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Pb and Sr Isotopic Study of Mineralization at
Mahd Adh Dhahab and Nugrah, Arabian Shield
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ABstrRACT.  Lead extracted from 5 samples of galena from the Au-Ag-
base metal vein deposit of Mahd adh Dhahab shows a tightly clustered
isotopte composition with an average two-stage Pb-Pb model age of 685 Ma.
Use of the Tatsumoto group of constants yields an average age of 766 Ma. A
minimum age of 769 = 5 had previously been established by U-Pb dating of
zircon separated from the Ramram granite intruding the Mahd Group,
which hosts the mincralization. The obtained Pb-Pb dates are, however,
older than a Rb-Srisochron date of 645 + 19 Ma obtained on a porphyritic
rhyolite plug which aiso intrudes the Mahd Group. This relationship ascer-
tains the noninvolvement of the rhyolite in the ore formation. With the ex-
ception of the Mahd adh Dhahab deposit, all dated vein-1ype deposits in the
Shield have Pb-Pb dates that range between 550 and 450 Ma.

Lead extracted from 3 samples of the stratiform massive sulfide deposit of
An Nugrah prospect also has a uniform isotopic composition similar to that
of Mahd adh Dhahab. It yiclds an average Pb-Pb model date of 685 Ma,
with a possibility of being too young by 30-50 Ma. A Rb/Sr isochron age on
Asfar granite batholith emplaced into Hulayfah Group rocks hosting the
mineralization also gave a 685 Ma date. The deformation effects of the
batholith on the ore mincrals implies that the granite intrusion occurred
shortly after the deposition of the Hulaytah Group volcanosedimentary
rocks, and their contemporancous massive sulfides. Common lead ages ob-
tained are similar to ages obtained previously on other massive sulfide de-
posits of the Arabian Shicld,

Application of the plumbotectonics model indicates cvolution of
mincralization in both arcas within an island arc environiment. However,
the similarity of Pb isotope compositions between An-Nuqrih and Mahd
adh Dhahab docs suggest that the source regions of lead in the two arcas
have remarkably similar isotopic composition.
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Introduction

The objectives of this paper are (1) to report Pbisotopic measurements and calculate
model ages for sulfide deposits in the Mahd Adh Dhahab mine and the An Nugrah
prospect in Saudi Arabia, and compare the results with previous data (Delevaux er
al. 1967, Stacey er al. 1980, Bokhari and Kramers 1982), (2) to establish age relations
between mineralization and enclosing country rocks as determined by the Rb-Sr
whole rock method, and (3) to define the probable source material of lead in the two
deposits. Detatled microscopic studies of the dated sulfides and country rocks have
also been undertaken.

The common Pb dating method depends on certain assumptions concerning the
age of the Earth, the heterogeneity of the mantle and the stages through which the
mineral deposit has been evolved. The combination of certain assumptions consti-
tutes a model uscd for age dating. In this study, lead isotopic dates were calculated
according to the two-stage model of Stacey and Kramers (1975). Details of assump-
tions upon which this modcl is founded are discussed in Franklin et al. (1983), Faure
(1986) and Bagabas (1989). The valucs used as constants for the age of the Earth, the
time of formation of the proto-crust material, and the U and Pb isotopic ratios at that
time are shown in Table 1.

TaBsiE 1. Ratios and constants used in Pb isotopic age dating method.

Ratio and constants Definition Value Ret.
a, = "Ph/MPb Primeval lead as obtained from 9.307 5
b, =""Pb/*"Pb Canyon Diablo Troilite 10.294 5
¢, =""Pb/*¥Pb 29,475 5
Al decay constant of 7U 0155125 % 107 |
X2 decay constant of *7U 0.98485 = 10 1
A3 decay constantof **Th 0.049473 < 107" 2
T age of Eurth 4.570 x 107 3

4,500 = 10° 4
" present day U/ *Ph

References: 1. Jatley er «f. 19710 2. LeRoux and Glendenin 19630 3. Stacey and Kramers 19750 40 Cumming and
Richards 1975; 3. Tatsumoto er af. 1973,

Previous works by Stacey et al. (1980) show significant differences in Pb isotopic
abundances among sulfide deposits of the Arabian Shicld. These differences are
morc dependent on geographic location than on mode of occurrence (massive or vein
type) as might be expected. Sulfides of the central and western part of the Shield
yield Pb isotopcs that are on the average less radiogenic by about 0.8% in the 2%Ph /
*NPb ratios and about 0.3% in the *7Pb / 2#Pb ratios at a given 2“Pb / 2Pb valuc than
corresponding types in the castern part of the Shicld. This finding was among the car-
liest factual notations that the eastcrn part of the Shield has a different geotectonic
setting from that in the central and western parts being underlain by Precambrian
basement rocks as old as about 2100 Ma. This study is oriented towards finding any
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significant difference in age or Pb isotopic composition among sulfides of different
origin.

Analytical Techniques

This paper reports the first Pb isotopic measurements obtained from the Faculty of
Earth Sciences (FES) geochronology laboratory. Details of the Pb extraction and
purification technique arc given by Bagabas (1989) and are slightly modificd from
Barnes er al. (1973). Pbis extracted by dissolving the suifide sample in concentrated
nitric acid, filtering, adding thioacctamite to the filtrate, precipitating PbS by heat-
ing, and finally puritying this sulfide from coprecipitated CuS by passing the solution
in an anion exchange resin stacked in a 7 em long-0.25 cm radius celumn, Details of
Sr extraction and purification technique in this laboratory have been described in Ra-
dain er al. (1984),

The mass spectrometric mcasurements were made on a VG Isomass-54E and re-
plicate analyses of NBS-981 gave the data presented in Table 2. The determined val-
ues are only slightly lower than the recommended values (Catanzaro et al. 1968) of
the order of 0.2-0.3 percent. The conversion factors to normalize our values to the
absolute valucs generally used are given in the same Table,

TapLL 2. Analvses for NBS-981 Pb-isotopic stundard.

Num.hcr APl stund- 2ph stand- ph stund- wpp stand- Nuph stand-
of eph, urd Woph ard py ard p ard b ard
run error error error error Crror
{ 216010 | 87 | 091286 | 081 }16.96286 | 0.201 |15.44008 | 0.106 |36.57319 | 153
2 207128 ¢ 217 091384 1 133 [16.912491 0.087 |15.50464 | 0090 |36.797181 214
3 216594 1 239 1091218 | 08R |17.08246 | 2,10 |15.60472 | 2.20 | 37.10288 | 2.326

Aviragy 216582 (19136 16.9859 155168 36.8244
Standard

deviation 0.0056 0.0019 0.0873 ().0R235 0.2659
Y% Precision 0.516 0,425 1.028 1.0663 1.44
Recommended

value 2.1089 0,914y 16.931 15.491 36.721
Conversion

factor 1.0014 1.0014 0,9968 ).9983 0.9972

Replicate measurements on the NBS-987 Sr standard are shown in Table 3 from
which precision estimates were calculated. A correction for mass spectrometric frac-
tionation was madc 10 ¥Sr / %Sr ratios based on ¥Sr/ 88r = (0.1194. The accuracy of
our results can be judged from comparison of the mean of our ¥Sr/ *Sr ratios with the
recommended value of (1.7102 given by NBS.

Mahd Adh Dhahab Mining District

Geology and Mineralization

The Mahd Adh Dhahab area hosts epithermal Au-Ag base metal veins in a sequ-
ence of bimodal volcanic and voleanociastic rocks. Details on the geology of this area
are given by Hakim (1978), Hilpert er al. (1984), Huckerby et al. (1983), Kemp ¢t al.



34 8.0, Bagubas cial.

Tanre 3 Analyses for NBS-987 Sr-isotopic standard.,

Nu‘mhcr S standard KT p/ MST standard g MGy standard
of run error error error
] (120417 0.202 0. 710150 0.138 0.006755 0.370
2 0.119561 0.228 0710111 0. 104 0.006759 0.273
3 0. 119544 0.357 0.710249 0.020 0.006759 0.125
4 0.120597 (151 0.710241 0.126 0.006756 0,331
5 1.120569 0.051 0.710202 0.023 0.006769 0.153
6 0.120332 ().081 0.710194 0.021 0.006767 0.123
7 1.119740 0.291 0710190 .023 0.006767 0.115
Average 0.12011 1.71019 0.006761
Standard deviation 4. 73 1o 4.84 <10 5.79x 16
% Precision (.788 0.0136 0.001713
Recommended value 0.1194 0.71023 0.00675

(1982), and Afifi (1989). This sequence, from old to young, includes a succession of
andesite, lower agglomerate, lower tuff, upper agglomerate and upper rhyolitic tuff.
The sequence is intruded by a porphyritic rhyolite plug and intersected by several
sets of faults. Details about mineralization are given by Doebrich and Leanderson
(1984), Hakim (1978), Luce et al. (1975, 1979), Rye et al. (1982), Worl (1979) and
Afifi (1989, 1990). The mineralization occurs in chloritic quartz veins that fill several
generations of fractures.

Polished sections revealed pyrite, sphalerite, chalcopyrite, chalcocite, neodigi-
nite, covellite, bornite, and galena together with some tellurides such as hessite, pet-
zite, altaite and tellurobismuth, in addition to electrum. Some silver sulfosalts are
also present. Inclusions of hematite were observed, and interpreted as indicators of
an oxidizing environment in the early stage of ore deposition. However, Sabir (1980)
and Afifi (1990) also reported magnetite, and the latter inferred periodic reducing
conditions. The minerals have been subjected to deformation and metamorphism
both during formation and after deposition. Among the features suggesting these
events are: elongation of chaleopyrite and sphalerite crystals, fracturing and breccia-
tion of pyrite, anomalous anisotropism in pyrite, development of deformation twins
in sphalerite and chalcopyrite, development of emulsion texture of chalcopyrite in
sphalerite (chalcopyrite disease). Under the effect of heat fine-grained chalcopyrite
inclusions clustered together forming blebs of different sizes and shapes randomly
distributed within the sphalerite. Recrystallization of pyrite and development of py-
rite porphyroblasts is also common. Details of these features are given by Hakim and
El Mahdy (in preparation).

Geochronology

Because of the mobility of Rb and Sr during diagenesis and low grade metamorph-
ism, all rocks comprising the Mahd Group are unsuitable for Rb-Sr age dating (Cal-
vez and Kemp 1982). A possible exception is the porphyritic rhyolite intrusion, the
age of which will be a minimum limit for the age of the Mahd Group. A four-point
isochron age of 645 = 19 Ma with an initial St/ ¥Sr of 0.7048 = 0.0003 was obtained
for least altered samples of this rhyolite (Fig. 1) based on the data presented in Table
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4. This date is lower than a U-Pb zircon age of 769 = 5 Ma cbtained on the Ramram
complex (Calvez and Kemp 1982) which also intrudes the Mahd Group. The anomal-
ously young Rb-Sr age is attributed to the possible effects of Rb addition during K
metasomatism (Hakim 1978) and/or Sr loss during hydrothermal alteration (Afifi
1989). Most of the plug is altered and samples excluded from dating after petrog-
raphic examination show variable degrees of chloritization and silicification. It is
thus appropriate to consider the 645 = 19 Ma Rb-Sr date a minimum age for the plug
while the 769 Ma age of Ramram complex retains its significance as a minimum age
for the Mahd Group.

Age 645 * 19 Ma L
715 R,  0.7048 +0.0003 : X
x
MSWD 2.1
71075 |
o 7065
”\
Y
70225 |
T T T T T Ll 1 b A T T
1 2 3 4 5 & 7 .8 .9 1 1
87 8%
Rb/t ST

Fi. 1. Isachron plot for Mahd adh Dhahab porphyritic rhyolite,

TasLE 4, Rb and St concentrations and Sr isotopic composition of Mahd adh Dhahab porphyritic

rhyolite.
Sample Rb Sr Rb/Sr YIS/ %Sr
1 13.9 34.4 0.40448 = 0.003 0.71550 = 0.029
2 13.51 4.2 1.39453 £ D.D12 0.71571 £ 0.112
3 12.6 34.7 1.36396 % 0.0046 0.71450 = 0.017
4 13.2 32.6 0.40540 = 0.0025 0.71561 = 0,280

Most previous workers (Luce et al. 1979, Huckerby 1984, Hilpert et al. 1984, and
Doebrich and Leanderson 1984) had concluded that rhyolite intrusion caused the
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mineralization. However, the presence of mineralized quartz veins in the porphyritic
rhyolite suggests that the latter predated the mincralization as previously inferred by
Worl (1979) and Afifi (1989, 1990).

Isotopic data on lead extracted from galena separated from five sulfide samples, ail
collected from the southern ore zone (SOZ) of the Mahd Adh Dhahab mine, are pre-
sented in Table 5. The data show a simple and uniform lead isotopic composition.
They also agree, to a grcat extent with the data of Stacey e al. (1980) shown for com-
parison, Such compuarison is important in checking the accuracy achieved in the FES
geochronology laboratory in its first Pb isotopic study.

TaBLE 5. Isotopic composition of lead extracted from Mahd adh Dhahab sulfides.

_ . ages by M .
Sample 2MPh / 24 Phy uTply [ 209py A8y P ;’5““ by 11" Reference
Vi 17.398 15.487 36.995 691 750 1
V2 17.421 15.503 37.081 04 757 i
V3 17.376 15.453 36.903 678 73 ]
Ve 17.403 15.462 36.950 004 725 1
M3 17.374 15.453 36.887 677 733 1
87520 17.402 15.477 36.957 681 2
87223 17.405 15.474 36.978 673 2
DDB-11 17.400 15.477 36.959 688 2
69115 17.407 15.485 36.975 693 2
64026 17.408 15.471 36.917 665 2
R-81-A 17.381 15.423 36.953 692 3

a - ages according to Stacey and Kramers model ([975) b - ages according to Tatsumoto Table (1973)
Ref. (1) This study:  (2) Stacey et ad. 19805 (3) Rye eraf. 1982,

Applying Stacey and Kramers (1975) common lead model, the ages obtained
range between 677 and 704 Ma with an average of 689 Ma. This model has been
selected on the basis of a calibration study made by Stacey er a/l. (1980) on the applica-
bility of diffcrent common lead dating models in Arabian Shield settings. It has also
been selected to conform with the increasing evidence on the role of plate tectonics in
the cvolution of the Shield. The mine falls in the Hijaz terrane which is underlain by
rocks of an island arc setting (Calvez et al. 1984, Stoeser 1986). In such a setting, re-
cycling of crustal material during subduction is likely and it is inappropriate to as-
sume a single stage model for the sulfide mineralization under such complex condi-
tions. Stacey et al. (1980) concluded from their calibration study that “the Stacey and
Kramers model apparently gives reasonable age estimates in the Saudi Arabian set-
ting, yielding ages for eftectively single stage leads that may be too young by no more
than 30-50 m.y.”. The reason for this conclusion is obviously the relatively short
period which must have elapsed between the formation of the later subducted
oceanic crust and the mineralization. This time may be too short to generate suffi-
cient radiogenic lead to significantly contaminate the mineralizing fluids. The ex-
tremely uniform lead isotopic composition of the Mahd Adh Dhahab galenas sup-
ports the validity of using the Stacey and Kramers (1975) model. According to the
plumbotectonic model of Doe and Zartman (1979), all the studied samples fall near
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the mantle average growth curve (Fig. 2a) which is consistant with the suggested is-
land arc seiting, and homogeneity of the source.

37t ¢ Mahd adh Dhahab mine
* An Nugrah prospect
o 37
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FiG, 2. Application of plurnbotectonic model diagrams of Doe and Zartman 1979, (o Mahd adh Dhahab
mine and An Nugrah prospect.

Applying the constants estimated by Tatsumoto (1973) to calculate lead model
ages using the interpolation provided in Doc and Stacey (1974), the data in Table 5
provide ages that range between 725 and 757 Ma with an average of 740 Ma. These
ages are older by about 50 Ma than those calculated by the Stacey and Kramers
model and may account for the 30-50 Ma discrepancies found by Stacey et al, (1980).

All the model lead ages estimated in this study for the Mahd mineralization (681-
740 Ma) point to a younger age comparcd to the minimum age of the Mahd Group
(769 = 5 Ma). The discrepancy is at least 25 Ma, and may reach some 80 Ma which in-
dicates that mineralization occurred long after deposition of the volcanic volcanoc-
lastic sequence. In fact, Afifi (1990) provides evidence that the mineralization occur-
red after the initial folding and metamorphism of the Mahd Group.
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An Nugrah Prospect

Geology and Mineralization

An Nugrah area hosts massive sulfide mineralization in a sequence of intermediate
to acidic volcanic and volcanoclastic rocks which alternate with thick beds of dolos-
tone. The whole sequence belongs to the Hulayfah Group which rests with uncontor-
mity over an ophiolitic complex (Delfour 1977). The rocks were folded during Ar
Ruqabuah orogeny and were subsequently intruded by the Asfar granitoid batholith.
The Hulayfah group is divided into the lower Afna formation and upper Nugqrah for-
mation, which hosts the mineralization. Details about the geology and petrographic
description of different members of the two formations are given by Baqabas (1989)
and Delfour (1977).

Mineralization at An Nugqrah occur in the form of lenses of different shapes, sizes
and thickness. In the prospect area, mineralization is hosted by the Nugrah forma-
tion, divided into units of chloritic felsic tuff, telsic tuff, chloritite, dolomitic chlori-
tite and dolostone. The mineralized lenses are mostly along the contact between
mafic volcanics in the hanging wali and chloritized rhyolitic volcanics in the footwall.
The mineralized lenses are separated laterally by barren beds of dolostone and tuffs.
Deformation appears to have affected all the sulfide lenses.

Ore minerals identified at An-Nuqrah include sphalerite, galena, chalcopyrite and
pyrite, with minor altaite, hessite, calaverite, polybasite, acanthite, covellite, arse-
nopyrite, marcasite, pyrrhotite, bournonite and gold. The presence of framboidal
pyrite indicates a low temperature, stagnant, submarine, biologically influenced en-
vironments during the formation of the deposit (Guilbert and Park, 1986). The
mineralization appears to have been affected by several stages of metamorphism and
deformation during and after its formation. This is suggested by sinuous, tightly
folded and deformed bands of sphaleritc, chalcopyrite and galena; and by emulsion
texture of chalcopyrite in sphalerite rather than the regular pattern of exsolution.
Due to annealing, the chalcopyrite lamellea clustered together forming droplets or
irregular blebs randomly distributed within sphalerite. The ductile sulfide are
strongly elongated into parallel bands of chalcopyrite, galena and sphalerite. In few
cases pyrite shows brecciation and pullapart texture in galena is common. More de-
tails on the ore microscopy of the mineralization is given by Baqabas (1989).

Geochronology

Delfour (1977) estimated an average K-Ar age of 740 Ma based on seven K-Ar
whole rock determinations on samples of dacite and andesite collected from Jabal at
Tin, the southern extension of Jabal "Afinah. This date was inferred as the time of
eruption of intermediate lava in the lower Atna formation. He also dated five sam-
ples from quartz keratophyre flows which occur stratigraphically above the sulfide
mineralization using K-Ar whole rock method. These samples gave dates in the
range 507-564 Ma, with an isochron at 567 Ma, which dates the last important ther-
mal event.

No previous Rb-Sr isotopic dating has been carried in An-Nuqrah area. In this



Piy and Sr Isotopic Study... 39

study, six samples from Asfar granitic pluton define a whole rock isochron age of 685
+ 46 Ma, with an initial %St/ *Sr ratio of 0.7033 + 0.0006 and MSWD value of 1.60
(Fig. 3) based on data of Table 6. This age is much older than the K-Ar whole rock -
dates and sets a minimum age for the Nuqgrah formation. The large uncertainty in the
age is possibly related to remobilization of Rb and/or Sr during the greenschist
metamorphism, to which all rocks in the area were subjected. The age agrees, how-
ever, within the reported limits of error, with the Rb-Sr age of the Mine Hill rhyolite
at Mahd Adh Dhahab and suggests a possible regional metamorphic event that
caused a regional resctting of the Rb-8r clocks in this part of the Shield.

R 0.70033 ¢+  0.0006
0.724

MSWD 2.0
0721
0.718
0.715

o 0.712)

86

0.709

Sr/

87

0.706 -

0.703 .

0700 T T T T T T - T T
000 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60 1.80

87 86
Rb/ Sr

F16. 3. Tsochron plot for Asfar granite.

TABLE 6. Rb and Sr concentrations and Sr isotopic composition of post-Hulayfah Asfar granite.

Samplc Rb Sr Rb/Sr RIGp fR0G
| 30.3 168.6 0.1799 = 0.0004 0.7076 = 0.0001
2 274 110.6 0.2481 = 0.0029 0.7098 = 0.0011
3 20.2 63.0 0.3214 = 0.0067 0.7128 = 0.0016
4 15.3 164.6 0.1046 = 0.0036 0.7068 + 0.0010
5 21.2 60.6 0.3497 = 0.0056 0.7128 = 0.0007
6 101.1 195.7 0.5167 = (.0012 0.7175 = (.0008

The age of the Asfar granite falls within an episode of widespread arc magmatism.
Stoeser (1986) assigned an age range of 770-640 Ma for this event based on a consid-
erable number of isotopic dates from essentially intermediate plutonic rocks. The li-
mited number of these dates put some constraints on the origin of these rocks and
their place in the early evolutionary history of the Shield.
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Three sulfide samples were sclected from a dnil-core provided by Petromine-
Grangs Mining Company. Due to difficulty of separating galena, lead extraction
from the whole sulfide was performed according to a technique described in Bagabas
(1989). The Pb isotopic compositions of the three samples are listed in Table 7 to-
gether with model ages calculated according to the model of Stacey and Kramers
(1975) and Tatsumoto (1973). The Stacey and Kramers model ages range between
678 and 689 Ma averaging 685 Ma and Tatsumoto model ages range between 761 and
773 Ma, averaging 766 Ma. The discrepancy between the two model ages is some-
what higher than the 30-50 Ma anticipated from the calibration study of Stacey et al.
(1980). The average ages are however remarkably similar to ages obtained on Mahd
Adh Dhahab mineralization.

TaBLE 7. Lead isotopic analysis of An-Nugrah deposit.

Sample phph | phepn | wsph okl f‘g“ by M“h Ref.
N2 17.394 15.500 37.087 689 773 1
N3 17.392 15.486 37.090 68K 761 1
N4 17.375 15,480 37.067 678 765 I

Average 083 760 1

17.406 15.476 37.039 680 2

a.basin Table 5. References 1and 2 as in Table 5.

The similarity of lead isotopic data from Mahd Adh Dhahab and Nuqrah (Fig. 2a)
indicates that original sources of the lead in the arc terranes of western Arabian
Shield hosting both prospects had similar lead isotopic composition but no genetic re-
lationship is clear. The uniformity of lead isotopic composition in An-Nugrah pros-
pect supports the validity of applying Stacey and Kramers (1975) model.

Since the mineralization in this area is strata-bound, its estimated model ages of
(685-7660 Mu) should be very close to the age of the Nugrah formation which accords
with the Rb-Sr age of the intruding Asfar granitic batholith (685 + 46 Ma). The de-
formational features observed in the sulfide polished sections may have been caused
by the granitic intrusion.

Discussion and Conclusion

The lead model 689 Ma average age for Mahd Adh Dhahab mineralization is the
oldest and perhaps the only vein type deposit age that is older than 600 Ma. All other
vein deposits in the Arabian Sheild, regardless of their geographic locations, fall
mostly between 550 and 450 Ma (Stacey eral. 1980). Much of these vein mincraliza-
tions coincide with the northwesterly trending Najd fault system which is estimated
to have occurred in the waning stages of the Pan African “orogeny”, approximately
550 Ma ago.

The age difference between Mahd Adh Dhahab mineralization and all other vein-
type mineralization in the Shield s supplemented by another important differcnce: it
is uniform in its Pb isotopic composition, contrary to most vein type deposits that
show wider ranges in their Pb isotopic ratios.
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Tabie 8 illustrates the narrow range of ages obtained on Nugqrah compared to some
ages previously obtained on massive sulfide deposits in the Arabian Shield such as
Jabal Sayid and Wadi Shwas (Stacey et al. 1980) and Al Khunnaigiyah (Bokhari and
Kramers 1982). All these deposits are hosted by volcanic and volcanoclastic rocks
which belong to Halaban or the equivalent Hulayfah Group, estimated to have been
formed between 800 and 650 Ma ago (Calvez et al. 1984) i.e. same age range of
mineralization. This confirms their syngenetic origin.

TabLE 8. Maodel Icad ages of massive deposits in the Arabian Shield.

Age Ma
Aren
i 2 3
AnNugrah 685 680
Al Khunaigiyah 728
810
Jabal Savid 720 718
. 746
Wadi Shwas 695 670
720
) Thiswork. 2y Staccyetal (1980) 3) Bokhariand Kramers (1982).

The Pb isotope data of An Nuqrah and Mahd Adh Dhahab as well as previous data
from the western Shield plot above mantle growth curve, and below orogene growth
cruve of Doe and Zartman (1979) plumbotectonic model (Fig. 2b). This pattern is
similar to sulfide deposits in other parts of the world that are thought to have evolved
in ensimatic or primitive isiand arc environments. On the other hand, data on mas-
sive sulfides and vein deposits in the eastern Shield fall on or slightly above 2%8Pb/
2MPb orogene growth curve (Stacey et al. 1980) indicating the presence of a continen-
tal basement in this region.

It is concluded that precision and accuracy achieved in this work is quite satisfac-
tory to continue applying this method in the FES geochronology laboratory for dat-
ing of sulfide mineralization in the Shield. These studies are necessary to check the
apparent disconcordance between ages of massive-type volcanogenic deposits (750-
650 Ma), and vein-type deposits (550-450 Ma), with the possible exception of Mahd
Adh Dhahab deposit which, though vein-type, formed 685 Ma ago. The low
radiogenic Pb content of sulfides from the western part of the Shield supports
Bokhary and Kramers (1981) Sr and Nd isotopic studies in suggesting an ensimatic is-
land arc model for the evolution of this part of the Shield.
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