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PRELIMINARY MINERALOGIC, FLUID INCLUSION, AND
STABLE ISOTOPE STUDY OF THE MAHD ADH DHAHAB GOLD MINE,
KINdbOM OF SAUDI ARABIA

by .

Robert O. Ryel/, Wayne E. Hall2/,
Charles G. Cunninghaml/, G. K. Czamanske2/,
Abdulkader M. Afifi, and John S. Stacey2/

ABSTRACT

The Mahd adh Dhahab mine, located about 280 km northeast
of Jiddah, Kingdom of Saudi Arabia, has yielded more than 2
million ounces of gold from periodic production during the
past 3,000 years. A new orebody on the southern side of the
ancient workings, known as the South orebody, is being devel-
oped by Gold Fields-Mahd adh Dhahab Limited. A suite of sam-
ples was collected from the newly exposed orebody for prelim-
inary mineralogic, stable isotope, fluid inclusion, and
geochemical studies.

The Mahd adh Dhahab deposit is in the carapace of a Pro-
terozoic epizonal rhyolite stock that domed pyroclastic and
metasedimentary rocks of the Proterozoic Halaban group. Ore
of gold, silver, copper, zinc, tellurium, and lead is asso-
ciated with north-trending, steeply dipping quartz veins in a
zone 1,000 m long and 400 m wide. The veins include an
assemblage of quartz-chlorite-pyrite-hematite-chalcopyrite-
sphalerite-precious metals, which is similar to the mineral
assemblage at the epithermal deposit at Creede, Colorado.

The primary ore contains abundant chalcopyrite, sphaler-
ite, and pyrite in addition to a complex precious metal
assemblage. Gold and silver occur principally as minute
grains of telluride minerals disseminated in quartz-chlorite-
hematite and as inclusions in chalcopyrite and sphalerite.
Telluride minerals include petzite, hessite, and sylvanite.
Free gold is present but not abundant.

All of the vein-quartz samples contained abundant, minute
inclusions of both low-density, vapor-rich fluids and liquid-
rich fluids. Primary fluid inclusions yielded homogenization
temperatures of from 110° to 238° C. Preliminary 1light-
stable isotope studies of the sulfide minerals and quartz
showed that all of the 634S values are between 1.2 and 6.3
per mil, which is a typical range for hydrothermal sulfide

/ U.S. Geological Survey, Denver, Colorado
/ U.S. Geological Survey, Menlo Park, California



minerals that derive their sulfur from an igneous source.
The data suggest that the sulfide sulfur isotope geochemistry
was controlled by exchange with |a large sulfur isotope
reservoir at depth. ’ ’

The &180 values of all stages of vein quartz in the
South orebody range between 8.5 and 11.1 per mil. This range
is similar to that for quartz from the North orebody -and
indicates that the hydrothermal system consisted of dominant-
ly exchanged meteoric water, which was uniform in temperature
and §180 content throughout the area during the entire
period of mineralization.

Lead isotope analyses of two galena samples indicate that
the lead in the South orebody is less radiogenic than that
from the North orebody and confirm that the lead was derived
from oceanic crust approximately 700/ Ma ago. .

INTRODUCTION

. The Mahd adh Dhahab ("Cradle of Gold") mining area,

located about 280 km northeast of Jiddah, Kingdom of Saudi
Arabia (fig. 1), has produced gold| and silver periodically
for more than 3,000 years. Probably more than 1 million
ounces of gold were produced in ancient times from eluvial
deposits and quartz veins, and an additional 1 million ounces
were produced between 1934 and 1954 by the Saudi Arabian Min-
ing Syndicate (SAMS). The area to the south of the ancient
and SAMS workings is under evaluation by Gold Fields-Mahd adh
Dhahab Limited (GFMAD). Previous geological and geochemical
studies of the Mahd adh Dhahab district include geologic
maps, cross sections, diamond drilling reports, and prelimi-
nary geochemical investigations Dirom, ; /947, Luce and
others, 1976, 1979; Roberts and others, 1978; Worl, 1978,
1979).

Members of the U.S. GeologicaljSurvey (USGS), including
the authors of this report, visited the Mahd adh Dhahab area
from January 25 to 30, 1981, to collect a suite of samples
from surface and underground exposures in the South orebody
(fig. 2). These samples were used as the basis of a feasi-
bility study to decide whether to proceed with a detailed
modern geochemical study of the deposit that would lead to a
genetic model of mineralization when integrated with detailed
field studies. The genetic model wéuld be used in part as a
basis to evaluate the area's resource potential and in part
to ‘develop exploration parameters to assess the economi
potential of other similarly mineralized areas. ~

This report presents the results of four elements of the
feasibility study by various members of the USGS and recom-
mends that the detailed study be <conducted. The work on
which this report was based was performed in accordance with
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Figure l.--Index map showing location of Mahd adh Dhahab area.
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a work agreement between the Saudi Arabian Ministry of Petro-
leum and Mineral Resources and the U.S. Geological Survey as
part of subproject 3.31, special studies of mineralization.
The authors are indebted to the officers and personnel of
GFMAD, Limited, for access to the site, logistic support, and
for their cooperation and encouragement of this program.

Geologic and mineralogic setting

Reconnaissance surface and underground mapping in this
study indicates the Mahd adh Dhahab deposit is in the cara-
pace of a Precambrian epizonal rhyolite stock and associated
wall rocks. The emplacement of the stock domed lava flows
and agglomerates of the Proterozoic Halaban (Hulayfah) group,
wvhich may have accumulated in a rift-related trough or cal-
dera environment (Luce and others, 1979). A hornfelsic meta-
morphic aureole formed and xenoliths were incorporated in the
stock. A pervasive crackle-breccia zone at the margin of the
stock extends into the country rock. At the highest levels
of the dome, spalled slabs of metamorphosed country rock and
solidified rhyolite produced a breccia zone that filled with
clastic debris.

Ore of gold, silver, copper, zinc, tellurium, and 1lead
(listed in apparent order of economic importance) is associ-
ated with north-trending, steeply dipping quartz veins in a
zone 1,000 m long and 400 m wide that cuts the pyroclastic
and fine-grained sedimentary rocks. At the surface, individ-
ual barren quartz veins are mostly from 10 to 50 cm thick
(Worl, 1978), but in the underground workings of GFMAD, the
ore is located in a stockwork of anastomosing veinlets and
incrustations of quartz and 1locally in areas of intense
silicification and jasperization.

The ore is in shattered and intensely altered metasedi-
mentary and pyroclastic rocks above the contact with the
rhyolite stock, and it consists of veinlets, disseminations,
and irregularly shaped masses of sulfide and telluride min-
erals in a stockwork gangue of altered host rock. The sul-
fide minerals have replaced the altered host rock and filled
open spaces between brecciated rock fragments. Open-space
filling is evidenced by well-developed banding as well as by
cockade and comb structures. Repetition of banded mineral
sequences indicate successive periods of fracturing and
reopening. '

The veins include an assemblage of quartz-chlorite-
pyrite-hematite-chalcopyrite-sphalerite-precious metals that
is similar to the mineral assemblage in the epithermal depos-
it at Creede, Colorado (Steven and Eaton, 1975; Bethke and
others, 1976; Barton and others, 1977). Pervasive silicifi-
cation, potassium feldspar alteration, and sericitization



i
grade 1into massive chlorite—quarth replacement as the
dominant alteration type in the ore zone.

Luce and others . (1979) recognized four stages of quartz
veins. Stage 1 quartz veins consist of massive, milky white
quartz that contains sparse pyrite and has low precious metal
values. Stage 2 quartz veins contain banded and crustified,
milky to clear quartz, principally with comb or cockade
structures. Massive sulfide ore bodies and precious metals
are associated with this stage. Stage 3 veins are character-
ized by comb quartz, sphalerite, and chalcopyrite, with asso-
ciated ankerite, manganiferous calcite, or calcite. Stage 4
veins contain only sparse sulfide minerals.

Sampling program

Most samples studied came from drill core or the' under-
ground workings of GFMAD, located about 30 to 40 m below the
surface (figs. 2, 3). At the time of our fieldwork the com-
. pany had concluded an exploratory drillling and tunneling pro-
gram in the South orebody, and GFMAD provided access to the
new underground decline and workings and to splits of drill
core that intersected the various vein systems. A plan view
of the new decline into the South orebody and workings,
together with the location of the sampled drill holes and
their relationship to veins and vein zones, is shown in fig-
ure 3. The underground workings and the diamond drill cores
wvere sampled to obtain a representative suite of the veins
covering as wide a horizontal and vertical distribution as
possible. Dump samples from the development workings were
also collected. In addition, samples of barren and mineral-
ized veins were collected from the surface for isotope and
fluid-inclusion studies. ,The locations of these samples are
described later in table 4!J”This sample collection should be
an excellent suite for future detailed geochemical studies.

MINERALOGY ~ '
by
Wayne E. Hﬁll and G. K. Czamanske

Polished slabs of random samples collected underground
and on the dump from the development workings in the South
orebody were examined under an ore microscope for textures,
structures, and a very preliminary determination of mineral-
ogy and paragenetic sequence. No samples were collected from
the oxidized zone. Fifteen polished thin sections of primary
ore were studied; three of these were selected for electron
microprobe study at the USGS, Menlo Park, facility.
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A list of minerals identified in the primary ore is given
in table 1. The principal sulfide minerals, in order of
abundance, are sphalerite, chalcopyrite, and pyrite, and they
characterize all samples. Galena is  common, but its distri-
bution is much more limited. Supergene copper sulfide miner-

.als, including bornite, chalcocite, and covellite, are pres-
ent in minor amounts along fractures in and along the margins
of some chalcopyrite grains.

Primary sulfide minerals

Pyrite

Pyrite is a common mineral throughout the orebody. It
occurs mostly as subhedral to euhedrnal cubes from 5 microns
to 1 mm on an edge. It is the earliest sulfide mineral and
occurs disseminated throughout the quErtz-chlorite gangue and

as corroded or relict grains in chalcopyrite and galena.
Some pyrite grains contain blades of lema.tite that apparently
crystallized contemporaneously with: the enclosing pyrite.
Much of the pyrite is crackled, and the fractures are filled
with chalcopyrite and sphalerite. Few minerals containing
- precious metals were observed in the jpyrite.

Chalcopyrite

Chalcopyrite, along with sphaleriite, is abundant in the
primary ore. Chalcopyrite occurs disseminated in quartz-
chlorite rock, in fractures cutting quartz-chlorite rock, and
in bands in crustified ore. Precious metal mineralization is
associated with this stage of 1large-scale introduction of
chalcopyrite and sphalerite.

Sphalerite

Sphalerite has the same distribution as chalcopyrite and,
because it contains inclusions similar to those in chalcopy-
rite, is an important source of precious metals. The sphal-
erite has a low iron content, with FeS ranging from 0.39 to
2.17 weight percent, although most sphalerite contains from
0.44 to 0.67 weight percent FeS. |Typically, the rims of
sphalerite grains and masses are enriched slightly in iron
relative to the cores.

Galena

Galena was introduced during the{later stages of chalco-
pyrite-sphalerite mineralization and is present locally along
grain boundaries and in fractures in both minerals. Precious
metals are present in minor phases included in galena, but,
because galena is not abundant, it is not an important source
of these metals. |



Table l.--Ore and gangue minerals identified in this study

Ore minerals

Primary sulfide minerals Native metals

Pryite (FeS2) Gold (Au)
Chalcopyrite (CuFeSj) '
Sphalerite (ZnS)

Galena (PbS)

Supergene sulfide minerals Telluride minerals
Bornite (CusFeSy) Altaite (PbTe)
Chalcocite (CujS) : Bispmuth-lead telluride
Covellite (CuS) Hessite (AgsTe)

Petzite (AgjAuTej)
Sylvanite (AgAuTey)

Gangue minerals

Calcite Hematite
Chlorite Quartz



Precious metal asse%blage
|

The precious metals, gold and silver, occur principally
as telluride minerals in or near masses or bands of chalco-
pyrite and sphalerite, in disseminated form as wispy grains,
rods, or anhedral grains from 5 to 50 microns in diameter
within vein quartz and quartz-chlorite rock, or as minute
fracture fillings. ¥ith one exception, free gold was not
abundant in the polished sections prepared. One other thin
section had minute grains of free gold in chalcopyrite. Most
gold is present as a gold-silver telluride. Silver is pres-
ent as hessite (Ag2Te) and in gold-silver tellurides. A
lead-bismuth telluride is present d4s minute inclusions in
hessite; it contains no measurable amounts of gold or silver.
The following description of the |precious metal mineral
assemblage is based upon ore microscopy and electron micro-
probe analysis. AgoTe, AuTe2, | Au, Augp, and AulQ
were used as internal standards.

Petzite (Ag3AuTe2)

Petzite is the principal gold-bearing phase in the pri-
mary ore from the South orebody. It occurs as irregularly
shaped grains and shreds associated with other telluride
minerals and hematite, as dissemindted discrete grains in
quartz-chlorite rock, and as inclusions in chalcopyrite and
sphalerite (fig. 4). Grains are mostly from 5 to 20 microns
in diameter but range to as much as |50 microns. Petzite is
steel gray to brownish gray and apparently isotropic, al-
though Schneiderhohn and Ramdohr (1931) have reported it to
be anisotropic in part. Petzite can be distinguished from
other telluride minerals by its slightly brownish color and
by its poorer polish. Petzite composiition varies both within
individual grains and between grains as shown in table 2. Sil-
ver contents ranged from 38.4 to 47.2 weight percent, gold
from 16.8 to 27.2 weight percent, and tellurium from 30.6 to
36.4 weight percent. - 3

Hessite (AgaTe)

Hessite and petzite are closely sassociated as dissemin-
ated minute grains in quartz-chlorite rock and as inclusions
in sphalerite and chalcopyrite. In polished section hessite
has a slightly higher reflectivity than petzite and takes a
smoother polish (fig. 95). It is isotropic to very slightly
anisotropic. The composition of hessite in the South ore-
body ranged from nearly pure silver-telluride to as much as
10.3 weight percent gold (table 2), more than twice the
amount listed as average for hessite by Dana and Dana (1944;
table 2).













































