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ABSTRACT

The chemical cfassification of Kab EL Rakab
mmmmw;mmum od
classification and makhing use of 27 new chemical analyies of
dolerites and metabaralts, metarhyodacits, metaxhyolites and
pyroclastic xochs. The 4irnst approach using chemical
parametens of mrjor elements and [rvine and Baragar's (1971),
Church's (1975) and Middlemost's (1950) diagram are applied.
The second approach of classification uses Le Moitrn's (1976),
ukndw&tumdFLoyed'A(wn),mﬂwbaMAo{CIPwmmand
combination of mijon and immobile ox stable clemerts. It 4is
proposed to plot nowmtive composition in the QAPF diagram of
Strecheisen (1967) whith Q = Qtz, A = Owt, P = Anxt and F =
Ne + Lle+Kpuhere T = (Or +An + Ab)/{On + An}. "The use of
,mmmuumwbgwdmmF&oyd (1977)°
b more quite satisdactory, {or further classification, Lo
avoid the problem of using the changeable immebile elements.

The WM&QQMMK@ EL ' Rahabd
MWWMM4WMW partial
melts of common sources; L.e. bimodal volecanic  rochs
representing the second recornd dor this type of volcanicity
- 4n the Egyptian Shicld (EL Ramly, ot al., 1952).

INTRODUCTION
The metavo};anic roeﬁs of Kab El Rakab areé are
Iocatéd in the eastern margin of the baseménfi comglex. of
Egypt (FRig. ‘1)- They are one of the widely -di;tributed

~561-
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metavoleanic units in the Bgyptian Shield, the so-called

Shadli metavolcanics. The Shadli metavqlcanics are of Late
Proterozoic age (700-1100 m.y.) and cover about 12 % of the
ba;;ment of the Rastern Desert (Stern, 1979). - Kas El Rakab
metavolcani; assaciations occur in the form of successive
sheets and plugs represented by lava flows. and intercalatioms
of pyroclastic rocks. The lava flows are mainly basaltic aqd

dacitic with minor andesitic basalt and rhyolitic flow. Pure

andestic rock types are rare or lack. The pyroclastics are

represented by rhyolitic and dacitic tuffs.

The present work is based on the chemical analyses

data of 22 different rock samples, (for both major and trace

elements), representing the main types of the studied
metavolcanics. The present -~ paper deals mainly with the
"classification and differentiation nature of Kab El Rakab

metavolcanics. The  characteristic  features of the

geochemistry of the studied rocks are presented elsewhere
T S

(E1 Rahmany et al., this volume).

It is Qorthy that the classification of igneous rocks,
-especially the volcanics, is a problem. The modal anlysis is
commonly profitable and helpfull for the clasification of the

plutonic rocks (Sabine, 1974) and (Streckeisen, 1976 b). On

" the othér hand, "the'modal~cqn;ents, in most. cases, cannot be
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determined accurately because  of the micro-or
cryptocrys;alline or even glassy textufe of their matrix. To
obtain an accurate chemical analysis of a fock,.asyit is
muich easier in these days of automated X-ray equipment, .thgn
an'accurate'modal analysis, many chemical classification of
volcanic rocks have been presentéd followed mainly two
approaches using parameters which are not_airectly related to
mineral contents {oxides and fqnction oxides, molecular
values, ratios, etc.). The €£first appro;éh using chemical
parameters of major elements. The second approach using norm
claculations for the,projéction of the chemical data into

mineralogical classifications and using combirations of major

and trace eleménts data.

1) Chemical classification of Kab El Rakab Metavolcanics:

Por an exact characterization of the investigated
rocks, the two approaches of chemical classification are

followed. Church's (1975), Trvine and Baragar's (1971) and

Middlemost's (1980) classifications are based on chemical
parameters following the first approaéh of classification.
while Le‘Maitre's_(1976) and Winchéster and Floyed's (1977)
classificaions follow the seocnd oné. On the basés of
chemical analyses (Table 1) CIPW norms and >£face eleﬁenn

abundances (Tables 2 & 3) of Kab E1 Rakab metavolcanics.
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The_ methods and diagrams adopted, in. the present study,

will be discussed as follows:

1. " Irvine and Baragar's.(f97l) Classifications:

Irvine and Baragar - (1971) proposed a chemical class-
ificgtion, ‘based. on the framgyork which—wag set by Kennedy
(1933) and Tilley (1950), for the common volcanic rocks into:
(a) subalkaline (including both clac-alkaline and tholeiitic
basalt series); (b) ‘alkaline; and (c).Peralkéline rocks.
Various diagrams were employed by Irviqehand Baragar (1971),

some of these diagrams are used for the classification of Kab

El Rakab metavolcanics as follows!

a. Alalies — Sillica Diagram:
Many workers have éeverql attempts to calssify the

volcanic rocks on the basis of the total alalies (Na O +
2

K 0) and silica (in wt. %). This daigram has been
2 : -
estabilshed as an effective means of distinguishing

alkaline and subalkaline volcanics, "as— illustrated by

"MacDonald's (19683 dividing line (dashed) in (Pig. 2).

The representative » points of Kab El - Rakab

metavolcanics fall below the boundary line (i.e., within the’

field of subalkaline rocks with the exception of six samples

" are falling in the field of alkaline rocks. Accordingly they

-

~
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are of subalkaline composition with tendency of someto the

o

alkaline composition.

b. Normative Colour Index (NCI) | Versus Normative
_Plagiog}ase Composition: |
For further classification, Irvine and Baragar (1971)

have proposea as sum of the following normative minerals as:

NC1 = 01 +V(F6*Fa) + Opex (En+Fs) + Cpx (Di+g}) + Ht + 11 +

Mt.

The calculated normétive colour index is plotted
against the norﬁative plagioélase composition for fhe Kab.
El Rakab metavoicanics. (Fig. 3) shows éiearéy that the
metadacitic rocks fall in the field of dacite, whereas _the
m:, a~andesetic basaltic rocks plot in ghe fields éfh basalts
and andesite. Metarhyolitic- rocks plot int he‘ field of
andesite showing their higher NCI than the a;érage given Sy »
Irvine and Baragar. Basaltic rocks fall im their

corresponding fiald.

e. AFM Diagram:

AFM diagram with total Fe as Pe0 .is used for
separation of tholeiitic and calc-alaline rocks. 'In (Pig. 4)
the 1lime separating tholeiitic and cal-alkaline suit is -

ghown. The analysed samples of Kab El ngab—Gebel Mirier
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metavolcanics show clearly that they follow the line
presented by Irvine and Baragar (1971) for calc-alkaline

suites with the excéption of one sample falling in the

‘tholeiitie fiels.

2. . Middlemost's (1980) Diagram:

A simple satisfacrtory classification using the major
elements depending on silica and total alkalies content was
attempted - by Middlemost (1980), (FPig. 5). This diagram
could successfully discriminate the "examined metavolcanics
into their types confirming typically petrographical

classification (El Rahmany et al. this volume).

4, Church's (1975) Variation Diagram:

Church (1975) designated a simple quantitative method
for illustrating the composition.and compariné the main
voléapic ‘tocks. This method 18 based on using a three
orthogonal plot of Na O + K O versus Fe O + Fe O + 1/2 (Mg0

‘ ' 2 2 -~ 23 2 3 “
+ Ca0) versue AL O / Si0O- (Fig. 76). The studied
; metavolcanicsrplot fn tgeir corrZsponding fields, except the
metarhyolitie rocks falling outside the rhyolitiec fieldf
This slight deviation of the metarhyolitic samples showing
their higher basieity index than the range given by Church.

It is perhaps due to secondary carbonatization which is often

observed as minute veinlets. '
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b. Le Maitr's (1976) Classification:

Le Maitre (1976) used another new approch, based on
7_some-mu1tivariate statistical methods, to the classification
of égneous rocks. __ He used the analyses of basalts (2906),
andesites \12342), daéites (526) rhyolites (557),. selected -
from CLAIR master file which consists of 26271 puélisyed
analyses of igneous rocks from allover the world (Le Maitré;
1973). in his study, Le Maitre has shown that the areés
occupied by the four rock groups on a Or;Ar—An‘ triangle
_(Streckeisen, 1976. b) aré highly overlapped. A better
gseparation of their  fields is attained if the normative
contents of the basélts, andesites, dacites and rhyolites are
plotted on the QAPF diag;am of Streckeisen (1967) with Q =
Qtz, A=OrXTand P =An X T, where T = {Or + Ab + An)/
(Or + An) and F = Ne + Lc + Kp. The value T was proposed
Sy Le Maitre (1976) to recalculate the Or, Ab and An to
alkali feldspar and plagioclase. Worthy of remark,-‘tha;
the distribption Af the feldspar ~l;olecules over potash’

feldspar and plagioclase was tentatively renounced .by

Streckeisen (1976, a, p. 3).

The Or, Ab and An contents of Kab El Rakab~
‘mefavolcanics recalculated to alkali feldspar and plagioclase

\following Le Maitre’s (1976) recommendations. Fig. (7) shows
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the plot of the examined metavolcanics on the QAPF diagram.
The examined rocks fall in their corresponding fields except
'rﬁyoligic rocks which plot outside the ;hyolitic field
" towards Q apex due to their higher content ‘of _nornafive
. quartz. Also, one basalt;c sample plot ouiside the basaltie

" field towards F apex, due to its higher normative Ne value.

2. Winchester and Floyed's (1977) Classification:

Winchester and Pioyed (1977) introduced simple
diagrams using the immcbile element concentrations in
volcanic rocks to recognize their original rock type. Worthy
of nomark that the chemical criteria commonly used to
classify fresh or éiightlz altered volecanie rocks, all use

elements known to be mobile during metamorphism. Thus, they

avoided that by using immobile elements as Zr/Ti0 ratio

, . 2
against Si0 as a mean of discrimination between different

2..
rock +types (Pig. 8). The different types of Kab El1 Rakab

metavolcanics plot in their corresponding fileds. - .

11, DIFFERENTIATION OF KAB EL_RAKAB METAVOLCANICS:

The differentiation nature of Kab El  Rakab

metavolcanics could be revealed by adopting the results of

the chemical analysis. The follwoing.methodd aqd diagrams

are used:
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1. Thronton and Tuttle Differentiation Index:
_ Thronton and Tuttle (1960) proposed the differentiat—
ion (D.I.) as the sum of the weight percentages of normative

quartz + albite + orthoclase.

The differentitation index, is a - measure of

lecuocoratic nature of the rock. -

Fig. (9). shows a differentiation trend similar to
that recognized in many world%ide studies of voicanic rocks.
Si0, Na O and K O show positive trends with increasing D.I.
AT g , gemic oxiges (sum of Fe b_+ Fe O + MnO + Mg0) ahd Ca0

23 23 2 3
decrease with increasing D.I. index.

-

From #the figure, it is noticed that a distinct gap
'éx;lts, ranging between 44.33 and 66.14; "i.e. it is forméd
between the  acidie  and ba;ic rocks of _ tﬁe | st;died-
metavoleanics. This gap could be not by itself fule ouf ;he

possibility that more silicic rocks are formed by fractional

crystallization from the basaltic magmas (Brayan, 1964).

A variation diagram for trace elements abundances
plotted againat the D.I., to reveal the trend of evolution of
Kab El Rakab metavolcanics is also shown in Fig. (10). From
ﬁthe diagram, it is abvious that the differentiation trend of

¥ah R1 Rakah metavaleanics is cansistant with many worldwide
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studies of volcanic rocks. Generally, Ba, Zr, Be, Sn and Mo
increase with icnreasing D.I., while V, Cr, Co, Cu and Ni are
of negative correlation with D.I. Sr contents are of no

characteristic order of differentiation.

2. . Simpson's Graphic Representation:
To revealbghe magmatic differentiation of the igneous
‘rocks Simpson (1954) had designated a graphic representation

for fhe,felsic and mafic indices of igneous rocts. 7

As shown in the diagram, the Pelsic indxe(M)=

-

Na O+ K O
2 2

X 100 is plotted against the
CaO+NaO+ K O

2 2 2
o FeO + Fe O
23
Mafic index (F) = X 100 (Fig. 11).
MgO + FeO + Fe O B

o : 23
The general trend for Nockold's (1954) average trend is

also shown in the diagram. The mafic index (M) and’fqlsic -

index (P) are computed for the studied metavolcanics. The
Kab El “Kabab neta;olcanics fall in the field of

intermediate differentiate.
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ITI. REMARKS ON PETROGENESIS

~To idﬁetify the specific magmatic character of ﬁadi
Kab Bl Rakab-Gebel Miriet-netavoléanics, few attempts have -
been centered on the general field studies, compositional )
range and chemical character of some rock types on relation
to ridge enironment or the main phase of folding (Sabet,
1961; Awadallah and Shaalan, 1979; and Noweir, 1983). From
the chemical data reviewed above the Kab El Rakab-Gebel
Mirier metavolcanics are characterized by a number of

significant features both in space and time.

i. Nature of volcanism. (a) Typical.qf Kb El Rakab-
Gebel Mirier metavolcaniecs 1is a bimodal basic-acid pre-
or.zenic volcanism >(baéalts-association)r-with xlgaéaltic
compositionvpredominating. (b). The area is more vairable
with either (i) pre-orogenic bimodal volca;;sm/ associated
with basiec/ultrabasiec rocks and syn-orogenic granitoid

plutonism and (ii) a Late-orogenic acid dominated granitoid

plutonism.

2. Chemical variations. The inérease in incompatible
element abundances from basic to acidic varieties with time
~may reflect either (i) decrease of partial melting\ of a

uniform source with time, possibly warning geothermal
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gradient. Or (ii) the melting of incompatible element

-enriched mantle that wag later produced by' progressive

. metasomatism during the scond orogeny.

3. It _has  been Vsﬁggested that hydrous iarge ion
lithophile ~elements enriched fluids _ Aerived from a
' dehydrating subducted slab may—hetasoﬁatize thé mantle wedge
babqve and ppoducé magams typical of island arc. This
opinion is in harmony with that suggested by Plozd (1982) for

the Hercynian volcanic zones, SW England.

CONCLUSION

In conclusion, the previous sutdy permits to conclude
that the chemical <classification of the examined

metavolcanics and their evolutionary trends according to

their chemical parameters are valid. The convenient method
‘for the classification of metavolcanics by plotting their

normative composition onto mineralogical classification,

_appear to b:

1. A distribution of the fledspar molecules between
potash fledspars and plagioclase following Le Maitre's
(1976) recommendations.

/

2. A plotting of normative composition on‘ the QAPF
diagram of Streckeisen (1967) with Q = Qtz, A = ORX
T, P=AnXT and F = Ne + Lc + Kp, where T = (Or + Ab

-
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+ An)/(Or + Ab). The fields designated by'Le—ﬁaitre
(1976) are quite satisfactory. » ) '

3. For further classification to avoid the problems of
‘ using the changeable mobile elements, the wuse of
immobile elements by Winchester and Floyd (1977) is

more quite satisfactory.

4. A continuous chemical evolutionary trend from the most
basic volcanics (basalts) to the most acidic
"components (rhyolites) may suggest a genetic
relationship. -

5. The lack of pure andesitic rock and the presence of
geochemical gap as shown by their chemical
discrimination parameters and evolutionary trnds
points out the possibility melts of common sources,
i.e. biomdal volcanicity for Kab El Rakab metavolcanic
rock suite.

- ‘ REFERENCES

Awadallah, M.F. and Shaalan, M.M.B. 1979: Petérochemical and
Geochemical studies on Gabal Mirier Metavolcanics,
Central Eastern Desert,. Egypt. Chem. Geol.
Amsterdam, 26, pp. 65~75.-

Bryan, W.B. 1964: Relative abundance of intermediate members
of the oceanic basalt-trachyte associations,
evidence from Calrion and -Soccoro Island arcs,
Revillagigeda island; Mixico Jonr. Geophys.
Research, V. 69, pp. 3047-3049, ‘

_Church, B.N. 1975: Quantitative and chemical cbm@arisoﬁ of
common volcanic rock? Geol. Soc. Am. Bull., 86, pp.
257-263. : :



Chemical discrimination of Wadi Kab El-Rakab 574 ]

RS

" BEl-Rahmany, M.; Bishady, A., and Gaafar, S. (this volume):
Geochemistry of Kab El Rakab bimodal
metavolcanics, Central Eastern Desert, Egypt.

- Ployd, P.A., 1982: Chemical vairation in Hercynian.basalts‘
relatively to plate tectonics. J. Geol. Soc.
London, V. 139, pp. 505-520.

P

Irvine, T.N. and Baragar, W.R.A. 1971: A guide to the
- chemical classification of the common volcanic.
rocks, Canada, J. Barth Sci., 8, pp., 523-548. -

Kennedy,— W.0., 1933: Trends of differentiation in basaltic
magmas. J. Sci., 5, 25, pp. 239-256.

Kuno, H. 1966: Lateral variation diagram for groups of
igneous rocks. J., Petrol., V. 17, Part 4, pp. 580-
637.

Kuno,H.1968:Differentiation of baslat magmas, In Basalt,

: ’ Vol. 2, H.H. Hess and Poldervaart (editors)
pp. 623-688. Interscience, John Wiley and
Sons, New York, 862 p.

- Larsen, F.S. 1938: Some new variation of basalt magma type
-across continental margins and island .arc. Bull.
Volcanol., V. 29, pp. 195-222._-. >

'Le Maitre, R.W. 1973: BExperiences with CLAIR:- A
computerised Library of analysed igneons rocks.
Chem. Geol. 12, pp. 301-308. )

Le Maitre .R‘.W. 1967 :Sobme probléms of’the projection of chem-
ical data into mineralogicai clirassifications.
_‘-CopQrib.AMineral., 56, 181-189,



El-Rahmany et al. - . 575

Macbonald, G.A. 1968: Composition and origin of Hawaiian
lavas. Geol. Soc. Amer. Mem., 116, 477-522.

Middlemost, E.A. 1980: A contribution to the nohenclatqre
and classification of volancic rocks; Geol. Mag.,
V. 117, pp. 51-57.

Nockolds, S.R. 1954: Average chemical composition of some
igneous rocks. Goel. Soc. Amer. Bull. No., pp.

1007 - 1032.

Noweir, M.A.M. 1983: Geology of the area around Wadi umm
Gheig, Egypt. M.Sc. Thesis , Tanta Univ., Egypt.

Sabet, A. H. 1961:Geology and mineral deposits of Gebel El-~
Sibai area, KRed Sea hills, Egypt. Ph.D. thesis.
Leiden Univ., The Netherlands. ' '

- -

Sabet,A.H.1972:0n the stratigraphy of the basement rocks
of Egypt.Annals, geol. Surv., Egypt. V. 11,4,
46p. : S

-

Sabine, P.A. 1974: How rocks should be named? Geol. Mag.
111, pp. 238- 244. .

Simpson, E.S.W. 1954: On the gfaphical representation of
differentiation trends in igneous rocks. Geol.
Mag. X CI, 3, pp. 238-244,

Stern, R.J. 1979: Late Precambrian ensimatic volcanism in’
the Central Eastern Desert of Egypt. Unpub. Ph.D.
Thesis, California Univ., San Diego.

_ Streckeisen, A.L. 1967: Classificaition and nomenclature of
igneous rocks. Neues Jahrb. Mineral. Abhandl.

V. 107, pp. 144-240.



Chemical discrimination of Wadi Kabb El-Rakab. 576

"« Streckeisen, A.L. 1976: a  Classification of ;hé comeon
igneous rocks' by means of their chemical
composition, Neues, Jahrb. Mineral. Mn. 1, pp. 1-

15.

Streckei sex;,A.L. 1976:Classification of the common igneous.
rocks by means of their chemical compositionNeues

Jahrb. Mineral. Mn. 1, 1-15.

Thornton, C.P. and Tuttle, O.P. 1960: Chemistry of igneous

rocks, I. Differentiation Index. Am. J. Sci. 258,

pp. 664-684. ' )

Tilley, C.B. 1950: Some aspects of magmatic evolution Geol.
Soc. London Quart. Jour., V. 106, pp. 37-61.

_ Winchester, J.A. and Floyd, P.A. 1977: Geochemical
discrimination of different magma series and
their differentiation products using immobile
‘elements. Chem. Geol. V. 20, pp. 352-343.



