bot~om; sparry . - - + 

biomicrite: dolomitized micrite, marly dolomitized sparrymicrite 



and marly micrite facies. They are mineralogically and chemically 
?*w,.-.-,c.:.., ..,; .,?. -.'- > ,  ., . 

, . . ; - > - -  .- - x > ~ f ~ ~ a i ; ~ ~ ~ ~ ~ 4  <bas f++Eawa2 r~.cite;~,~.~og,6h~ls.I : . , -&dlfferent. z. ; .? 
.:.:- 

superficial weathering and illite may be present du~UD*incom~lis lB~ 

degradation of potash f e y ~ ~ r s  ,grp to th,e diagenesis of kaolinite 
\ > - A .  - -2,d , *- 

< - 
:been disci!ssed'by many authors Wilson ( 1  957). suggested a slow 

i . I  
2 

Mnetic process for .dplomitjza,tion, Teodorovich (1959) showed thzt 

dolo&te may be forfi6d'undei a variety of conditions;-most of t k m  

is due to replacement. Ingerson (1962) suggested a replacement 

formation for' doiomitization. Friedman and Sandcrs (1967) calso 

agreed with Ingerson for replacement processes of dolomitization. 

Land et al. (1975) showed that dolomite indicates dolomitization - 
1 'i 
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resulting from early meteoric influx into marine carbonate deposits. 
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