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ABSTRACT, Mahd adh Dhahab, the oldest gold mine in Saudi Arabia, is
situated at the central part of the Arabian shield. It consists of an upper Pro-
terozoic rock sequence of andesite, agglomerate, lower rhyolitic tuff, Tithic
crystal tuff, upper rhyolitic tufl and a late small porphyritic rhyolite intru-
sion. Four generations of quartz veins cut through the sequence with three
generations mineralized. The area has been regionally metamorphosed to
low-grade green schist facies. To date, Mahd adh Dhahab has estimated ore
reserves of b.45 million tons, grading 26 g/t Au and 92 g/t Ag. and a further
109,000 tons of oxide ore with an average of 77 g/t Au.

The majority of the fluid inclusions in quartz from quartz veins at Mahd
adh Dhahab arce very small. Flowever, primary fluid inclusions of larger
sizes (5 to 15 U) were chosen and analyzed. All the analyzed fluid inclusions
are two phase (gas and liquid) inclusions. Upon heating, they all
homogenized into a liguid phase. The final melting temperatures of ice
from the analyzed fluid inclusions fall between —0.3 and -2.2°C whercas,
the final homogenization temperatures of bulk composition fall between
+ 100 and + 3R80°C. The calewlated compositions of the fluid are 99.21 to
99.33% of 11,0 and 0.67 to 0.79% of NaCl.

A microthermometric study of the fluid inclusions suggests that there are
at least two stages of quartz deposition, one at ahout 100-210°C and afother
at about 340-380°C. Quartz deposited at low temperature is considered to
be barren or contain minor amount of mineralization, whereas quartz depo-
sited at high temperature is postulated 10 be mineralized and cconomically
important.

It is concluded that the mineralizing fluid at Mahd adh Dhahab consisted
mainly of meteoric water with a possible minor amount of sea water. The
mineralizition is postulated to have been deposited ata shallow depthin the
carth’s crust to form a typical epithermal deposit.
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Introduction

The Mahd adh Dhahab gold deposit is located in the central part of the Arabian
shield, approximately 300 km NE of Jeddah (Fig. 1). It is the oldest gold mine in
Saudi Arabia and has been mapped and investigated by many geologists (Dirom
1946, 1947, Playter 1953, Brown er al. 1962, Theobald Jr. 1965, Davis ef al. 1965,
Goldsmith and Kouther 1971, Robert er af. 1975, Hakim 1978, USGS 232/78, 1978,
USGS 265/79, 1979, Riofinex 1981). For the last five years, consolidated Gold Ficlds
is carrying out a dctailed investigation and evaluation of the deposit. The potential
ore at the southern mineralized zone is 1.45 million tons with 26 g/t of Auand 92 g/t
of Ag, and a further 109,000 tons of oxide ore with an average gold content of 77 g/t
from the Open Pit (Petromin 1988). Petromin is at present preparing to mine and ex-
tract gold from Mahd adh Dhahab.
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Geology

Rocks in the arca consist of a west striking, north dipping voleanic sequence with
the lowest 300 m comprising & massive dark green andesite conformably overlain by
90 to 120 m of thick agglomerate (Fig. 2). It is followed by a 270 m thick layer of
“lower™ rhyolitic tuff, mainly thick bedded, very siliceous and intercalated in its
Jower part with sandstone and siltstone. This again is overlain by 140 m of lithic crys-
tal tuff (Hakim 1978). The uppermost layer is a fine grainced rhyolitic tuff intercalated
with thin bedded chert and siltstone,
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Fii. 2. Geologic map of Mahd adh Dhahab (Hakim [978).

An elliptical body of porphyritic rhyolite 350 m by 260 m occurs within the upper
part of this layered sequence at the northeast corner of Jabal Al-Mahd (Hakim
1978).

Quartz veins cut all the layered units and the porphyritic rhyolite. Because of the
impervious nature of the lower and upper rhyolitic tuffs and the intercalated massive
thick bedded chert, quartz veins observed in these rocks arc thin and not abundant.
The veins terminated in the upper rhyolite tuff intercalated with chert. Andesite
dykes, the youngest rock unit. cut all other units of the arca, including the quartz
veins. However, they are not as common as the quartz veins. The andesite dykes ap-
pear to be the feeders for the next cycle of volcanism.

There is an excess of silica throughout the lower rhyolitic tuff, the upper rhyolitic
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tuff and porphyritic rhyolite. This is accompanied by a large increase in K,O and a
decrease in Na,O as is evidenced by late growth of orthoclase and sericite after
plagioclase in the rocks and in selvages of quartz veins (Hakim 1978).

Isotopically, the age of the Mahd adh Dhahab volcanic sequence has not been es-
tablished. However, Brown (1973) measured a Rb/Sr whole rock age of 6% ma on
appearing rhyolite body, 12 km NE of Mahd adh Dhahab. In light of this, the Mahd
adh Dhahab volcanic sequence is postulated to be upper Protcrozoic in age.

Structure

The arca has a homoclinal structure with a general east-west trending strike and a
northerly dip varying from moderately stecp to vertical. A prominant N 45 W,
steeply dipping fault system cuts the rock units. There are two main fracture systcms,
trending N 10 W to N 20 E and N 30-75 W, the majority of them steeply dipping. The
N 10 W to N 20 E fracture systcm may be attributed to the Hijaz Tectonic Cycle,
whereas the N 45 W fault system coincides with the Najd Fault System.

Mineralization

An oxidized zone at the surface and along fractures penetrates to a maximum
depth of about 8-10 m and comprises quartz veins intergrown with limonite,
malachite and chrysocolla. Copper, zinc and silver have been leached from this zone.
Remnants of primary and supergene sulphides which contain gold and tellurides,
occur in some areas of the oxidized zone (Lewis and Martin 1983).

Four generations of quartz veins are present at Mahd adh Dhahab. These are crus-
tified quartz veins (Plate [-A), massive quartz veins (Plate 1-B), quartz cemented
breccia veins (Plate 1-C) and barren quartz is milky white in colour, but some is rosy
pink (Plate 1-12). The veins arc crypto-crystalline, fine to medium grained quartz.
Barren quartz veins have characteristic prismatic quartz crystals grown perpendicu-
lar to the length of cavities.

Mincratized quartz veins trend between N [0 Wto N 20 Eand N 30to 70 E, and arc
essentially vertically dipping. Barren quartz veinstrend N 10 E, N30to 70 Eand N 30
W and arc also steeply d]ppmg (Hakim 1978). Ratios of FeOQ/Fe, O, from metal-bear-
ing and barren quartz veins and host rock samples showed i mcrc(lscs down stratag-
raphic section. and the vein material has the greatest relative amount of oxidized
iron.

The mineralized quartz veins contain pyrite, chalcopyrite, bornite. covellite, chal-
cocite, neodigenite, galena, sphalerite, calaverite plus malachite and azurite. At the
southern mineralized zone, where Petromin is mining gold, the host rock to minerali-
zation is agglomerate.

Twenty to thirty percent of the Au and Ag oceurs as native metals (clectrum) with
their sizes ranging between 1 to {0, Seventy to eighty percent of the precious metals
occur as tetlurides (hessite, petzite) with their sizes ranging between 10 to 30 (Petro-
min [983).
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The metal bearing and barren quartz veins were estimated to have an age of
690 + 35 m.y. by the Rb/Sr method (Routhier and Delfour 1975} using the pink or-
thoclase which occurs cither as elongated crystals or thin layers along vein selvages.
This age corresponds to the postulated age of the porphyritic rhyolite.

Metamorphism and Hydrothermal Alteration

Mineralogically, it has becn established that the metamorphic minerals present in
the rocks at Mahd adh Dhahab area are quartz, cholorite (chamosite, penninite), or-
thoclase, calcite, ankerite, epidote and sericite (Hakim 1978). This mineral as-
semblage represents low-grade greenschist facies metamorphism.

Hydrothermal alteration in the wall rocks and the immediate vicinity of quartz
veins in propylitic (chlorite, calcite, epidote). phyllic {quartz, sericite) and potassic
(orthoclase, quartz, sericite) (Hakim 1978). Generally, propylitic alteration is the
most widespread, phyllic alteration is dominant where quartz veining and sulphide
mineral content is greatest, and potassic alteration is localized and inter-related to
veined and metal-bearing arcas.

Hydrothermal alteration and regional metamorphism mineral assemblages in
rocks in the Mahd adh Dhahab arca are very similar. Thus, it is difficult to differen-
tiate between the two. Geochronogically, the ages of the regional metamorphism
and the hydrothermal alteration have not been established. Therefore, it is not
known which event took place first. Nevertheless, from the postulated and deter-
mincd ages of the porphyritic rhyolite and the quartz veins, it is assumed that the two
events took place within a short period hiatus or at the same time.,

Fluid Inclusion Study

Doubly polished sections were prepared at the thin section laboratory of the Fa-
culty of Earth Sciences, King Abdulaziz University, Jeddah, Saudi Arabia. A mic-
rothermometric study of the fluid inclusions was carried out at the fluid inclusion
laboratory of the Faculty. Calibration of the Chiax Meca heating and cooling stage
was made with standard chemicals and the fluid inclusion measurements were cor-
rected according to a standard calibration curve (Fig. 3)

Forty fresh representative samples from the three types of mineralized quartz
veins, namely, crystified quartz veins, massive quartz veins and quartz cemented
breccia veins, were taken from the underground tunnel of the soathern mineralized
zonc. They were cut into 1 mm thick doubly polished sections and fluid inclusions
were examined under a polarizing microscope. A majority of the fluid inclusions
were less than 5 in size, especially those in samples from quartz ccmented breccia
veins, and were considered too small for microthermometric study. Notwithstand-
ing, 69 fluid inclusions were analyzed from the crustified quartz veins samples and 22
fluid inclusions from the massive quartz veins samples. For comparison, 32 fluid in-
clusions were analyzed from quartz samples of the last stage cavity filling barren
quartz veins.
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PLATE 1

A. Crustified quartz vein, B. Massive quartz vein.

C. Quartz-cemented breccia vein. D. Late stage cavity filling barren quartz
vein.
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The analyzed fluid inclusions had sizes ranging between 5 to 15 and the majority of
them had elongated, oval, semi-cuhedral and semi-round shapes (Plate 2 A-B-C). Ir-
regular and also euhedral shaped inclusions were observed in quartz samples of the
last stage cavity filling barren quartz veins (Plate 2 D-E). To avoid fluid inclusions
that were trapped at a later stage, those that were formed along healed crack planes,
and those that were very irregular in shape, were neglected. Fluid inclusions with
regular shape that where away from healed crack planes and isolated randomly were
microthermometrically analyzed by the Chiax Meca heating and cooling stage.

At room temperature, no carbonate gas or liquid was obscrved in the fluid inclu-
sions. Nonetheless, all the analyzed fluid inclusions were frozen to —120°C and re-
heated in order to check for any presence of carbonate liquid. No sign of it was ob-
scrved. Thus, it is postulated that no hydrocarbon content was involved, or was in-
volved in a negligible amount in the mineralization depositional fluid. All the
analyzed fluid inclusions are two-phase (gas and liquid).

The analyzed fluid inclusions from the mineralized quartz veins were composed of
aqueous solutions with 20 to 30% of gas and 70 to 80% of hiquid. Final melting temp-
cratures of ice in the fluid inclusions from mineralized quartz veins fell between —0.5
to —=2.2°C (Fig. 4) yielding an equivalent weight pereent of NaCl between 1to 4 (Fig.
5). Final melting temperatures of ice in the fluid inclusions from the barren quartz
veins fall in a range of -0.3 to 1.6°C (Fig. 6) with an equivalent weight percent of
NaCl ranging between 0.6 to 3 (Fig. 7). Final homogenization temperatures of fluid
inclusions from mincralized quartz veins fall between 100 and 38°C (Fig. 8), and
those from barren quartz veins fall between 130 and 200°C (Fig. 9). All the analyzed
fluid inclusions homogenized into a single liquid phase.
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Prate 2

A. Elongated 2-phasc fluid inclusion. B. Elongated and semi-oval 2-phasc fluid in-
clusions.

C. Semi-cuhedral, semi-rounded and oval 2-
phase tluid inclusions.

D. Irregular and cuhedral 2-phasce fluid in- E. Irregular and cuhedral 2-phase fluid in-
clusions. clusions.
A-B and C are mincradized quartz veins. D and E are late stage cavity filling quarez

veln,
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The final homogenization temperatures of fluid inclusions from mineralized
quartz veins (Fig. 8) and the histogram between their final melting temperatures of
ice versus their final homogenization temperatures of bulk composition (Fig. 10) in-
dicate that therc are two possible depositionai stages, onc at lower temperature with
the peak at about 150°C. The histogram of the homogenization temperatures versus
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x = Mineralized crustified quartz vein.
o= Mineralized massive quartz vein,



02 H.D. Hakim & M. Chinkut

the final melting temperatures of ice of the barren quartz veins (Fig. 11) suggests that
there was only depositional stage and that they were deposited at low temperature
with the peak temperature at about 150°C, corresponding to the lower temperature
depositional stage of the mineralized quartz veins. In light of that, itis assumed that
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Fii. {1, Diagram of fluid inclusions from barren quartz vein as a function between their bulk homopeni-
zation temperatures (T)) and their final melting temperatures of ice (T, ). It indicates only
one stage of fluid inclusions entrapment.

Iny e

low tempcrature quartz from the mineralized quartz veins may be barren or contain
only a negligible amount of precious metals. Whereas, high temperature deposi-
tional stage of quartz is postulated to be important and cssential for the gold
mineralization at Mahd adh Dhahab.

Mole percents of H,O and NaClin the fluid inclusions were calculated according to
Ramboz (1980), Potter and Brown (1977) and Chinkul (1983) and they fall in the
range of:

99.33% of H,C and 0.67% of NaCl
99.30% of H,O and (1.70% of NaCl

for low-temperature fluid inclusions and

99.27% of H,O and 0..73% of NaCl
99.21% of H,0 and 0.79% of NaCl

for high-temperature fluid inclusion.

These data on NaCl in the fluid inclusions indicate that sea water involvement in
the mineralization fluid may not be of significant importance. Together with the fact
that no carbonatc liquid was observed in the analyzed fluid inclusions, it is postulated
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that water n the mincralization fluid would mainly have been meteoric water with
possibly a minor amount of sca water.

It has been established that low-grade greenschist facics metamorphism has little
to no effect on fluid inclusions (Chinkul 1983, Al-Zubeidi 1984). In the present
study, the wide range of the homogenization temperatures of the fluid inclusions in
mineralized quartz veins (Fig. 8) also indicate that the regional low-grade green-
schist metamorphism has little to no cftect on the fluid inclusions.

No indjcation of fluid boiling was observed from the analyzed fluid inclusions.
Therefore, isochore lines were established according to Potter and Brown (1977) and
pressure corrections were made. Three isochore lines were established from three

representative low temperature fluid inclusions and two isochore lines were estab-
lished from two rcprescntative high temperature fluid inclusions (Fig. 12). The im-
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Fic 12, Representative isochores of mineralized crustified quartz vein, mineralized massive quartz vein
and barren quartz vein. The maximum mineralization depositional temperature is taken as 400°C
(sec text). Vapor pressure curves and critical points (C.P.) of H,O, 2wt %, 4 wt % and 5 wt %
NaCl solutions are after Takenouchi and Kennedy (1965). Trapping paths A, and A, are
suggested.

portant mineralization dcposition occurred at higher temperature and the highest
measured homogenization of the fluid inclusions is about 380°C which is close to the
estimated depositional temperature (400°C) of Hakim (1978) from the mineral as-
semblage study. Thus, taking the maximum mineralization depositional tempera-

‘e as 400°C, the depositional pressure during that time was established to be about
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300-450 bars (Fig. 12). In estimating the 300 bars pressure, the critical points of 2-3-4
and 5 weight percent NaCl solutions and their vapor pressure curves (Takenouchi
and Kennedy 1965) were taken into accounts. Fluid inclusions trapping paths A and
A, have becn suggested. In light with the estimated depositional pressure, Mahd adh
Dhahab gold mineralization is assumed to have been deposited in a high temperature
(400°C) low pressure (500 bars) shallow depth environment,

Conclusion and a Proposed Model

Microthermometric study of the fluid inclusions from the mineralized quartz veins
indicates two possible stages of trapping. The low temperature (150°C) trapping
stage corresponds to the fluid nclusions trapped in barren quartz veins, which
likewise may not be of significant importance. It is postulated that the high tempera-
ture (400°C) fluid inclusions trapping stage of the mineralized quartz veins is impor-
tant and essential for the deposition of the Mahd adh Dhahab vein type gold
mineralization.

All the analyzed tluid inclusions are two-phase (gas and liquid) and consist of
aqueous solutions with mole pereent of H, falling between 99.21 10 99.33% and NaCl
(.67 to 4.0% . Weight percent NaCl of fluid inclusions are found in the range of 0.6 to
0.79% with the average at 2.3, No hydrocarbon gas or liquid has been observed in the
analyzed fluid inclusions. These data suggest that the contribution of magmatic
water in the mineralization fluid is negligible, sea water contribution is minor, and
metcoric water contribution is the most abundant.

The maximum bulk composition homogenization temperature of the fluid inclu-
sions 1s 389°C closc to the estimated depositional temperature (400°C) of Hakim
{1978). Thus, assuming 400°C as the maximum depositional temperature, the estab-
lished isochorces of the representative fluid inclusions indicate the mineralization de-
positional pressure to be less than 500 bars (300-450 bars, Fig. 12).

The Mahd adh Dhahab vein type gold deposit is very similar to the vein type de-
posits in the Baguio district, Philippines and the Tayoltita silver-gold vein deposit at
Durango, Mexico, Fluid inclusion studies on quartz from vein gold deposits at
Baguio indicate deposition throughout the vein systems in the range 250 to 300°C by
low salinity fluids (0-6 equivalent wt % NaCl) (Sawkins er al. 1979). Similarly, filling
temperaturcs for quartz {rom the Tayoltita silver-gold vein deposit at Durango fall
between 250 to 300°C with salinities from 1.9 to 9.7 cquivalent wt % NaCl (Smith et
al. 1982). Studies of precious metal deposits in both arcas suggest that metcoric
water dominated the hydrothermal system. The Mahd adh Dhahab vein type gold
deposit has a higher depositional temperature (400°C) and lower salinities (0.6 10 4
cq wi % NaCl) than the precious metals of these two arcas. Nonetheless, the indica-
tion of the abundance involvement of meteoric water in the hydrothermal system is
identical.

In summary, using all the information a depositional model (Fig. 13) for the Mahd
adh Dhahab vein type gold mineralization is proposed as follows :
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The intrusion of the porphyritic rhyolite into the Mahd adh Dhahab volcanic sequ-
ence caused meteoric water, (85%) with possibly less than 10% of sea water, and less
than 5% of magmatic water, to circulate through the fractures and cracks of the
rocks. When these water were percolated downward they were heated up, trans-
formed into hot hydrothermal solution of about 400°C and leached the metals from
the Mahd adh Dhahab volcanic sequence. The ascending metal impregnated hyd-
rothermal solution encountered descending oxygenated cold water and temperature
of the solution was decreased. As the temperature dropped and the chemical envi-
ronment changed, the metals in the hydrothermal solution were precipitated to-
gether with quartz in the fractures and cracks of the rocks, forming mineralized
quartz veins at shallow depth under a pressure of less than 500 bars.
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