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ABSTRACT

Sabal Ramseid magmatic complex (~ 11km®} represenis an excelent
example of ring complex of Yemen, | is located n the southeaslern part
of Hooth fownfNW Sanaa), This complex emplaced wilhin Jurassic
VrTasione  afAmren  Sroup ref"a-cl'rng & narrow confact  zone of
praumatalviic phase [~ 3 28 km ?). The prasent work represents the first
record of the ring complex in Yemen The studied magmalic complex
shows distinct concanire mmpas.'!.l::-naf zomning with porphyritic spenite,
aular n-ng sheat (~ 2. 78 km®), trachy-syenite, mrarmadmm firg shest (=
3.5 km') and quartz-syenite, inner ring sheet (~ 4.75 km’}. A aumber of
diffarant faull siyes cul acrass the ring sfrucfure extending (in parl) ta
the preumatalylic eantact zone,

The feld relations and pefrochemical characlersiics of the GEabai
Famaid ring complex reflact co-magmalic nalure of the entire swite, in
which frachional crystaiizalion played an imparfant rofe in the evolulion
of the magmalic complay, On the other hand, these rocks are
characteretic of inlraplate enviranment af A-type suite evolved (n Ehree
categories with multi-pulses of emplacermen! wilh an Q/8-lype source.

INTRODUCTION
The Republic of Yemen is located in the socuthern part of the Arabian
Peninsula (Fig. 1), Geukens (1866), Grolier and Overstreet (1978)
initiated the regional geology of Yemen. A comprehensive gaology of

¥emen have been done by many workers (e.g. Helkal, 1987; Ba- Battat,
1881, Roberdson Group, 1982 Sakran, 1993 and Beydoun &f al., 1988).

Robertson Group (op.cit) summarized eight major Lithostratigraphic
units (Fig. 1. which were superimposed upon each other, either
depositionally or tectonically as follows:

Top:

Quaternary Volcanics (Pliocene - Recent) comprise mainly basaltic
rocks.

Oligo-Miccene Syn-rift (Shahr Group) comprise calstic carbonates in
combination with alkaline syenites (ring complexes), which is recorded
for the first ime in the present work.,

Tertiary Pre-rift sediments (Hadramout Group) comprise clastic and
shallow marine fades.

Cenozolec Volcanics emen Volcanic Group) comprises basali-rhyolite
suite,

Tertiary granites that emplaced along the marginal Red Sea

representing the exposed rocks of a chain of caldera centers.
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i

Mesoroic sediments int;lude: Triassic - Jurassic clastic sediments and

carbonates.

Late Proterozoic Wajid Sandstones?
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Bottom : Precambrian rocks include Late Archean 1o Proterzoic
gneisses terrains, Pan-African Isiand-arcs and sufure Zone

The occurrences and tectonic environment of such alkaling ring
complex in Yemen have been recorded for the first lime in the present
work. Very few geological studies have been carried oul on Gabal
Rameid area{Grolier and Cver street, 1978 and Roberfson Group, 1992).
They considered Gabal Rameid as a trachyle plug pertaining to Tertiary
volcanics.

The aim of this study is to describe the petrochemical characteristics
of Gabal Rameid ring complex and te evaluate the magma source, the
role of magma differentiation processes. and the tectanic setting of the
complex.

Field Aspects
The Gabal Rameid ring complex {(Figs. 2 & 3a), located in the
southeastern part to the Hooth town (NW Sana'a. Fig. 1) (Latitude 16°
14' 7" N, Longltude 43® 69 1% E), 15 emplaced within Jurassic
Limestone of Amran Group (Fig. 3k).

Al-Kadsey and Al-Onwa (2002) were the first to note the ocourrence
of the Gabal Rameid ring complex, and described it as an alkalina
trachyle-rhyolitic body.

Gabal Rameid ring complex is a circular struciure covers aboul 11
km®. It comprises porphyritic seynite outer ring {~ 2.75 km?®) (Fig. 3c),
trachy-syenite intermediate ring {~ 3.5 km®) and quartz-syenite inner
ring {~ 4.75 km?). A number of generally NE and ENE-trending basaltic
1o aplitic dykes cut across the ring structure and its host rocks.

Gabal Rameid complex (Fig. 2) Is probably related to the Tertiary
rifting process. The contacts among the ring sheets within the complex
are almaost vertical while the contacts of the inner part of the complex
are steeply dip towards the center.

On the other hand, the contact between the outer ring structure of
the complex and limesione host s characterized by Zone of
neumatolytic phase forming replacement zones (Fig. 2) as follows:

1 Zone of dark silicate minerals (unmappable} such as garnet and
chlorite {contact silicates) associated with minor fluorite and lourmaline
crystals,

2. Zone of light silicate minerals {unmappable} such as wollasionile,
vesuvianile associated with minor constituents of hemalite and goethite.

4 Thermal influence zone {3.25 km®) reflects multi-coloured marble

of good quality and strong dolomitization {Fig. 3¢}.

Data J Sci 2005, 249, 89-64



T2 Pedrogenesis of Gabal Ramesd ...

4 The host limestone (nearly horizonlal to low-inchined beds)
exhibits a various degrees of weathering and slickenside striations. The
mineralized pneumalytotic phase is very small, irregular and various,

therefore it is very difficult to explore and estimate.
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Fig.2 : Geologicn] map of G. Ramecid ring comples, Hooth area, Yemen .
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Fig- 3 = a) Panoremic view shewing G. Rameid ring comples Photolooking NN, b)
adarp cenfaol bebween marble-dolomitie lhnestome (1) nd the maginal part of the
stady ritig complex (). ¢} Fophyritic syenitic outer ring sheet fanrginjof the stady ring
comples,
Petrographic Faatures
Most lithologles of the Gabal Rameid ring complex show a single
phase (mesoperthite} and are therefore hypersolvus. Rare, early formed
oligoclase (Fig. 4a) crystals are found only in the upper ring sheet

(porphyritic syenite).

Delta J. Sel, 2005, 25, 68-54
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Fig. 4: Photnmicrographs of the stusly ring comples

n) Larghe crystal of plegieciase embedded En syemitic groundmass, Porphyritic

svenbie. T.M., X 100,
i} Richeckite chots (Ko} in drachy-syeaific intermediabe ring shect. PLo, X150,
b Typical irachyteid fexiure in trachy-svenitic ring sheet. O X 15D

) Adkali fchispar mvades guariz in apuaris-syenilic maer ring sheed. C.MNL K L1
The porphyritic syenite is fine grained groundmass {Fig.4a) in which

phenocrysts are alkah feldspar, abundant bluish-green rlebackite and
miner hedenbergile pyroxens.

Diclta J. Sci. 2005, 28, 6-64
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The frachy-syenite shows several texiural varieties representing a
trachytic flow texture {Fig.4b) . Patch and String parthite are most
common. A clots of riebeckite {Flg. 4b) are strongly distributed within 2
trachytoid texture (Fig. 4c). Annitic biotite, zircon, apatite, astrophyllite
and fluorite are the main accessory phases. In addition, orthoclase
micreperthite shows Carlsbad and baveno twinning (Fig.4d) .

The quartz syenite (Fig.4c) is texturally similar 1o the porphyritic
syenite but differs from it by the high degree of transformation of its
mafic minerals to opagques. Astrophyllite commaonly replaces amphibole .

Major and Trace Elements Geochemistry
Major and trace element abundances and the calculatad CIPW norms
are given in Table 1. The rocks classify as syenite in the alkalis ws.
silica diagram after Cox ef ai. 1879 All rock lypes plot within the
alkalina field (Fig. 5)
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The concentration patterns of the different elements from the
marginal {porphyritic syenite) 10 the central lithology (gquartz syenite)
shows various trends of evolution (Fig. B}, _ .

The first group is represented by the porphyritic syenite 5.hcrwmg an
evalution trend towards higher Ca0, Mgo, FeOt, normative qnhur
index, 5r. POy and TiQ;. The secand group contains trachy-syenite, It
i= enriched in FeOl, Al;O., Zr, Y, 5r. Rb and alkalis but the celour index

generally decreases {Fig. Ba &b)
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The third group comprises quartz syenites is characterized by silica
contents > 61% and clear trend in the concentration of the maost
elements (Fig. Ba & b). This trend is most evident by the gradual
increase in silica, quariz content and differentiation index values and
decrease in colour index, FeOt, Al:C., MgO. Rb.Sr.TiQ; and total
alkalis,

Each of the three lithologic groups was implaced in such magmatic
pulses, which had already been in 8 solidified state as shown by the
contact relationships. Also, the negative correlation belween some
trace elemenl ratios and Si0; (Fig. 7) indicates that the magmatic
complex has undergone different stages of avolution.

Deka J. Sai. 2005, 79, 69-84
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Rare-earth elements
In the early porphyritic syenite, the total REE concentrations decrease
with increasing distance from the margin of the intrusion {see Tabie 1).
The porphyritic syenite show scatler trend {Fig. 8), whareas trachy-
syenite and quartz seynite characterize a negative correlation (Fig. 8).

Thus, there is a clear relationship between total REE concenlration
and evolution of separate magmatic pulsas, with the lower REE
concentrations characterizing the more evolved and relative younger
lithalogies within each pulse (see arrows in Fig. 8]

Celta J. Sel, 2005, 23,69-64
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chondrite-normalized REE patierns are subparallel and largely
unifarm within each litholegic unit within the complex (Fig. 9). All
samples show enrichment in LREE and depletion in HREE and display
pronounced fractionation.
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Table I: Major. trace and rare earth clements concetrations and CIPW norm vaules of whole
rock smaples of G. Ramied ring somplex , Hooth area, Repulblic of Yemen
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Geotectonic Selting

Im the MNb-Y diagram after Pearce ef al, (1984), The rocks of the Gabal
Rameid ring complex plot within the field of within plate-granites
(Fig.10), typical of Aldype suite (differentiates of mantle-derived
alkaline basalt emplaced in an inlraplate or rift zone fﬂlti"m (Fig. 11).

On the other hand, the slight variation of ¥/MNb ratio (0.34-1.14)
suggesis thal the primary source of the Gabal Eameid complex was an
alkaline within=plate basall {Frisch and Abdel-Rahman, 1998,
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Petrogenesis

The Tleld aspects, pﬂtmgfaphic features and chemical characteristics of
ihe Gabal Rameid ring complex reflect the co-magmatic nature of the
entire suile. However, there is no simple differentiation trend, and all
data point to & complex history with multi-magmatic pulses. Fractional
crystallization played an imporiant role in evolution of the magma.
Differentiation ascent. and emplacement of the magma pulses probably
accumed within a narrow fime span.

& similar fractionation trends involving the silica, alumina or total iron
contents andfor colour index between the porphyritic syenile (outer ring
sheet) and trachy-syenite {middle ring sheet) indicate that replenishing
of the differentiating magma chamber by parented basallic magma had
poourred

A striking phenomenon is lhe decrease in the total REE
concenirations with decreasing age in multi-stages of the rock suite
{Fig. 8). The decrease in REE's during progressive pyolution can only
be interpreted in terms of apalite fractionation {(Henderson,1984).

Trace element ratios are highly indicative of source characterislics
and melt differentiation processes. The slight variation of Zr/Rb and
ZriLa ratios (Table 1) in the first fwo groups {porphyritic syenite and
trachy-syenite) underline that they originate from a similar parental melt
and that fractional erystallization can account for the differenl rock
types.

CONCLUSIONS
The formaticn environment and petrogenesis of the Gabal Rameid ring
complex are summarized as follows:
1. Gabal Rameid alkaline complex is characterized by syenitic rocks.
Several mafic lo felsic dykes cross cut the ring complex and its host
rocks, they are subparallel to, and hence probably related to the Red
Sea rift.
2- Formation of the anorogenic, within-plate magmatic body shows that
the Red Sea rifting has played an imporiant rale in the formation of fing
complex in Yemen
3- The compiex exhibits petrochemical features characieristic of Al-lype
suite, which are considered tu represent differenliates of mantle-
derived oceanic-island 1lype basaltic liqulds (QIB source), which are
also typical for anorogenic rift zone.

4- Trace elements and REE's geochemistry reflect the co-magmatic
nature of this complex that emplaced in multi-pulses of three stages of

Dbl . Sl 2005, 29, 659-64
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avalution.

5- This work represents the first record of the ring complexes in Yeman.

Actrrowladgrrants; M A AlkKadesey [Yemen) and 4 Ak Ciriy (Yermen) intiad shis sfudy iv e fame of
B. 5o, Profect af Sana's Linfvarsly (20021 Thae Seld mapping af Gahal Rameld ing camgples was camed ot
iy the secand sethor.
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