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El Sheikh Soliman area in southwestern Sinai is covered by Late Proterozoic
monzo- and syenogranites, Paleozoic-Mesozoic sedimentary rocks. In the present
study, first recorded important minerals bearing Ag and Au namely
uytenbogaardtite and furutobeite are recorded in the lower member of Um Bogma
Formation and laforetite (Ag-bearing) in monzogranites and syenogranites shear
zone. Ag-Au mineralization in the lower member of Um Bogma Formation is
associated with mineral assemblage hosting uranium and some others base metals
namely; xenotime, yttrobetafite-Y, cochromite, wakefieldite-(Y) and bafertisite.
The mineral assemblage in the monzo- and syenogranite shear zone includes;
clinobehoite and xenotime. The mineralized zones in this area in part have
features of hydrothermal origin in both the monzo- and syenogranites shear zone
and in Um Bogma Formation, while, in the other member of Um Bogma
Formation they are sedimentary as weathering products of the earlier assemblage

detrital paleoplacer deposits.

Introduction

Sinai Peninsula is a famous polymetallogenetic province
in Egypt, such as ferromanganese, copper, and uranium
with other rare metals which in part have close
relationship with Paleozoic sedimentary and surrounding
granitic rocks. The Paleozoic sedimentary rock units in
south Sinai exist unconformable on the extreme northern
boundary of granitic Proterozoic terrains rocks.

El Sheikh Soliman area is bounded by long. 33° 19' 12"
- 33°28'03" E and lat. 28° 51' 46" - 28° 57' 18" N (Fig.
1). Younger granites in El Sheikh Soliman area undergo
varying degrees of alteration, especially along fracture
planes where acts as pathways for hydrothermal
solutions. Changes in geochemical, mineralogical and
textural characteristic of the wall rocks along shear
zones attract attention of many authors ™). These
alterations were an explorations guide to mineral
deposits and its hydrothermal origin.

In the study area, the younger granites in part are
nonconformably overlain by the Paleozoic succession
that capped by Triassic basalt sheet.

The Paleozoic sedimentary rock units in the study area
comprise three stratigraphic units arranged from base to
top: Lower Sandstone Series, Um Bogma Formation and
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the Upper Sandstone Series. The Lower Sandstone Series
of Barron © classified into Sarabit EI Khadim, Abu
Hamata and Adedia formations by Soliman and Abu El
Fetouh ' the Middle Carbonate Series of Barron
renamed as Um Bogma Formation by Weissbrod ™, the
Upper Sandstone Series of Barron ', comprising El-
Hashash, Magharet EI-Maiah and Abu Zarab formations
by Soliman and Abu El Fetouh !, and Upper Sandstone
Series of Barron !, renamed as Abu Thora Formation by
Weissbrod ™,

Many authors studied such mineral deposits within the
Paleozoic sedimentary rocks in Abu Zeneima area such
as; Al, U-Th, Cu and Zn, EIl Aassy et al., ™ Mn and
Cu; Ag, Amer ¥ U, Mo, As, and V, Mahdy et al., ™';
Mn, El Agami et al., ® El Agami ¥, Aita %, and
Ghonaim et al., 22,

Methodology

Ten representative samples weighting from 4 to 5kg for
each of the mineralized rocks were collected to
determine their mineralogical constituents. After the
samples were crushing and screening the grain size 0.5
mm - 0.074 mm were subjected to systematic ore mineral
separation techniques using a heavy liquid bromoform of
Sp.G.=2.85 as and magnet. The obtained heavy mineral
fractions were subjected to the binocular microscope and
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X-ray diffraction (XRD) investigation.

The radiometric measurements of eU (ppm), eTh (ppm)
and K% of the studied rock units were obtained using a
portable differential gamma ray spectrometer model GS-
512, serial No. 9805, manufactured by Czech Republic,
when the readings were given directly each 30 second.
All laboratory works were done in the Central
Laboratories of the Nuclear Materials Authority (NMA),
Cairo, Egypt.

Geologic setting

The exposed rocks in El Sheikh Soliman area are mainly
of Late Proterozoic crystalline rocks which partly
nonconformably covered by the Paleozoic sedimentary
rocks (Fig. 1). The Paleozoic section in many parts is cut
by the Triassic-Jurassic basalt dykes and sheet.

The crystalline rocks in the study area are represented
mainly by younger granites. Younger granites are
classified by El Aassy et al., ®? as monzo- and
syenogranites.
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Fig. (1): Geologic map of El Sheikh Soliman area.
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The study younger granites are traversed by shear zone
varies from 15 to 20 m in width, about 750m extension
and trending N 45° W - S 45° E with nearly vertical dip
n (Fig. 2A). The shear zone is dissected in some zones
by pegmatite pockets (Fig. 2B) and quartz veins (Fig.
2C).

Ferrugination, silicification and kaolinitization with
few dark patches of manganese (Fig. 2D) are the main
alteration features developed within the studied shear
zone. Shear zone s suitable for circulating
hydrothermal solutions and act as favorable sites for
mineralization. The alteration processes along the
studied shear zone of Gabal Ataiter EI-Dahmi area are
mostly due to acidic hydrothermal activity changed to
alkaline with time 1",

In parts, Monzo- and syenogranites in the area are

nonconformably covered by the Paleozoic sedimentary
rock units (Fig. 2E). The Paleozoic succession in the
area is as follows (started by the oldest); Sarabit El
Khadim, Abu Hamata, Adedia, Um Bogma, El Hashash,
Magharet ElI Maiah and Abu Zarab formations.

Um Bogma Formation in the study area is subdivided
into three members as follows: Lower member
comprising; siltstone, claystone, sandy dolostone, Fe-Mn
ore, shale and ferruginous sandstone, middle member
comprising; marl, dolostone and shale and upper member
comprising sandy dolostone, shale and claystone.
Structurally, the studied area was affected by a number
of major normal faults trending NW and NEN (Fig, 1&
2F) with obvious alteration zone along fault zone
extended deeper through middle and lower members of
Um Bogma and Adedia formations.

Fig. (2): A- Fractured younger granites along shear zone, looking SE. B- Pegmatite in sheared
monzo- and syenogranites. C- Iron oxides and quartz veins occurred as fractures filling in the
shear zone. D- Patches of manganese in sheared monzo- and syenogranites. E- Monzo- and
syenogranites nonconformably covered by the Paleozoic sedimentary rocks, looking W. F- Normal
fault affected in Monzo- and syenogranites and Paleozoic sedimentary rocks, looking NW.
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According to the radioactivity, some spots of altered
monzo- and syenogranites shear zone measurements
show high value of eTh content (ranges between 196.1
and 295.2 ppm) relative to the eU content (ranges
between 28.7 and 47.5 ppm).

In the lower member of Um Bogma Formation is
recorded very high value of eU content (ranges between
98.7 and 1356 ppm) relative to the eTh (ranges between
15.7 and 29.8 ppm).

Mineralogical studies

El Akeed et al. ™! recorded in the sedimentary
succession of Um Bogma and Adedia formations several
important mineral assemblage association, such as:
coffinite, marcasite, zincochromite, sodium meta-
autonite, and pucherite in addition to the Fe-Mn
predetected ore deposits. Good relation is noticed
between these minerals and both the structural elements
and lithology.

The mineralogical samples that collected from altered
monzo- and syenogranites at the shear zone and from the
lower member of Um Bogma Formation of El Sheikh
Soliman area were studied to determine their content
from important mineral varieties.

The obtained minerals include laforetite (Ag-bearing),
clinobehoite and xenotime in the altered monzo- and
syenogranites of the shear zone. While, includes;
xenotime, confined locally identified Au-Ag sulfides as
furutobeite and uytenbogaardtite, yttrobetafite-Y,
cochromite, wakefieldite-(Y) and bafertisite. In addition
some accessory minerals, barite, malachite and iron
oxides are recorded in the lower member Um Bogma
Formation.

A- Mineralization of
syenogranites:-

1- Laforetite: AgInS,
The XRD examination of the picked grains shows the
association of Laforetite mineral with Clinobehoite and
xenotime (Fig. 3).

2- Clinobehoite: Be(OH),

Clinobehoite is identified by using the XRD technique
(Fig. 3).

El-Aassay et al. * mentioned the presence of beryl in
pink feldspar pegmatitic veins in a granitic enclave
within the sheared pink granite.

Abdalla and Mohamed ®® mentioned that beryl
associates with granitoids in pegmatite veins, greissen
bodies and cassiterite quartz veins.

In Wadi Sedri area, Sherif et al. ?®! recorded the
presence of large independent beryl crystals associated
with large quartz crystals in the post tectonic Be-bearing
quartz veins indicating of probably formation in the later
pegmatitic-pneumatolytic phases.

3- Xenotime: YPO,

Xenotime identified by using the XRD technique (Fig.
3).

B- Mineralization of Um Bogma Formation (lower
member):-

1- Xenotime:- Y PO,

Two forms of xenotime are detected in the study area

sheared monzo- and

within the siltstone of the lower member of Um Bogma
Formation. The XRD examination of the picked grains
shows the association of furutobeite mineral with
xenotime (Fig. 4).

Xenotime small forms are anhedral to subrounded grains
of dark brown color; reflecting effect of long distance
transportation. Xenotime larger forms are prismatic
euhedral to subhedral crystals with dark reddish brown
color reflecting in situ and/or short distance
transportation. It was transported from the widely
distributed surrounding Precambrian younger granites
and other basement rocks.

El-Kammar et al. " stated that the high base-metals
contents in Um Bogma Formation at Wadi EI Sahu and
Ramlet Hemiyir (north and northeast of the study area
respectively) are confined to xenotime and to less extent
to the ferromanganese mineral deposit. They reported
that xenotime in Um Bogma Formation contains high
content of HREEs and some base metals elements.
Xenotime grows in sediments during diagenetic
processes.

2- Furutobeite:- [(Cu,Ag)sPbS,]

Furutobeite is a copper, silver, lead sulfate mineral. It is
detected in Um Bogma siltstone and shale by using XRD
technique (Fig. 4). It occurs as anhedral to subhedral
grains with no obvious forms and gray color with
metallic luster. Represented by strongest three lines [d in
A (I) (hkI)] are 2.50 (100), 2.61(67.1), 2.14(8.9).

3- Uytenbogaardtite :- [Ag Au S;]

Uytenbogaardtite is detected within the siltstone of the
lower member of Um Bogma Formation. It occurs as,
pale grey color, small and irregularly shaped anhedral
grains alone or in contact with furutobeite grains. The X-
ray  diffraction data reveals association  of
uytenbogaardtite with yttrobetafite-Y minerals. Both are
represented by the strongest three lines (A&B) of the X-
ray powder-diffraction pattern [d in A (1) (hkl)] are:
2.712 (100), 2.591 (80), 1.980 (34) at 20 angles 33°,
34.6° and 49.45° respectively (Fig. 5).

Cook and Chryssoulf ! stated that, in some cases, gold
is chemically combined within sulfide minerals rather
than as discrete mineral inclusions. Gold and silver
minerals deposition is related to remobilization by low-
temperature oxidizing groundwater and then redeposit in
sulfide rich reducing environment. Supergene process
leads to secondary enrichment of some metal deposits.

4- Yttrobetafite-Y:- [(Y,U,Ce),(Ti,Nb,Ta),0s(OH)]
Yttrobetafite-Y is identified using XRD (Fig. 5). It
occurs as greenish to reddish color, dull luster, subhedral
to anhedral crystals in the siltstone and variegated shale
of Um Bogma Formation.

Yttrobetafite-Y mineral is U ions bearing as
substitutional not as domain ions. The uranium (IV) ion
has ionic radius nearly equal to that of calcium and REE
of Y-group. This means that when crystals are formed,
uranium can replace ions of these elements in the crystal
lattices.
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5- Cochromite:- [(Co, Ni, Fe**)(Cr, Al),0,]
Cochromite detected within the siltstone and shale of
Um Bogma Formation. X-ray powder-diffraction data
(Fig. 6) showed that, [d in A (1) (hkl) are: 2.512, 1.472,
2.947 at 20 angles 35.780°, 62.590° and 30.30°
respectively.

Cochromite is a member of multiple oxides belongs to
spinel group occurring in sedimentary, igneous, and
metamorphic rocks. It is known to incorporate an
assortment of minor and trace elements. It is formed by
replacing chromite cations for some nickel ions and
considered as the inherited mineral from the source rock.
Cochromite, in Bon Accord, South Africa, appears to
have formed at 730°C and < 2 k bar during thermal
metamorphism that means the source of this mineral in
the study area is related to the metamorphic province

cropping out at Wadi El Seih out of the mapped area.

6- Wakefieldite-(Y):-[YVO,]

The mineral has been investigated by X-ray powder
Diffraction (Fig. 6) which reveals the data [d in A) as:
3.560; 1.824; and 2.660 at 20 angle 25.020°, 49.610°,
35.060° respectively. It was detected within the siltstone
of Um Bogma Formation.

Wakefieldite is a member of rare-earth orthovanadates
family (RVO,), (R=La, Ce, Nd, Y) VO, and the
dominant rare earth yttrium group.

7- Bafertisite:- Ba(Fe®*;Mn?"), TiOSi,0;(OH;F),
Bafertisite mineral is identified within shale of the lower
member of Um Bogma Formation. It is recorded by the
X-ray powder diffraction patterns (Fig. 6) corresponds to
d space values as 2.65, 1.72, and 2.11A°, at 20 angle
33.29°, 54.24° and 42.605° respectively.
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Fig. (3): X-ray diffraction patterns of laforetite, clinobehoite and xenotime, sheared monzo- and
syenogranites, El Sheikh Soliman area.
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Fig. (4): X-ray diffraction patterns of xenotime-(Yb) and furutobeite, UM Bogma Formation,

El Sheikh Soliman area.
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Fig. (5): X-ray diffraction patterns of Uytenbogaardtite and Yttrobetafite-Y minerals, Um Bogma

Formation, El Sheikh Soliman area.

[count=s]

114 ] c1 Al A- Cochromite
| B- Wakefieldite-(Y)
C- Bafertisite
106 -
- 2
b B2
A2
3|
A
| |
E'-'--|'--I|"Il|rllr||--|-|-||-~1l"|"'|""|'H'|"';|""
18 48 58 &8 [*Za

Fig. (6): X-ray diffraction patterns of Cochromite, Wakefieldite-Y and Bafertisite minerals, Um

Bogma Formation, El Sheikh Soliman area.

Conclusions

In El Sheikh Soliman area, important minerals bearing
Ag and Au such as uytenbogaardtite and furutobeite are
first record in the Paleozoic lower member of Um
Bogma Formation and laforetite (Ag-bearing) in altered
monzo- and syenogranites shear zone.

The mineral assemblage of the mineralization in the
lower member of Um Bogma Formation have important
mineral assemblage include; xenotime, yttrobetafite-Y,

cochromite, wakefieldite-(Y) and bafertisite. While that
in altered monzo- and syenogranite shear zone includes;
clinobehoite and xenotime.

Generally, the mineralized zones in El Sheikh Soliman
area in part have features of hydrothermal origin in both
altered monzo- and syenogranite shear zone and in lower
member of Um Bogma Formation, while, in other part of
the lower member of Um Bogma Formation they can be
considered detrital paleoplacer deposit.
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