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GEOLOGY, MINERALOGY AND GEOCHEMISTRY OF THE DYKES TRAVERSING WADI
HAFIYA AREA, EASTERN DESERT, EGYPT

bi. M. El-Mansi
Nuclear Materals Authority, P.O. Box: 530 El-Maadi, Cairo. Egypt

ABSTRACT
Wadi Hafiya area i3 dissecled by enormous numbér of dykes and veins of different
composition. In the present work only one hunhdred major dykes were investigated in
datadl recording their strike, length, width and dip. Also studying thelr petrograplly,
opague mineralogy as well as thel geochemisiry. The studked dykes are caleponzed
- unelar (hred groups namely: mafic, infermediale and felsc

The mafic dykes are represenfed by basaits and dolentes. They are of three mam
trands NI5 W, N5 E and NS5W E, Their average length is 3.5 km. They generally form
negstive fopography regarding the surounding host rocks. Pefrographicaly, they show
aphitic, sub-ophitic and rare porphynitic téxture. Their opagques (abow % of the rocr) are
represented by limenite, magnetite and pyrle. They were anginated from Jow- [0 mediim-
Kk tholelitc magma.

The infermeadiate dykes are represented by andesite and rarely trachy-andesifo. They
are of fwa main frends N35"W and N85'E. Their average length iz 4.3 km, They show [he
same fopography as the host rocks, Pefrographicaily. they show porphyritic and plotasilic
texfures. Their opagues [about 7% of the rock) are represented by magnatite, imende
and pyhatite. They were onginated from medium- fo figh- K subalkallc magma.

The felsic dykes are reprasented by rhyollle, aplite and quantz-feldspar porphyry. They
a8 of threa main rends N45E NESE and N4S W They form promnen! rdges with
average fngth 3.8 km, Their cpaques (3%) are mainly representod by Hmernife,
magnetite and pyrite. They were originated from high- K subalkalic magma

From [he differerd characterisfics and the cross-cul reflationships If 15 concluded thal,
these dykes were formed at cifferent percds represented by intrusion of old malfic dykes
then the infermadiate ones and then the felsic ones and finally other mafic ones.

1- INTRODUCTION AND GEDLOGIC QUTLINE

Wad| Hafiya area (~848 km?) Is located between latiudes 24 51 and 25 02 N and
longitudes 33 58 and 34 17 E (Fig. ta). The Precambiian rocks expased in the area are
ropresented by ophiolitic mélange (oldest). island arc metavolcanics. older granitoids.
younger gabbros and younger graniies. The ophioliic mélange s represented by chaolc
blocks and fragments of serpentiniles (massive, sheared, and talc-carbonales), metagabbros,
amphibolites and a matrix of metasediments (metamudstenes. metagreywackes and
metaconglomerates), The block/ matnix rafio is uneven allover the area The melavolcanics
cover the extreme southwestem comer of the ares and thay are mainly represented Dy
metapyroclastics, little melabasalts and mela-andesites. The older granitcids Cover a large
part of the area and are mainky represented by quanz-dionies and granodiontes. The younger
gabbros occur as three small eliptical intrusions cutling the gphiciitic mélange apd the older
graniloids. The younger graniles (youngest) are found as masses of moderate topography
scatiered allover the area. They intrede all the oider rocks, send offshocts into them, and
camy several xenoliths and rool pendanl from them They are characlenzed by thes
cavernous weathering. A lamge mouniain (Gabal El-Muwelha) i Ihe southwesiern comes of
the area represents the highest lopegraphic peak in it.

Wadi Hafiya area was Included in several previous studies such as Hume (1907), Ball
(1912), Amin et al. (1953), Mansour and Bassyunl (1954), E|-Ramly and El-Far (1955},
Soliman (1881) and El-Mansi (1996). These various studies do nel inchude the dyke rocks
traversing it
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Fig 1: Gaslogies map of Wads Hafllya afea Esstein Deserd Epypt (8] and disinbution map of
dykes fravessing £ (k)

2- DISTRIBUTION AND CHARACTERISTICS OF DYKES

Wadi Hafiya area |s dissecled by several dykes and veins of different types, trends, lengths
and {hicknesses. One hundred of major dykes are tracéd and mapped (Fig.1 b). The
characteristics of these dykes (type, strike, amount and directon of dip, length and thickness)
ams presanted in tabie (1), Mosi of (hese dykes show some varations in thickness and dip
(amound and direclion) aleng their courses (hus the tabulated data regresant the average of
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the Mmeasurements that were taken in several points along their courses, The drecticnal trend
analysis (Fig- 2} indicates that these dykes are of four main rends namely ME& E, MNED W,
N&S E and N5 E regarding thelr lengih and number praportions
The mapped dykes are of three main types namely maflc (24 dykes), imermediate (22

dykes) and felsic {54 dykes). They show sham, fairy straight contacls and chilled margins. In
places, well developed slickensides are observed along he dyke sides suggesting that these
dykes are invaded along active shaar planes

Table (1] The characteristics of the dykes of Wadi Hafiya area
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Table (1) Continued.

Doplin W, Ghrikm Oip Lengin {lom| | Width im} | Rack fype
] NB'E &8 N 7 25 Cuarizteraspa porphyry
K3 m-‘ & S 10 18 |Ouariz-feiaspar porphyry
[ E3 B0 £ 23 24 |Ahyaltie
54 NIEE TCta e 1 5 [Andests
Bt NG Tima £ 11 31 (Anyoife
e Faa Frg 38 3% lAnsenis
[ Bf NSTE Acha E B2 31 |Anceste
53 NES'E B 28 36 |Ancesfe
e e E g E& FR] Cuariz-feldspar porpnyry
£ N3G A3%e E 73 1.4 Andese
B NEQ'E 8B40 b 7 1 1A
B2 [ ] 3B Andests
E3 4IE o 8 22 Quarzfelosparporphyry
B4 NAGE w0° 4 25  Quatziel
B - P . T
NIOE B0 & 7 TE  Quwtzteldspar porahyry
e—g NI E0%a ME 45 33 lAncesie
[T RACHE | &™aM - K 332 Ousiz.feddsnal ponphyry
T T W 27 34 |Qumiz Al pai
?E % a-s;n :ﬁ ¥4 |Dolente
7 RALE - 21 |Ancesis
iz WA'E TAWE 64 13 Quardz-feldspar
7% [Tl T2 N L] 11 A roasis
7a HIVE v Z8 3 lAndesne
7 HEE y FE] 35 Ancesfe
?% HE'E 45 1.2 Basalt
i HIGE “Idl‘ b} 18 Doleils
[ 78 Hi'E e VW 37 1.4 Basall
79 NIDE g id | 21 Oowrie
- WE &he £ a7 23 Dcitite
B1 [ 18 | 13 (Dceie
E2 rr%ﬁ' ol 17 18 Anire
%] AR | o 4.7 25 Aples [Barne BEATInGg|
B4 RAPW 35 & 109 21 |Dolsnte
B5 HACE ESFa N T 3 Andasie
B KE5TE B A 1] ] Apite [fedspar pearnp]
a7 TACPE B0Ma & EE 14 [Apie {leidspar Baacng)
BE BTV BPlo NE Bl 32 FRhyoite
AG TERa] 1 W K] Andeske
T [ E8 16 Basall
a1 MSE'E B 41 3 Anceste
{97 I o 37 | 2% (Ancests
%2 o B h 18 e "
{ 94 8" 0 dg | 2w |I:Iﬂ-m
| 85 IATE G a4 21 |Dolerts
% WA w0 15 X
{ & hS'E B by ar 1 Dulenta
| ] H4S™8N ] o0 A1 1 Apiie
i m hAE o 8.7 74 [Apae
i 100 K3IOE i B 17 |Andesne

The mafic dykes are represented by basall and dolente They are of theee maln irends
N35 W, N5 E and N85 W. From the length and number proportions, it is indicated that the
mafic dykes trending N35W are shorer in length than those trending N85 'W. The mafic
dykes are fine o medium-grained sometimes pomphyrilic, black ta dark greenish grey in
colowr, They generally form deep elongated trenches when cutting younger granite and form
high peaks when culting all other rocks with @ characteristic onion weathering (Figs. 3a and
3b).

The intermediate dykss are represenied by andesde, They are of two main frends
M35"W and NBS°E as well as three minor trends (N35'E. NSS'E and NS'E They aro
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commanky greenisn Grey, fing-graingd, somelimes nigoiy attered, They are of ihe same
{opography as the surrounding rocks (Fig. 3¢)

The felsic dykes are mainky reprasenied by rhyolite, aplte and quartz-feldspar porphyry.
They are of three main irends M4E E N85 E and N45 W They form promanent ndges (FIg ad)
along all rock units in the area and are commonly yellow, buff of pink in colour fine-grained or
porphyritic, hard and compact They were intruded at different periads as some of them cul
gach olner
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Fig.2 Dweclioral trend analysis of the sludisd dykes
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3- PETROGRAFHY

3.1, Mafic dykes (basalt and dolerite dykes)

Both mafic types are holocrystalling consisting essantially of plagioclase, augite and
homblende as essential minerals. Plagioclase occurs as subhedral laths {up 1o 2.5 mm (n
length and 0.4 mm in width in doleriie) twinned according to the albile law and sometimes
alterad to saussurile. Some plagioclase erystals show CONSPICUOUS zoning with altered cores
and fresh rims. Some elongated needie-shaped plagicclase amanged i fan or radial
arrangement forming open spherulitic texture suggest thair form ation by devitrification of glass
(Srivastava and Sinha, 2004). Augite occurs as lange cryslals samelimes alterad to chlonte.
They usually fill the inlerstitisl spaces between plagioclase tiangles forming the charactenslic
ophitlc and subophilic texures {Fig. 4a). Hormblande occurs as subhedral prismatic strongly
pleochralc crystals. Apatite forms minule prismatic crystals. with six-sided cross Sechions,
genarally angulfed in essential minerals, Sphena is rare, cocuming as rhombic grains within
the homblende and auglte crystals. Chionte and calcite are secondary rminerals. Somatimes,
basalt exhibits porphyritic (Fig. 4b) and amygdaloidal textures. The amygdales are filled with
quarz. calcite and opagques.

. - "r

Fig, & Patregraghic charactenstes of the studied malic (8 ana b, intarmediala (e) and falss
[d.e mnd 1) dykes
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3.2 Intermediate dykes [andesite dykes)

The infarmediale dykes ame mainly represented by andesits that composed of plagoclase and
homblende phencerysts embedded In very fine groundmass (Fag. 4¢) of plagiociagse
microlites, chiorte and opagues logether with homblende, bictite and quariz. Plagioclase
phenocrysts occur as kange prisms panly to completely altered 10 zoisite, epidate and chiorite
They are commanly aranged with the ferromagnesian minerals, with their long axis, parallel
to subparallel 1o aach olher forming Lthe charactenstic fluidal texiure. Homblende is observed
84 subhvadral fainlly pleochrolc crystals, wilh cccastonal alteration o chlosite especialily along
thelr cleavage planes and peripheries. Somelimes, the minerals in the groundmass exhibit
pilotaxitic texdure.

3.3, Felsic dykes {rhyolite, aplite and quartz-feldspar porphyry)

Rhyolite dykes essentially consis! of quanz, onhoclase, plagicciase and bistite embedded in
a finegraned groundmass exhibiling micrographic and sphenuliic textures (Fig. 4d). The
actessory minerals are represenied by apatile and zircon. Sericite. chlonie. kaolinile are
secondary minerals. Quanz occurs as anhedral crystals (0.3 fo 0.5 mm in diameter) exhibiting
wavy extinction. Orthoclase occurs as subhedral erystals fup o 0.4 mm in length) pany
altered to kaolinie and somelimes penhitized. Plagloclase occurs In minor amount as
euhedral crystals (up to 0.4 mm in length) commonly bwinned, zoned and sericitized. Biotite
occurs as anhedral flakes (up to 0.5 mm across) strongly pléochroic and parly to comgletely
aitered to chiorite,

Aplite dykes are composed of equigranuiar aggregates (Fig, 4e) of quartz and alkal
feldspars together with ltle biole. Zircon., apatite and rare fluorite and barile occur as
accessory minerals. Chlorite and sericite are secondary minerals. Quanz and feldspars oocur
in equal amount. Quariz occurs as small equant subhedral to anhedral crystals. Alkali
feldspars. are represented by orthoclase and albite. occurming as small anhedral crystals
allered (o senciie and kaolinite,

Quartz-feldspar porphyry dykes are composad of phenocrysts of quarlz, plagioclase,
little orihoclase and bictite sei In a very fine groundmass of the same composition. Cuanz is
the domifanl pheaocnsl osually corfoded with (hé groundmass components fomming
amoebold snapes (Fig. 41y Plagioclase occurs as subhedral laths commaonly bwinned
gocording o the abblle law and somelemes showing oscillalory zaning. Biodite occcurs as
chioriized phoanocrysis with characiesistic pleochroism from dark yellow o pale brosn
Chiorile. sericite and calcite arg secondary minerals.

4- OPAQUE MINERALOGY

4.1, Mafic dykes (bazalt and dolerite dykes)

The amount of apagques is about 8% of the tolal volume of the rack. They are reprasented by
iimenite and magnetite |n equal amounts. limenile cocurs a3 a homogenacus single phase,
coniaining an appreciable amouni of Fe;0, in solid solution (ferriilmenite), This is supported
by s paler colour and loveer bireflection, It forms euhedral to subhedral phenocrysts (0,1-0.4
mm across) as well as minule discréte grains in the groundmass, limenite 5 freguently
replaced by sphene. Magnetite occws as homogenegus single phase Ti-Deanng wanety
Mitanomagnetite) free of any exsolution lamellae. This is supported by its darker colour than
Ti-frae varety. Magnetite ranges in size from 0.1 to 0.4 mm across exhibiling octahedral habit
(Fig. Sa). B i= shghtly altered to manite paniculary along the (111) planes. The majority of the
magnetite crystals are extensively replacad by sphene supporing s composition as a Ti-
bearing vanety. Sometimes, Amenite ococurs in judaposition with magnetite forming com pasite

ek J. Sei 2006, X0, 68101
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grain (Fig. 5b). Sulphides occur in minor amount (~30% of the opaques) as idismarphic cubes
of pyrite, which IS commanly replaced by goethite-"limonite™ colloform imtergrowth (Fig. Sc).

4.2, Intermediate dykes (andesibe dykas)

The amount of opaques is about 7% represented by magnetite and ilmenite as well as traces
of pyrrhotite (~5% of the opagues). Magnetile (magnetite | magnetite + imenite ratio=0.7)
occurs as large crystals as well as minule discrete and skaletal grains in the groundmass. It is
extensively altered 1o manite. llmenite forms phenccrysis partly to compleiely replaced by
sphene, limenite also occurs In the groundmass as small pnsms arranged in preferred
onentation forming Tlow texture (Fig, 5d)

4.3, Felsic dykes (rhyolite, aplite and quantz-feldspar porphyry dykes)

The amount of opaques in these rocks is about 3%. lifmenite is the main opague mineral,
whereas magnelite and pyrite occur in very subordinate amounts (Fig. 5e) limenite ocours as
homogeneous single phase ferilemenite. It forms subhedral large crystals sometimes
coroded by silicates. limenite ranges in size from 0.1 {0 0.2 mm in diameter. It is frequently
replaced by sphene and anatase (Fig. 5f). Magnetite (magnetile/magnelde +ilmenite ratio=0.2)
gceurs in minor amount as fine grains restncted o the groundmass parily to completely
martitized. it ranges in size from 0.01 to 0,05 mm across. Pyrite also occurs in minor amount
{(~10% of the opagues) forming smal euhedral crystals commonly altered to goethite

Fig. 5 Charsctensies of opagua minefals in the sludisd dykes

Defa J Gei 006, 10, BB-101
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§5- GEOCHEMISTRY

Sixtean samples representing the studied dykes wera selected in order 1o identify their
gecchemical classification and magma type. The major elermenis were determined using wel
chemical anolysis technique (Shapiro and Brannock, 1862) The trage elements wine
determined using XRF technique (Phillips PW 1410 fogether with a MQO-targel lube
operated al 50 kV and 30 mA). The equivalent uranium (el) ana equivalent thorium
{eTh) contents were determined in the field by measuring the gamma-activity of thair
daughter elements using a poriable gamma-ray spectromeler (model GS-256), The
results of analyses are given in table (2)

Geochemical classification of the studied dykes was attempled using Le Bas et al. (1986)
and Le Maitre (1989) diagrams (Figs.8a and 6b respectively), Accordingly. the mafic dykes
could be classified as basall. The intermediate dykes are classified as andesile and Irachy-
andasite, The acidic dykes plot in the rhyolite field, except apite dykes which plot in the dagite
field. Furthermore, the K-0-5i0. variation diagram (Le Maitre, 1988} flustrates the potassic
nature of volcanic rocks. It is evideni that the studied mafic dykes exhibit low- 10 medium-
potassic affinity (Fig. 6b). while the inlermediale dykes exhibst medium- fo high-polassic
tendancy. On the ather hand, all types of acidic dykes show high-potassium affinity (Fig, 6bj.
but aplite dykes show slightly lower potassic tendency.

Total alkalis-silica variation diagram was used by Irvine and Baragar (1971) 10 discnminate
between tha alkaline and subalkaline volcanic rocks, This relationship cleany indicales that.
the studied rocks plot in the subalkaline field (Fig, Be). The subalkakne rocks could be furiher
subdivided inlo calc-alkaline and tholeiitic rocks wsing AFM diagram (Irvine and Baragar,
1971), The studied doleritic and basaltic dykes fall in the tholesitic field {Fig. 6d). They appear
genetically refated to each other and might be derived from the same parenial magma
(Tamay, 1992 ; Le Mailre, 2002 and Snvastava and Sinha, 2004} but they cut each other in
the field which might suggest successive penods of generation,

Equivalant uranium and eguivalen! thonum contenis increase gradually from mafic through
intermediate to felsic dvkes, Among the types of felsic dykes, the rhyolile dykes show the
highest el and eTh contenis reaching up fo 16.2 and 33.9 ppm respectively. These rhyolites
could be classifind as uraniferous rocks as suggested by Damiey (1982} for granites
containing uranium at least twice the Clarka value (4 ppm). In acdition, the wraniferous rocks
ara characterized by Zo/'Sr ralios greater than 1.65 (Hall: and Walsh, 1859). Accardingly, the
studied rhyolite could be considerad as uraniferous rock as it posSEsses uranium contents
graater than 12 ppm -and shows ZrfSr ratios grester than 1.8,

fn fact, Th is considered to be a relatively immabile alement, in olher words 1 resists
redistribution by the chemical weathening and alleraiion processes to a grest extent, Thus, the
wide range of eTh (8.7 and 33,8 ppm} in the studied felsic dykes (Tabée Z) may suggest that
thesa dykes are related lo different magmas.

Mormally, thortum is three times as abundant as uranium in igneous rocks (Rogers and
Adams, 1989). When this ratio is disturbed, it Indicates a depletion or enfichment of uramnum
during post magmatic processes while thorium is rather stable for mobslization (Cuney, 1884
and El-Mansi and Dardier, 2005). In this work, the eThiell ratio for rhyclite is lass than 2.7
{Fig. Be), indicating thal rhyolitic dykes suffered post magmatic processes, which cause
addition of uranium along fraciures and alieration zones (especially hematitized spots)

Dotta J Sci 2004, 30, B8 101
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Table (Z): Magor oxides (Wi %) and irsce elements (ppm) analyses of the studied dykes
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Fig.& Gegchemical characteratics of the stucied dykes
The studied rhyolite possesses high Zr contents (> 150 ppm), suggesting that this rock is
rich in zircon. The refationship between U and Zr in studied rhyolite is positive (Fig, 1)
indicating that wanium distribution i mainly controlled by magmatic processes where U is
trapped in the crystal lattice of zircon (Read, 1984 ; Deer of af, 19592 and El-Mansi et al
2003,
E-COMCLUSIONS

Wadi Hafiva area (~848 km®) is localed between latitudes 24 51 and 25 02 N and longitudes
13 50 and 34 17 E. |l is dissected by numerous dykes of different types, trends, lengths and
thickresses, One hundred of major dykes are traced and mapped. The mappsd dykes ane of
three mam types namely mafic, inlermadiale 'nn:l falsic, their main charactenslics are
summarized in takle (3], )

The characteristics of these dykes and the cross-cutling relationships belween (hem
indicate thal these dykes were intruded during &t |east four successive penods, each is
characterized by a group of dykes having nearly the same mineralogical compositions. Thase
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periods are represented by generation of old mafic dykes followed by intermediate ones and
then felsic ones and finally other mafic dykes.
Tatio (3} Comparison betwaen the diferent types of dykes dssecting Wadi Hafiya area

Wafc dyes intermediaie Cyees Feisic dykas
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