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GEOLOGY OF THE JABAL RIAH AREA,
KINGDOM OF SAUDI ARABIA
by
John D. Wellsl/

ABSTRACT

The Jabal Riah area is in the southern part of the Jibal
al Hamdah quadrangle (lat 19°00'00"- to 19°07'30" N.,
long 43°37'30" to 43°45'00" E.) in the southeastern Precam-
brian Shield, Asir Province, Kingdom of Saudi Arabia. The
Jabal Mahanid group of ancient gold mines, which is part of
the Jabal Ishmas-Wadi Tathlith gold belt, is in the west-
central part of the area. -

Rocks in the Jabal Riah area consist of Precambrian lay-
ered metasedimentary and metavolcanic rocks intruded by Pre-
cambrian igneous rocks. The metamorphic rocks are, from
oldest to youngest, interlayered hornblende and biotite
schist, quartz-biotite schist, hornblende schist, serpentin-
ite, and chlorite schist. The igneous rocks are, from oldest
to youngest, diorite-gabbro including dikes, granodiorite,
monzogranite-granodiorite, leucocratic quartz porphyry, rhyo-
lite, and aplite and pegmatite dikes. A large area of jasper
replaces serpentinite. On the valley floors, recent alluvium
and pediment deposits overlie the bedrock. :

The structure of the area is dominated by a dome centered
over the eastern border of the area; leucocratic quartz por-
phyry forms the core of the dome. Minor folds and faults are
present. ‘ ’

The Jabal Mahanid group of ancient gold mines is on a
northwest-trending vein system, and major ancient mine areas
are found where the system splits or changes direction. The
veins consist of zones of brecciated and crushed rock, which
are generally less than 0.5 m wide but may be as wide as 1 m.
These zones c¢ontain quartz and calcite stringers and commonly
are along hornblende schist-serpentinite contacts; however,
they also cut both units. Most aplite, pegmatite, and quartz
dikes in the area are thin and discontinuous and are intruded
along the vein trend. Similar veins, at the same strati-
graphic interval, have been found beyond the northeastern
part of the map area. The veins contain detectable gold and
silver (median gold, approximately 0.14 ppm; median silver,
approximately 1 ppm). Gold and silver are most abundant in
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calcium-rich rocks and veins; silver was not detected in
igneous rocks. Altered wall-rock zones are mineralized as
much as 10 m away from the veins.

Away from the Jabal Mahanid vein-system, silver was
"detected in the Jjasper. Gold and silver were detected in
minor brecciated and sheared structures and in metasedimen-
tary rocks. Gold was detected in sericitized margins of the
leucocratic quartz porphyry, in unaltered rhyolite, and in
aplite dikes.

The presence of unusual amounts of gold and silver over a
wide area is indicated by the ancient gold mines along veins
at or near the hornblende schist-serpentinite contact in the
map area and to the south in the Hajrah-Hamdah area and by
the widespread evidence of precious metals in igneous rocks
and other vein structures. A domed-shaped area, approximate-
ly 30 km in diameter, is outlined by the hornblende schist-
serpentinite contact and has leucocratic quartz prophyry in
the middle. Additional study of this area might reveal
economic concentrations of gold and silver.

INTRODUCTION

The Jabal Riah area is in the southern part of the Jibal
al Hamdah 7 1/2-minute quadrangle in the southeastern Precam-
brian Arabian Shield, Asir Province, Kingdom of Saudi Arabia.
The quadrangle is between lat 19°00'00" and 19°07'30" N. and
long 43°37'30" and 43°45'00" E. (fig. 1). The nearest perma-
nent settlement is the village of Tathlith, approximately 50
km north of the northern boundary of the quadrangle. Access
to the area is along unimproved desert tracks. The main road
from Tathlith south to Najran extends north-south near the
wvestern border of the Jabal Riah a&rea.

The major drainage in this part of the Arabian Shield is
Wadi Tathlith, an intermittent stream that flows north and is
located west of the quadrangle. Other wadis draining the
region are tributaries of Wadi Tathlith. Major water sources
within the Jabal Riah area (pls. 1,2) include Wadi al Haban-
y¥al along the western boundary, Wadi Atwayah in the south-
eastern part, Wadi Gaba in the northern part, Wadi Amok in
the northwestern part, and Wadis Salup Segel, Salup Cabita,
and Marowa in the central part of the area. The lowest al-
titude in the area is approximately 1,245 m, where Wadi Gaba
leaves the northwestern corner of the area, and the highest
is 1,519 m, at the top of Jabal Riah (pl. 2). The terrain is
characterized by isolated masses of granite standing above
flat pediment plains, subdued, rounded hills of serpentinite,
and steep, rugged hills of layered metamorphic rocks.
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Figure 1.-Index map of western Saudi Arabia showing the location of the Jabal Riah area, in the
Jibal al Hamdah quadrangle.



The eastern half of the Jibal al Hamdah 7 1/2-minute
quadrangle, which includes the Jabal Riah area, was mapped as
part of an investigation of the Jabal Mahanid group of an-
cient gold mines, which include Al Halamiya South and North
(MODS 00624), Jabal ibn Hassun (MODS 00623), and Riah (MODS
" 01430) (pls. 1,2). Mineral 1localities referred to in this
report are recorded in the Mineral Occurrence Documenta-
tion System (MODS) data bank and identified by a unique 5-
digit locality number (MODS xxxxx). Data regarding samples
of geologic material are recorded in the Rock Analysis Stor-
age System (RASS), and each sample is identified by a unique
6-digit number. Samples cited in this report are in the sam-
Ple number series 155300-155396. Inquiries regarding either
system may be made through the office of the Technical
Adviser, Directorate General of Mineral Resources (DGMR),
Jiddah, Saudi Arabia.

An evaluation of serpentinites in the Hamdah &area, some
of which are exposed in the map area, appears in a separate
report (Worl and Elsass, 1981). The map area is included in
1:500,000-scale (Brown and Jackson, 1959) and 1:100,000-scale
(Overstreet, 1978) geologic maps. Directly to the south of
the map area is the Markas quadrangle, which was mapped at a
scale of 1:100,000 (Warden, 1982). The Jabal Riah area was
mapped and sampled to provide a base for future exploration
and to delineate rock types and structures that are spatially
related to.gold metallization in the ancient mine area. The
area was mapped during February and March 1981 using ground
vehicles mostly and 3 days using helicopter transport.

This mapping project is an extension of work done by
R. G. Worl in the Jabal al Hajrah 7 1/2-minute quadrangle in
an adjacent area to the south (Worl, 1981). An effort was
made to use the same map units; therefore, only summary des-
criptions and special features of map units are given in this
report unless the unit was not mapped in the Jabal al Hajrah
quadrangle.

This work was performed in accordance with a work agree-
ment between the U.S. Geological Survey (USGS) and the Saudi
Arabian Ministry of Petroleum and Mineral Resources.

A ]

GEOLOGY

Precambrian rocks in the Jabal Riah area (pl. i) consist
of layered metasedimentary and metavolcanic units intruded by
igneous rocks of several ages.

The oldest layered rocks are in the middle of a major
dome-shaped structure and include interlayered hornblende and
biotite schist, overlain in succession by quartz-biotite-
schist, hornblende schist, and serpentinite containing some



chlorite schist. The oldest igneous rock unit is diorite-

gabbro followed by granodiorite, monzogranite-granodiorite,

leucocratic quartz porphyry, rhyolite, and aplite and pegma-

tite dikes. Recent alluvial and pediment deposits overlie
the bedrock on the valley floors.

Metamorphic rocks

Interlayered hornblende and biotite schist

The oldest rocks in the area are interlayered hornblende
and biotite schist in the east-central part of the map area,
where a section approximately 300 m thick is exposed in the
middle of a structural dome (pl. 1). The schist ranges from
laminated to thin bedded and medium to fine grained; it con-
sists of quartz, feldspar, biotite, and hornblende. The bio-
tite schist is tan and weathers shaley; it consists mostly of
quartz and feldspar and contains from 5 to 25 percent bio-
tite. The variation in biotite content causes the laminations
and represents the original compositional layering. Foliation
is parallel with the compositional layering in both the
biotite and the hornblende schist.

In some areas, hornblende schist 1layers are dark and
range from a few meters to a few tens of meters thick.

Quartz-biotite schist

Quartz-biotite schist overlies the interlayered horn-
blende and biotite schist unit in the dome in the east-
central part of the map area (pl. 1); the unit is approxi-
mately 1,200 m thick. The schist is medium to fine grained,
tan to light gray, and thin bedded to laminated with a folia-
tion parallel to the compositional layering marked mostly by
biotite. The schist is composed ©f predominantly quartz and
feldspar and from 5 to 25 percent biotite.

In the Jabal Riah area this unit contains interbedded and
intergradational lenses as much as 10 m thick of hornblende
schist, phyllitic quartzite, and black marble. Locally gar-
netiferous and pyrite-bearing quartzite layers are present.

Hornblende schist

Hornblende schist overlies the quartz-biotite schist, and
the lower part of the unit outlines the dome-shaped structure
in the east-central part of the map area (pl. 1). The upper
part of the unit is mixed with the overlying serpentinite in
such a way that in places the hornblende schist-serpentinite
contact is discordant to the foliation. The contact may be
interfingering, and small bodies of serpentinite are included
in the hornblende schist. The upper part of the section is
deformed by minor folds. The unit is at least 500 m, and
possibly as much as 1,000 m, thick.



The schist is dark gray to black, medium to fine grained,
and massive to thin bedded to laminated and contains layers
of plagioclase and quartz from 1 to 3 cm thick. Foliation is
parallel with the compositional layering. The unit includes
sections as thick as 30 m where biotite is dominant; layers
“of quartz-epidote-calcite-garnet intrude the hornblende
schist as sills. Many of these sills are sheared and foli-
ated parallel with foliation in the schist and cannot always
be distinguished from the massive hornblende schist layers.

Carbonaceous schist was mapped separately by Worl (1981),
but in this area the layers are too thin and discontinuous to
be mapped as a separate unit. The carbonaceous schist is
laminated, black, and soft and weathers light silvery gray.

Serpentinite

Serpentinite is the youngest metamorphic rock in the area
(pl. 1), it is intimately mixed with the upper part of the
hornblende schist unit and has probably been tectonically in-
jected into the section at its present location. The serpen-
tinite is massive, with no foliation or other internal struc-
ture to provide evidence of its movement. It cuts, interfin-
gers with, and parallels layering in the hormblende schist,
and small bodies of hornblende schist are included in the
serpentinite. The serpentinite has been intruded by numer-
ous, large aplite and pegmatite dikes and some diorite.

The serpentinite crops out as rounded hills, on which the
rocks weather reddish-brown and have a rubbly surface result-
ing from the weathering of angular joint blocks from 2 to
5 cm in diameter. Both reddish-brown and greenish-gray
serpentinite, which have resulted from the alteration of
primary olivine and pyroxene, respectlvely, are present (Worl
and Elsass, 1981).

Most of the serpentinite appears amorphous under the hand
lens, although chlorite, a fibrous mineral, talc (?), and
tremolite-actinolite can be distinguished. Locally large,
radiating aggregates of tremolite and actinolite are present.
A detailed description of the mineralogy of the serpentinite
is included in a report by Worl and Elsass (1981).

Along many contacts with aplite and pegmatite dikes, hy-
drothermal alteration has produced a carbonate-rich, reddish-
brown, friable rock. Locally the serpentinite is silicified.

Chlorite schist
Chlorite schist in serpentinite crops out in a small area

in the northeastern part of the map area (pl. 1). It is dark
green to black and in some places contains augen of chlorite



crystals; in other areas it contains large hornblende crys-

tals. The unit also contains some fine-grained quartzite and

hornblende schist. Chloritized zones as wide as 1 m extend

along fractures in the serpentinite for a distance of 1 km
southwest of the chlorite zone.

Thin, altered diorite dikes, which are too small to map,
intrude the serpentinite. The heat and fluids associated
with the dike intrusion probably altered the serpentinite to
chlorite schist.

Intrusive rocks

Six types of intrusive rocks cut the metamorphic rocks in
the Jabal Riah area (pl. 1). They are, in order of decreas-
ing age: diorite-gabbro, including dikes; granodiorite;
monzogranite-granodiorite; leucocratic quartz porphyry; rhyo-
lite; and aplite and pegmatite dikes. -

Diorite-gabbro

The diorite-gabbro is part of a larger intrusive unit
that extends south into the Jabal al Hajrah quadrangle (Worl,
1981) and is in the northern part of the Jabal Riah area (pl.
1). Large bodies of diorite-gabbro intrude the serpentinite
and upper hornblende schist units, and dikes of diorite-
gabbro intrude all metamorphic rock units but are most com-
monly found in the hornblende schist and upper part of the
quartz-biotite schist; in this area most of the dikes are
dioritic.

The diorite-gabbro is massive and medium to fine grained,
weathers brown, and has a "salt-and-pepper" appearance caused
by 1light- and dark-colored minerals. The 1light-colored
minerals are quartz and plagioclase, and the dark minerals
are hornblende and some biotite.

Dikes consist of diorite and gabbro and their fine-
grained equivalents; the narrow dikes and the margins of
wider dikes are fine grained. In some areas the diorite-
gabbro unit has intruded the lower part of the hornblende
schist unit and the upper part of the quartz-biotite schist
unit in such abundance that possibly as much as 25 percent of
the mass is diorite. The dikes are too narrow and intricate
to map at 1:25,000 scale. Many of the dikes, particularly
those in sill form, are foliated parallel to the bedding.
Some of the dikes may be relatively young; in the eastern
part of the area, a dike cuts leucocratic quartz porphyry,
which is one of the youngest rock units in the area.



Granodiorite

The granodiorite is in the northwestern part of the area
(pl. 1), where it crops out as rounded hills. It is part of
a large pluton that extends northwest and southeast. It in-
“trudes the diorite-gabbro and metamorphic rocks and is in
turn intruded by aplite and pegmatite dikes. Small, fine-
grained diorite bodies less than a few meters in diameter are
included in the rock. The granodiorite is well foliated in
most places, with the foliation paralleling that of the
enclosing metamorphic rocks.

The granodiorite is medium to coarse grained and contains
quartz and feldspar crystals and glomeroporphyroblasts
aligned with the foliation. The dark minerals consist of
clusters of biotite with some hornblende. The granodiorite
is gray and weathers reddish brown.

.

Monzogranite-granodiorite

The monzogranite-granodiorite unit is a large pluton in
the north-central part of the area (pl. 1), where it forms
Jabal Riah, and as smaller plutons in the southern part of
the area, which continue into the area mapped by Worl (1981).
The rock is gray and weathers pink. In the southern part of
the mapped area it intrudes diorite-gabbro and hornblende
schist, but at Jabal Riah the country rock is mostly serpen-
tinite and some hornblende schist. The monzogranite-
granodiorite 1is generally not foliated, although a weak
alignment of minerals is suggested. Intrusion of the unit at
Jabal Riah has had 1little effect on the country rock. The
serpentinite is bleached for a distance of from 2 to 4 m away
from the contact, with no visible effect beyond that zone.

The rock is medium to  coarse’ grained and contains pink
potassium feldspar phenocrysts as long as 1 cm. In places an
aplite phase is near the margin of the unit. The groundmass
of the rock consists of quartz, plagioclase, potassium feld-
spar, and biotite; hornblende is found in the southern part
of the unit. Outcrops in the southern part of the unit con-
tain more mafic minerals than those at Jabal Riah.

Leucocratic quartz porphyry

The leucocratic quartz porphyry crops out as a rounded
pluton in the eastern part of the area (pl. 1), where it
occupies the core of a major dome-shaped structure. In the
central part of the pluton quartz and pegmatite dikes are
prominent.

The rock is pink and medium to fine grained and contains
conspicuous rounded quartz and inconspicuous euhedral feld-
spar phenocrysts from 1 to 2 mm in diameter. A small amount



of biotite and lesser amounts of secondary muscovite are
present. The unit weathers red-brown. A zone of fine-
grained, sugary-textured rock, containing pink garnets as
much as '1 cm in diameter and clots of muscovite, is affected
by sericitic alteration. A sample taken from the border zone
“contained 3.04 pm gold.

Rhyolite

Two small plugs of altered quartz porphyry rhyolite in-
trude hornblende schist in the central part of the area (pl.
1). Most of the rhyolite is stained reddish brown by iron
oxide but part is bleached by sericitic alteration and part
is silicified by gray quartz containing fine-grained pyrite.
Closely spaced veinlets of quartz and biotite, 1 mm wide, are
in much of the rock. Samples of altered rhyolite, one from
each of the plugs, contained 0.10 and 0.12 ppm gold.

The original rock was probably a fine-grained, sugary-
textured rhyolite containing rounded quartz phenocrysts 1 mm
in diameter and a small amount of biotite. This rock unit
may be related to the leucocratic quartz porphyry.

Aplite and pegmatite dikes

Aplite and pegmatite dikes are very common in the map
area and cut all Precambrian rock units. Many more dikes are
in the area than could be mapped at 1:25,000 scale; they
range in width from several centimeters to several tens of
meters. They trend in all directions and dip both flatly and
steeply. Aplite is more common than pegmatite.

The aplite has a sugary texture, and consists of quartz,
feldspar, and biotite; in places the texture coarsens to a
granitic texture. The pegmatite typically consists of
quartz, feldspar, and biotite; some dikes are composed mostly
of quartz, and some dikes contain graphic granite. Many
dikes are composed of masses of aplite, pegmatite, and
quartz. Most dikes are structureless, but some are foliated
parallel to the regional trend.

The genetic relationship of these dikes with one or more
of the granitic intrusive units is not Kknown. Some dikes
seem to be structurally related to the monzogranite-
granodiorite in the Jabal Riah area, and some dikes seem to
be spatially related to the leucocratic quartz porphyry. One
aplite dike sample contained 2.84 ppm gold; this suggests
that some of the dikes were the source of mineralizing
fluids. Future work should include detailed mapping and
sampling of the dikes to distinguish the types and their
economic-mineral content.



Jasper

An irregularly shaped body of jasper, about 0.25 km2 in
area, caps a hill in the west-central part of the area (pl.
1). The jasper is flat lying and underlain by serpentinite;
" it appears to have downward dikelike projections that possi-
bly represent feeders. The jasper is light brown, reddish
brown, ocherous, and dark red and was formed by replacement
of the serpentinite. The contact grades from fresh to
altered brown serpentinite containing a few jasper stringers,
to a boxwork of stringers, to nearly solid jasper, to wholly
jasper. The jasper is banded and veined and is cut by vuggy
fractures partly filled with quartz crystals. Two jasper
samples contained 1.4 and 1.5 ppm silver.

Unconsolidated sedimentary deposits

Pediment deposits -

Broad, flat areas adjacent to wadis and at an elevation
of from 3 to 10 m above the valley floor are covered with a
veneer of boulders and gravel coated with desert varnish. The
boulders are as much as 0.6 m in diameter. Most boulders and
gravel are angular.

Alluvial deposits

The floors of the intermittent streams in. the area are
covered with alluvial material ranging from silt to gravel in
size. The material in the present stream channels is uncon-
solidated, and the banks of the channels are weakly cemented
with caliche. Some black, humic layers are present.

STRUCTURAL GROLOGY

The major structural element in the region is the Jabal
Ishmas-Wadi Tathlith fault zone (Worl, 1979), a complex ser-
ies of north-trending faults that extends 350 km. The Jabal
Riah area is about 25 km east of the south-central part of
the zone.

The most prominent structural feature in the map area is
the dome centered on Jabal La Aval on the eastern boundary of
the area. Dips of the bedding away from the middle of the
dome range from 20° to 60°. The dome is not circular but has
segments with relatively uniform strikes separated by sharp
anticlines. ' The anticlines plunge away from the central area
in northerly, westerly, and southwesterly directions (pl. 1).
Along the north-trending anticline, a small thrust fault
probably resulted from local compressional forces within the
anticline. In the southwestern part of the area, minor anti-
clines and synclines plunging mostly northeast fold the horn-
blende schist and serpentinite.

10



A dome similar to the one at Jabal La Aval was mapped by
Worl (1981) in the northwestern part of the Jabal al Hajrah
quadrangle. In that dome the same types of layered rocks are
exposed but not deeply, and, although a core of igneous rocks

may be present at depth, it was not mapped.

In the northwestern part of the map area, foliation and
bedding generally strike northwest and dip southeast toward
the dome, forming a northwest-trending synclinal area occu-
pied by the igneous body and serpentinite at Jabal Riah.

Minor structural features, drag folds, mineral streaking,
and mineral rodding are found in the area but are not very
common. The attitudes of the fold axes and mineral linea-
tions were determined at 12 locations (pl. 1). At eight of
the locations the plunge is east-northeast or west-southwest;
at the remaining four the plunge is northwest. These atti-
tudes do not correspond to any of the structures related to
the doming event but may be related to an earlier defor-
mation.

Only minor faulting was recognized in the area. It is
mostly associated with the gold veins, with the exception of
one fault in the eastern part of the area. The faults con-
sist of breccia and gouge zones generally less than a meter
wide, having displacements that are undetermined but
apparently small.

GEOCHEMISTRY

Geochemical samples were collected from areas of known
mineralization, as shown by ancient gold-mine workings, and
from other mineralized areas found while mapping. Ninety-
seven samples were collected. Sixty-seven samples are from
wall rocks and veins marked by ancient workings both along
the western side of the mapped area and just outside the
northeastern corner of the area. The remaining 30 samples
were collected from fracture zones and altered areas. The
gold and silver contents are listed in table 1. The sample
locations are shown on plate 2. Table 2 lists maximum, med-
jan, and mindimum gold and silver contents for -various mater-
ial types.

The gold and silver contents were determined using atomic
absorption in the DGMR/USGS geochemical laboratory in Jiddah.
The values of 34 other elements were determined using semi-
quantitative spectrographic analysis; most of these values
are low and are not considered to be significant to this
study. Any significant values are reported individually.

Ig 1976, R. G. Worl mapped three mines along the Jabal
Mahanid vein system using plane-table methods: Al Hlamiya

11



v

puai1l uysa Buore 9rTurjusdiss pois3ITe pPIUTEIS-IPIXO UOIT ds 1°1 o1° <X
12€ wwﬁm aTdwes je BuyuyeA 23 FO[EO pa3dI[3g AD 0°'8 rA A UIXS
/7€ ofdumes uyaA 3JO 3Is°m W ¢ .wuwc«umwaumm PERCRE g ds 6°0 c0°* 1 €€¢
l[7¢ or1dwues uysa Jo 3som W 7 ‘sjrurjuadaas paIsivy ds Z°1 Go0°* 1 Z€€
[2€ 91dues uysa 3o 3som W | ‘s3Tuijuadiss paaelTy ds €°1 AN 1€€
:
(7€ ofdwes uiaa Jo 3Isesa w ([ ‘°937Turjuadiss paisITy ds 1°2 90" 0€eE
/2€ 91dues uy2a JOo 3sea w 7 ‘ajyurjuadass poaallTy ds G* 1 h1° 62€
[2€ 91dwes uyoa jo 3ses w | ‘@3yurjuadias paallTy ds G YA 8Z¢€
apTm WO g1 f@3TFurjusadass paleydooaaq ur sSUITTITI 2aInIoeAJ IIFOTED JO UL\ AD 71 o1° [Z€
93Ts asoeld juaoue
Je (gzg 27dwes) a3Turjuadads paadl[® ‘pPIaUTEIS SPIXO0-UOAT U SUTI[ zZIAEN) ab 0°¢ 90° 9Z¢
?37utjuadaas uy a9derd jusydoue Juaredde woiay dunp 23sem Tieug ds 0°1 Z1° GZ¢E
eaze 30adsoad jusyoue e 33turjuadids PalaITe ‘pauTeIS-IPIXO0 UOAY ds L* .mo.og YA
2315 sufm pyod juaidue .
e @3t1utjuadass uy o93FTde paasjTe Suole uiaa zjaenb pourels-spixo uoay ab 01 %Z°¢ £Z¢
SOUTW JUITOUB JO PUII] VLA PTUBYRN TEqe[ WOy satdueg
uotadraosaq + adf) I9ATIS PIOY  x2qumnu
unuwmﬂuwwwz ardueg
[96£6ST

-00€GST SOTa9s Jaqunu 3yl uyl saaqunu aTdwes ggyy YWOA SIe sasqunu ofdweg <*a9y3lo - 3o faadsel - ef
9001 snoauBt - 81 f31sTYOS spuaTquaioy pue IITuTIuadias UILMIDG I2BJUCD - UYSD {ISTYDS Spudlquioy - sy
¢a37urjuadias - ds fuisa zixenb- ab fuiaa 23107ed - A2 :sad£3 TeTA9IBK °uUOTIDB3I8p JOo ITWF] uaAald ayl
MOT®q InQ pa3d933p = 7T SUOFIDSIBP 3JO ITWIT UdAI8 v Paida3sp jou = N fuorTTIw 1ad sjied uy s3ynsay]

DouD YUY 1DQDL 2Y3 Ul p2g097700 827dwps [0 Su013d408IP PUD 8JUBFUOD L2118 PUD D1OH--°T1 OTQEL



M TP

2377de moT9q 3Td WOIJ P9IIOSTTOD ‘SID[UTDA 9ITOTED YITIM ISTYDS IPUITqUIOH sy G o1° gH ¢
¢

9371de MOT3q 3Td UT ISTYDS DpuUSTqUIOH sy L ot* LYE

37d ut 3ISTYDS SpudTquIOy sy S° N w1° 9%¢

. @3138W8ad UT 314 37 S* N or* She

@3138wW3ad Ut 114 31 G°ON 8€°0 vye

9dols woiy umop W ; ‘DA0Qe SB UTIA JWeg ab 1°1 0Z°11 €€
A 2do3s woxay umop w 4 {IPTM WO

f9)1p 9311Tde moToq 3ISTYDS BpPUITQUIOY PIUTBIS—-IPIXO UOIT UT SISTUT2A z3aend ab 0°1 09° rA LY
30B1UO0D 1ISTYDS

9pusTquioy-d3Turluadas. SuoTe ‘SpImM WO ¢ ‘DU0Z BIDD9Iq PIUTRIS-IPIXO UOIT yso g 01°2 1%€
: 1STYOS

apusTquioy aedu ‘gee £q pordues UISA JO Ised W g ‘I3Turjuadias pailITY ds 9°1 961 ove

9cg £q soaydues ujysA Jo 3sed W ¢°*7 ‘Burulsa zjaenb ylTM 3ISIYOs spuafquioy sy 0°1¢ o1° 6€€

9¢¢ £q peoydwmes uisA wWoay W 7 ‘93Turjuadass paasITy ds 0°1 o1° 8€¢

‘gg¢ 97dwes woay w @*°¢ ‘ggg 9Tdwes se uUIsA Bwes yso g° v1° LEE
J0BJUO0D ISTYDS 9pusd[quUIoy-—

~237uT3uaddass JuoTe ‘9pIM WO ¢ ‘UISA PalBIOIDAQ ‘pPOUTEBIS-IPIXO uUOIY ysd S0 rA & 9€¢

(ponuIjuod). SSUFW JUSTIUBR JO puall uUysA prueyefy Teqer woiy soydumeg
uotadyaosasqg adf3 A9ATIS PT09  19qunu
TeTI93ER a1dwmeg

pPaNUTIU0D-DBUD YDIY 1PQUL 2Y3 UL po3oa]100 sa27dups [fo suol3dido8sp puv 83UDIUOD L2a71E DUD P1OH--°'1 °Tqel

I e



ISTYDS 9pualquiIoy U ‘9PFM W G°(Q) ‘UTIdA PII3I[E-33ITIO[ISg sy ST $g* 79¢
¢

9)41p 9311de Juole ‘sSpIM WO (] ‘@3TI0Tp uy adeayag sy 6° H1° 19¢
37d uy 9317de uy ‘SpIm WO | ‘3I|TUTDA zZJaEn) ab g* b1 09¢
» 3Td WO13 IYIP SITAOTP PIUTEIS-3PIXO UOI] sy S* 1 90° 6S¢
37d Woxj 3ISTYOS DPUITqUIOY PIUFEIS-IPIXO UOIT sy S* 1 8" mmw
uIdA z3iend Ab S* 1 80°1 LSE
dunp moay pa3oa]Too
¢93107ED paulelIS-3PIXO uoiy jyo A13souw Suyjysysuod [eIa23ew ueSSO8 pajloaTlg AD L°1 08°01 96¢
TP @371de vmﬂﬁmuWImvﬁxm uoJay 31 S "ON 82°0 GGt
TP @37Tde wWoay w ¢*z ‘®3Fufjuadisas poiodI[e ‘pPOUTRIS-OPTXO UOI] ds 0°1 hE“*1 G¢
IP @37[de woiy w ¢*Q ‘ISTYDS SPUITqUIOY Ysdly sy 1 c1°1 1333
32B3U0D mxav 93]1de Buole pPa3d’[T0D ‘ISTYDS SpuUITqUIOY PIIVITY sy 0°Yy 86°C ZS¢€
94TP @37rde moya2q w | ‘@3Jurjuadias paialTy ds 1°1 90° 15¢
TP @3f1de
Y3TM 3OBJUOD WOIJOq WOIJ ISTYDS Ipusfquaoy 2FITAOTPp ‘poaaife LT1Iy3IIs sy 0°¢ S0°* 1 0S¢
23%IPp 2317de Jo 3Id0B3JUOD I8MOT 3B d3Tuljuadiss paially ds S° N YA A 6%€

(PeNuUTIuUOd) SBUTW JUITOUB JO pusIl UTSA PpIueye} [eqel wWoay soaydueg

uotidyaosag ad 43 ABATIS P109 isqunu
IeTI8l1el s1dueg

= i = ey = T T W ER_ ST

RN At A KA R ER TR ERE ® T P N T TR f T N Y e T e Y E TR TR T R T S St s o e R e S T

PatiuTINOD-DBUD YDIY 10qDP Y3 Ul pajoaloo seiduvs fo suo13didocop DUD S3URIUOD £20]28 PUD PIOD--'1 °1qeL

14



39B3jU0D 33Furluadias-3sTyds

apuarquioy BuoTe 9yIp 23I7de Jo sui8ieuw woij 28eAT9S PAUTRIS-IPIXO UOA] yso S0 S°01 11€
ITEM 37d WOaJ 3ISTYOS DpusTquUIOY pPaufelIs IPpIXO ¢uoaY LATIYSITg sy 9° rANM 9/€
puail uraa 8uoTte muﬁcﬂwﬁwaumm pai133le ‘snoiod ‘paujels-apIXo UOIT ‘pay ds rANA G 11 SlE
"TITem 31d SuoTe 3ISTYOS 2pusaTquUIOYy PIAIITE ‘pPIUTEIS-IPIXO UOIAT ‘paaeayg sy L* %8° YLE
9Ip 92317de pue 3IdOe3IUOD umﬂsmm apusTquioy-a3Furjuadass 3uoTe uysa Neap yso 0°1 26" €L€
muﬁcﬁuuwauum PoUT2A-93IOTED ‘pPOUTEIS-IPIXO UOIY ds 8" of * Z1€
9UOZ UTdA UT 9pIM W T “jaomxoq ziienb yatm aIp 231Tdy 3t St 1 (4 ﬁmm

°pIm w 7
3U0Z UT9A U ONIP 231Tde ae2u ‘a37uliuadiss £8nol ‘pautels-apIX0 uoIl ds 9°'1 08" 0LE
wa31S£S UI3A JO 1SEd W (G ‘SIATUFAA ‘uorleasai[e yirm o3fjuriuadiag ds £°1 S0° 1 69¢
93Tur3juadasas vwcwmumnmcmxo uoay nm 1°1 . 08° 89¢
9TIP @3TAOFP UT UFSA 93FOFI9S PaufelIs-apixo uoag sy S°01 01°0 L9¢€
1STYDS SpuULTqUIOY POUTIA-2ITOTED .vwcwmumlmvwxo uoag sy G* 81"’ 99¢
UI2A 937DOTED POUIBIS-IPIXO UOI] AD 9°1 A G9¢
utaa Suole 93Furjuadiss pauTBIS-IPIXO UOIY ds g8° AN »9¢
ISTYDS IpuUITqUIOY PIUTEBIS—IPFXO UOAT UT SIBTUTDA UeSS08 23110TE)H AD 0t 81° £9¢

(PePNUTIUOD) SIUTW JUIFOUEB JO puaIl UISA PTueyey Jeqer wWolij sardueg

uoradradse( ad£3 I9ATIS PI©D  asqunu
1BII923ER a1dweg

- e - e mmoe L X e

T R T T a T T T e T T T TN Tw W ma———y

PONUTIUOY-D2UD YDIY 1VGDL 2Y3 Ul pagoas]10o 827duws fo suo19dido8sp pur 83UIFUOD 42128 PUD P1OH-—-°1 Qe

158



ISTYd>s apuaTquIoy OTITIOIP Uf ‘SPIM WO ¢ 03 | ‘sursa ziaenb £83np Ab gt 0" 1 10¢€
9PIM W G°] ‘uroa fuessold zjaend Ab S | G0° 1 00¢

puaij prueyel [eqEL WOl1J Aeme Pajda[To> saydueg

30B3U0D 33TUTIVAdISS ILdU ISTYSS DPUITGUIOY PIUTBIS-IPTXO uoay sy 0°'1 91 68€

umﬁbuw 2pusIquaIoy UF UTPA P3UTBIS-IPIXO uUOaIy « 8y [ S | SO0 1 98¢

TeTi93eW UTAA-zIIENY Ab G *ON S0°01 L8€

93Jurjuadaas paialTe .vmwﬂmumlmvﬂxo uoag ds v°1 8T owm

93TuT3uadias UT UTSA IOUTW PIUTEIS-IPFXO UOIT ds ¢°1 S0° 1 G8¢

@3Turjuadias uy ufea e Suole @3Turiuadias uyl si’aFulas IIFOIE) 0 AD €1 81" %8¢

uysA apim-u-G°g ® Suoyle @3jurjuadias uy siasduftials MWﬂuﬁmu ad S 1 81" £8¢
9ITUTIUSdI3S PIUTEIS~IPIXO UVOI] ds [ | 90° 8¢

1STYos puarquaoy vﬁm,wu.wcﬂuﬂghvm u99Mmleq 3JOeJU0D vmcﬂmuwlwﬂv.wuno uoay yso vl 89° 18¢
3ISTYOs apuaTquaoy pue GUHd.ﬁuﬂxhwm uadMJaq JO0BJUOD pa2uleIS-aPpIXO uoay yso ¢t 1 06° me

so)TIpP 2377de uryl
QwWwos £3STYds IpuldTquIoy pue dIFuTIU3diIdS USIMIBQ IDBJUOD PAUTEIS-IPTX0 uoay yso G 1 Y 6L€

$I9TUTPA 93TI0TYD Aq INd ‘°pYm W G0 ‘OATP 93ITTdV 371 G* ¢ 1 ' 8l€

(ponuTjuod) SaujW JUSTOUER JO PUIIJ UTSA PTuUBYE Teqer woliy sayjdumeg

uot3dIadsaq ad£3 I9ATES PI® i2qunu
Te1aaiey ardmeg

e o I T e T T T e wraT s e e TESSE R RS T S L 2L L A e LS

PONUTIUCD-DBUD YDLY [UGDPL dY4 Ul p840877090 827duws fo 8u013dido89p pup 83UaIU0D 481118 DUD DIOH~-*1 Tqe]



.

G1¢ o1dues ur8aew ¢aaoqe Kifydiod z3aenb DF3eIDO0ONAT JO 193Ud) 31 G 1 G0° 1 91¢
¢

awop JO 193udd ' KiLydiod zjaenb O73eI000NAT Jo uySaey 271 G* 1 $0°¢ SI¢
1adser el G°1 Go° 1 71¢

“ aadser el S° N G0° 1 £1e

. xadser el G 1 ¢0° 1 21¢
1adser el %1 €0° 1 11¢

8n1d 837704y pazI3IFOTIas ‘paursA ‘paidlTy 31 GS° N €0° 1 o1e

8n7d 8371704Aya uy 237aAd pojeutwWasSIp Yaim zjienb Leio 37 S* N o1 60¢

uTels 9pIX0 uoaT pue 21TaAd yitm Snid o13TTOAYY 31 S° N SO0° 1 80¢

3nyd paasate uy sisfadouayd z31enb YIrmn MWﬂHoxcx 3t G *ON rd L0€

33TOTEO POUTERIS-IPIXO UOIT JO 13Leq] AD 8°1 S0°01 90¢

33730TY> pue 23714d YITm 2IBDTTS SUIT UT I9KeT POTITOTTIS 30 1 S0° 1 SO¢
ISTYDS 33ITI0TQ UT ‘Suruyrels SPIXO UOAT YITM ‘saaBuyiys ziiend ADb S* N G0°* 1 $0¢€
BuTuIElS SPIXO UOIT YITM SUTIA ziaen) ab G* N S0°* 1 £0¢€

uraAa zjaenb £83np ab S S S0° 1 (4013

(paonutjuod) pusxl prueyel TeBqE[ WOl AemME DPIIBITT0O soydueg

uotr3diaosaqg 2d 43 I9ATTS P1©9 aaqunu
1eTI93EW . ardueg

" e - = T T T T T T I T N A T T AT T T T E T T T e s aE e S e e P A

PaNUTIU0N-D2UD YDIY 1DQDP 843 UL paqgoa]loo salduvs fo 8u013dl408sp pub 93Us3U0D 450118 PUD PloH--°*1 °TqeL

17



1adsel jo sayorided yiim

IsTYos 9pusiquaoy 2f3Tydead ‘pasurels-opIxXo uoig sy 0°z G0°* 1 96€
S19TUT2A 9310TeD
Yyaim @3furiuadiass paureis-opixo uoiy ‘pejeyoosag - ds 8°1 S0°0'1 S6€
937uT3Iuadias sInd Yorym .
‘anoqe pardumes 93)7p 931f1de Suole aSeayes DI3TO}i9g ds G* 1 G0° 1 76t
SI9TYTOA 2ITIOTYD YiTm 3FP 33rTde ydra-zijaend 31 S° N S0°* 1 £6¢
a3TuTIUadaas uyr ‘optM w ¢ ‘13Ke] PITITOITIS Ab L°T S0° 1 z6¢€
2U0Z JINEJ SPTIA-T-G*( -
e Suoye 93T0T19S 03 paid3ye 237urjuadiag ds G°? S0°* 1 16€
aouanbos
91BOITIS SWI[ uy a9Lef 931fzixenb Bujieagq-a3Tidg 10 c* 11 S0° 1 06€
IBOTY ueBSSOY Ab 8°1 4% (443
ISTYDs 231F301q-z31enb opayoTaes ‘payoearq ‘peaelTy 30" G* 1 90" 12¢€
937uT3uadaas uy s39TUIA zjaienb jo yaomxog ds rA | 90°* 0z¢

L1€ 3e pajdues

a1p 2317de pue 2371uyjuadias usamiaq adeayag ds G° N G0* 1 61¢

L1€ e pordues
9)Tp 2311de puE JISTYDS SpuUITqUIOY uIaMI3q 3FeA[dg sy 9°0 01°0 81¢
1P 931TTdy 31 S* N %8°¢C L1€

(ponuTjuod) pusaij prueYeK TeqElf WOXJ ABMEB DP231D3TT0o saydueg

uoT3dTaosaq ad43 IBATIS P10 Jaqunu
TR 1338l a7dmeg

TR T T TR TR T T T T == = el e o

F sl R EE L N T TR AR R R RS TR T WA F T T - - - =

PONUTIUCY-DIUD YDLY DGO Y3 Ul Pa3oa]100 8o7duws fo su013d14089p PUD SFUZIUOD £2A]18 DUD P1OH--*1 OTqEL

19~



Table 2.--Mazimum, mediat, and minimum gold and silver contents of
various material types collected in the Jabal Riah area
[Results in parts per million and based on data in table 1.
N = not detected at given limit of detection; L = detected
but below the given limit of detection]

Percent of

Material Minimum Median Maximum samples with Number
type contents greater of
than limit samples -

of detection

Gold

Calcite veins L0.05 0.18 : 10.8 99 8
Quartz veins L .05 .10 3.04 62 13
Serpentinite L .05 .06 1.56 68 - 28
Hornblende

schist L .05 .14 2.98 34 19
Serpentinite-

hornblende

schist contact L .05 .68 2.10 88 8
Igneous rpcks L .05 .10 3.04 62 13

Silver

Calcite veins 1.2 1.7 8.0 100 8
Quartz veins N .5 L .5 3.0 43 14
Serpentinite N .5 1.1 2.5 86 28
Hornblende

schist N .5 .6 21.0 68 19
Serpentinite-

hornblende

schist contact L .5 .8 - 1.4 75 8
Igneous rocks N .5 N .5 1L0.5 0 13
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South, Jabal ibn Hassun, and Riah (pl. 2). Dump and vein
materials were sampled and analyzed (Worl, 1979, figs. 10-
12). The gold contents of the samples collected by Worl are
similar to those obtained in this study.

The data summarized in tables 1 and 2 indicate that gold
is present in all material types and silver is present in all
material types except igneous rocks. Also, a greater portion
of the samples are mineralized along the vein trend than away
from the trend. All calcite veins and all samples having a
high calcium content contained silver. Of the 26 samples
that contained more than 10 percent calcium, only 8 percent
had 1less than measurable quantities of silver, whereas
58 percent of the 24 samples with 1.0 percent or less calcium
contained less than measurable quantities of silver. Samples
high in calcium had a median silver content of 1.5 ppm and a
maximum silver content of 21.0 ppm, but those low in calcium
had a median silver content of less than 0.5 ppm and a maxi-
mum silver content of 2.7 ppm. It is clear that silver and
calcium (calcite) are correlative.

The same groups of samples containing high and low cal-
cium contents are compared with their gold contents. In the
high-calcium and low-calcium samples, 27 percent and 40 per-
cent, respectively, contained less than determinable
quantities of gold, with median gold contents of 0.18 ppm and
0.10 ppm and maximum gold contents of 10.56 ppm and 3.24 ppm.
Thus, gold is also correlative with calcium (calcite).

Table 2 shows that the gold contents in the hornblende
schist and along the contact with serpentinite are somewhat
higher than in the serpentinite. The silver contents in
these materials show no significant differences, although a
sample of hornblende schlst with quartz veining contained
21 ppm silver. ‘

A group of four samples (table 1, samples 323-326) were
collected from ancient workings just outside the northeastern
corner of the map area. These workings are in approximately
the same stratigraphic interval as the main Jabal Mahanid
trend, and the gold and silver contents are similar.

Samples from three locations are of particular interest
because of their implication as to the distribution and ori-
gin of gold mineralization in the region. Sample 315 (table
1) is from the sericitic, aplitic margin of the leucocratic
quartz porphyry that occupies the middle of the Jabal La Aval
dome, and sample 317 (table 1) is from an aplite dike. These
samples contained 3.04 ppm and 2.84 ppm gold, respectively.
Samples 307 and 309, collected from the two altered rhyolite
plugs, contained 0.12 ppm and 0.10 ppm gold, respectively
(table 1). None of these samples contained measurable
amounts of silver.
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These gold and silver contents suggest that aplitic and
rhyolitic igneous rocks, which intruded and domed the area at
a relatively late geologic time, are the possible source of
known mineralization and that major gold deposits may exist.

Samples 311 and 312, collected from the jasper body, con-
tained 1.4 and 1.5 ppm silver, respectively (table 1). This
silver represents the movement and deposition of silica by
mineralized solutions. No gold was deposited.

ECONOMIC GEOLOGY

The Jabal Mahanid group of ancient gold mines is in the
west-central part of the map area and is shown on the enlarg-
ed inset (pls. 1, 2). These include Al Hlamiya South, Jabal
ibn Hassun, Riah, Al Hlamiya North, and smaller, unnamed
workings. The workings from which native gold was-extracted
consist of pits, trenches, inclined shafts, and vertical
shafts. The pits and trenches are from 1 to 3 m wide, as
long as 100 m, and as deep as 2 m. The shafts range from 2
to 15 m in depth. Three of these ancient mines, Al Hlamiya
South, Jabal ibn Hassun, and Riah, have been mapped in detail
by plane-table methods (Worl, 1979).

Mapping done during the present study shows that the
-ancient workings at Jabal Mahanid are along a single quartz-
carbonate vein system in a stratigraphic position at or near
the serpentinite-hornblende schist contact (pl. 1). Although
the vein system is not continuous, ancient workings beyond
the northeastern corner of the mapped area (pl. 1) are in the
same stratigraphic interval. Thin aplite, pegmatite, and
quartz pegmatite dikes are commonly but not continuously
present along the vein system; the dikes are too small to map
except at detailed scales. The ‘ancient workings have been
described in a regional context by Worl (1979, 1980).

In the Jabal Riah area, the Jabal Mahanid vein follows a
fault along the serpentinite-hornblende schist contact for
most of its length, but parts of the vein cut the serpentin-
ite and hornblende schist. The vein also follows and cuts
the small dikes. The most extensive and presumably the most
productive ancient workings are along the vein where it
branches or changes direction. At the Riah mine the major
workings are beneath a thin, flat-lying aplite dike in a
small hornblende schist unit.

Most veins consist of a zone of brecciated or crushed
rock from a few centimeters to a few meters wide. Rock in
this zone is stained by iron oxide, is sericitized, and con-
tains variable amounts of calcite and (or) quartz in irregu-
larly shaped masses or stringers. Where the vein follows the
contact of a dike, it is commonly in the form of a micaceous
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selvage. Although sulfides in small amounts were probably
once present, none were seen in these weathered exposures.

The intensity and width of wall-rock alteration are vari-
able. Alteration includes sericitization and iron oxide
" staining. Veinlets and masses of quartz and calcite pene-
trate the wall rock.

Geochemical sampling indicates that gold is present in
all rock and vein types and that silver is present in all but
igneous rocks. Base metals are either lacking or present in
very small amounts. Although both silver and gold appear to
be concentrated in calcite veins and calcium-rich rocks, they
are also present in quartz veins. Serpentinite and horn-
blende schist wall rock are about equally mineralized for
distances of as much as 10 m away from the vein.

The data collected in the present study support the in-
terpretation of Worl (1979) that potentially economic gold
deposits in this area are small and of low grade.

Other areas not on the vein trend show minor gold and
silver mineralization that offers clues to the origin and
distribution of the metals. The silver-bearing jasper body
indicates that hydrothermal solutions have penetrated rocks
in the area. Also, the presence of gold in the sericitized
margin of the leucocratic quartz porphyry, in an aplite dike,
and in altered rhyolitic plugs shows the correlation of gold
with these igneous rocks, which probably have a common source
and are the same age.

The leucocratic quartz porphyry is in the middle of Jabal
La Aval dome, which is similar to a dome located 14 km to the
southwest in the northwestern part of the Jabal al Hajrah
quadrangle (Worl, 1981). The igmeous rocks of the Jabal al
Hajrah dome are similar to those at Jabal La Aval and may
contain a core of leucocratic quartz porphyry. The Hajrah-
Hamdah group of ancient gold mines (Helaby and Worl, 1981)
are near the Jabal al Hajrah dome, in a zone at or near the
serpentinite-hornblende schist contact. The areas outlined
by the serpentinite-hornblende schist contact around both
these domes are approximately 30 km in diameter. The ancient
mines, as well as the gold and silver mineralization in vein
structures and in metamorphic and igneous rocks scattered
through both areas, suggest a broad structural feature, which
may contain unusually high amounts of gold and silver.

All varieties of igneous rocks, fresh -and altered meta-
morphic rocks, and fracture systems should be mapped in
detail and geochemically sampled in an attempt to determine
the origin of the metals and to discover if the metals are
deposited in economic and extractable concentrations.
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