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ABSTRACT 

The present paper deals with the petrology and 
opaque mineralogy of the Dokhan Volcanics at Wadi Um 
Arta (Lat. 28O 35' and 28" 41 ' 48" N & Long. 32 O 25' 
and 32" 32' 6" E) in the extreme northern Eastern 
Desert of Egypt. 

Field relations indicate that these volcanics are 
older than the surrounding younger granites and younger 
than the enclosed metamorphic rocks. These volcanics 
are represented by laminated lapilli andesite tuff, 
andesite (dominant rock type), quartz andesite, dacite and 
rhyodacire. The opaque minerals are titanomagnetite, 
magnetite, ilnzenire and sulphides. The quartz andesite, 
dacite and rhyodacite are poor in opaques (0.4 - 0.5 '6%) 
and their ilmenitel (ilmenit + magnetite) ratio varies 
from 0.2 to 0.6. The laminated Iapilli andesitic tuff and 
andesite are relatively rich in opaques (2-2.7%) and their 
ilrienite/(ilment + magnetite) ratio varies from 0.1 to 
0.2. They are calcalkaline and probably generated in an 
island arc with a well developed thin continental crust 
(active continental margin). The data presented indicates 
that the volcanic suite is comparable to the Dokhan 
Volcanics of the Eastern Desert. 

INTRODUCTION 

The Dokhan Volcanics cover about 10% of the basemenr 

outcroup in the Easlern Desert of Egypt. Thcse volcanics attrzcted 
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the attention of many workers (Barron and Hume, 1902; Barthaux, 

1922; Hume, 1934; Andrew, 1938; El-Ramly and Akaad, 1960; 

Akaad and El-Ramly, 1960; Schiirmann, 1966; Ghobrial and Lotfi, 

1967; Akaad, 1972; Ghanem, 1972; Akaad and Noweir, 1980; Basta 

et al. 1980; Himly et al., 1980; Dardir et al., 1982; El-Gaby, 1983; 

Ressetar and Monrad, 1983; Abu Zeid, 1984; El-Gaby g t  al., 1984 

& 1988; Furness et al., 1985; Stem and Hedge, 1985; Ragab, 1987; 

El-Gaby et al., 1989 & 1990). 

The Dokhan Volcanics under considcration are exposed at Wadi 

Um Arta in the extreme northern Eastern Dcsert between Latitudes 

28" 35' and 28" 41' 48" N and Longitudes 32" 35' and 32O 32' 6" 

E. It is located 80 km northwest ol' Ras Gharib. Although many 

workers have studied the Dokhan Volcanics in the Eastern Desert, 

no detailed studies have becn done on the volcanics of the prcsent 

area. 

Fifty rock samplcs werc collectcd from the exposcd volcanics 

of the area. Out of these samplcs, 30 thin sections and 20 polished 

sections were prcpared. In addition, fourtcen rcpersentativc rock 

samples were subjected to complete chemical analysis for major and 

some minor elements using gravimctric, complcximetric, flame 

photornctric and atomic absorption methods. Thirtccn trace clemcnts 

for ten samplcs were determined using XRF tcchnique. 

Thc objective of the prcsent work is LO study the ficld 

relationships of the Dokhan Volcanics at Wadi Um Arta and the 

surrounding rock units as well as to give the petrography, opaque 

mineralogy and geochemistry of these volcanics and discuss its 
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magma nature and iectonic setting. 

GEOLOGICAL SETTING 

The studies .?olchan Volcanics (Fig.1) cover an area of 54.3 
2 

~m~ in the form of two masses. The first one is small (1.8 km 1 

forming an oval oxlcrop of moderate relief up to 826 m (a.s.1.). It 

is greyish green, fine grained and consists mainly of rhyodacite and 

dacite. It is intrwed from the east and south by graphic granites. 

From the west, rsdi~ncntar)~ Nubia Sandstone is unconformably 

overlying i t  T1.e second exposure (52.5 ~ m ~ )  is the main body 

Graphic granite 0 Pleistocene and Wadi deposits 
I.*I Perthitic leucogmnitc a Sedimcntclry rocks a Dokhan volcanics Faults 

Older granitoids Acidic dykes 

I= Gneiss, amphibolite and migmatite 

'ig.1 : Geological map of Um, Aria Volcanics. 

-. 



Petrology and opaque mineraIogy of um arta volcanics ,........... 

forming an elongated outcrop (10.2 km x 4.6 km) in nearly E-W 

direction. The northern boundary of this volcanic exposure is 

relatively higher in rzlief witn respect to the surrounding granites 

whereas the southern part forming isolated scattered hills that are 

relatively low ic  relief and crossed by Wadi Urn Arta. It is dark 

greyish green, fine grained and consist of andesitic tuff, andesite, 

dacite and rhyodacite. 'This arrangement is recorded from the eastern 

sidc to the western side where it is anconformably overlain by 

Nubia Sandstone. These volcanics are intruded and cut by the 

s~rrounding graphic granites (Fig. '23) and perthitic Ieucograni~es 

with sharp contacts. They are also capping and cutting the enclosed 

metamorphic rocks (gneisses, rnigmatites and amphibolitr~s) with 

sharp contact. At the southwest boundary of these volcanics, a set 

of acidic dykes are injected in a NE-SW direction. 

PETROGRAPHY 

Detailed microscopic examinatior, of the investigated Dokhan 

Vokznic rocks revealed the following rock types : 

a- Laminated lapilli ande:;itic tuffs. 

b- Andesites. 

c- Quartz andesites. 

d- Dacites. 

e- Rhyodacites. 

The andesites are the predominant rock type, while the other 

types are of relatively limited occurrence. The Dokhan Volcanics 

under study consist mainly of plagioclase, quartz, potash feldspar, 

hornbiende and biotite ~henocrysrs embedded in a fine grained 

groundmass. 
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The description of the phenocrysts in the Dokhan Volcanic 

varieties can be summarized as follows : 

Plagioclase is the most common phase. Its composition 

ranges from andesine (An 32) in the laminated lapilli andesitic tuff 

to oligoclase (An 14) in the dacite. Generally, the plagioclase 

phenocrysts are zoned (Fig. 2b) and twinned (Fig. 2c). Two 

generations are occasionally observed in andesites (Fig. 2d). In 

dacites, few phenocrysts are randomly segregated in clusters 

forming a glomerophyric texture. The plagioclase phenocrysts are 

variably slterec! to sericite, kaolinite, carbonate and epidote. The 

margin of most piagioclase crystals are cloudy and sometimes 

stained by hem.~titic mxerial. 

Quartz is a common constituent in the studied rock types, 

except andesites. It exists as phenocrysts and in the groundmass. It 

usually exhibit:; undulatory extinction (Fig. 2e) and rarely encloses 

fine dusty iltclusions of biotite, chlorite, hornblende and 

plagioclase. Apatite needles are common inclusions. In 

rhyodacites, r le qurrrtz phenocrysts are euhedral (Fig. 23 and 

occasionally etlcloses amygdules that are composed of fibrous and 

radizl aggregates of K-feldspar and carbonate (Fig. 2g). 

Potash feldspar is only detected in the laminated lapilli 

andesitic tuffs and rhyodacites where it is represented by 

microcline-microperthite in the former and microperthite in the 

latter. Occasionally the phenocrysts are simply twinned (Fig. 2h) 

and commonly altered to kaolinite. Few phenocrysts contain 

plagioclase and xenomorphic quartz grains. 



Petrology and opaque mineralogy of urn art@ volcanics ,........... 

Hornblende is a common constituent in quartz andesites and 

dacites. It occurs either as phenocrysts or in the gromdmass. 

Occasionally the phenocrysts are simply twinned (Fig. xi). They 

enclose fine plagioclase laths, irregular sphene grains and apatite 

needles. In dacites, it shows partial alteration to biotite and 

chlorite. 

Biotite phenocrysts are only present in quartz andesites, 

dacites and rhyodacites. They commonly show partial to complete 

chloritizazion. 

Fig. (2) : 

a )  Dokhan volcanics intruded by graphic granites 
with sharp contact, at  P7adi Um Arta. 

b) Plagioclase phenocryst showing normai zoning; 
quar tz  andesite, C.N. 

c) Piagioclase phenocryst showing albite, combined 
albite-carlsbad and pericline twinning; dacite. 
C . N .  

d) Two generations of plagiociase phenocrysts;  
andesite, C.N. 

e)  Qua r t z  phenocryst showing wavy extinction; 
laminated lapilli andesitic tuff, C.N. 

f) Rhyodacite showing quartz phenocrysts, C.N. 

gj Large quartz crystal enclosing amggdules filled 
with k-feldspar, quartz and calcite; rllyodacite, 
C.N. 

h) Potash feldspar phenocryst with well developed 
simple twinning; rhyodacite, C.N. 

i) Hornblende phenocryst showing simple twinning; 
quar tz  andesite, C.N. 
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The groundmass of the different varieties of the Dokhan 

Volcanics has the following features : 

a- In laminated lapilli andesitic tuff, the groundmass exhibits 

a well developed flow and laminated textures (Fig. 3a). It contains 

rounded to elongated amygdules composed of quartz, rarely chlorite 

and biotite (Fig. 3b). 

b- In andesite, the groundmass is characterized by orthophyric 

texture (Fig. 3c) composed of plagioclase laths, green chlorite and 

quartz. The plagioclase laths are usually more sodic than the 

associating phenocrysts. 

Fig. (3) : 

a )  Groundmass with banded texture, showing felsic 
layers al ternat ing with mafic layers; laminated 
lapilli andesitic tuff, C.N. 

b)  L a m i n a t e d  lapi l l i  andes i t i c  tuf f  showing  
a m y g d u l e s  o f  q u a r t z  enc losed  w i t h i n  
groundmass, C.N. 

c) Andesite showing groundmass with orthophyric 
texture and plagioclase phenocryst, C.N. 

d )  Quar tz  andesite showing pilotaxitic groundmass, 
C . N .  

e)  Q u a r t z  crystal  shows embayed outl ines a n d  
micrographic intergrowths confined along its 
peripheries; rhyodacite, C.N. 

f )  Rhyodacite showing a well developed rounded 
spheruiitic groundmass, C.N. 
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c- The groundmass of quartz andesite shows a pilotaxitic 

tesmre (Fig. 3d) which consists of plagioclase, hornblende and 

rarely chlorite. 

d- In dacitcs, the groundmass includes quartz as dominant 

constituent and subordinate amounts of plagioclase, perthite and 

biotite. 

e- The rhyodacite groundmass is composed essentially of 

quartz and potash feldspar with subordinate amounts of plagioclase 

and chlorite. Quartz is eithcr completely intergrowth with 

R-feldspar forming a ~ icrographic  texture (Fig. 3e) or grouped with 

radial and fibrous K-feldspar forming rounded spherulites (FIg. 3f). 

The main accessory minerals in the concerned rocks include 

opaques, apatite, zircon and sphene whcrcas the most predominant 

secondary minerals are sericite, kaolinite, chlorite, muscovite and 

carbonates. 

Finally, the petrographic data suggest that the studied Dokhan 

Volcanics are generally fresh, may show slight alteration but not 

metamorphism (Ries el a/., 1983 and Stcrn er al., 1984). 

OPAQUE MINERALOGY 

The distribution of the opaque minerals and their intergrowths 

in the Dokhan Volcanics of Egypl is given here for tile first lime. 

The opaque mineralogical characteristics of thc studied 

Volcanics reveal the following : 
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a- Laminated iapilli andesitic tuff contains opaques (2%) that 

are represented by titanomagnetite with traces of pyrite. The 

ilmenire/(ilemenite + magnetite) ratio varies from 0.1 to 0.15. 

Titanomagnetitc is cr;,r,ked and martitized. It is partly replaced by 

sphene along cracks (Fig. 3a) and periphery (Fig. 4b). The 

titanomagnetite shows sandwich intergrowth with ilmenite and 

myrmekite intergrowth with silicates. 

b- Andesite contains the highest opaque percentage (2.7%) 

compared v;ith other volcanic types. The opaques consist mainly of 

titanomagnetite 3i1d subordinate smounu of iimenite and fresh 

pyrite. The ilmenitc/(ilernenite + magiletite) ratio = 0.2. Few 

titanomagnetite crystals are completely intergrown with silicates 

and ilmentite forming myrmekitic (Fig. 4c), trellis (Fig. 4d) and 

internal granule ir:iergrowths. Ilmenite is commonly replzced by 

sphene along (OOOl) planes (Fig. 4e). 

c- Quartz andesite is very poor in opaques (0.5%) that consist 

of ilmenite and magnetite with traces of sulphides. The ilmenite / 

iilmenite + magnetite) ratio = 0.6. Ilmentite occurs as discrete 

homogenous crystals that are extensively replaced by sphene. 

M a g n e ~ ~ e  is slightly altered to martite. Suiphidcs are represented 

by chalcopyrite and pyrite. Thc latter shows hydration to colloform 

goethite "limonite". 

d- Dacite is mucb. poor in opaques (0.4%) that are represented 

by fresh ilmenite and minor pyrite. The ilmenite/(ilmenite + 
magnetite) ratio = 1. 
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e- Rhyodacite is very poor in opaques (0.5%) mainly of 

magnetite and pyrite with very subordinate amount of ilmenite. The 

ilmenite/(ilmenite i- magne~ite) ratio = 0.2. Magnetite occurs as 

titanomagentite phenocrysts extensively replaced by sphene and 

normal fresh magnetite grains scattered through the groundmass. 

The pyrite is commonly replaced by goethite with well developed 

colloform texture (Fig. 40.  The replacement of pyrite is extea: :I e 

forming s net-like fashion (Fig. 4g). 

Fig. (4) : 

a )  Large  cracked t i tanomagueti te  crys ta l  pa r t ly  
replaced b y  sphene along the cracks. Laminated 
lapiili andesitic tuff, Reflected Light. 

b)  T i t a n o m a g n e t i t e  phenocrys t  w i t h  c o r r o d e d  
peripheries and showing replacement by thin 
r i m  of sphene a long i ts  o u t e r  pe r iphery .  
Lamina ted  Iapilli nndesi t ic  tuff ,  Refiected 
L i g h t .  

c > T i t a n o m a g r m e t i t e - S i l i c 3 t e  m y m e k i t i c  
intergrowths. Andesite, Reflected Light.  

d)  Ti tanomagnet i te  grain with ifmentie fo rming  
trellis intergrowth. Xndesite, Reflected Light. 

e) Ilmenite crystal partly replaced by sphene along 
(0001) planes. Andesite, Reflected Light. 

f )  Rhyodacite showing a complete replacement of 
pyri te  by  well developed colloform goethi te  
and limonite. Reflected Light. 

g) A cracked pyri te  crystal  with we11 developed 
colloform texture o f  goethite-limonite in  ne t  
like fashiorr. Rhyodacite, Reflected Light. 
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The distribution of thc opaque minerals and their intergrowths 

in the studied Dokhan volcanics is summarized in Table 1. The 

table shows the possibility of distinguishing the various 

petrographic varieties on basis of their opaque mineral contents and 

intergrowths. 

GEOCHEMISTRY 

Tables 2 & 3 give a comparison of the obtained chemical data 

with data of Dokhan Volcanics (Basta et al., 1980). 

The data presented indicates that the examined volcanic rocks 

are comparable with the Dokhan Volcanics at type locality, rocks of 

active continental margin and are very similar to the Dokhan 

Volcanics at Qena-Safaga road (Ressetar and Monrad, 1983). 

Chemical Classification : 

Figures 5a, 5b and 5c show that the studied volcanic rocks 

show a compositional range from andesitc to rhyodaci~e which 

support the petrographic nomenclature. 

&lagma Type : 

All plots of the studied samples on different variation 

diagrams (Figs. 6a to 6d) indicate that the present Dokhan 

Volcanics are typical calc-alkaline. 

Tectonic Setting : 

The tectonic environment of Urn Arta volcanics is deduced 

from the following relationships : 
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a- The plots of the studied volcanics (Fig. 7a)  on 

Gottini-Rittmann diagram indicate that these volcanics are situated 

in orogenic belts and generated in island arc. 

b- Figures 7b, 7c and 7d show that all the plotted analyses of 

andesites and dacites fall mainly in the field of island arc artd active 

continental margins. - 

c- The remarkably high content of K 2 0  (2.06-3.9%) in the 

studied volcanics provides an evidence that they most probably 

represented a well developed island arc with thick contiental crust 

or active continental margin. They are also characterized by 

medium rate of plate convergence (Miyashirc, 1975). 

d- Figure 7e indicates that the studied andesites were generated 

in an island arc environment. 

e- The high and variable Zr / Y ratios (Fig. 7fi for the studied 

andesites are characteristic for calc-alkaline volcanics formed in a 

continental margin environment (Pearce, 1983: Capan and Floyd, 

1985). 
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CONCLUSIONS 

The present volcanics, which are exposed in the northern 

extremity of the Red Sea Hills of the Eastern Desert, are intruded 

by graphic and perthitic leucogranites with sharp contacts. They 

enclose enclaves of metamorphic rocks. These volcanics are 

represented by laminated lapilli andesite tuff, andesite (dominant 

rock type), quartz azlzsite, dacite and rhyodacite. 

The major opaque minerals in all studied varieties are 

magnetite and ilrncnlte. however somr: significant differences are 

still observed (Tsble 1). In case of thc laminated Iapilli andesite 

tuff and andcsite, the I / (I + M) is very low (0.1 - 0.2) while this 
* 

ratio is much highei in the quartz andesite and dacite (0.6 - 1). 

Despite of the low 1 / (I + M) ratio of rhyodacite (0.2), no trellis 

and sandwich intergrowths are recorded contrary tc the I??illi tuff 

and andesite. Also, the rhyodacite contains more sulp~ides than the 

other volcanic eh:ments. Comparison between the opaque 

mineralogy of the s t  edied andesite and the meta-andesite pertaining 

to the metavolcanic:; of the central Eastern Desprt (Shazly et  al., 

1976), indicates sigr:ificant dirferences. This supports  he grouping 

of the studied vo1cal:ics as belonging to the Dokhar, Volcanics. 

The chemical composition of the studied voIcanics indicare 

that they arc calc-dkaline in nature and have the characteristics 

which point out to their development in an island arc with wail 

developed thin continental crust (active continental margin). They 

are comparable with thc Dokhan Volcanics of the type locality 

(Basta et al., 1980) and very similar to the Dokhan Volcanics at 

Qena-Safaga road (Rcs~etar and Monraad, 1983). 



Petrology and opaque mineralogy of urn arla volcanics ,........... 

Grateful thanks are due to Prof. Dr. M.M. Ali, Nuclear - 

Material Corporation for the help in determining the trace 

REFERENCES 

Abu Zeid, W.T. 1984. Geology of Wadi Hamrawein area, Red Sea 
Hills, Eastern Desert. Ph. D. Thesis, Univ. of S. 
Carolina, Colombia. U.S.A. 206p. 

,Ikmad, M.K. 1972. A contemplation m d  assessment of the 
1960-1961 classification of rocks of the ~ e n t r a l  Eastern 
Desert. Am.  Geol. Surv. Egypr. V.2, p. 19-45. 

Akaad, M.K. and El-Ramly, M.F. 1960. Geological history and 
classification of the basement rocks of the central 
Eastern Desert of Egypt. Geol. Surv. Egypt, paper No. 
9, 24p. 

Akaad, M.K. and Noweir,  A.M. 1980. Geology and  
lithostratigraphy of the Arabian Desert orogenic belt of 
Egypt between Lat. 25" 35' and 26" 30' N., Inst. Appl. 
Geol., Jeddah, BuII. 4, V. 3, p. 127-135. 

Andrew, G. 1938. On Imperial porphyry, Bull. Inst. Egypt, V. 20, 
p.63-81. 

Barron. T. and Hume, W.F. 1902. Topography and geology of the 
Eastern Desert of Egypt (central portion). Egypt, Surv. 
Dept., 331p. 

:Barthaux, T.C. 1922. Chronologie et description des rsches igness 
du Desert Arabique. Mem. inst. Egypt, 262p. 

Basta, E.Z., Kotb, H. and Awadallah, M.F. 1980. Petrochemical 
and geochemical characteristics of the Dokhan 
Formation a t  the type locality Gebel Dokhan, Eastern 
Desert, Egypt. lnst App1. Geol., Jeddah, Bu!l. 3, V. 3, 



Takla, et al., 

Capan, U.Z. anti Floyd, P.A. 1985. Geochemical and petrographic 
features of metabasalts within units of the Ankara 
melange, Turkey, Ofioliti, V. 10, p. 3-18. 

Dardir, A.A., Awadallah, M.F. and Abu Zeid, K.M. 1982. A new 
contribution to the geology of Gebel Dokhan, Eastern 
Desert, Ann. Geol. Surv. Egypt., V. 12, p. 19-27. 

El-Gaby, S. 1983. Architecture of the Egyptian basement complex. 
Proc. 5th Inter. Conf. Basement Tectonics, Cairo, 
Egyp.  

El-Gaby, S., El-Nady, O.M. and Khudier, A.A. 1984. Tectonic 
evolution of the bascment complex in the central 
Eastern Desert of Egypt. Geol. Rdsch. V. 73, (3), p. 
101 9- 1036. S tuttgart. 

El-Gaby, S., Knudier, A. and El-Taky, M. 1989. The Dokhan 
vo1c;inics of Wadi Queh area, central Eastern Desert, 
Egypt. 1 s  conf. Geochem., Alex. Univ., Egypt. p. 
42-62. 

El-Gaby, S., List, F.K. and Tehrani, R. 1988. Geology, evolution 
and wetallogenesis of the Pan-African belt in Egypt. p. 

El-Gaby, 

17-70. In : S. El-Gaby and R.O. Greiling (eds) : The 
Pan-African Belt of Northeast Africa and Adjecent Areas, 
vieweg. 

S., List, F.K. and Tehrani, R. 1990. The basement 
complex of the Eastern Desert and Sinai. p. 175-134. In 
: Said R. (ed.) : The geology of Egypt. A.A. 
Balkema-Rotterdam-brooHield. 

El-Ramly, M.F. and Akaad, M.K. 1960. The basemen~ complex in 
the central Eastern Desert of Egypt between Lat. 24" 30' 
and 25" 40' E. Geol. Surv. Egypt, Paper No.8, 35p. 

Furnes, H., Shimron, A.E. and Robcrts, D. 1985. Geochemistry of 
Pan Africap volcanic arc sequences in southeastern sinai 
peninsula and plate rectox~ic implications, Precambrian 



Petrology and opaque mineralogy of am arta volcanics ,........... 

Res., V. 29, p. 359-382. 

Ghanem, M. 1972. Geology of the basement rocks north of latitude 
28O N Eastern Desert, Ras Gharib area. Ann. Geol. 
Surv. Egypt, V. 2, p. 181-198. 

Ghobrial ar:d Lotfi 1967. The geology of Gebel Gattar and Gebel 
Dokhan areas. Geol. Surv. Egypt, Paper 40, 26p. 

Gokten, E. &;id Floyd, PA. 1987. Geochemistry and tectonic 
environment of the Sarkisla area volcanic rocks in 
central Anatolia, Turkey. Mineral. Mag., V. 51, p. 
553-559. 

Hiimy, M.E., Meneisy, M.Y., Ragab, A.I. and Hammad, H.M. 
1980. Petrology of the volcanic rocks of Gebel Nuqara, 
west of Safaga. Ain Shams Sci. Bull., V. 22 (b), p. 
1-24. 

Hume, W.F. 1934. Geology of Egypt. V. I1 part ljthe metamorphic 
rocks. Survey of Egypt, Cairo, 300p. 

Irvine, T.N. and Baragar, W.R.A. 1971. A guide to the chemical 
classification of the common volcanic rocks. Can. J. 
Earih Sci., V. 8, p. 523-548. 

Le Bas, M.J., Le Maitre, A., Streckeisen. A. and Zawttin, B. 
1985. A chemical classification of volcanic rocks based 
on the total alkalies-silica diagram. J. Petrol., V. 27. 
Part 3, p. 745-750. 

MacDonald, S.A.  and Katsura, T. 1964. Chemical composition of 
Hawaiian lava. J. Petrol. V .  5, p. 82-133. 

Miyashiro. A. 1975. Volcanic rock series and tectonic setting. 4nn. 
Rev. Earth planet Sci., V.3, p. 251-269. 

Miyashiro. A. and Shido, F. 1975. Tholeiitic and calcalkalic series 
in relation to the behaviour of Titanium, Vanadium, 
Chromium and Nickcl. Am. J. Sci., V. 275, p. 
265-277. 



Takla, et al., 

Pearce, J.A. 1983. Role of sub-continental lithosphere in magma 
series an active continental margins. p. 230-249. In : 
C.J. I-lawkesworth and M.J. Norry (eds.) : Continental 
basalt:; and mantle xenoliths. Shiva Publ., Cheshire. 

Pearc, J.A. and ?4orry, M.J. 1979. Petrogenetic implication of Ti, 
Zr, Y ,  and Nb variations in volcanic rocks. Contrib. 
Mine& Petrol., V. 69, p. 33-4.7. 

Ragab, A.I. 1987. On the peuogenesis of the Dokhan volcanics of 
the north Eastern Desert, Egypt. M.E.J:.C., Ain Shams 
Univ. Earth Sc. Ser., V. 1, p. 151-158. Cairo, Egypt. 

Ressetar, R. an3 Monrad, J.R. 1983. Chemical composition and 
tectonic setting of the Dokhan volcanic formation, 
Eastsrn Desert, Egypt. J. African Earth Sci., V.1. p. 
103- 2 12. 

Ries, A.C., Schackleton, R.M., Graham. R.K. and Firches, W.R. 
1983. Pan-African structures, ophiolites and melange in 
the Eastern Desert of Egypt; a traverse at Lat. 26" hT. J. 
Ciec~l. Soc. London, V. 140, p. 75-95. 

Rittrnann, A. 1973. Stable mineral assemblages of igneous rocks. 
Springer-Verlag Berlin, Heidenberg. 262p. 

Schiirmann, H.M.5. 1966. The Precambrian along the Gulf of Suez 
and the northern part of the Red Sea. G.3. Brill. Leiden, 
Neiherlands. 404p. 

Shazly, A.G., Takla, M.A. and Essawy, M.A. 1976. Comparative 
petrographical and ore mineral~gical studies on the Igla 
El-Iswid formation at Idfu-Mer.ra Alam acd Qift-Qusseir 
districts, Eastcrn Deser~, Egypt. Bull. Fac. Sci.. Cairo 
Univ., V. 49, p. 499-523. 

Stern. R.J., and Gottfried, D. and Hedge, C.E. 1984. Late 
Precambrian rifting and crustal evolution in the north 
Eastern Desert of Egypt. Geol., V. 12, p. 168-172. 

Stern, R.J. and Hedge, C.E. 1985. Geochronologic and isotopic 
constrains on Late Precambrian crustal evolution in the 



Petrology and opaque mineralogy of u m  arta volcanics ,........... 

Eastern Desert of Egypt. Am. J. Sci., V. 285, p. 
97-172. 

Taylor, S.R. 1986. Geochemistry of andesites. In : Arhens.L.H. 
jed.) : Origin and distribution of elements. Pergamon 
press, Oxford, p. 559-583. 

Winchester. J.A. and Floyd, P.A. 1977. Geochemical discrimination 
o i  the different magma series and their differentiation 
produces using immobile elements. Chern. Geol., V. 20. 
p. 325-343. 



Takla, et af., 


