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ABSTRACT

Gabal Minadier area is dissected by dyke swarms composed of rhyolite,
andesite and basaltic-andesite. The rhyolite dykes are the oldest and dominantly
oriented NE with minor deviations of varieties their trends to NNE and ENE
directions. They were related to a stress orientation plunging 65° to S50°E
~ direction. The andesite dykes ure oriented mainly to NW, which related to an
extensive extensional tectonic in the NE-SW direction where the stress is plunging
80° in the S60°W direction. The basaltic-andesite dykes have mainly NNW, NW
and NE trends. These dykes represent the terminate emplacement of the studied
dykes. They were related to extensional event in NE-SW direction where the
stress ellipsoid is plunging 60° in the S38°W direztion. All of them originated
{rom calc alkaline magma in arc lava and MORB. They have high enrichment in
LIL (Ba and Sr) and show mildly enrichment in the HFSE (Nb and Zr). Uranium
mineralization is lithologically and structurally controlled, as it is restricted to the
NE trending rhyolite dykes. Pyrochlore, betafite, schoepite, euxenite, uranothorite

and zircon are radioactive minerals recorded.
Key words: Ryolite,andesite,basaltic-andesite, dykes, G.Mindair, Sinai,

Egypt.
INTRODUCTION

The marked planar of the interface between many of the intrusive dykes
and their hosting granitic pluton is commonly interpreted as the result of their
magma emplacement along joint-like fractures. (Balk, 1937, Martin, 1952;
Hutchinson, 1956). The Neoproterozoic cratonization of Sinai and Eastern Desert
of Egypt were accompanied by extensive granite plutonism followed by several
episodes of crustal extension and dykes emplacement. These dykes are
chronologically classified as post granite dykes (El Ramly and Akaad, 1960) and
are related to a regional extensional tectonics at the latest stages of Pan-African
tectonic cycle (Stern et al., 1984; Stern and Hedge, 1985). Akaad and El Ramly
(1960) and Stern and Hedge (1985) distinguished the dyke intrusions in Egypt
into three main episodes: a) Late Precambrian metamorphosed dykes, b) Late
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Precambrian unmetamorphosed dykes, and c) Neogene dykes. Stern and Hedge
(1985) stated the dykes of the first episode were emplaced and metamorphosed
under amphibolite and greenschist facies conditions. El Ramly and Akaad (1960)
described the unmetamorphosed dykes as the “post granite dykes’’, where they
post-date the folding and metamorphic events of the Egyptian basement complex.
Stern et al. (1984) mentioned the Neogene dykes are of basic composition and
mostly pertain to the early rifting stages of the red sea.

The post- granite dykes represent the latest waning phases of magmatism
during the pan-African orogeny. They cut through all the Precambrian rocks and
consist of variable rocks ranging from basaltic to rhyolitic types, including several
generations of subalkaline and alkaline series (El Ramly and Akaad 1960). The
dyke swarms associated with rifting and sea-floor spreading commonly trend
normal to the direction of maximum extension (Ross, 1983; Druecker, 1985;
Goldberg and Buttler, 1985), whereas those associated with plate convergence,
trend parallel to the direction of maximum compression (Ross, 1983; Feraud et
al., 1985; Hooper and Subbarao, 1985).

Individual dykes, which are emplaced at intervals during the episodes of
crustal thickening, may be used as indication of the orientations and changing of
the horizontal stress field affecting the earth’s crust with tlme during the dyke
~ emplacement.

The present study deals with the geology, geochemistry and radioactivity
of dykes at Gabal Minadier South Central Sinai. The study area covers about 90
km? and is situated between latitudes 28° 40* 32" and 28° 45" 40" N and between

longitudes 33° 54° 12" and 34° 03" 48" E (Fig. 1).
FIELD RELATIONS AND STRUCTURAL SETTING

Several studies on dyke rocks in Sinai are carried out, e.g. Feraud et al.
(1985), Eyal and Eyal (1987), Zalata (1988), Friz-Topfer (1991), Mousa (1994)
and Katta (1994). They dealt in detail with the petrography, geochemistry, relative
ages and regional trends of these dykes. Most of these studies deal with the calc-
alkaline dykes, while few of them gave attention to the alkaline dykes. The
geology of Gabal Minadier area has been studied by El Metwally (1997). The area
comprises older granites composed of quartz-diorite, tonalite and granodiorite,
younger gabbros and younger granites composed of alkali- granlte These rock

units are highly invaded by dyke swarms (Fig.2).
’ The investigated dykes comprised rhyolite, andesite and basaltic-andesite
varieties. They forrh prominent ridges cutting all rock units in the studied area.
They were intruded at different periods as the rhyolite dykes are cut by andesite
dykes and both of them invaded by the basaltic- andesite. The rhyolite dykes are
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more resistant to weathering than the granitic host rocks whereas the andesite and
andesitic-basalt dykes are less resistant to weathering. According to the field
relations the rhyolite ‘dykes are the oldest one then followed by andesite and
basaltic-andesite dyke swarms. Generally, the basaltic-andesite dykes -are the
youngest. These entire dyke swarms posses sharp contacts wﬂh their host rocks
and they are commonly steeply inclined (65°-80°).

The rhyolite dykes are the dominant constituting about 60% of the studied
dykes. They are dominantly oriented to the NE except some minor deviation to
the NNE and ENE directions (Fig.3.a). They usuaily range from 2 m to 10 m in
thickness and from 1.5 km to'9 km in length. They form positive relief relative to
their host and usually show a pronounced grain size increasing from their margins
to the center. The paleostress analysis of the rhyolite dyke trends reveal that they
were related to a stress ellipsoid orientation with o3 plunging 65° in S50°E
direction, o, plunges 60° in S45°W direction and o, plunging 40° in NI15E
direction (Fig.4a).

The andesite dykes constitute about 15% of the studied dykes. They
intrude all the basement rocks of the studied area and trend mainly in the NW
direction (Fig.3c). This structural trend is related to the extensive extensional
tectonics in the NE-SW direction where o3 plunging 80° in the S60°W direction,
o, plunges 65° in the S35°E direction and o; plunging 30° in the N25W direction

(Fig.4c).

They represent the terminate emplacement of the dyke intrusions at Gabal
Minadier area. They range usually from 1.5 m to 8 m in thickness and from 1.1
km to 7.5 km in length. They intrude all the basement rock units of the studied
area and trend mainly NNW, NW and NE (Fig.3b). These trends are related to the
extensional event in the NE-SW direction where the stress ellipsoid is oriented
with o3 plunging 60° in the S38°W direction, ‘o, plunges 70° in the S55°E direction
and o1 plunging 40° in the N30° E direction (F ig.4b)

the rhyolite dykes are related to an extensive extensional tectonic where the axis
of maximum extension plunges 65° in S50°E direction. The andesite and basaltic-
andesite dykes have axes of maximum extension plunges 80° and 60° in S60W
and S38°W respectively. Summary of the dyke trends and paleostress analyses are

shown in Table 1.
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Fig. (2): Geological Map of Gabal Minadier Area (Modiﬁgd after El Metwally, 1997)
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Table 1: Summary of the dyke trends and paleostress analyses

Dykes Trend ol 02 o3
Rhyolite dykes ‘I NE> ENE>NNE 15/40 225/ 60 130 /65
Andesite dykes NW 335/30 145/ 65 240/ 80
Basaltic-andesite NNW>NW>NE 30/ 40 125/170- 218/60
dykes

N
N
()
E
Fig. (3): Rose diagram of different dyke trends at Gabal Minadier area.
(a): Rhyotlite dykes (b): Basaltic-andesite (c): Andesite dykes
(c)

Fig. (4): Orientation of stress ellipsoid intrusion of studied dykes at Gabal Minadier area.
(a): Rhyolite dykes (b): Bavsaltic-andesite dykes (c): Andesite dykes
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_ PETTROGRAPHY

Rhyolite dykes , '
Rhyolite dykes are: composed of K-feldspar, quartz and plagloclase (An4-

18) phenocrysts embedded in a fine-grained quartzo-feldspathic -groundmass.
Accessory minerals include allanite, apatite, zircon and opaques. K-feldspar is
mainly sanidine, which moderately altered to sericite at the crystal core. Quartz is
present as subhedral crystals and exhibits undulatory extinction. Plagioclase (An4-
18) occurs as prismatic and tabular crystals. Granophyric, spherulitic and
porphyritic textures are encountered. Granophyric and - spherulitic textures
intergrowth is developed at the peripheries of phenocrysts due to reaction with
matrix. The spherulitic pattern consists of radially disposed fibrous crystals of
intergrown quartz and alkali feldspar, while micro-graphic intergrowth usually fill
the interstices and form a granophyric rims around the present'phenocrysts (Fig.5).

Andesite dykes
They are either aphyric or porphyrltlc rocks with about 15% phenocrysts

that reach up to 3.0 mm x 1.2 mm in size. They are mainly composed of
plagioclase (Anss.4s), brown hornblende, reddish brown biotite, quartz and augite.
Epidote, apatite and opaques are the accessory minerals. These constitute
embedded in a fine-grained matrix of the same composition. Amygdales are well
developed and filled with quartz and hornblende (Fig.6). Plagioclase is usually
replaced by saussurite. They showing faint albite and combined Carlsbad-albite
twinning. Hornblende is occasionally twinned and shows corroded margins due to
variable degrees of alteration to chlorite. Biotite is frequently replaced by chlorite,
and opaque mineral granules along their peripheries and cleavage planes. Auglte 1s
“strongly pleochroic with dark to yellowish green colour.

Basaltic-andesite dykes :
~ They are composed essentially of phenocrysts of plagioclase, augite and

hornblende set in a fine-grained groundmass consisting of plagioclase, augite and
brownish red hornblende. Accessory minerals are sphene, apatite and opaques.
Plagioclase (Ango.s3) is mainly andesine to labrodorite, occurring ‘as subhedral
crystals commonly twinned (Fig. 7) and zoned with marked epidote and zoisite
aggregates. Augite is present as subhedral prismatic crystals and moderately
altered to actinolite and/or chlorite. Hornblende usually forms euhedral brownish

red crystals with perfect six-sided outlines (Fig.8).
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epidote and zoisite aggregates. Augite is present as subhedral prismatic crystals and moderately

altered to actinolite and/or chlorite. Hornblende usually. forms euhedral brownish red crystals with

perfect six-sided outlines (Fig.8).

Fig. (5): Granophyric texture in thyolite dykes Fig. (6): Amygdales filled with quartz () and
hornblende (Hb)

Fig. (7): Plagioclase (Plg.) phenocrysts embedded Fig. (8): Brownish red hornblende (Hb.) crystal in
fine grained ground mass in basaltic- in basaltic- andesite dykes
andesite
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GEOCHEMISTRY
Analytical techniques
The chemical analyses of twenty-eight dyke samples for major oxides and
some trace elements were carried out using a PW 1404 XRF spectrometer
following the procedures of Philips (1994) for correction of matrix. These
instruments are hosted in mineralogical Institute, Trieste University, Italy. Major
and trace element analyses of different studied dykes in Gabal Minadier area are

shown in Table 2.

Geochemical classification
The classification of the studied dykes was geochemically confirmed by

plotting the analyses on the NayO + K,0 versus SiO; diagram (Fig.9) suggested
by Le Bass et al. (1986). It shows that the analyzed samples fall in the fields of
basaltic-andesite, andesite and rhyolite.

Chemical characteristics
Chemical variations within rocks of one or more magma series of different

regions may be visualized by applying Harker diagrams. The major element
variations relative to SiO; are used as an index of differentiation for the studied
dykes (Fig.10). The oxides Al,O; CaO, FeO', and MgO decrease regularly from
basaltic-andesite and andesite to rhyolite with increasing SiO,. On contrast; K,O
and Na;O show a continuous increase with increasing SiO,. The curved linear
systematic variations for most of the major oxides in the studied dykes could be
interpreted as evidence of fractional crystallization.
Magma types

Al O5/TiO; versus TiO, diagram (Fig.11) after Sun and Nesbit (1978)
shows that the studied dyke samples fall along the same trend. This suggest that
they result from continuity of magmatism with high TiO, magma being the least
fractionated (basaltic-andesite), while the lower TiO, magma represented the
more fractionated varieties (thyolite). In the FAM diagram (Fig.12), the studied
dyke samples fall clearly within the calc-alkaline field.

© Fig. (9): SiO2 versus total
. 15 L alkalis diagram after Le Bass
2 s L Rhyolite et al. (1986), showing the
0L . fields occupied by the studied
o b
g . dykes
+
8 ;- Sample symbols
S | Rhyolite
s °
= &
3 ._é Andesite A
1 |- @
L L Basaltic-andesite 2

L] ! 1 - i
37 41 45 49 53 57 61 65 69 73 17 Si02
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Tectonic implication
Pearce and Cann (1973) used the Zr and Ti contents of volcanic rocks

from known tectonic environment to develop tectonic discrimination diagram
suitable to identify the tectomc setting of volcanic rocks and discriminate between
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‘mid-oceanic ridge basalt, arc lava and within-plate lava. The studied dyke samples
were plotted on this diagram (Fig. 13). It shows that, the rhyolite samples plot in
the arc lava field whereas the andesite and basaltic-andesite plot in both arc lava
and mid oceanic ridge basalt.

From the Na,O / K;0 versus Na,O + K,0 diagram (Fig. 14) which was
proposed by Miyashiro (1975), the plots are clustered either in or close to the field
of Eastern Asia continental alkali rocks and Atlantic island alkaline rocks and
within the field of island-arc volcanic rocks. Two trends in the evolution of
modern voléanic rocks in eastern Asia (Chengzao, 1987) are illustrated on this
diagram. The first is form island arc andesites to alkaline rocks, implying that the
tectonic setting changes from island arc to back arc. The second ranges from
island arc andesites to rhyolites, implying that the tectonic setting changes from
immature to a mature island arc or active continental margin.
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Fig.(13): Ti versus Zr diagram after Pearce and Cann (1973). Symbols as in Fig. 9

A Iceland Tholeiite

B: Oceanic Tholeiite

C: Island -arc volcanic rocks
D: Eastern Asia continental
alkaline rock

E: Atlantic island alkaline
rocks

Nazo / K;O

100
50

Na:0 + K.0

2 4 é 8 10 12

Fig. (14): Na 0 / KO versus Na>O + K,O diagram after Miyashiro (1975). Symbols as in Fig. (9)
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Incompatible trace element pattern

The average incompatible element contents for the studied dykes are
normalized to MORB values of Pearce (1983) and are illustrated in figure 15. The
normalized multi-element spiderdiagram of the rhyolite, basaltic-andzsite and
andesite dykes show high enrichment in Ba and Sr, mild enrichment in Nb, Zr, Ce
and La. The K is slightly enriched in rhyolite and andesite than andesitic-basalt.
On other hand, they show high depletion in Rb, Nd and Y. The high enrichment in
LIL (Ba and Sr) may reflect the studied dykes are related to subducted oceanic
slab in their parent magma at destructive plate margins (Tatsumi et al., 1986;
- Wyllie et al., 1989). The
mildly enrichment in the HFSE (Nb and Zr) in the studied dykes indicates the
involvement of mildly enriched sub-continental lithospheric mantle in their

magma source (Pearce, 1983).
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Fig.15: MORB normalized multielement plots of different studied‘dykes.
Normalized values are from Pearce (1984). Symbols as in Fig. 9 '
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Table 2: Major oxides (wt%) and trace elements (ppm) of the studied dykes

Rocks Rhyolite

Sampl 1 2 3 4 5 6 7 8 9 10 11 12 13 14 |

Si0; 76.23 | 76.34 | 76.56 | 76.01 | 75.08 | 76.01 | 76,20 | 76.02 | 73.03 | 74.16 | 72.36 | 76.41 | 76.75 | 76.54

Tio, 0.14 0.15 0.16 0.15 0.18 0.17 0.19 0.18 0.30 0.23 0.34 0.16 0.17 0.15

ALO; 13.06 [ 1331 11335 ] 1311 | 1319 | 13.29 | 1391 | 1341 | 1420 | 1420 | 1471 | 12.79 | 12.64 | 13.11

FeOt 1.32 1.43 0.95 1.03 0.97 0.94 0.88 0.83 1.31 0.99 1.38 1.59 1.10 0.84

MnO 003 | 003 ] 006 005 | 005 | 004 | 004 ]| 024 ] 004 ] 005 | 008 | 001 | 0.11 | 008

MgO 0.01 0.09 0.04 0.08 0.05 0.00 0.08 0.08 0.38 0.20 0.49 0.07 0.06 0.03

Ca0Q 0.03 0.01 0.14 0.37 0.24 0.40 0.13 0.07 0.70 0.46 0.53 0.02 0.41 0.25

Na2,0 5.30 5.27 4.69 4.71 4.67 4.80 4,96 4.57 4.65 4.97 4.38 4.55 4.58 4.75

K20 3.78 3.56 4.24 448 4.66 4.34 4.62 4.60 532 4.72 5.67 4.39 4.18 4.25

P,0s 0.00 0.01 0.01 0.01 0.01 0.01 0.01{ 0.00 0.07 0.02 0.06 0.01 0.00 0.00

L.O.L 0.00 0.00 0.00 0.00° 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Cr [ 4] 0 0 0 0 0 0 0 0 0 0 0 0

Ni 4 5 7 4 6 5 3 4 4 4 7 6 6 3

Ba 20 201 61 10 26 15 86 154 722 154 912 118 7 12

Rb 138 102 140 195 -} 173 168 158 182 172 158 168 210 192 202

Sr 28 70 - | 35 | 54 | 42 42 27 25 | 104 31 9 31 23 12

La 25 26 46 48 45 50 85 57 72 76 76 49 34 34

Ce 93 102 94 101 96 102 139 97 130 148 138 105 84 77

Nd 25 30 37 38 36 39 67 42 58 68 71 49 48 42

Zr 246 | 296 | 236 196 | 195 | 200 | 209 | 185 | 214 | 230 | 311 -| 144 | 230 130

Y 59 70 59 50 49 50 51 50 38 48 50 44 76 65

Nb 39 37 39 36 35 37 32 35 21 29 27 43 42 34

Table 2: (Cont.) ‘
Rocks Andesite Basaltic - andesite
Sample | 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Si0, 75.42 | 75.54 | 60.44 | 56.89 ] 56.27 | 60.25 | 56.51 | 53.57 | 55.72 | 56.67 | 57.38 | 56.78 | 53.62 | 49.31
Tio; 0.17] 018 ] 0.79 1.96 1.71 1.44 1.18 | 0911 0.88 | 090 | 0.94 1.03 132 | 2.20
AlLO; 13.71 | 1345 ] 16.59 ] 1495 | 1482 | 1426 | 1447 | 1515 ] 19.14 | 18.15 | 18.77 | 13.91 [ 1432 | 1521
FeOt 0.89 115 ] 540 | 10.72 | 10.72 806 ] 839} 974} 634 677 | 637 | 839 ] 9551354
MnO 005 003 014 016 015 019 0142 ] 016 ] 0.10] 0.11 0.10 [ 0.13 0.16 | 0.18
MgO 009 | 006{ 3.67{ 309! 404 | 2501 7.01 912 372 ] 419 ] 336 8.11 8.36 | 6.56
Ca0 0571 0481 524 | 519 566 496 | 7.03 )] 7.88 | 90.19 | 831 7.78 594 | 707 ] 854
Na,0 430 | 423 | 3.28 370 | 369 337 338 ] 239 306 ] 3.06 | 355 3241 3.09 ) 2.6¢€
KO 478 | 486 | 419 | 274 226 | 3.59 1.56 | 0.84 1.58 | 1.57 146 | 213 ] '1.99 1.16
P;Os 002 | 002] 026 059 0.68 1381 035 024 027] 027 029 034} 052 ] 08C
L.O.L 000 000 000 000 000 000{ 000 000]| 000! 000 000 | 000]| 000} 0.0
Total 100 100 100 99.99 | 100 100 100 100 100 100 100 100 100 99.9¢
Cr 0 0 2000 10 15 2§ 322 323 35 41 21 365 272 84
Ni 7 3 [ 21 7 7 10 101 84 28 27 26 124 100 50
Ba 146 200 1033 643 524 | 1451 961 355 350 388 394 620 571 363
Rb 160 142 91 87 66 68 40 37 47 48 41 67 49 34
Sr 45 54 435 | 509 495 619 917 501 702 636 675 723 795 595
La 50 38 47 33 30 84 25 20 17 19 16 26 23 25
Ce 106 75 86 75 76 201 66 51 41 52 50 66 60 66
Nd 53 33 45 47 49 108 33 28 22 21 25 30 35 47
Zr 181 104 211 227 225 | 235 152 123 123 121 134 137 154 20:
Y 46 24 30 32 29 34 22 29 24 25 26 22 27 2
Nb 31 12 17 15 16 14 10 8 6 7 8 8 8 2
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RADIOACTIVITY

Field radiometric survey was carried out using a calibrated portable
gamma ray spectrometer, model Gs-256 (made in Czech), with Nal"Tl- detector,
75X75 mm?. The uranium and thorium contents of the studied dykes were
measured along dyke bodies. The spectrometric data reveals that there is a gradual
increase in the eU and eTh contents from basaltic-andesite to andesite and reach
the maximum values in rhyolite dykes (Table 2). Therefore, the rhyolite dykes are
the most rock types recommended for uranium and thorium mineralization in the
study area. :

The eU-contents in the bhasaltic-andesite and andesite dykes have range
between 1 to 3 ppm and the eTh contents range between 5 to 18 ppm. This
indicates homogeneity in the distribution of both eU and eTh due to the narrow
range of their distribution. The rhyolite dykes display the higher eU- and eTh-
contents. The eU-contents range between 145 to 275 ppm and the eTh- contents
range between 75 to 112 ppm (Table 3). The high values of eU/eTh ratios
(av=2.12) and low values of eTh/eU ratios (av= 0.47) in the rhyolite dykes
indicates high contents of uranium relative to thorium (Table 2). This may be
attributed to the post magmatic addition of uranium.

The relationship between eU and eTh in the studied dykes indicates that
the eU increases with increasing eTh from basic to acidic dykes (Fig. 16 a). On
the other hand, the eU content decreases with increasing of the eTh/eU ratios from
the acidic to basic dykes (Fig. 16.b). This confirms the post magmatic enrichment
of uranium.

The relationship between the eU and both of Zr and Rb show positive
relations (Figs 16 ¢ & d respectively). This reflects the role of magmatic process
in the uranium enrichment. However, Krauskopf (1979) stated that the Rb, Y, U
and Th ions have large radii and are less extensive to substituting for major ions in
common silicate minerals so they segregated and concentrated in late stages of
melt differentiation.

Normally, Th is three times as abundant as U in the crust (Rogers and
Adams, 1969). When eTh/eU ratio is disturbed, it indicates addition or removal of
uranium because thorium is relatively stable during post magmatic processes.
Pagel (1982) stated the decrease of Th/U is attributed to a slight decrease of the
Th and increase of U contents at the end of the differentiation. The studied basic
dykes show eTh/eU ratios ranging between 5.0 and 8.0 suggesting uranium
leaching, whereas the acidic dykes have ratios ranging from 0,38 to 0.58
suggesting uranium addition during post magmatic processes. It could be
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were analyzed by SEM technique along zones in betafite, exuenite and
uranothorite grains and the back-scattered electron images are shown in (Figs.20,
21 and 22 respectively).

Pyrochlore (Na,Ca);Nb,Os(OH,F) is a solid solution between the niobium
end member (pyrochlore), and the tantalum end member (microlite). The mineral
is associated with the metasomatic end stages of magmatic intrusions. Pyrochlore
crystals are usually well formed (Euhedral), occurring usually as octahedra of a
yeiiowish or brownish color and resinous luster. It is commonly metamict due to
radiation damage from included radioactive elements. '

Betafite (Ca, U), (Ti, Nb) 2.6 (OH) is a popular uranium bearing mineral to
collect. It is one of the few uranium minerals to form nice well shaped crystals.
Because betafite has rare sarth elements in its chemistry, it is one of several sc
called Rare Earth Oxides. Other rare earth oxides such as fergusonite, euxenite,
aeschynite and samarskite have very similar properties to each other but lack
betafite's typically well formed isometric crystals '

Schoepite (UO,)40 (OH) ¢ » 6H,0) is a rare alteration product of uraninite
in hydrothermal uranium deposits. It also may form directly from ianthinite.

Euxenite (Y, Ca, Ce, U, Th) (Nb, Ta, Ti) 204 is a brownish black mineral
with a metallic luster. It contains calcium, niobium, tantalum, cerium, titanium,
yttrium, and typically uranium and thorium, with some other metals.

Uranothorite (Th, U) SiO4 is yellow to yellowish brown in colour. It is
like thorite but contain uranium more than 10%.

Fig. (17): Visible betafite, euxenite (black) and * Fig. (18): Zone of zircon in studied rhyolite dykes
Uranothorite (yellow) minerals as interstitiaf filling,
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Fig. (19): X-Ray diffraction patterns of the recorded radioactive minerals of Wadi Minadier
area. : :

Table 3: Results of Gamma ray spectrometric measurements of the studied dykes

Rock type | Serial N o. | eU (ppm) eTh (ppm) | K% eU/eTh eTh/eU
@ 1 145 077 6.0 1.80 0.53
= 2 270 112 9.0 2.40 0.41
2 3 250 095 8.0 2.60 0.38
R 4 130 075 5.0 1.70 0.58
Average 198.75 89.75 7.0 2.12 0.47
- 5 1.0 5.0 2.5 0.20 5.0
'z 6 120 11 1.8 0.33 55
2 7 2.0 14 2.0 0.50 7.0
<o 8 3.0 18 22 0.60 6.0
Average 2.0 12 212 0.40 5.9
A E 1.0 6.0 1.6 0.33 6.00
g F[10 2.0 15 1.8 050 7.50
2 g1l 1.0 8.0 . 1.5 0.25 8.00
IRV 2.0 12 1.6 0.50 6.00
Average 1.5 10.25 1.62 040 6.87
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CONCLUSIONS

The studied dyke swarms are composed of rhyolite, andesite and andesitic-
basalt. The rhyolite dykes are dominant set and dominantly oriented in NE with
some minor deviation of dyke trends by NNE and ENE. The paleostress analysis
reveals that they were related to a stress ellipsoid orientation with o3 plunging 65°
in S50°E direction, o, plunges 60° in S45°W direction and o; plunging 40° in
N1SE direction.

The andesite dykes represent the terminate emplacement of the dyke
intrusion at Gabal Minadier area. They trend mainly NW which related to
extensive extensional tectonics in NE-SW direction where o3 plunging 80° in
S60°W direction, o, plunges 65° in S35°E direction and o) plunging 30° in
N25Wdirection.

The basaltic-andesite dykes intrude all the basement rock units of the
studied area and trend mainly NNW, NW and NE. These trends are related to
extensional event in NE-SW direction where the stress ellipsoid is oriented with -
o3 plunging 60° in S38°W direction, o, plunges 70° in S55°E direction and o,
plunging 40° in N30° E direction.

The studied dykes were derived from calc-alkaline magma, arc lava and
MORB. They are enriched in LIL (Ba and Sr) reflecting the subducted oceanic
slab in their parent magma at destructive plate margins. On other hand, they show
mild enrichment in the HFSE (Nb and Zr) indicating the involvement of mild
enriched sub-continental lithospheric mantle in their magma source.

The field radiometric survey and laboratory radiometric measurements
indicated that the rhyolite dykes are the most important ones from the
radioactivity point of view. This reflects the lithologic control of radioactivity.
The NE rhyolite dykes are characterized by uranium and thorium mineralization.
Consequently, the radioactive mineralizations are lithologically and structurally
controlled. Pyrochlore, betafite, schoepite, euxenite, uranothorite and zircon are
the main radioactive minerals in the examined dykes.
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