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ABSTRACT

Yaman has a fongstanding ropulalion as & source of precious medal as wel as no-mtalic
minerals from differsnt geciagic envionmants. Modiied Distnbutan maps of minarsizatan &
sombinaiion with faut! sysiem in the Republc of Yaman wera propaced for the firsl Gme wih
reforence lo gackogic mag supplamant walh svalsbie data accounf, whenaver poasiles

Meialic minsral occurrances inciude gold, base metals { Zinc, siver, coppar and niciel). The
main ccourrences of goid are Mukala ares, caniral snd nodhem shisikd 83 wal as weslem
Hightand. ﬂbﬁﬂ palential for gold minersization along the ine of shesr zonas (NW & NE
jrends). The minaraization s hosted by Frolerozoic mafc-ntermadade matevolcasts and
calc-alkaing orandic stocks. Thera are several occumancas af base matais in Yemen, zinc-lesd-
eivar thal are mostly hosted by uppsr portion of the Jurassie Amvan Group | mally dolomilized

4 Knaatone) of Jabal oally [ maln occurrence), ey are structuraldy confroled providing sireng

svidance balwesn major fauls {mainly NW lrend) and is minarakzation. Copper and nickel melals
are widespread in the Precambrian rocks of Yemen {Hammourh, Al-Baydsh, Fadahah, Sadah
and Hajiah ereas). The minaraization & hosted by differan! Mhologas vary o mmﬂm‘m
schisl, gnaiss, amphibodis, falsic melavelcanics o vokanc-sadmeniay assembiagos {
Mﬂﬂmmmwmrmﬁﬂmmmemﬂwm
major faull systam of WA trend

Jren end Fan-ttenium maneraizafion occur i S&dE, ALBayoah and Mukayras areas. Thay &e
hosted by matemonphossd volcano-sedimantary assamblages, Mneraized rones of magneits,
hemalte. sidertts, kmante, dmeaite and tancmagnelile #ra moshy conmacied wilh the fulng
Tin- Turi gal6n mineraization forms Aytrathemal veing hoating in veleamnd-sedmentary pEsambiapes
and post-orogenic grandes locating in the northwesten and sowthern pads of Yemaen These
minara¥zod veins ars commonly wilh tectonialy eontraled proforred cnenlalicn

Lramium and [harium minersization has been found m Ihe Crelaceous sendstone and
Procambrian skaiine grandes in the northwestern and southaasiem parts of Yemen On tha
athar hand REE: mineralzation is reported i the southem and southasstars pats of Famen
is hostad by Inear and vainiels of carbonaties randing NE wiich are conuishent with frend af
goudharn fauE gystom

Tha mosf polendisl resounea of nari-metalic minarals are rock Sat, gypsum, nalural Zecilts,
faldspar, fuorde, biack sand and falc. Thay are widehy dislibuied in all oy Yamen, ¢ pariiouar,
bath Mesozeie and Cenozaie rocks, Fluante and fafic oocur within hydrotharmal vsing and shear
ronna respectively associfed wih MW and ENE faul system

INTRODUCTION

Data conceming the mineral resources in the Republic of Yemen have been
conducted primarily since the early 1870's and hava been carried oul almost
exclusively by the Governmant of Yeman.

In 1970 strojexport, on behall of the Government of the Algeria, carried oul
exploration of several small areas af Precambrlan rocks in the Taiz area, in
particular Al-Hammurah area. in which copper and nickel ore deposits have been
discovered, The initial BGR programs goncenirated on the sampling and evaluation
of the limonite-hematite gossan in Sadah area during 1874 to 1878 (Thiele 1878},
The people's Republic of China conducted mineral exploration in the Al-Baydah area
and investigated a number of ocourrences of metalllc and nonmaetallic minaralization
in 1877-1978. In the lale 1970's and more recantly the staius of the knowledge of
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mineralization in Yemen was summarized by few workers {e.g. Gaber, 1977, El-
Shatoury and Al-Eryanl, 1979: Christmann ef al. 1985 and Reportson Group,1992)

In recent Years, the Governmenl of Yemen has developed a new and modeérn
mining lode reflecting data base of mineral resources information. A geological
study and tectonic framework of mineralization, were carried oul through several
field Irips In combination with detalled studies of Space images 1o develop our
knowledge aboul lhe economically imporant areas in the Republic of Yemen.
However, the main iarget is o recard the geology of mineralization, thelr mode of
occurrences and thelr possible availabilily In future,

In fact mineral exploration in the Republic of Yemen has nol yel reached a
development stage bul a promising mineralization in some localilles may warranl
detailed exploration and investigation.

Geology

The geclogy of Yemen is vary diverse ranging from Late Archean to Pleistocene in
the age. The main oulecrops of lithostratigraphic unils are shown in Fig. 1.
Precambrian rocks (PC) include late Archean to Proterozoic gneissic terranes (Fig
2) and Pan-African island arc terranes and suture zomes; those provide the link
betwaen the arc collage of the Arabian shield and the gneissic Mozambique belt of
east Africa (e.g. Heikal, 1887; Sakran ., 1993 and Baydoun el al..1998).

Paleozoic Wajid sandslone (unmappable with the present scale) occurs nofh of
Saddah town in the western W Yemen, The age of the Wajid sandstong is matter
of debate { Combrian-Ordovician-Permain) as defined by Geukens (1966}, and
Grofier and Overstreet (1978) |

Mesozoic sedimeénis are ropresented by the Lower-Middle Jurassic Kholan
Formation{mainly sandstone) and Jurassic Amran Group (mainly limestone)
(Fig.3b)jas well as Crelaceows - Early Tertiary Tawilah Group {mainly sandstong}
and Al-Maharah Group (mainly shallow marine and calcareous sedimenis) as
meniloned by (Beydoun, 1882, Al-Thour 1992},

Tertiary graniles cropoul sporadically along the marginal Red sea escarpment for
over 200km (e.p. Al-Kadasi, 1988, Mohr, 1921), The gramiloids was emplaced
between 21-23 Ma (e.g. Civeita e &l 1978; Capaldi ef al, 1887) which are
consistant with similar ages of large amounts of silicic volcanics erupted m fhe
upper part of the volcanic pile

Tertiary volcanics (Yemen volcanic Group): this group covers some 50,000km2 in
the western Yemen( Fig.l) and may be aver 2050 m thick comprising basall-rhyolite
suite (e.g. Ghiesa el al, 1980; Menzies af al, 1890,

Tertiary pre-rit sediments are represenied by the Hadhramout Group
(Paleocene-M|ddie-Eocene) which consist of carbonates bedded gypsum and
sandsiones (Beydoun &f af, 1998),

Oligocene-Miocene syn-rift: entrusive and extrusive flood basall oulpourings(
Roberison Group, 1892) and a series of ring complexes of synitic composition
{Gameil and Heikal, 20058) in combination with thick clastics of turbiditic nature

Quaternary volcanics ara éxposed in the form of discrete volcanic fields; Sana‘a-
Amran {Fig. 3a), Slrwah- Marib, Dhamar-Rad'a and Balhal Bir Al (Grolier and
Owversirest, 1978). These volcanic felds comprise basallic composition

Defla J. Sci 2006, 30, G8-87
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Fip- | Geological map of Yemen (shghtly modified ufier Hopertson Greup 1992)

r
'S
L

Lo 1]

TERTLART
FLEGD
LER

Structure and Tectonic Framework of Yemen

The structeral implications and tecionlc framework of Yemen are characlerzed by larpe Archean-
Proterozok: basemenl faull block transected by the narthwes! sowheast trending Jurassic-
Cretaceous intracratonsc rift system of the Ramlat Syablan graben, boundad o the south and
1o the west by Terlary to presend day the Gult of Aden and Red sea rift system (Flgs. 1.4.5) .
The structural implications of Yemen based on the subdivision of Robenson (1982) and the
présant authors s &5 Follows:

Dens J. Sci. 2000, 30, 68-87
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1. Central block: This block comprises PC lemlans bounded by the Red Sea faults, the
northern and southern edges of the Ramall As Sabatayn graben fault (Fig. 1), The
Procambrian basament is characterized by ME.NW and N-5 faults in the Hajjah and Sadah
areas (Heikal, 1987) and NE faults in the Al-Bayda areas (Fig.4) (Al-Kotbah, 1982, Al-Khribash
of al, 2000 and AlKotbah and Al-Ubaidi. 2001), A highly compressed fold structure with
recumbent and isoclinal folds is comman in the PC around A-Bayda (Fig. 4). Hajgah and Al-Jawf
On the other hand, highly tectonized and sheared basemen! rocks trending NE and ENE may
have undergone readivation in Phenerozolc time producing the bounding faull (Fig. 2.
author's observation). On the oiher hand three main lecionic phases are well idantified in Al
Bayda area (Fig.4) as follows - first phase reveals regional schistosity and NE plunging folds
(1) of fight isoclinal style associated with different types of lineation; second phase of the
lactonic zones (2) indicates NME plunging tight overumed folding and strike-slip faulting and
the third phase represents lale Pan-African which is accompanied by major strike-slip fault
leading to the emplacement of calc-alkaline to alkaline magmatism (Al-Khirbash ef &l 2000).

NW Block: this zone (Fig. 1) is outskde the areas of Mesozoic and Tertairy exiension and is
characlarized by rocks with an ill-defined fracture system related to reactivation of Precambrian
and Jurassic frends (Al-Kotbah and Al-Ubaidi | 2001).

Ramlat As Sabatayn Graben: the norhwest trending Jurassic-Crataceous rift (Fig. 1) that
intersect the Pan African basemen! form disirict tension faulls bounded grabens, The
northwest trend in these grabens may reflect reactivation of PC lineaments that extend
souiheastwards inte Yemen from Saudi Arabla (Heikad, 1987 and Roberison Group, 1882 ).
The AlMukala high is devoid of Jurassic rocks with Creélaceous resting on Prolerozoic
basement (Fig. 1).

Gulf of Aden: pars of Yemen are characterized by teclonic fraciures affect areas
marginal to the Gulf of Aden with N-5 extensional regime related to separation of Yemen fram
Somalia (Fig. 5). A wide zone of crustal extension developed with E-W oriented in some
instances down to the norih tilted fault blocks. True sea-lloor spreading probably only began in
the Miocena and rift shoulder uplift began ai about 16 Ma and resulted in significant erasion of
the flanks with Crataceous strata (Huchon and Kanbad, 2003).

Red Sea Rift Basin: the main extensional episode related 1o Red Sea nifting 1ook place,
s00n after, deposition of some of the younges! Yemen volcanics on the Tinama plain, these
are unconformable overlain by mid-kate Meocene elastics and evaporales ( 10 Ma, Huchon &f
al,, 1891). The amount of the upper crustal exiension can be estimaled assuming a doming style
of rotated fault blocks (Davison ef al., 1934) and strecting over an area 73km wide. Simply, in
brief words. the Proterozoic rocks of Yemen were defermed info a senes of NW, NE, ENE fault
blocks and N-S trending fold belis. The sedimentary rocks are relatively undeformed except
for biock faulting. These struciures are likely retated to reactivation of the Late Prolerozoic Majid
faull system of NW faulls {g.g. Moore and Al-Shanti, 1873 2nd Al-Shanti and Ricobal, 1874).

Diedta J, Sel, 2006 30, B-87
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Flg 2 Figld |.'-|'|:||:|:-§I'-H ong shio MG slruciers |ITl:||Il:-ﬁLID-'-5 ™ Southern Bams of Yoemen.
a} Swilchback af Tharah arsa and consaie of Precambnan rocks
b} Space-mEga sh :.-Nir-'.] reverse fauwl (arow) wathin high=grade gnaiss in Al Ea:,'ja Bt
(Zoighern part of Yarmsan;
gl Shaar rancs trand ME I gnelasic rocks, AL-Ba pda mrea
d-I Stromate migrmatites banding and a comples syatem of renor folds, Al E;]:,-:I.:j araa.
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Fig 4 Satellite image of Al-Bapsa area showing three main tecionic Zones | BIFFONWE ).

- it
The present authors reviewed and contsibuted to fhe available data on the several mineral
deposits in Yemen. This study was meant to prepars a madified distribution maps for metallic
and non metallic deposits { Fig. SAAB) keown 10 occur in the different geologic environments
as wall as to throw some lght on the mode of occumrence of these deposis.
Metallic Mineralization
Figure BA shows the modified distrbulion map of the vanous metallic mineralization kndwn in
the Republic of Yemen. They include gold, base metals (Zn, Pb, Ag, Cu or Ni)., iron, tiianium
tin- lungsten mineralizations as well 85 wanium, thonum and REE's showings. A bl accouwnt
on thesa commodities ks reportad.
Gold Mineralization
The gold is one of the most important and promisng minerals that occur in Yemen, over 40
known occumences, mesily are hosted by Precambrian rocks which have been the fotus of
the most mineral exploration to date. The most common occumences of the gold minerakzation {
Fig. 6A) are as follows:
Wadi Madden Area
The Madden gold mineralization is considered to be the largest known OCCUMEnce in Yemen
(ACMR, 2003)

it is located some SOkm narthwest of Al-Mukalla city (Fig. 64) and 780 km SE Sana'a. The
deposit was discovered in 1976 by Hunting company, where the gold Deanng shear zonNes

Dietn J. Sei 2004, 30, 88-47
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have been found within meta-andesies (Fig. 3a). Almost shear zones lrend NW and ME
extending lens of melers (aulthor's obsarvation). Ao, such gold nuggets has been found at
Wadi Madden as an indication of placer deposits (Fig. 36, In 1985, Soviet goological 1eam
estimalad the resources as 579,000 tons ol aversge grade of 14.85 Ault and 119 At (ACKMR,
2003}, On the other hand, the hosting rocks bearing geld mineralization have been deformed by
multkphases of foiding, faulting and sheanng and lsar are infruded by alkaline slocks (author's
cbservations),

Al-Harigah Area (Hajjah Cistrict)

The area is localed some 270 km NW Sana'a .Shallan and Heikal {1980) poimted owl thal a
gold showings within such calc-alkaline 1o alkaline plutons in Haijah disticl, In 1987, the
Canadian Mouniain company delineated the gold are dimensions by 3.2 km length, 600 m
width and 200 m thick indicating 31 million tons as possibie reserve at grade 11.04g Aut.

Waragah and Utmah areas

are localed amund Dhamar city, SE Sana'a (Fig. 84A) In which gold mineralization is hosted by
Teriary Voleanics of felsic compasiton (thycltes. and ignimntes ) in the form of a complox
veinlets orented NE, NW and ENE, Fleld occurrences of ihe gold mineralization indicates that
these depesits as a resull of hydrothermal veins . Thera are severad meneralization assoclated
with gold such as mercury and Arsenic and sitver, Many feroign companies in 1580's showed
the highest accommodation of Au are being 120 ppb and 293 ppb for Waragah and Ltmah

respectively (ACMR, 2003).

Sadah-Al-Jawf &rea (Northern shield area)

Many of ancien! mines ocour in Sadah and AlJawd aroas (Figs 64.3c) , where the gold-baaring
guartz welns oriented NE and MW directions) in a mallc metavolcanics and such alkaling
granite plutons was mined by the ancien! Yemenis. Al-Lawdh area (Fig, 3c-d) is localed
northeast of Sadah, considered 1o ba (e most significant quartz-veins bearing gold, in which
mast veins strike NE and dip stoeply west,

Lead, Zinc and silver Mineralization

Several Pb-Zn-Ag occurrences ware hosted by carbonate rocks of the platform of Yemen (Fig,
BA). The Jabali depos® represents tho most promising lead-zinc-silver mineralization of his
counlry.

Jabali Area is located some 110 km notheast of Sana'a (Fig. 8A). This site is considered 10 be
the anciard silver mina last oparated in the tenth cenfury, This deposit was discovered in 1880
by Yemeni Team of the geofogical survey in cooperation with the French company (BRGM).
The zinc mineraiization at Jabali is hosted by dolmitized and recrystalized bioclastic and
reafal limestonas of Jurassic Amran Group (Figs.7a&b) apparantly by replacement a porous
beds and solution cavities (Al Ganad ef al, 1984). In addition they suggest that Pb-Zn-Ag
mingralization propeily onginated from the eafy Prolerczoic basemeni along major faulls
trending NW (Fip.6A). The probable reserve is estimaled to ba 928 million tons with an
average grade of 10.8% Zn, 1.25% Fband 778 g/l for Ag .

Tabaq Area is located about 380 km northeast of Aden (Fig.64) . The zinc-lead mineralization
is hosted by carbonale sequence from Jurassic to Paleocene. The resulis of some analyzed
samples revealed that an average grade of zinc is 12% and lead is 3.8% (Arab Conference
Mineral, 2003). The zinc-lead mineralization &l Tabaq area is disinbuled along major faulls
oriented ENE which is consistent with the Guif of Aden frend (Fig 64).

Dista 4. Sci, 2008, 30, a5-47
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in general, most known Zn-Pb-Ag OGCUMeNnces in Yemen are genetically reiated to
Jurassic-Paleccene ages and the high potential of this minerafization accurs along the edges
of the Ramlal As Sabatyen graben (Fig 64)
Copper-Nickel Mineralization
Numerous gassons are distributed in many areas of Yemen that were investipated by many
workers (e.g. Stro) export, 1970 ; Geomine, 1884 ; Michel 1858; Shalian arvl Heikal, 1289) . They
considared that Cu-Ni mineralization is mostly hosted by Precambnan rocks and Tertiary
voleanics (in part). The main significant ccourences are as foliows:
Al-Hamurah Ared
is located some 50 km scutheast of Taiz (Fig.8A). The Cu-Ni minerafization occuwrs as a seis of
vaina and mafic lamprophyre dykes within gneisses and amphibolites. These veins and
assiociated dykes (up to 4.5 m ihick) dip 60-80 5W exhibiting variable degrees of deformation.
Massive copper sulphides mainly chalcopyrte associated with pentalandite are maostly
commen in the form of anastomaosing stringers. Minor pyrite and pyrrhclite are also nolified,
Geomine (198€) estimated the mineralization contained 13.7 mi with an average grade of
0.55% Cu and 0.31% Ni,

Maswar Area

Is located 80 km northwest of Sang'a (Flg.6A) The Cu-Ni-P1 mineralization showings are
reparied by Shallan and Heikal (1889) which are hosted by Precambrian gabbrokd and
ultramafic rocks located near Wadi Laah (Hajjah distric). Recenily, Guntix company (1998)
estimated the possible reserve abou? 40 mi with an average grade of 2% Cu and 2% Mi a5
well as minor amounts of Co, P1and Pd,

Al-Bayda Area

Is located serme 270 km soulheast of Sana’a (Grolier and Overstreet, 197E). The presemnt
authors observed a palymetallic sulphides hosting by meiamcrphosed volcano-sedimantary
assemblages in which a wide zone of disseminaied sulphide mineralizations have been nodified
along shear zones andfor faulis tranding NE and ENE Many festing welis ware drilled alang
shear zones exhibiting a promising mineralization shovangs.

Sadah Araa

Numerous gassans are found at the northwest of Sadah cily. The present gassons of sulpnides
are hosted by upper Proterzoic melamanphosed volcano-sadimentary assemblages (Poul,
1984) A wide zone of disseminated copper, gold and siver have been nolified along shear
zones andlor faulls trending NE and ENE {author's absarvation).

Ghaber Ared

is located some 50 km souffwest of Al Mukalla ety (Hedramout GovemaeratelFig 8A). The
copper mineralization is hosted by metamorphased velcano-sedimentary assemblages
{Schramm ef al., 1966) In which a wide zone of veins and veinlsts ofented NE and ENE .

Iron and Fe-Ti oxides Mineralizations

Magnetile and Fe-Ti ocddes mineralizations aré wadespread throughout Yemen .Almost
mineralizations are hosted by Precambrian gabbroid rocks and metamorphosed velcanc-
sedimentary assemblages . Fusthermore, latenitic soil enriched with iron oxides are widely
distributed in many areas, in particular, across Sana'a-Taiz read(Fig. Ve)

Sadah Area

Meinhold (1982) considered that Al Maspa iron prospect one of the most impartan iron
accumences of Yemen (Fig.8A), in which 940,000 tons of hematite-pymhotite-sidente
association with an avemae grade of 34% Fe conlent are mentioned as a proved ore. He

Diata J Sei 2008, 30, 60-67
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considared thal those ofes are similar to those found at Wadis Wassat and Catan in Saudi
Arabi (Greenwood, 1980}, On the basis of the fleld aspect, the present iron prospect is hosted
by graphite schist imercalaed with marble and mafic metavolcanics
Al-Bayda Area
Sabah iron prospect 18 considered to be the most promesing iron mineralization in Yemen
{author's observalion). The prosent prospect is located

some 18 km NW Al-Bayda lown (Figs 8A Td-e) . Mulli discontineous iregular lenses and
pockels are hosied by melamorphosed volcano-sedimentary assemblages cossculting by shear
zones trending NE and ENE, Mineralogy of the iron prospect includes magnaetite, hematite,
IHanomagnelita and pyrrholile with an average grade of T4% Fa (Gecloglcal Burvey of China,
1978 and the pressnl authors),
Mukeyras Titanomag netite
Is |ocated 210 km noriheast of Aden (Fig.BA), where disseminated Emenite-titanamagnetite .
apailte and vandium mineralizations have been hosted by pabbroid rocks of Precambrian age,
Estimated resources of 130 mi Fe, 48 mt of P and 0.15% V205 (ACMR, 2003).
Al-Majil Abyan Area
[s located some 118 km NW Abyan town (Fig.8A) in which hemalite-magnetile lenses have
baen hosled by quanzite |eading to 48,000 tons of 58-78% Fe{ACMR, 10984) .
On the other hand, there are many occumances of placer deposids confaining iimenite-
magnatita, tlanomagnetile and polymetallic sulphides are well notified along coastal Enes of
Gulf of Aden and Red Sea.

Tin-Tungston Mineralization
Tin-lungsion mineralization occurs in several geological environments in Yemen, in particular,
Precambrian granitold rocks (Shallan and Heikal 1888). The mest imporlant occumance of these
deposits |s located along Marb-Alag struclural line (NW trend) (Fig.BA) in which sheslite,
molybdenile and cassiterite mineralced veins have hosted within Precambeian meta-andestos
and granodiontes (Veselov, 1980). On the other handcassiterdte mineralization is widely
disgtributed in pagamalitic phases across Rada'a-Al Bayda road and Marib-Sadah road,
Radigactive and REE's Mineralization
Uiranlum showings are reportad for the fest lime in Hajjah district (N Sana’a) by Heikal
{1987) in which Pracambrian late-lectonic granitoids at Suq Al Aman village (Fig.8A) contain
wanophane and curte wise.On the other hand, a good anomalies of Uranlum and Thonum
values have boen reported In Wajid Sandstones (MWW sadah, Fig 64) as menticned by Meinhold
{1882}, Furthermone, a good anomalios of Uranium are repored by Eobunate af &l [1883)
within iron-rich sandstones of Crelaceous age .

Rare earlh elements mineralizalions is reported in SE Lawder area (Fig.6A) in the form of
parallal veins of carbonatites with an average 3m thick (Ba-Battat, 1961). These carbonatite
vaing am confined 1o faull zone trending NE (Fig. 64)

Non-Matallic and Industrial Mineralizations
The most polential resources of the non-metallic and industial minerals in Yemen are rock salt,
gypsum, feldspar, fiuorite, celestite, zeolite, taic and black sands (Fig £B)

Rock Salt

Rock sall has been represented by two geological environments namely : salt domes in
Sabatayn Formation (Amran Group ; Upper Jurassic) located al the area between Marb and
Shabwah that s consistent with the major fault trending NW (Fig. 68) and the Salif Formation
{Miocene) which Is found on the Red Sea Coast (Fig. 6B) lo the nodh of AkHudaydah. It is

Diaka J, Sci, 2004, 30, 83-87
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associated with gypsum and anhydrite . Total reserves of rock sall in Yemen are eslimated 1o
be more than 300 milkon tons (Arab Conf. Mineral Resaurces 2003)

Gypsum

The geological environments of gypsum deposits are identical 1o rock 58l as mentioned
before, In addition two formations namely Rus Farmation (Lower Eccene) in Abyan - Shabwah
and Ambakhoh Formation (Oligocene) in Al-Mukallah area (Fig. 68) are well reported.

About 70000 tones of gypsum per year mined at Al Salif locality (Red Sea Coast) (Arab
Conf. Mineral Resources 2003) The lotal reserves of thin qualified gypsum are mare than 300
milllon tons, On the other hand, thare am two major faults trend ENE and MWW are consistent
with the distribution of gypsum deposis in Yeman (Fig. 62).

Feldspar

Nine major locations of feldspar (Fig. 6B) (mainly potash feldspar) are found in the form of
large crysials in pegmatites hosted by alkali feldspar granite . Earge Grysiais of feldspars up o
30 cm long occur within the intermediate zones of complex pegmatites located in NW Hajjah,
the area betwesen Al-Baydah - Abyan - Mukagras where many swarms of pegmaliles are
found. Tatal reserve of faldspar in Yemen estimated to be arund 21 million m”,

The distribution of feldspar is compatible with the major faull onented ENE direction (Fig. 6B).

Fluorite

Many occumences of fluorile veins are represented in Yemen, in parlicular, the area Detween
Abyan and AlBaydah al Wadi Irgah, in which several veins of hydrothermal ongin {author's
observation) bearing megacrystals of fluodte and quariz are asscciated with the Ataq - lrqah
fault system (NW trend, Fig. BB) . Resources of flucite as estimated to be arownd 800.000 tons

(Strojetpant, 1988).

Coalostite

Strontlum deposits of Celestite are mainly found at Wadi Hadramout (Fig. 68) in the formn of
gither interbedded laminge and layers between sedimentary sequence enrched in magnesian
and clay or assaciated with alluvial sediments along the coastal belt of Gulf of Aden (author's
observation). The Celestite forms prismatic crystals with 25 cm long, 20 - 25 cm thick, locally
amanged in roselles, The authors suggest thal the origin of celesite is epigenelic and related
to Karstification processes,

Zeolite

Zeolites are hydrated silicates of aluminums, sodium and calcium . The zeolites when pure arg
colourless or white (Fig. 7d), but many specimens are reporied to be yellow. green and orange
due to the presence of some impurdies.

The natural zeolies contain more than 40 minerals, the commercial ones being
clinoptilelite, chapazite, mandinile and philispite. These minerals are commanly hosted by
basaftic tff (Fig. 7d), acid volcanic tuffs associated with volcanic glass of Tertiary and
Quatemary volcanics. Zeolite minerals occur within |bb - Taiz -Dhamar zone ol Yemen
Vaolcanic Group (Fig. 6B) along major laull trending NK. The types of zealite in Yemen inchede
clinoptilplite, heulandite, mordinite, stilbite, laumongite and natrolde (detected by XR D by the
present aulhors), Zeolle reserves sbout 80 millien m’ (Arab Cont. Mineral, 2003).

Talé

Talc depasits ane found in several regions in Yemen (Fig. 68) where utramaific -metavolcanic
rocks of Precambrian age have been ocoured. Two main occurrences of lalc deposits have
been reported: South Talz - Abyan - Al-Bayda Zone along shear zone within ultramafics
trending NE and 1o the west of Sadah area (Fig. 6B) hosting by matfic metavolcanics in the

Diela J. Sci F006, 10, 8587
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form of separated lenses up o 500 m long and 50 m thick. Almost zones trending ENE and NW

(Fig. 6B).

Black Sands

There are many documenied occurmences of beach black sands and a2 placer deposis
containing iimenite, titan-magnelite. rulile, magnetite, zircon, monazite, in Yeman (Fig. 6B).
These placer deposits are found on the beaches coast of Al Mukalla and aong the Red Sea
coastline (Fig. 8B). Total resources of black sands i Yemen are estimated to be 500 million
tones (Arab Cond. Mineral, 2003}

Fig.5 Satelide imoges of tha southam belt of Yemen. 5 ey
a) Shear zones within metamerphgosed rocks irending NE, sodth Taz

mineralization & well recognizad e !
Gull af Aden area in which such tectanic Zones thand BN ETOWVE)

in owhich Cu- NI

|-}
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SUNMMARY AND COMCLUSIONS

Sinca 2002 the presant authors raviewed and compiled the available data concaming wilh the
mineral deposils In Yemen. Also, they contninded 1o the mineral polential of Yemen by
discovering néw cccurmences of wranium and celestite deposks,

In fact the nofthwostern and southem pans of Yemen are considered to be the melallogenic
province, where lheir geologic emvironments and lectonlc framework ore reasonable for
minerulization,

O the sinectural point of wiaw in Yeman, (he elatoaship betwean faull system and / or shear
rones reported and minoral potontial provides excellent and inferesting evidences of its
distribullon and occurrences. Bearing in mind the relatlonship between PC faull system and
minaralization in overying sedimantary strala (e. g. Pb - Zn - Ag deposits) of Jabali aréa . In
most cases, vertical movements on PO faults could have provided a struciural tsaps for om
depasition in the cover strata. On the other hand. the Majd faull rone provides some
interesting evidence conceming the relationship between major faull Tineamenis' and
mineralization. This | in good agreement with Moore and Al-Shanti (1079 and Al-Shanti &
Roobal (1878).

The results oblained in the present work give the fallowing concluding rermarks -

1. Most mineratization repoited in Yemean are concentrated along fault systems and / or shear
zona in which are easy channalways for the mineralizing solutions and acted as favorabie Locii
for ore emplacemant . Therefore the distribution of gokd, lead, zinc, copper. tin and radicactive
mineralizations are closely related to the main trends (MW, NE, ENE) of major faulls and
megashaar zones.

2. The minéral polential of Jabali Zn - Ag - Pb deposits with over 3.800.000 tonne geological
resen/e grading 16,11 % Zn, 131.7 g/t Ag and 2.08 % Pb indicating that the understanding of
the paleogeography of the Mesozoic and Cenozoic of the Arablan Peninsula is of impontance
a5 a guide for further exploration such as Mississippi- Valley type Po - Zn deposits (4] Shanti,
1979)

3. The gold potential of the Precambrian basemant especially in Sadah - Al Jowf and Al-Mukalla
aress should be assessed. The distribution of gokd mineralization is controdled by three major
faults and / or shear zones trending ENE, NE and NW. This provides some interesting evidence
of the role of fauling as a faclor in the genesis and Structural control of hydrotharmal
mineralization.

4. The major faull system in common with shear zones do nol represent the main factors in
tha matallogenasis of somé non metalllc ore deposits, such as celestils. recite and black
sands .

5. Reactivation of MW Mald faull system has béen obser/ed n the Red Sea coastal ameas
affected by Tertiary rifl toctonic, leading to the development of such mineralization in Yemen
(2. g. tin-lungsten, NMuorite, rock sall and gypsuam)

§. Tha fiekd of mining for mineral axpleration in Yeémen is still unsatisfaciory in relation 1o the
mineralization showings. This shorifall is atiributed lo a number of factors

@) Lack of research into the field of mining and {he process as of finding minerals.

b} Ot and outdated minng mgulations,

) Shortfall in investment.

d) Shorage of skilled and expenenced persons

) Lack of sufficient Pan-Arab trading

Dhefts J. 5ol 2008, 30, §8-87
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7 Yemen has a vast wealth of important minerals as yel mastly unlouched such as gold,
copper, nicked, zinc, lead in & addition fo industrial minerals such as zeolites, talc, gypsum and

rock sall,

8. Further geological studied on a mineralization in particular gold, uranium, copper, nickel and
iron are strongly recommended by the present authors, where minerakzation showings are well
recognized.

Acknowledgemants

The authors ihank fo D, lymad ALGanad, Chakman of the Geologesl Sunvey & Minerad Resources Board i
Yaman for kindly ghing some opan e raporfs and maps on which much of the abova nferpreation s
based . W wish fo thank Mr. Mohamed Amin Moghalis, Project derecior of Yemani-German Geological

Mapping Mrmmmmwmmmwmwﬁmk i,

REFEREMCES
Al-Ganad, |., Lagny. P.. Leasuyer, J. L., Remboz. C and Toursy, J G (19684} : Jebalka Zn - Fb -
{Ag) carbonate-hasted deposit associated with late rifting in Yemen, Mineral Depesita 28, d44-

Al-Kadasl, M. (19B8) . Gaclegy of G. Saber pranitc mass, Talz area, Yomen Arab Republic |
Unpub. M. Sc. Thesis, Sana’a Univ,, 232 p,

Al-¥hirbash, 5. Sakran, Sh., Takla, M. and Abdulwahed, M 5. (300d) Geology of 1he
Precambrian basamen! complex, Al-Bayds Governorate, Yemen Fac, Sci, Bull, Sana's Univ
131 43-T1 ,

&-Kotbah, A end Al-Ubadi, M. (2001} Principal stress ofisntatien of Yemean faubts In tha
Mesozoic ge. Sena'a Univ., Fee, Sei Bull 14 ; B5-103

Al-Kofbah, A, (1982} : Strustursl studies on the basemeni rocks, Abas ares. Al-Bayda district,
Republic of Yermen, M. Sc. Thesis, Sana'a Univ.. Yeman . 161 p. (umpublishad )

Al-Sshanti, A. M. snd Roobal, M. 5. (1678) : Soma theughts on metallsgenesis and evciution of
the Arabian-Mubian Shisld In : Al-Shanti, A M., [ed) evolution and Minerslization of Arabian
Mubéan Shield Proc. symp. Val. 1, KALU press, Jedcah, 8ol 3 pp. T8-94

Al-Thour, Kh. (1802) : Siratigraphy, Sedimentallon snd dingenssis of the Amran Group (Juressia]
of the Region to the west and porth-west of Sana'a, Yemen Republic. Unpub. Ph. 0. Thass.
Upiv. of Birmingham England, 283 p.

Arsb Conference for Mineral Rescaurces - Sana's (2003), Yernen Obsarver, 22-35 pp.

Ba-Battat, M. A. (1891] : Geclogy, Petrochemistry and tectonics of the Lowdar - Mudiah area,
Abyan Province, Repubdc of Yemaen, Ph. 0. Thesis, Lniv. Lolesier, UK, 241 p. {unpub.)

Baydoun, X, R., As-Sarur, M., El-Nakhal H., Al-Gansd, |, Baraba, R., Nani, A, Akfwah, M,
(1888) : International Lexicon of Steatigraphy Vol Il Asia, Fascicular 10bZ, Republic of
Yemen, (UGS Pub, Mo, 34, 245 P

Beydoun, 2. R. (1B82) - The Gull of Aden and Northwest Arabian Sega . In ; The ccean beains and
matgine, The Indian ccean {ed) A. E. M. Nubisn end F, G. Stehli. Ch. Plancer Pub,, New
Yok, pp. & 1 253 - 313

Capaldl, G., Chisss, 5., Manstti P, Orel, G, snd Pol, O, (1087} | Tertary on chgenia grem,
ronites of the wastern part of the Yemen platfarm . Lithos. 30 433-244

Chissa, 5., Civets, L., Do Fino, M., La Volpr, L. and Orsi, G. {1588) : The Yemen Trap Senes
genasis and evolution ol comcentrated food basalt prevince, J Valeon And Gestherm, Res
35 ;337350

Cheigtmann, P,, Lesauyss, J. and Miche, J. {1933) L overwaw of Yeminco-0RGM woik @ tha
Republic of Yemen, inteinasl report, 38 P

Civetia, L., Levope L. snd Lirer, L. (1078} H-Ar ages cof the Yemen plateau J. Walcon
Geatherm. Res, 4 : 307-314 .

Davison, 1., Al-Kadasi, M., Al-Khirbash, 5§, Al-Subbary, A. Baker, J, Blackey. 5., Basence, 0.
Past, C., Owen, L., Menzice, Ma., McClay, K., Nicholas, G, and Yelland, A {1884) © Gaalogical
svelution of the southern Red Sea Rift Margin, Republic of Yeman, Bull. Geol. Soc. Am. 108 !
14T4-1483

El-Shatoury, M. M. and El-Erysni, M. L. (187T8) - Notes on tha minsral destribution maps of the
Arab Republc of Yemen : In Al-Shanti. A M. 5. e Evolution and minaeralization ef the
Arablan-MNubtan shistd, Institute of Applled Geclogy, KAM, Jeddah, KSA, Bull, 3. p 121-128

Gaber, A M. (1077) : Gasology of the Yemen Arab Hepublic and exploration sctivities feport:
Minaral and Patroleum Autherity Sanaa.

Gameil, A 5, and Helksl, M. T, 5 (2005} . Petregenssis of the Gabal Ramosd Alkeslind ring
complsx, Hooth ares, Republc of Yemen. Detta J, Sci Vel 28 pp. G0-84

Gualogical survey of Yeman [GS5Y) [1504) : Geology and Mmeral Resources of Yemaen, Sana‘a
Tech. Rep. 128 p,

Dieita J. Sci. D004, 30, 8687



ae MINERALIZATION AND STRUCTURE .,

GECMIN [1884) Summary and GConclusions concarning tha gealogical and tachnioal
imvastigations on the polymataliic degposits from Al-Hammorsh Buchsrests &4 p. GEOMIM
FOMINCO.

Gaukans, F.(1868) Geology of the Arablan Penineuls, Yemen US Geal Sury, Pref paper, 580
623 p.

ﬁmm-.fuu_ W, P (18680) : Reconnasissance gealsglc map of the Waa Malhah and Wadl Wassst
Causdrangks, aheat 10 [ 43 O and 18-442, KEA with explorsiory mole  Ministry of Paetrolawm
gnd Minaral Resources, Jaddah 1:1000 000 scale

Groisr, M. J., snd Owerstrest, W. G. (1578) Seologic map of the Yemen Arab Republic 1
£00,000 scala. Miscsllaneous Inveastigations Seniar . Mev 1-143-0. UEGE

Haikal, M, T, & (18687) : Geclogy of the Precambsian rocks ai Hajjah District, Republic of Yemen
Ph. 0. Thesis, Tanta Univ., 523 p.

Huchan, P., Jestin, F., Cantagred. & M, Gauller. & M., Al-Khifbash, & Gafench, A, [1801)
Extanaional deformations in Yemen smoe Oligocens and the Afar friple juscteon Area Tacton
5 141-1683 .

Huckhan, P. and Khanbar, K. {2003) : Rotaten of the ayn-rdt stress feld of the nedthern Gull of
Aden margin, Yeman. Tectonoaphys 5, 364 (1471,

Hunting Seabogy and Geophysice Lid. (1976) : Repon of Minersl reconnsissance of tha Maakir -
Ghabar ares , 80 p. Report 1o Board of Pebrolaum and Menesals [PODRY ).

Lobunate S 5., leakin, M. M., Degtyareyv, V. 5 ot al. (182E) | Report on the integrated geological
1:100,000 scabs survey in tha easisrn part of FORY Maps shests O - 38 - 32 - 34 | &4 - 48 58
- 5B, 88 - 70, B0 - B3, 82 - 8L, 104 . USSR Minkstry of Geclagy, Mascow, 468 p

Malmhodd. K. D, (1982) :Prospecting and saploration for known ore deposits in the Gadah area,
final raport, Sermany, Hanover, Part 1, 61 p. Part I, 148 p.

Menzies, M., Bosence, D, El-Makhal, H,, AlKhithash, 8, snd A:Kpdas, M, A psnd Al-Bubbary, A
{1 BE0) Lithostratipraphic  extension and the opening of Red Gea sadiment - fault
relatisnehip in Yemen Terra Mova 2 | 340-350

Mighel, J, ©. (1888) : Yeman Arab Republic, master plan - BRGK, Rep. B8 Yem. 154-548 p

Mahr, P. (1881) ! Sirusatiere of Yamaeni dykes swarms : Tecloncskes, V. 108, pp. 203-221

Mocra, MCM, and Al-Shanti, A M. (1975) ! Struciure and Mineralization in the MNajd fault sysiem,
Saudi Arpbia . bn o Al-Shapti A M, (ed ) svaluten apd mineralization of Arablan-MNublan Shield
Frocead. Symp. Vol 2, KALU Press Jeddah pp, 1728

Paull, . (1994) : Mession in the NE Yemen project (Marel 1984) © BRGM Rep. B4 ROM 030 p A
32 p,

Roberison Group (1883) Satelllie mapping progremme, final report, topographic maps;
geciogical maps, hydrogeoclogical maps, wvolcanic and earthguake risk maps, mineral and
patrebaumn  potential siudy @ Tech. repedst for Yemenl Jeint project for Matursl Resources,
Ministry of oil and Mineral Resources, Sana'a

Sakran, Sh (1593] © Tha geclogy of the besemant rocks of Al-Sawaedia area, Al-Bayda distriof
Republic of Yeman, Ph. 0. Thesis, Caka Unlv., Egypt, 248 P,

Shallan, M. B. and Haikal, M. T. & (16886) | Distribution of opaque mansdals in the Precambsian
focks al Hajjah district, Yemen Arab Republic. Ann. Geol Surv , Egypt ¥V val | pp. 188-96
Strogexport (1870) : Project of gecioglcal prospection af the Talz Precambrian and adjacent

arann | YOMINCO! STROJ EXPORT, Talz, 30 p.

Strongeaparnt (1868} - Final repart on the inlegrated penlogical mapping of the western part af the
FDRY In the scals 1:100.000 . 518 p. Pargua, Crech

Thiaks, J. [1879) Ropari on the inifial phage of investigation, mie the geology and minaral
resources eacl and northeast of Sadah, 1576-1978, Technical Cocperation Prop No, 73-
23933-1, Garman Gesloglos! Advisory Gp. Bundes ansiull fur Gaowlssanschailen sand Rohst,
Hanover, Bép,

Vasslov, %. W. (1990) . Esploratery note of prediction mineral map of the southern part of the
Hapublic of Yeman on scabs 1: 500,000, V. 1-2, VL 291 p w2 530 p. Repgster af metalse snd
nar-maotallie Minors| deposite and ecewrrences, USSR Ministry of Geology, Moscew

Daka J, 5zl 20085, 30, GR-ET



BLT.S. Hedoal of & &7

baris wlsly ple yolimiwl Gusdl auppecdl 8 wuShlly wlasadl
0%, o nlgall 5t = PP bl dass dexl % J5e pllo g dana

s = U dasls — pglall 415 = Laghoall ans®
crmall = ol Amal = aplal] 4,06 = ALy U0 pale onud®®
QWMM|LHWMMMWJW byl o8 baslel gl oon apl peia
Ca gl (28 AUl g dall Spisanll dguih Bois bt 8 Sine st Aol Jaall s (o8 o) A8y Lpanill
ol ot Basly olasSy ottty wia dlly 1yanells digly uladls oy cliphy cm il clobs axlys
i5Loan anly it Blicssh pig dcadl A yppandl o bagas oSLal ot clalal 2l sorlge) Aalils dasly,e
LM 1k ccpmell 8l Aty Ruapiall it (o8 00l jobiall cismais agusilly sperla) wlasad
Al cdesd Aaie @ gl iy gJ'ibg.l-J\JLl_,.ﬂj o pllilly cayilyplls aladly u-l-hﬂ\l-'h.lﬂn'--._hl
Lm|md.ﬂaélmmjuh|gmd.;ﬂlﬂﬁahdhwh:@_JMﬂ il sl
Sl ol oo L WSl 0y iy B A vl ol iy Bl rillots = Bl it o
At ppil o8 eunls skl s auzaal oaslialy arslienl] Sl o a8 Granil o Bacleh
lpoal dme cilalad] otb a0 ﬁjbhmhwwwumﬁﬁm&wa coiamadll all)
e o ﬁJi-.ﬂ—La.....Jl'ﬂ...-'u.W—W'H,J-la}uﬂf;ﬂd‘dﬂm-i,—‘huﬁuh-ﬂ
L Lrgas s S agluol (o SLAN ga daralpendl lidl Bis co cmall pd yamal) syl plolin
weliasacll Ab shivs goss

Daka 1 Sci. 2004, 30, 4647



