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ABSTRACT

The present work concerns the volcanic rocks around Wadi
El-Qash which was previously mapped as iron Bearing Horizon,
Calc-Alkaline Volcanic Group, Natash Volcanics and as z new
rock unit named the Qash Volcanics in the rock succession of the
Precambrian rocks of the Eastern Desert of Egypt.

The studied Qash volcanics are presently found to comprise
an association of basic to acidic lava flows together with their
corresponding bedded pyroclastics. The lava flows comprise
mainly andesites, quartz andesites, basaltic andesites, rhyodacites
and rhyolites together with minor basalts and diabases and
occasional dacites. Pyroclastics predominate and comprise
essentially fine and coarse tuffs of basic to acidic composition and
agglomerates. The volcanics and pyroclastics are
unmelamorphosed but vanably altered.

The geochemical data indicate that the intermediate and
acidic Qash volcanics together with the diabases are calc-alkaline
while the basalts are tholeiitic. The basalts, diabases and andesites
were formed in a mature 1sland arc with a thick continental crust
{or active continental margin). The rhyodacites and rhyolites, on
the other hand, originated as within plate lavas and probably rift-
related.
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The absence of metamorphism in the Qash volcanics, their
relationships  with the Hammamat molasse sediments (Igla
Formation) as well as their chemical characteristics indicate that
the studied Qash volcanics belong to the Dokhan Volcanics of the
Eastern Desert of Egypt.

INTRODUCTION

El-Ramly and Akaad (1960) recognized three groups of volcanic rocks in the
central Eastern Desert: a} Metavolcanic series, b) Old Volcanics {Dokhan type)

and c) Alkaline Volcanic Suite.

The "Metavolcanics” are widely distributed and form extensive outcrops.
They include variable proportions of metabasalts, meta-andesites, metadacites and
less abundant metarhyodacites together with their equivalent metapyroclastics.
They are closely associated with metasediments which together constitute the Abu
Ziran Group (Akaad and Noweir, 1969, 1980). This volcanic association is refered
to as "Younger Metavolcanics” formed in ensimatic island arcs (Stern, 1981) to
differentiate it from the ophiolitic "Older Metavolcanics™ consisting of pillowed and
non-pillowed metabasalts. The “Younger Metavolcanics” are  weakly
metamorphosed, of calc-alkaline to tholeiitic nature and have been considered to
represent an ensimatic island arc. Kroner (1985) obtained a Rb-Sr isochron age of

714 Ma for the "Younger Metavolcanics™.

The "Dokhan Volcanics™ are the oldest unmetamorphosed volcanics in the
Eastern Desert (El-Ramly and Akaad, 1960). They occur below the regional
unconformity at the base of the Hammamat Group and have contributed 1o the latter
{Akaad and El-Ramly, 1958; Akaad and Noweir, 1969, 1980; Akaad, 1996) but
younger than the Older Grey Granites (El-Ramly and Akaad, 1960; El-Ramly,
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1972). They embrace a complex association of andesitic basalts, andesites, dacites,
rhyodacites and rhyolites together with thick accumulations of corresponding
pyroclastics, particularly andesitic of both massive and banded tuffs (Akaad and
Noweir, 1978; Akaad, 1996). They are of calc-alkaline composition and may
represent a weli-developed island arc with a thick continental crust or an active
continental margin (Basta et al, 1980; Gass, 1982; Furnes et al., 1985) or may
erupted in a tectonic environment transitional toward a stable continental craton
(Ressetar and Monrad, 1983). Stern et al. (1984) and Stern and Gottfried (1986)
believe, however, that the bimodality of the Dokban Volcanics is due to rifting.
Radiometric ages from the Dokhan Volcanics range between 639 Ma and 581 Ma
{Dixon et al., 1979; Stern and Hedge, 1985).

The " Alkaline Volcanics” represent the youngest rock unit in the central
Eastern Desert where they form plugs, sheets and ring dikes cutting all the
Proterozoic basement rocks of the Eastern Desert of Egypt (El-Ramly and Akaad.
1960). They are dominantly alkaline and comprise trachytes, bostonites, andesites

and minor basalts and were considered to be related to the Natash Volcanics.

The Natash Volcanics (Barthaux, 1922) are essentially composed of mildly
alkaline, intracontinental olivine basalts, mugearites, benmoreites and trachytes
with less commonly basaltic andesites and calc-alkaline rhyodacites and rhyolites
besides trachytic and rhyoliuc tuffs (Hashad et al.,, 1982). Barthaux (op.cit)}
assigned a late Cretaceous age on stratigraphic grounds for the Natash Volcanics
which was confirmed by radiometric ages of 90-100 Ma (Hashad et al., op. cit.). El-
Gaby et al., (1987) refered to the cxtension of these volcanics to Gabal Abraq in

the south Eastern Desert.
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The plagicclase microphenocrysts are highly altered to epidote, clinozoisite and
calcite, Augite microphenocrysts are commonly fresh, but occasionaly marginally
replaced by uralite. Olivine forms microphenocrysts commonly altered to antigorite

and chlorite or to brown iddingsite,

Diabase consists of plagioclase laths bounding interstices filled with augite,
chlorite, epidote, iron oxide, calcite and quartz. Some of the diabase specimens
display a fine intergranular texture with a notable microporphyritic crystals of
plagioclase, augite and occasionally olivine, others are coarser and show ophitic
and subophitic textures. The plagioclase is moderately to highly altered, partly
corroded by the other components and usually twinned according to the albite,
cartsbad and carisbad-albite laws; zoned crystals are also present . Augite is
commonly fresh, but may show alteration to uralite. Olivine is occasionally present,

typically as microphenocrysts partially to completely serpentinized.

Basaltic andesites are transitional between basalts and andesites. They are
more silicecus than the basalts as judged by occasional presence of interstitial
cryptocrystalline silica . They consist of augite and less commonly plagioclase
microphenocrysts set in a fluidal or imtergranular groundmass of microlitic

plagioclase , granular augite, opaques and occasionally cryptocrystalline silica.

Andesites are commonly porphyritic and consist essentially of euhedral
phenocrysts and microphenocrysts of plagioclase (An37.4p) and augite set in a felty
to pilotaxitic groundmass formed of fine pilagioclase laths with interstitial
cryplocrystalline matertals and specks of augite and iron oxides. Some specimens
are composed of plagioclase and augite microphenocrysts embedded in a glass-rich
base carrying microlitic plagioclase, augite and granular iron oxides. The

plagioclase microphenocrysts are slightly to moderatcly altered to epidote,
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clinozoisite and calcite . Pyroxene is usually fresh but may show alteration to

bastite , chlorite and calcite.

Quartz andesites consist essentiaily of microphenocrysts of altered
plagioclase and augiie set in a fine-grained groundmass composed of aitered
plagioclase laths, abundant intergranular quariz and specks of chloriie, epidote an

iron oxide. Sometimes, they posscss well-developed pilotaxitic texture.

Dacites arc composed essentially of microphenocrysts of plagioclase {An)y}
and quartz set in a felsitic groundmass formed of intimate mixture of quartz i

feldspars together with chlorite, muscovite and opaques.

Rhyodacite 1s intermediate between rhiyolite and dacite in all characteristics
and composition. It consists mair!y of microphenocrysts of orthoclase, quartz and
plagicclase (Ang) set in a groundmass formed of microcrystalline quartz and

feldspars together with epidote , sericite, carbonates and opaques.

Rhyolite consists of microphenocrysts of bipyramidal quartz and less
commonly perthite set in a groundmass formed of microcrystalline to felsitic
aggregates of quartz and feldspars, together with chlorite, epidote,calcite , sericite

and opaques.

Basic coarse lithic crystal tuffs comprise coarse crystal ashes mainly of
plagioclase, augite, chlorite and minor quartz together with sporadic coarse lithic
fragments of basalts , glassy materials and minor felsites set in a microcrystalline
tuffacecus matrix. The latter 1s composed mainly of microcrystalline volcanic dust
containing small angular fragments of plagioclase, quartz and glassy materials

together with chlorite flakes, iron oxide granules and carbonate patches.
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Intermediate coarse lithic crystal tuffs are composed essentially of crystal
and lithic ashes set in a microcrystalline tuffaceous matrix. The crystal ashes are
generally more abundant than the lithic ashes. They are mostly angular to
subangular and are represented mainly by plagioclase together with subordinate
quartz and chlorite . The lithic ashes are represented mainly by andesite and
subordinate felsite, dacite and glassy materials. The tuffaceous matrix is composed
mainly of microcrystalline volcanic dust of plagioclase and subordinate quartz

together with abundant chlorite flakes, iron oxide granules and carbonate patches.

Acidic fine and coarse crystal tuffs consist essentially of angular crystal
ashes of quartz and plagioclase embedded in a tuffaceous microcrystalline matrix
formed of quartz and feldspars with abundant scales of chlorite, iron oxides, epidote

and irregular patches of calcite,

Laminated fine crystal tuffs are characterized by fairly distinct primary
depositional lamination marked by a repeated alternation of fine and dust tuff
laminae (0.1-0.8 cm thick). The fine tuff iaminae are identical in composition to the
acidic crystal tuffs. They consist essentially of quartz and plagioclase together with

numerous irregular patches of calcite and epidote granules.
PETROCHEMISTRY

Major and trace element analyses for 18 selected specimens of the Qash
volcanics are given in Table 1. Averages of other arc andesites are given in Table 2
for comparison. The chemical analyses were carried out by atomic absorption and
X-ray fluorescence techniques at the Central Laboratories of the Geological Survey

of Egypt.
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Table 2. Average chemical analyses of arc andesites

Serial No. 1 2 3 4
Sample No. A B c D
Si0,% 58.17 | 58.70 | 59.57 | 59.02
TiO, 0.84 0.88 0.70 0.73
Al;05 15.62 17.24 17.22 17.65
Fey03 | 7200 3.31 - 7.15*
FeQ . 4.09 6.81" .
MnO 0.11 0.14 n.r. 0.14
MgO 7.16 3.37 3.40 3.45
CaO 5.41 6.88 7.01 7.61
Na,0 419 3.53 3.68 3.13
K20 1.13 1.64 1.60 0.93
P05 0.16 0.21 n.r. 0.19
Total 100.01 | 99.99 | 99.99 100

A = Average of the studied andesites, B = Average arc andesites
{Le Maitre, 1976}, C = Calc-alkaline andesites from the Cascades

{Condie, 1982), D = Average of arc andesites from south Sandwich
arc (Luff, 1982).

x =Total Fe as FeO, * = Total Fe as Fe,04, n.r. = not recorded
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Chemical classification:
The analysed rocks are plotted on the NapO+K20 versus 5107 classification
diagram {Cox et al,, 1979) for volcanic rocks (Fig.2) where :
(a) The 2 basalts plot within the field of subalkali basalts.
(b} The 3 diabases plot within the fields of subalkali basalts (no.33and
basalitic andesites (nos.4&35).
(c) The § andesites plot within the ficld of andesites.
(d) Only one rhyodacite plots within the field of rhyolite with the other just
below that field .
(e) The 3 rhyolites are not represented because of their higher Si02 and
lower K20 contents.
(f) All plots fall below the dividing line suggested by Miyashiro (1978) to

separate between alkalic {above) and subalkalic magma series (below).
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Fig. 2 Nay0 + K50 - Si0; classification diagram (Cox ef al., 1979).
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The K720-5107 diagram (Fig.3) shows the following :

{a) The basalts fall within the field of low-K basalt .

{b) The diabases fall within the fields of low-K basalt {nos. 3&4) and calc-
alkaline basaltic andesite (no.5).

(¢) The andesites are scattered within the fields of calc-alkaline andesite
(nos. 7,8,10,11&12), calc - alkaline basaltic andesite (no.6), low-K
andesite (no.13) and low-K basaltic andesite (no.9).

(d) The rhyodacites and rhyolites fall within the ficld of calc-alkaline

rhyolite.

; {Basait T BA T Andesite Dacite Rhyolitg
High&

Shoshonitic seri calc-alkaling
3t
Calc-alkaline
©

1 . .

. |

Ko0 *
~

1} ’Pﬂ___-_-____,_._—-—-""""—,d Low-K series
| — 2
-hl o ) .
o
48 s3 57 63 68 ki)

Si0p 1

Fig. 3 K,0-SiO, diagram (Peccerilio and Taylor, 1976). Symbols as in Figure 2.

Qash andesites compared with arc andesites :
The studied andesites, which dominate within the Qash volcanics, are

compared with other arc andesites (Table 2). The average of the studied andesites

is simtlar in 8107, Ti0p, FeO*, MnG, Nay0 and K70 contents to the averages of
arc andesites in general (Le Maitre, 1976) and to that from the Cascade Range

(Condie, 1982) and from the South Sandwich arc (Luff, 1982) but is higher in MgO
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content and lower in Alp03 and CaQ contents than the compared averages of arc
andesites.
Geochemical characters

The contents of major and some trace elements are plotted versus Larsen's
differentiation index (Fig .4). The variation diagrams depict the presence of a
distinct compositicnal gap at 59.65 -69.82 Si02% i.e. between the basalts, diabases
and andesites, on the one hand, and rhyodacites and rhyolites on the other (Table |
and Figure 4). Also, a break in the variation trends of Alp03, Na2O and Rb is
obvious between the two volcanic subgroups. Besides, the rhyodacites and rhyolites
are so low in NaO and K20 to be derived from andesites by differentiation.

The presence of a compositional gap and the break in variation trends of
some major and trace elements between the two volcanic subgroups may indicate
that the rhyodacites and rhyolites have evolved from a separate magma. Such
features have been observed in the Dokhan Volcanics of Wadi Queh area (El-Gaby
et al., 1989).

Magma type and tectonic implications

The studied Qash volcanics fall in the subalkaline field on the alkali-silica
variation diagram (Fig.5). On the AFM diagram (Fig .6) , the diabases, andesites,
rhyodacites and rhyolites lie in the calc-alkaline field whereas the basalts are of
tholeiitic affinity, The studied diabases and andesites exhibit calc-alkaline affinity
on the FeO* / MgO versus SiO diagram (Fig.7) and follow the trend of the
Marianas calc-alkaline series whereas the basalts show tholeiitic afftnity.
According to Miyashiro (1974) |, the tholeiitic magma series is characterized by
marked enrichment in FeO* and TiO2 with increasing fractionation , in marked
contrast to the calc-alkaline series in which these oxides decrease steadily with
increasing fractionation . The studied volcanics are plotted on FeO* and TiO7

versus FeO* / MgO diagram (Fig.8) where basalts show a tendency towards Fe- and
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Ti- enrichment with slight increase in FeQ* / MgO suggesting a tholeiitic
componsition, whereas the diabases (with one exception) and andesites show Fe and

Ti depletion with advancing fractionation suggesting a caic-alkaline affinity.

Caic-alkaline volcanics constitute 89% among the Qash volcanics.
According to Miyashiro (1974} , the proportion of calc-alkaline series rocks tend to
increase with the development of a continental-type crust beneath the volcanic arc.
They constitute < 40% in the arcs of small volcanic islands having an oceanic-type
crust, 40 to 80% in the arcs of larger islands having a continental type crust and 80
to 100% in the Cascades and Central Andes on continental margins with thick

continental crust.

Miyashiro(1975) and Miyashiro and Shido (1975) proposed plotting Ni. Ba
and Cr against FeO* / MgO 1o differentiate between abyssal tholeiites and
volcanics from island arcs and active continental margins (Figs. 9-11). The Ni
versus FeO* /MgO diagram (Fig.9) shows that two analyses (one basalt and one
diabase) plot within the ficld of abyssal tholeiite whereas the remaining diabases
and andesites plot within the field of volcanic rocks of island arcs and active
continental margins. All plots fall within the field of volcanic rocks from island arcs
oﬁ the Ba versus FeO*/MgO diagram (Fig.10). On the Cr versus FeO* / MgO
diagram (Fig.11), 2 diabases and one basalt fall within the field of abyssal tholeiite
whereas the remaining diabase and andesites fall within the field of volcanic rocks
of istand arcs and active continental margins. Jakes and Gill (19703, Jakes and
White (1969 and 1972) and Gill (1970) argued for considering the abyssal tholeiites
associated with calc-alkaline voleanics as island arc tholeiites. The studied
rhyodacites and rhyolites are not represented on the Ni, Ba and Cr versus FeQ*
/MgQ diagrams because of their high FeO*/MgO ratio. On the Ti-Zr diagram

(Fig.12), the studied basalts fall within the area common to both MORB and arc
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lavas, 2 out of 3 diabases fall within the ficld of arc lavas with the remaining
analysis lying within the field of within plate lavas. The studied andesites fall
within the {ield of arc lavas whereas the rthyodacites fall within the field of within
plate lavas. The rhyolites are not represented because of their low TiOz contents.
On the T:07 versus MgO diagram (Condie and Shadel, 1984) (Fig.13) the studied

thyolites fail within or near the field of continental rift rhyolites.
DISCUSSION AND CONCLUSION

The Qash volcanics comprise an association of basic to acidic lava flows
together with thick accumulations of corresponding bedded pyroclastics. The lava
flows include mainly andcsites, quarlz andesites, basaltic andesites, rhyodacites
and rhyolites together with minor basalts and diabases and occasional dacites. The
pyroclastics vary from coarse agglomerates down to basic and acidic coarse tuffs
and laminated fine tuffs. The volcanics and pyroclastics are unmetamorphaosed but

variably altered.

Field relations indicate that the studied Qash volcanics arc certainly oiler
than the Hammamat sediments which lie unconformably above the volcanics from

the northeast.

The geochemical data indicate that the studied basalis are tholeiitic whereas
the diabases, andesites, rhyodacites and rhyolites are of calc-alkaline affinity
(Figs.5-8). The percentage of calc-alkaline rocks in the studied volcanics (about
89%) corresponds to that of the Cascades and Central Andes suggesting an active
conunental margin teclonic environment or an island arc with a thick continental-
type crust for the development of the studied volcanics. This conclusion is also

corroborated by different discrimination diagrams (Figs 9-12) . However, the
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rhyodacites are similar to within plate lavas (Fig.12) whereas the rhyolites are akin
to continental rift rhyolites (Fig.13). The chemical gap between the basic.
-intermediate and acidic volcanics as well as the difference in their tectonic
environments makes the existence of two different magmas or magma history
eminently possible. However, Stern and Gottfried {(1986) interpreted the
intermediate and acidic Dokhan Volcanics (separated by a chemical gap at 65-70%

$i07) as bimodal and indicative of rft environment.

The question arises whether (1) the Qash volcanics originated in a mature
island arc with a thick continental crust (or active coantinental margin) or (2) they
originated in a rift environment 7. Thorpe et al,, (1982) and Condie and Shadel
(1984) reported that bimodal volcanics characterize some continental margin arcs .
Strong (1977), Gill and Stork {1979), Donnelly and Rogers (1980) and Sivell and
Waterhouse (1988) reported that bimodal volcanics characterize some oceanic
island arcs. It is therefore possible that the acidic volcanics were formed later in rift
zones on the mature isiand arc or active continental margin. The basalts, diabases
and andesites evolved during the island arc or active continental margin tectonic
phase whereas the rhyodacites and rhyolites erupted during the rifting phase.

The conclusien is finally reached that the Qash volcanics are
lithostratigraphically and petrochemically akin to the "Dokhan Volcanics " of the

Eastern Desert of Egypt.
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