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ABSTRACT 

Thirty eight microprobe chemical analyses of 
biotites and twenty seven microprobe analyses of 
hornblendes from the older and younger granitoids of Abu 
El-Hasan Northern Eastern Desert are presented. The 
behavior of major elements in the examined biotites is 
aiscussed according to different variation diagrams and 
element ratios. Biotite shows a regular variation from the 
older granitoids (the least silicic) to the younger 
granitoids (the most silicic). Broadly the examined bioties 
are characterized by high Fe, Al ,  Ti and low Mg contents. 
Biotites of the older granitoids show a clear affinity 
toward phlogopite while those of the younger granitoids 
plot close to annite. The chemical composition of biotites 
has proved a reasonable guide to the magma type of the 
host granitoids. 

The chemistry of hornblendes from the older and the 
younger granitoids are completely different. This variation 
is apparent in silica of hornblendes from the older 
granitoids. The other elements are more variable in 
hornblendes of the younger granitoids. The most important 
difference between hornblendes of the older and the 
younger granitoids is the Mg and Fe contents which 
indicates different temperatures of crystallization. Proper 
nomenclature and classification based on mineral 
chemistry are presented. 

Mineral . chemistry of hornblende clearly 
discriminates between the host granitoid groups. The 
much higher Mg content in hornblende of the older 
granitoids is an indication of higher temperature and 
higher pressure. 

INTRODUCTION 

Gebel Abu El-Hasan lies in the northern part of the E.D. of 
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Egypt. I t  forms a conspicuous landmark rising up to 1558 m. above 

sea level and lies approximately between lats 26" 52' and 27" 02' N 

and longs 33" 13' and 33" 2 3 " ' ~  (Gig. 1). Broadly, the area is 

characterized by high relief and rough topography. I t  is covered by 

Precambrian basement rocks which comprise metasediments,  

metavolcanics, serpentines, metagabbros, older granitoids, younger 

gianitoids (phase I and phase 11), basic dikes, younger red granitoids 

(phase 111), later mafic intrusions and acidic pegmatiti; dikes. The 

granitoids form the major part of the exposed basement rocks. The 

older granitoids are mostly medium-grained characterized by grey 

color i n  the field. Both porphyritic and even-grained types are 

observed. They show diversity in composition from granodiorite, 

tonalite, qz-diorite qz-monzodiorite to diorite with variable mafic 

contents. 

The y o u n g x  granitoids constitute the majority of the grani toid 

rocks in  the studied area. They show different bright colors from buff, 

pink to red due to the fresh and clear feldspars. 

Details of field relations and petrographic characters of these 

granitoids are given by Dawoud (1995). 

Biotites: 

Biotites are the most common mafic minerals in  the studied 

granitoids. The compositional variations of biotites in rekation to 

variations in the nature of the host rocks were studied as early as the 

1930's. Recently Lalonde 1993 used the composition and color of 

b iot i tes  f rom granitoids to characterize the plutonic sui tes  

tectogenetically. 

Recent studies by Nachit et al., 1985 and Ague Brimball (1988) 

have certainly demonstrated the potential of using biotite as a 
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petrogenetic and tectonomagmatic indicator in granitoids. Therefore, 

classifications of granitic rocks based on peraluminosity or oxidation 

state could gain much by considering the cornpsition of biotite. 

Abdel Rahman (1994) using a data bank containing over 325 

major element analyses of biotites minerals fram many localities 

around the world, ascertained that biotite compositi~ns depend largely 

upon the natuxe of magmas from which they have crystallized. 

Biotites from the Egyptian granitic rocks were also subjected to 

rather detailed research which was pioneered by Kabesh and Refaat 

(1972). followed by many others by Kabesh et al., 1977; Kabesh e t  

al.,  1982; Kabesh et al.,  1989. These studies gave more light on the 

origin of the host granitoid rocks. 

From the preccding, the importance of the study of biotites as 

an indicator for the genesis of the host is very clear. Rather than other 

minerals, biotites are very sensitive recorder for all changes which 

occur in the magma eithot chemical or physical, in addition to, the 

later processes which could affect the rocks after consolidation. This 

is very obvious where samples of the Stsdied older granitoids and 

younger granitoids are not so different in the Chemistry, but their 

biotites show large difference even in the major elements as Mg and 

Fe. For this purpose and to see what are the differences between 

biot i tes  f rom the  older  and  younger granitoids and  their  

characterization, three samples from the biotite granitoids (the oldest 

phase of the younger granitoids) and two samples from the older 

granitoids were prepared for the microprobe analyses. I t  was taken 

into account that these samples cover all the possible variation in  the 

biotite chemistry as i t  was inferred from petrography, modal analyses, 

chemistry of the rock, in addition to the field work. 
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Composition of Biotites : 

The chemical compositions of the studied biotites as well as the 

chemical formulae calculated on the basis of 22 oxygens are given in 

Table (1). The most striking differences between the biotite of the 

older granitoids and that of the younger granitoids are the contents of 

Mg and Fe. MgO ranges from 13.82 to 9.03 % and FeO (t) ranges 

from 20.63 to 15.47 % in the older granitoids. This is compared with 

6.2 to  3.00 % for MgO and 31.10 to 25.63 % for FeO (t) in the 

younger granitoids. Fe  / (Fe+Mg) for the older granitoids ranges from 

0.39 to 0.56 while that for the younger granitoids ranges between 0.69 

to 0.85. This i s  a clear distinction between both groups and reflects 

the difference in the temperature of the magma from which they were 

derived being higher in case of the older granitoids as compared to 

the younger granitoids. I t  also reflects higher depth and lower acidity 

of the older granitic magma and the shallower depth of the younger 

granitic magma. Another feature is that the analyses from each sample 

tend to cluster close together indicating homogeneity in low scale. 

The variation between the samples from the older granitoids is higher 

than that in  the younger granitoids leading to the conclusion that the 
younger magma was more homogeneous. All the studied biotites plot 

In the field of biotite (Fig. Z), however the samples from the older 

granitoids are more close to phologopite, whereas those from the 

younger granitoids are close to annite. 

S t ruc tu ra l  formulae : 

The structural formulae of the analyzed biotites are represented 

in Tab. (1). The calculations are based on 22 ( 0 )  to the general mica 
formulae X2Mg6Z22(F. C1). Most of A1 occupies position and 

sometimes is not enough to accomplish the position with silica, so 
some titanium (Tiv) is needed while the rest of Ti (TVi) is used to 

fill  the Y position with Fe, Mg, Mn, Zn and Alvi when exists. In X 
position Ca, Ba, Na, K,  and Rb are the main constituents. 
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Variation diagrams : 

To show the behaviour of elements during the crystallization, 

different variation diagrams are constructed. I t  was found that the 

variation in silica is  more than that of Fel(Fe + Mg) in the studied 

rocks and  accordingly  s i l ica  was taken as a cr i ter ion of 

differentiation. What is interesting is that silica and magnesia show a 

clear positive correlation between the different samples (but not clear 

between the analyses from the same sample), while silica shows a 

negative correlation with iron (Fig. 3). This means that biotites from 

the older granitoids (lower silica content) have higher silica content 

than those from the younger granitoids (higher silica content). 

However the simultaneous growing phases (mainly more basic 

plagioclase with lower silica content in the case of the older 

granitoids and more acidic plagioclase with higher silica content in 

the case of the younger granitoids) could affect the silica incorporated 

by bioti tes.  The  relation between alumina and silica (which is  

positively correlated with magnesia) is not clear although rough 

positive correlation could be observed in biotites from the younger 

granitoids and rough negative correlation in the biotites from the 

older granitoids. Generally biotites from the older granitoids have 

alumina (and higher magnesia) indicating higher temperature of 

crystallization favoring higher corporation of alumina in biotites with 

increasing temperature. Potassium does not show distinct relation 

with silica although slight increase is hardly seen. Titanium also has 

no definite relation but rough negative correlation with silica is  

observed. What i s  noteworthy is that titanium and magnesium show 

wide and rough negative correlation leading to the conclusion that 

low temperature biotites have higher titanium contents. This i s  

against the conclusion of Lyahkovich et al., (1994), and could be 

explained due to growing of titanium-bearing minerals especially 

sphene which is more in the case of the older granitoids rather than 



M.L. Kabesh, M.S.  Atin, and M. Dawoud 

the younger granitoids. From the traces which show defined relation 

with silica fluorine shows positive correlation while zinc has negative 

correlation. The higher fluorine content in the biotite from the older 

granitoids reflects higher fluid activity which is also confirmed by the 

higher contents of hydrous minerals. Higher flourine content of the 

younger granitoids than that of the older granitoids is however 

common known. 

Biotites as indicator of the tectonic environment of their host 

granitoids : 

The tectonic diagrams constructed by Abdel Rahman (1994) are 

used to reveal the tectonic setting of Abu El Hasan granitoids. Four 

diagrams are used for this purpose and gave excellent and 

confirmatory tool for the tectonic setting previously deduced from the 

whole rock chemistry. Biotites from the younger granitoids always 

plot in the alkaline anorogenic (A-type) suites, and those from the 

older granitoids plot in the calc-alkaline orogenic suites, (Fig.4). 

Hornblendes : 

The geochemistry of some hornblendes is treated to throw more 

light on the origin and discrimination between the granitic groups, 

although hornblendes are present in few samples and in low 

concentrations (less than 1 % modal). During the microprobe work 

altered parts were excluded. Discrimination between the two granitic 

groups using hornblende analyses is very clear nearly in all analyzed 

elements. 

One of the advantages of studying the amphiboles is their 

indications in pressure as well as temperature. The use of chemistry 

and mineralogy of amphiboles barometry is established long ago. It is 

widely recognized that the amphiboles from mafic rocks of high 
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p r a s w e  facies (h.Q.igas.Bim 196 1) are in glaucophaae, aad i t  has 

been suggested (Brown 1977) that even Barrovian (medium-pressure) 

facies series rocks may contain more glaucophane rich amphibole than 

those of lower pressure. Other features that have been used to 

distinguish low-pressure from medium pressure amphiboles are their 

lower Alvi (Leake 1965; Kostyuk and Sobelev 1969; Rassa 1974; 

Laird and Albee 1981a) and their higher Na (edenite) contents 

( ~ o l l a n d  and Richardson 1979; Laird and Al'bee 1981a). 

Enrichment in Ti at low-pressures is due to the positive slope 

of reactions partitioning Ti into the amphibole. The composition gap 

in amphiboles at  medium-pressure is due to overstepping of the 

tschermakite-enriching equilibrium. The relatively low-grade 

appearance of oligoclase at low pressures is due to convergence of 

tschermakite- and anorthite-enriching equlibria with decreasing 

pressure. 

Chemical Composition of Hornblendes : 

Two main features can be deduced for the first while. The first 

is  that the chemistry of hornblendes from the older granitoids and 

younger granitoids are completely different. The second is that the 

variation is much between the different spots although all are from 

the same sample. This variation is more pronounced in the silica of 

hornblendes from the older granitoids. The range of silica for seven 

analyses is about 4 %, while this range is about 2 % for 20 analyses . 

from the younger granitoids. The other elements are more variable in 

hornblendes of the older and younger granitoids (Fig. 5). As . in  

biotites, the most important difference between hornblendes of the 

older and the younger granitoids is the magnesium and iron contents, 

about 10 % in  magnesium and 15-% in iron, which indicates different 

temperatures of crystallization. Table (2) shows the composition of 

the analyzed amphiboles and their chemical formulae. 
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Classification of the studied amphiboles : 

The present analyses are plotted on Leake's (1978) diagram for 

classification, Fig (6). Amphiboles from the younger granitoids plot 

mostly in the edenite field and rarely in the edenitic hornblende field. 

Amphiboles from the older granitoids plot however in both the 

edenite and actinolitic hornblende fields with lower alkalis and higher 

silica contents. 

Hornblendes as indicator of the pressure of their host : 

Vsing Raase's (1974)is diagram both hornblendes either from 

both the older and younger granitoids plot in the field of low 

pressure regional metamorphic terrains. The analyses of the older 

granitoids are more close to the high pressure metamorphic terrain 

field (Fig. 7). The same result can be obtained using Ti versus A1 

diagram ( Hynes, 1982) where the analyses of the older granitoids are 

also more close to the field of medium pressure amphiboles, Fig. (7). 

From the preceding i t  is  obvious that the study of the 

hornblendes makes the picture more clear and discriminates between 

the two granitic groups. The much higher magnesium content in 

hornblendes of the older granitoids is an indicator of higher 

temperature, (Raase, 1974 and Hynes, 1982) and higher pressure too. 

CONCLUSIONS 
. .. 
The examined biotites of Abu El-Hasan granitoids, northern 

Eastern Desert, Egypt, are characterized by high Fe, Al, Ti and low 

mg contents. Biotites of the older granitoids show clear affinity 

towards phlogopite while those of the younger ones plot close to 

anni te. 

The chemistry of hornblendes ofboth the studied younger and 
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older granitoids are completely different. The Mg content is higher in 

the older granitoids than that in the younger ones whereas Fe content 

is lower in. the older granitoids than that of the younger ones. The 

higher Mg content in the hornblende of the older granitoids may be an 
indication of higher temperature and pressure. 
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Figure Captions 

Fig. 1: Location map. 

Fig. 2: Fe/(Fe+Mg) atoms per forinula unit versus A1 atoms per 

formula unit. 

Fig. 3: Variation diagrams showing the behaviour of some elements 

during the crystallization of biotite. 

Fig. 4: Tectonic setting diagrams (Abdel Rahman, 1994). 

Fig .5: Variation diagrams showing the behaviour of some elements 

during the crystallization of hornblende. 

Fig. 6: Leake (1978) diagram, (Na+K) versus Si. 

Fig. 7: Rasse (1974) diagram, Alvi versus Si. 

Fig. 8 :Hynes (1982) diagram Ti versus Al.  
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