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PREFACE

In 1963, in response to a request from the Ministry of Petroleunm
and Mineral Resources, the Saudi Arabian Government and the U. S.
Geological Survey, U. S. Department of the Interior, with the approval
of the U. S. Department of State, undertook a joint and cooperative
effort to map and evaluate the mineral potential of central and western
Saudi Arabia. The results of this proéram are being released in USGS
open files in the United States and are also available in the Library
of the Ministry of Petroleum and Mineral Resources. Also on open file
in that office is a large amount of material, in the form'of unpublished
- manuscripts, maps, field notes, drill logs, annotated aerial photo-
graphs, etc., that has resulted from other previous geologic work by
Saudi Arabian government agencies. The Government of Saudi Arabia
makes this information available to interested persons, and has sat
up &8 liberal mining code which is included in "Mineral Resources of
Saud{ Arabia, a Guide for Investment and Development,'" published in
1965 as Bulletin 1 of the Ministry of Petroleum and Mineral Resources,

Directorate Ganeral of Mineral Resources, Jiddah, Saudi Arabia.
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ABSTRACT
The Wadi Bidah district in southwest Saudi Arabia_gpntains}
several ancient mines -and mineral prospects. The Precambrian
rocks of the district are steeply dipping and highly folded and faulted.
They are divided into three major units: (1) older metavolcanic rocks,
(2) metasedimentary rocks, and (3) younger metavolcanic rocks. Massive
sulfide-type deposits show stratigraphic control and are found in
metasedimentary rocks and in the younger metavolcanic rocks. There
appears to be a close genetic relationship between the sulfide deposits
and volcanism. Deposits containing copper, zinc, gold, .and silver are
indicated by geologic mapping and by shallow diamond drill holes in
two of the ancient mine localities. The ore estimate for the district
is 2.55 million short tons computed to depths that range from 79 to
150 meters. It seems probable that deeper drilling of the indicated
deposits and drilling of other outlined target areas would add sub-
stantially to the ore reserves.
INTRODUCTICH

Description and objectives

The Wadi Bidah district covers approximately 400 square kilometers
in the southern Hijaz region of Saudi Arabia, and it contains five
ancient mine localities (fig.l). The boundaries of the district are
not geologically or physiographically definitive. The district is

named after the major wadi (dry river valley) that drains the area.

1
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The primary objectives of the investigations were to evaluate
the mineral potential of the ancient mine localities, to locate explo-
ration target areas to resolve geology of the district, and to deter-
mine the geologic-controls related to mineral deposits of the district
that might have practical application in the exploration approach for
ore bodies in other parts of Saudi Arabia where geologic conditions are
similar.

The investigations were carried out by the U.S. Geological Survey
as part of its agreement with the Ministry of Petroleum and Mineral
Resources, Kingdom of Saudi Arabia. |

Location and accessibility

The Wadi Bidah district (fig. 2) lies between latitudes 20°22'N.
and 20°48'H, and longitudes 41°20'E. and 41°27'E. The north boundary
is about 325 kilometers by road east-southeast from Jiddah, a major
port city on the Red Sea coast. The road is a paved (two and four-
lane highway) for about 165 kilometers between Jiddah and At Ta'if
and a paved road extending east-southeast from At Ta'if toward the Wadi
Bidah district is under construction. During the present investigatioms,
the district was reached by a normally good and well traveled unpaved
road from At Ta'if. The trip from Jiddah to the Wadi Bidah district
takes about 7 hours by car or truck. - Drill access roads connzct four
of the ancient mine localities with the main road in the middle of

Wadi Bidah.
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An airstrip suitable for light aircraft is located near the
center of the district at 1318 meters elevation. The airstrip is
235 kilometers from Jiddah on a bearing of 114°.

Geography and geomorphology

The Wadi Bidah district is in a region of moderate to rugged
relief. The north-soﬁth axis of the distriect is subparallel to
the'course bf Wadi Bidah which forms an undulating valley floor about
2 kilometers wide. Wadi Bidah flows northerly and empties into Wadi
Turabah a short distance north of the district. The valley walls are
steep sided, and the relief is rugged to the east and west of the valley.
Secondary wadis in Wadi Bidah provide access to parts of the rugged |
areas. Elevations in the district range from 1215 meters in the north
part of the district to 1686 meters in the southw;st part, so that
the maximum relief is 471 meters. Mountain peaks a short distanée
south of the district rise to 1816 ﬁeters.

The topography of the district is in the intermediate stage of
youthful development. In iﬁe northern part of the district, flat-lying
lava flows, which are probably of Miocene age or younger covef an
irregular erosion surface of Precambrian rocks. The lavas rest on a
Tertiary erosion surface which is about 45 meters above the present
valley floor. 4 northeasterly tilted peneplane surface is suggestive
by the low angular accordance of peaks in the western part of the

district.



Wormzlly the wadis of the district have intermittent flow; however,
the present study was conductéd in a year of abnormal rainfall and Wadi
Bidah maintained perennial flow. The region receives frequent showers
in winter and spring, and occasional late afternoon showers in summer
and fall. «ainfall is usually of short duration. Because of thz topo-
graphic configuration, the valleys in the district are subject to
frequent flashfloods, and occasionzlly the floods cause considerable
demage to crops and homes.

The water table in the district is highly fluctuating; however,
water-wells are of adequate depth to assure 2 perennial source of water.
all wells are located in the Wadi Bidah valley and are concentrated
in the southern part of the district. Water is used for irrigation as
well as for human and animal consumption.

The principal industry of the district is the grazing of sheep
and goats. Small orchards of pomegranate and apricots and fields of
millet can be observed in the main valley in thé southern part of the
district. A few grapes and lemons are also cultivated.

The district does not include any villages and the population is
sparse. Most inhabitants live in the southern part of the Wadi Bidah
valley near the water wells. HNearly all are permanent settlers, although
a few nomads are generally present. -Judging from the large number of
ruins that may date back to the Ottoman Empire of the fourteenth century

or possibly later, the population of the district must have been far



more dense at the time than it is today.

The Ottoman ruins are located in the central and southern part
of the district near the main valley. They mostly consist bf large
fortress-like structures builtoon low but steep crasts and ridges that
contain the best grade building stone in the district. The location of
the structures as evidently determined by their defensive characteris-
tics and by the availability of good building materials. 4ncient
querries are commonly found near the ruins.

Ruins that probably date back to the eighth and ninth centuries
of the ibbasid caliphate are in less accessible'parts of the district,
near ancient mines. The most extensive and best preserved of the older
ruins were observed at the Mulgatah and Mulhal ancient mine localities.

Wild life in the district includes fox, wolf, rabbits, baboons,
a small variety of birds, rodents, small reptiles, and insects. The
insect population includes the malérial infected anopheles mosquito.
Temperaturas in the district have a maximum variation from 5°C. in
the winter months to 46°C. in the summer months.

Previous investigations

The ¥adi Bidah district is included in the Southern Hijaz
Quadrengle map (Brown and others, 1962). In 1964 C. W. Smith, formally
with the Directorate General of Mineral Resources, compiled an unpub-
lished map of the geology of the Mulhal ancient mine which is located
near the center of the district. Electromagnetic surveys were conducted

by Davis and allen (1970) in the Mulhal and Mulgatah ancient mine ereas.

-



The negative results of these surveys indicates that the depth of

oxidation exceaded the effective depth of penetration of the geophy-

sical method used.

Anomalous amounts of gold and silver were found in the alluvium
near the Mulgatah and Rabathan ancient mine areas by Gonzalez (3?79}.

A general description of the geology and mineral resources of
the Wadi Bidah district is in a geologic report on the Southern Hijaz
quadrangle (Goldsmith;g;:ngégi,He assigned sub-district status to
Wadi Bidah which included a more extensive area than the Wadi Bidah
district as defined in this report. Goldsmith (in press) collectively

grouped the rocks of the Wadi Bidah district into the Schist Series;

a thick and extenstve series of metavolcanxc and metasedzmentary rocks.,

———nr 2T T ~ e e e e —— O —— o [ e e e o e

I

He suggested that the regional structure, in which the Wadi. . . _ = . _

Bidah district is included, may be anticlinal and that the Schist

Series forms the west limb of the anticline. The present investlgatio:s

lend support to' this observation. Goldsmith ¢ in press) alsg included
brief descriptions of the Mulgatah and Rabathan ancient mines areas
in his feport.
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PRESENT INVESTIGATIONS

Introduction

The present investigations are an outgrowth of the helicopter-
borne mineral reconnaissance survey which covered extensive regions
in the Southern Hijaz and Tihamat ash Sham quadrangles in Southern
Saudi Arabia. The reconnaissance was conducted by a U. S. Geologica}
Survey team directed by G. H. Allcott and R. L. Earhart during the
spring and summer of 1967. This work resulted in the location of
numerous mineralized localities, and visits to known mineral localities

within the district were included in the investigations.

9



Mumerous grab and’select samples were collected during the recon-
naissance survey. A partial list of analytical results of samples
collectéd from old mine localities in the Wadi Bidah district are
included in table 1. These results? along with the presence of ancient
mines, and of geologic conditions favorable for sulfide mineralization,
suggested the possibility that orerdeposits are in the district.
Therefore, an exploration program involving geological, geochemical,
and geophysical studies was proposed. The present geological studies
included geological mapping and diamond drilling which required tope-
graphic and laboratory support.

- Geochemical studies by Allcott and geophysical studies by Flanigan
and Gazzaz are currently in progress or are being compiled. & heli-
copter-borne electromagnetic-magnetometer survey was conducted under a
contract agreement between the U.S. Geological Survey and Sanders

Geophysics Limited in February 1968. In preparing the geclogic report,

the authors have frequently consulted with those persons involved in the

geochemical and geophysical aspects of the work,

Geologic mapning

Geologic mapping of five ancient mine localities was at a scale
of 1:1000 (pls. 2-6), vhereas mapping of the district was at a scale

of 1:50,000 (pl. 1). Parts of the Rabathan area in the southern part

10



TaBLE 1.

Sample No.

37348
37349
37350
37351
37352

Sample No.
37336

37337
37338
44115
44105

Sample lo.
45828

45722
45826

45677
54860

4 PARTIAL LIST OF ANALYTICAL RESULTS FROM GRAB &ND SELZCTED
SAMPLES COLLECTED DURING RECOMNAISSANCE INVESTIGATIONS, WADI
BIDAH DISTRICT. Au and Ag in ounces per ton; Cu, Pb, and Zn
weight percent; and Mo in parts per million.

Locality - Mulgatah Ancient Mine

Description Au ag Cu Pb Zn

Quartz-sericite schist Nil 0.57 3.0 1.0 1.5
Gossan Nil 1.13 4.5 1.5 2.5
Siliceous gossan Nil 0.75 2.3 1.5 1.0

" " Nil 6.58 1.2 0.3 1.0
Slag Nil 0.16 4.5 0.3 1.5

Locality - Gehab Ancient Mine

Description Au ag Cu Pb Zn

Gossan 0.10 KNil 0.03 0.15 0.005
Limbnitic, sheared rhyolite0.58 0.34 0.004 0.075 0.0025 -
"o " " 0.19 0.15 0.025 0.02 0.0025
Gossan 0.51 0.52 0.03 -  0.050
Gossan 0.12 1.32 0.08 -  0.125

Locality - Sha'ab Eltare Ancient Mine

Description 4g Cu  Pb Zn Mo (ppm)
Rhyolite Tr 0.05 <05 0.05 <5
Sericite schist , Tr 0.10 05 <«0.02 <2
Gossan Tr 0.25 <05 0.07 50
Gossan Tr 0.05 <05 0.02 5
Chlorite schist - 0.07 <.05 0.03 <2

11



4BLE 1.

A PARTIAL LIST OF ANLLYTICAL RESULTS FROM GRAB ANMD SELECTZED

SAMPLES CCOLLECTED DURING RECONNAISSANCE INVESTIGATIOHS, WADI

BIDAH DISTRICT. Au and Ag in ounces per ton; Cu, Pb, and Zn

in weight percent; and Mo in parts per million. (cont'd.)

Locality - Mulhal Ancient Mine

Ag Cu
10.51 0.24
2.57 15.50
0.43 2.30
0.75 1.50
- 2.44 0.16

ca B
1.20 0.005

0.03 0.0025
6.0 0.0025

0.03 <0.05

Sample No. Description au
37270 Siliceous gossan 0.30
37271 Slag 0.69
37272 Siliceous gossan 0.38
37274 Quartz-sericite schist 1.24
37277 Barite-quartz vein 0.46

Locality -‘Rabathan Ancient Mine

Sample No. Description Au Ag
37342 Slag Nil 0.23
37344  Gossan 0.23  0.46
37346 Chlorite schist Nil 0.14
49082 Gossan - <06
49136 Greenstone - <06

0.03 <0.05

Samples collected by R. Earhart, G. Allcott and G. Geri.

0.10
0.25
0.30
0.20
0.10

0.005 -
0.0025 -
0.01 -
0.03 <2
0.05 <2

4nalysis by the laboratories of the Ministry of Petroleum and Mineral

RKesource,

Jiddah, Saudi Arabia.

12



of the district were mapped at a scale of 1:2000 (figs. 5, 7, and 8).

The datailed maps at o scale of 1:1000 were made by the plane-
table and alidade method of four of the five ancient mine localities.
The other ancient mine locality, the Mulhal, was mapped by the pace
and compass m:thod along geochemical survay lines of 50 meter spacings
from stations established on 20 meter intervals. The Mulhal ancient
miﬁe locality was mapped at a scale of 1:1200, but was enlarged to
1:1000 to conform with the meps of the other ancient mine localities.

The district was mapped on aerial photographs at a scale of
1:50,000, and later plotted on a semi-controlled photo mosaic. ifter
the field work was completed, recent photography at a scale of about
1:12,000 was made available and stereoscopic study of these photographs
permitted further refinement of the geology.

Selected parts of the Rabathan area, which were diamond drilled
but not included on the plane tabi; maps, were mapped on an enlarged
photographic base at a scale of 1:2000.

Diamond drilline

The objectives of the diamond drilling program were to as many
ore-grade mineral deposits as possible, and to supplement surface
geologic data. MNo attempt was made to block out orebodies nor to
dcotermine the approximate limits of such bodies by diamond drill hole
information. Consequently, target areas were penetrated by only one
drill hole regerdless of the results of that hole. This procedure

was necessary because of the large number of targets in the district,

23



several of which have not been tested by drilling.
Eighteen diamond drill holes were completed for a total of 2,199.2.

meters by the U. S. Geological Survey drilling team and by the Arabian
Drilling Company (table 2). The Arabian Drilling Company drilled four
of the holes for a total of 513.0 meters. The overall average core
recovery, excluding overburden, was 74.7 percent and core recovery in
ore-grade material averaged 72.2 percent. The diamond drill hole data
is given in table 2, and a further breakdown of core recovery in the
mineralized zonesAis presented on table 3. Three of the holes were
lost or abandoned before completion due to drilling difficulties or to
insufficient core recovery.

Tonoeraphic surveys

The locations and elevatdons of 15 prominent points in or near
the district were established by an electronic method of triangulation.
Five of the stations were purposely established near ancient mine
localities and a secondary control station was surveyed in all but
one of the mine localities., The base clevation used for vertical
control was taken from the average altimeter ground readings of air-
craft at the airstrip in the central part of the district. The
locations of all points were calculated in terms of latitude and
longitude, and were converted to the International Spheroid grid system
so that locations of individual detailed map areas can be easily

interrelated in terms of meters.

14
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TABLE 3, CORE RECOVERY IN CRE ZONES

Hole No. Ore interval in meters Percent core
‘ Tecovery
Gehab # 3 ‘ 12.2 88.7
Gehab # 4 | 3.1 100,0
Rabathan # 2 . 5.3 28.0
Rabathan # 3 4.3 100’.0
Rabathan # 4 | 10.4 100.0
Sha'ab Eltare # 2 10.7% = 29.9

* Submarginal material
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ALnalysis of drill cores
| 4 total of 593 drill core samples were analyzed during the study. -
411 sample pulps were prepared by the laborat;ry of the Ministry of
Petroleum and ﬁineral Resources in Jiddah, and most samples were
analyred by them. The pulps were prepared from split &X and BX size
cores and the unused split was retained. A total of 191 sample pulps
were anmalyzed by U. S. Geological Survey laboratories in the United
States. liost pulps were from samples that were also analyzed in the
Jiddah laboratory; the results are given in table 4. With fow excep-
tions, all samples werce analyzed for copper, lead, zinc, gold, and
silver. lMolybdenum was dgtermined on a few of the samples. The
analytical results indicate that some samples contain highly significant
amounts of copper, zinc, gold, and silver, but none of the samples
contain appreciable amounts of lead or molybdenum.
GEOLOGIC SETTING

The Wadi Bideh district (pl. 1) is part of an extensive orogen
of Precambrian volcanic and sedimentary rocks, the limits of which4are
not well defined. &n anticlinorium is the dominant regional structure,
and its axis lies east of the district and strikes northerly so that
the rocks in the district comprise part of the west limb.

The rocks consist of two series of volcanic rocks which are
separated by a comparatively narrow succession of sedimentary rocks.

Regional metamorphism has advanced to the upper greenschist facies.
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The extensively folded and faulted rocks strike northerly and dip
steeply to the west and eaét. " They are intruded by plutonic rocks,
and are locally overlain by Tertiary basalt.
STRATIGRAPHY

The rocks of the Wadi Bidah district are mostly metamorphosed
voleanic and sedimentary rocks of Precambrian age (table 5). The
metamorphosed rocks are divided into three major units as follcws:
(1) older metavolcanic rocks, (2) metasedimentary rocks, and (3)
younger metavolcanic rocks. Granitic and dioritic plutons and related
dike rocks intruded the metamorphosed rocks, and Tertiary basalt flows
cover large arcas in the northeast part of the district.

Older metavolcanic rocks

The oldest rocks consist of a thick sequence of chloritic meta-
volcanic rocks of basaltic to andesitic composition and equivalent
pyroclastic rocks. The lavas include amygdaloidal metebasalt that

is otherwise lacking in volcanic structures or textures. The abundance

of vesicules and lack of pillow structures suggest that the‘mafic_
volcanic rocks were deposited in a sub-aerial or shallow water environ-

ment. The mafic lavas are metamorrvhosed to the chlorite-epidote sub-
facies and are intruded by quartz-hornblende diorite. They crop out
in the eastern part of the district, and a fault contagt separates .

them from younger metasedimentary rocks to the west.
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Table 5.—Stratigraphic column, Wadi Bidah district.

. Approximate o
System Rock units thickness, Character & distribution
in meters
Unconsolidated Colluvial and fluvial; occurs locally through-
HOLOCENE sediments 0-25 out the district.
unconformity
TERTIARY Voleanic rocks 0-40 Basaltic'lava flows; flat lying:, covers broad
areas in northeast part of district.
Angular
nformi . . .
uncontormity Peralkaline granite and related dike rocks;
Younger granite ? small areas of exposure in north part of
PRE- district.
CAMBRIAN?
P Quartz diorite; diorite border facies, related
Diorite 1y ? .
quartz-diorite : d{ke mks, in central and southeast part of
district.
Older o Calc-alkalic granite; in southwest part of
granite : district.
Greenstone and intercalatéd felsic and mafic
Upper 2000-30007 metavolcanic and metapyroclastic rocks; ex-
posed throughout western part of district.
Metarhyolite and related quartz-sericite
Younggr N schist; host to sulfide mineralization,local
volcanie Middle 0-100 chlorite schist, iron formation at lower con-
rocks tact locally in north and west parts of dis
local trict.
unconformity
Mafic metavolcanic and metapyroclastic
Lo 2 rocks; includes pillowed amphibolite, marble
wer 000 marker bed near base, in north-central and
. west- central part of district.
F-—-——- unconformity
c Anigg,‘l AN Quartzite and phyllitic quartz-chlorite sericite
Upper 0-300 schist; in south-central part of district.
Metapyroclastic rocks; iron formation, green-
Meta- Middle 0-700 stone, in central and south-central part of
sedimentary district.
rocks
Siliceous, limey, and dolomitic metasedi-
mentary rocks; pyritic graphite schist, iron
Lower 0-600 formation, lenticular sulfide masses, cherty
tuff; in east-central and south part of dis-
Fault trict.
contact
* Older volcanic 2000 Mafic metavolcanic and metapyroclastic
rocks ) rocks; in east and southeast part of district.
t——— disconformity
Granite gneiss; comprises core of anticlin-
B”egng‘;"t ? orium about 2 kilometers east of Wadi
Bidah district.
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Metasedimentary rocks

Metasedimentary rocks occupy tﬁe valley formed by Wadi Bidah in
the central and southern narts of the district. They are mostly of
pyroclastic origin, although some metasedimentary rocks are of non-
volcanic origin. The metasedimentary rock unit is divided into lower,
middle, and upper parts.

The lower part of the metasedimentary rock unit is highly sheared
and contorted due to its close proximity to the East fault which
separates the metasedimentary rocks from older metavolcanic rocks.
Pyritic quartz-graphite schist, fine-grained siliceous tuff, and
chlorite schist are the dominant rocks. Lenses of cherty tuff, iron
formation, bedded siliceous carbonate rock, and massive sulfides are
in the quartz-graphite schist and tuff. |

Quartz-graphite schist is altered to limey quartz schist near the
surface so that graphite is rarely discernible in outcrop. Cores from
drill holes show a transition from limey quartz schist to'quartz-
graphite schist within the zone of oxidation, and the empirical data
suggest that the alteration to limey quartz schist is due to a
weathering process.

The rocks that form lenses in the schist and tuff are erratically
distributed. The lenses are commonly asymmetric and highly veriable
in size. Siliceous carbonate rock forms the largest lens, and it has
an average composition of silica magnesium limestone. It forms pro-

minent autcrops that weather tan or buff.
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Massive sulfide lenses in the lower rock unit are more abundant
in the extreme southern nart of the district and especially in the
locality shown on plate 6. They rarely have a strike length exceeding
100 meters. The lenses are discernible by a hydrbus ferric oxide
outcrop and locally some siliceous material.

Lenses of iron formation are most abundant in the area shown in
figure 7. They were not observed in the extreme suuthern part of the
district where massive sulfide lenses are most common. |

Lenses of cherty tuff were observed at several localities but
are most abundant in the locality shown in figure 7. Iandividual lenses
of cherty tuff are too small to be mapped at the present scale.

Foliated siliceous and chloritic pyroclastic rocks comnrise
most of the middle part of the metasedimentary rock unit. Some
intermediate to acidic flow rocks are locally present, and narrow bands
of iron formation are near the toﬁ of the middle part of the unit.

In the southern half of the district, the siliceous and chloritic
pyroclastic rocks locally contain volecanic ejectamenta of lappili
size and occasionally larger. Weakly foliated and highly chloritic
greenstone is interstratified in the pyroclastic rocks in the central
part of the district. One or two-meter wide bands of siliceous
hematitic iron formation, near the top of the coarse textured pyroclastic

rocks, decreases in abundance to the north.
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The upper part of the metasedimentary rock unit consists of a
poorly exposed phyllitic quartz-sericite-chlorite schist and quartzite.
The phyllitic schist appears to be of uniform cogbosition and texture.
It is overlain by light-gréy quartzite that forms prominent outcrops
on the west side of the Wadi Bidah valley in the central and southern
parts of the district. 4 large number of the ancient ruins are located
on knolls and ridges of quartzite.

Younger metavolcanic rocks

The younger metavolcanic rocks overlie quartzite in the southern
part of the district, but in the northern part of the district the

lower contact is not exposed. They range in composition from nmfic
to acidic and because of repetition by folding and faulting they are
exposed over a broad area that extends beyond the western boundary of
the district. This rock unit can be divided into three parts.

The lower part of the unit consists of meta-andesite, chlorite
schist, and amphibolite. i marble band 1 to 3 meters thick crops out
fairly persistently from the north to the south-central part of the
district. In the central and south-central parts of the district the
marble appears to be concordant above the base of the meta-andesite.
The origin of the marble is not known.

4mphibolite is exposed in the vicinity of the Gehab ancient mine

and the adjacent area. It is medium to coarse grained and the amphibole

is chloritized hornblende. At the Gehab ancient mine, the weakly

25



vesicular amphibolite contains well developed pillow structures,
chilled flow tops with columnar jointing, and volcanic detritus over-
lying flow tops. Amphibolite is exposed about 1 kilometer north of
the Gehab mine. It appears to be mineralogically andltexturally
similar to that at the Gehab ancieant mine, but lacks volcanic struc-
tures. It may be the hypabyssal equivalent to amphibolite derived

from~j?f§i“extrusive rocks at the mine. Chilled flow tops and well
developed pillow structures indicate that the volcanic rgcks of the
lower part of the younger metavolcanic rock unit were deposited in an
aqueous environment. Siliceous iron formation is locally at the
contact between the lower and middle parts of the younger metavolcanic
rock unit.

The middle part of the younger metavolcanic rock unit consists
of metarhyolite and narrow interbands of chlorite schist. Metarhyolita
is in all of the ancient mine area; located in the younger metavolcanic
rocks, but it is locally absent bayond tha limits of those areas.

The contact between the mafic and acidic volcanic rocks is always sharp,
and iron formation is locally along the contact in the Gehab mine
locality.

The metarhyolite is fine to madium grained and coatains flow
banding. 1In most places it is weakly sericitized, and it is completaly

altered to quartz-sericite schist in zones that have been intensely

shearad. Some quartz phenocrysts are elongated in the direction of
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regional foliation or local shearing. The phenoecrysts are the only
discernible original feature of the rock where the metarhyolite has
been altered to quartz-sericite schist,

4lthough pyrite is almost always present in minor amounts in the
metarhyolite, it is locally concentratad in large amounts with asso-
ciated economic sulfide minerals. Rarely sulfide minerals constitute
about 95 percent of the rock and form massive sulfide bodies. The
large concentrations of sulfide minerals are in localities where the
metarhyolite is tightly folded or faulted, commonly sites of ancient
mining activity.

The upper part of the younger metavolcanic rock unit consists of

S

greenstone and intercalated heterogeneous lavas. The mofe mafic
intercalations are similar in appearance to meta-andesite of the lower
part and the acidic intercalations resemble metarhyolite of the middle
part. The contact between the upper and middle parts is sharp at some
localities, but gradational and obscurzs at others. Poorly developed
pillow structures were observed in the basic lavas. Pyroclastic rocks
of composition equivalent to the flow rocks are probably in the upper
part of the younger metavolcanic rock unit,

Intrusive rocks

The intrusive rocks of the district are calc-alkalic granite,
diorite, peralkaline granite, and related dike rocks. A few quartz

veins and dolerite dikes are present, but show no apparent relationship
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to the intrusive masses.

The oldest intrusive is a gray to pink, medium-grained granite
that contains abundant blue-gray quartz and strongly resembles the
calc-alkalic granite identified by Brown and others (1962) in the
Southern Hijaz Quadranéle. They (1962) report that rubidium-strontium
isotope ratios of cazlc-alkalic grenite indicate an agz of 700 to 750
million years. Calc-alkalic granite is in a north-south elongate
exnosure in the southwest part of the district. It is younger than
regional metamorphism and older than the north-northwest striking
faults. The contact between the granite and the intruded metamorphcsed
rocks is sharp.

Diorite intrudes the older metavolcanic and metasedimentary rock
units. It is a hornblende diorite near the border facies and a quartz-
Lornblende diorite in the core. The top of the diorite intrusive
crops out as a long tongue in the center of the Wadi Bidah valley in
the central and southern parts of the district. In the central part
the diorite is overlain by greenstone roof pendants. The core is
exposed over broad areas\east of the East fault. The diorite is chilled,
bleached, and completely void of quartz along the contact near tha
upper margin of the pluton. The core is coarse grained and unaltered
except for slight chloritization of hormblende aﬁd weak saussaritization
of plagioclase. The age of the diorite is not known. It appearsto be

younger than the northwesterly striking fault system, and therefore
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younger than the calc-alkalic granite and older than the East fault.
Pink to gray pegmatitic granite is exposed in two small localities
in the north part of the district. OCne locality is 1.7 kilometers west
‘of the Gehadb anciant mine, and the other is in the northwest corner of
the district. The granite is similar in appearance to peralkaline
granite described by Brown and others (1962) elsewhere in the Southern
Hijaz quadrangle. They (1962) report that rubidium-strontium ratios
indicate an age of about 535 million years for the granite. The

relative ages of the diorite and the peralkaline granite are not clear

in the Wadi Bidah district; however, Goldsmith (in press) observed that

similar diorite is older than peralkaline granite in other parts of
the Southern Hijaz quadrangle. In the northwest corner of the district,
the granite contact is partly controlled by pre-existing faults that
belong to a northeast striking fault system. In the vicinity of the
Gehab ancient mine, these faults were intruded by felsic dikes that
may be related to the peralkaline granite.

Locally there are dolerite dikes and quartz veins. The dikes
form straight-line linear patterns, and are apparently unrelatad to the
plutonic rocks.
Tertiary and younger rocks

n series of flat-lying basaltic lava flows cover broad areas in
the northeast part of the district. They are columnar jointed and
attain an aggregate maximum thickness of about 12 meters. Where the
flows are breached by erosion, the underlying rocks consist of steeply
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dipping metamorphic rocks. The flows are inferred to be of Tertiary
age. Goldsmith (in press) noted basalt flows of probable Holocene age at
other localities in,the Southern liijaz quadrangle. However, the
extensive erosion of the flows in the Wadi Bidah district indicates
that they are older than Holocene.

Partly compactad and stratified mudstone and mudstone conglomerate
of recent age are in small isolated patches on the Wadi Bidah flood
plain., The wadis of the district contain unconsolidated fluvial
material.

STRUCTURE

Regional

' The rocks of the Wadi Bidah district are in the west limb of an
anticlinorium, the main regional structure. The gneissic granite core
of the anticlinorium is 2 to 4 kilometers east of the district. The
axis strikes northerly, parallel to regional foliation. Rocks forming
the west limb are highly folded and faulted for an undetermined distance
beyond the north, west, and south boundaries of the district.
Folds

- There arzs numerous anticlines and synclines in the Wadi Bidah
district. The folds are most evident in the younger metavolcanic rock
unit in the western part where there is repetition of the strata.
Tight folding is common, and the folds are locally overturned and

isoclinal. Most fold axes plunge to the south, some plunge both north
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and south. The foliation in the rocks is parallel to the northerly
strike of the folds. Axial planes dip steeply to the east or west;
some are vertical. The primary folds and related shearing appear to
be the oldest structural features in.the district. Their alignment
with the regional foliation indicates that they are closely related
to a compressive orogenic activity that resulted in regional metamorphicss
Locally broad open folds are associated with plutonic rocks in
or near the district. They are associated also with the calc-alkalic
granite intrusive in the southwest part of the district. Gentle arcuata
folds in the north and wast parts of the district are associated with
peralkaline granite intrusives exposed outside the district.
Drag folds are superimposed on the primary folds and reflect the
direction of movement of fault systems. These folds are most common
in the incompetent schist near the Zast fault on the east side of the
Wadi Bidah wvalley.
faults
The rocks in the Wadi Bidah district are transected by four fault

d

v

systems. The oldest faults are strike faults end shears assceciat:
with regional metamorphism. Chloritization and seritizatioa alteratiom
associated with these faults are evident in localities of tightly folded
rocks, and near the geologic contacts of highly contrasting rock types.
Displacement associated with this fault system is distributed over broad

areas, therefore the faults are not shown on the geologic maps. The
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avidence for the fault system is mostly near the porphyritic meta-
rhyolite where it is converted to quartz-sericite schist as a result
of shearing. Round quartz phenocrysts of the rhyolite are retained

in the schist, but are commonly elongated with the long axis parallel
to shearing and foliation.

The next oldest faults form prominent linear features and belong
to a north to northwest striking fault system that has apparent left
lateral displacement. The fault planes dip nearly vertical except
for local variations, and the maximum apparent displacement is 750 -
meters. Brecciation, mylonitization, and sympathetic drag folding is
locally extensive in the rocks at or near the fault zones.

4 transverse fault system with an average strike of H. 40 E.
transects the rocks in the north part of the district. These faults
are most numerous near the Gehadb ancient mine locality whera they
displace northwesterly striking faults. The fault planes are nearly
vertical and show apparent vertical displacement. Maximum displacement
along the faults is probably less than 100 meters. Faults of this -
system form a small graben a short distance east of the Gehab ancient
mine locality. Falsic dikes, which are probably related to the
peralkaline granite, commonly occupy pre-existing fractures related
to this fault system. The north and south contacés of a small per-
alkaline granite mass, in the extreme northwest part of the district,

are controlled by faults of this system.
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The north striking East fault, along the cast side of the Wedi
Bidah valley in the south haif of the district, is the youngest and
most prominent fault in the district (pl. 1). It forms a southerly
trending escerpment which increases in height toward the south. A4t
the extreme south end of the district the escarpment is 330 meters
high. The fault plane dips steeply east to vertical. Metasedimen-
tary rocks west of the fault are intensely sheared and drag folded for
about 300 meters west of the fault plane. The drag folds indicate
that the last movement along the fault was nearly horizontal in a
left lateral sense. Earlier movement of the fault, as indicated by
displacement of the diorite and by drag folds, was mostly vertical
and of major proportion. The top of a diorite pluton is exposed west
of the fault ét an approximate elevation of 1350 meters, and the core
of possibly the same plutén is exposed ecast of the fault at an eleQatiox
of 1584 meters. The diorite is a‘discordant body so cannot be used
for determining minimum vertical displacement, but it does indicate
the general magnitude of that displacement. WNorth to north-northwest
striking faults in the éastern part of plate 1 are probably related
to the East fault.

4 fault near the center of the Wadi Bidah valley in the southern
part of the district strikes parallel to the East fault and may be
related to it. Drag folding along this fault indicates a vertical

movement. The fault was evidently formed during early movement along
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the East fault but was not affected by the later, left-lateral movement.
It provides further evidence that there weré‘two distinct periods of
movement of the East fault.

In addition to the four fault systems described above, a low
angle fault which may be a tilted thrust fault was observed in the
vicinity of the Gehab ancient mine. Similar faults were not recognized
in the other parts of the district. The low angle fault appears to be
older than the northwesterly sﬁriking faults.

SULFIDE MINERALIZATION

Gossans

Numerous gossan outcrops in the Wadi Bidah district indicate the
presence of sulfide deposits. The gossan material is massive to
abundant disseminated limonite* and locally it has differing amounts of
quartz and micaceous minerals. The gossans are in the middle part of
the younger metavolcanic rocks ana in the lower part of the metasedi-
mentary rocks. The depth of oxidation ranges from 22 to 35 meters,
which is determined by differences in the topographic configuration of
the sulfide bodies and in the degree of shearing from one locality

~to another.

* The term "limonite" as used in this report refers to hydrous iron

‘oxides that have not been specifically identified.
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Géssans derived from sulfide minerals in metarhyolite have
contrasting colors of maroon, brown, tan, and yellow that commonly
show 2 layering effect which rasults in 2 banded appearance. The
minerals of the gossan have been tentatively identified in hand speci-
‘mens as goethite, jarosite, red and black hematite, and a black man-
ganese oxide mineral. Smithsonite and malachite are rarely present in
minor amounts, and barite is in the gossan at one locality. although
malachite is rarely present in the gossans, a minor amount of trans-
ported malachite is commonly in the rock adjacent to the gossans. The
gossans are dense and rarely contain well-definéd boxwork. Their out-
-crops are elongate in the direction of strike of the surrounding rocks.
The gossans in the middle part of the younger metavolcanic rocks are
restricted to the metarhyoclite rock unit, and they change abruptly to
unnineralized rock at lithologic boundaries. Where highly mineralized
rock is completely surrounded by metarhyolite, the gossan contact is
commonly gradational.

Most gossans derived from the weathering of sulfide minerals of the
lower part of the metasedimentary rocks do not have the bright, con-
trasting colors observed in gossans in the metarhyolite. The gossan
from the sulfide minerals are brown, maroon and black with some yellow
tints. However, in the vicinity of Rabathan drill hole R-4 the gossan
is brightly varicolored. Goethite and hematite are probably the main

constituents of the gossan, and differing amounts of fine-grained
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quartz and micaceous minerals are commonly in the gossan material.
In many places transported malachite is in the rocks adjacent to the
gossan. The shape of the gossans in the metasedimentary rocks is |
irregularly lenticular.

Stratigraphic position

Geologic mapping, diamond drilling, and the analysis of samples
suggest that the sulfide bodies with significant amounts of economic
sulfide minerals are restricted to two stratigraphic positions. These
are, (1) the lower part of the metasedimentary rock unit, spatially
related to pyritic graphite schist and siliceous pyroclastic rocks,
and (2) metarhyolite of the middle part of the younger metavolcanic
rocks. The pyrite with associated economic sulfides appear to be
entirely restriqted to the two stratigraphic positionms.

Small amounts of disseminated pyrite are in a variety of rocks
that have a wide range of stratigraphic positions. Graphite-quartz
schist locally contains about 25 percent pyrite. It is interesting to
note that samples from highly pyritic quartz-graphite schist, even
those with a close spatial relationship to cupriferous massive sulfides,
consistently contain less than 100 ppm copper and less than 25 ppm

zinc,

Disseminated pyrite, which is apparently lacking in significant
amounts of associated economic sulfide minerals, is abundant in meta-

thyolite near some massive cupriferous sulfide deposits. Sulfide
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exposuras of this tyne are aspecially abundant in the vicinity of the
Mulgatah ancient mine in the north part of the district, and at
several other metarhyolite localities elsewhere in the district.

Intercalations of metarhyolite in the upper part of the yocunger
metavolcanic rocks commonly contain disseminated pyrite. A4lthough
associated economic sulfides have not been observed in these focks in
the Wadi Bidah district, metarhyclite in this stratigraphic position
may warrant close scrutiny in future regional mineral surveys.

Sizz and shape of the sulfide bedies

The interpretation of the size and shape of'the sulfide bodies
is based on the planar outline formed by gossan outcrops, rock foliation
attitudass, and a2 minimal amount of diamond drill hole data.

Sulfide bodies associated with the lower part of the metasedimen-
tary rocks tend to be irregularly lenticular. The lenses are near
vertical and commonly range from a few meters to 100 meters along the
long axis in planar view. Rarely, doas the length of a lens excead
200 meters. The width is generally between 2 to 20 meters; locally
it may exceed 20 meters. The long axes in the planar view of zach lens
approximately parallels the strike of the surrounding rocks, and the
lens asymmetry reflects local folding and shearing. The asymmetry
mekes it difficult to ascertain what part of the original lens is being
viewed in outcrop, and poses a problem in attempting to estimate the

shape and volume of a sulfide body underlying lenticular-shaped gossan
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outcrops. The problem has bzen only partly resolved by a minimal amount
of diamond drilling. More drilling is required to provide adequats
information on the sizes and shapes of the lenses and the volume of
material their outcrops represent. 4 comparison of the position end
size of lenticular gossan outcrops with detailed topographic data may
be helpful as an exploration guide and in the determimation of the
physical characteristics of the sulfide lenses.

The sulfide deposits associated with metarhyolite are elongate,
tabular, steeply dipping bodies that parallel the strike of the sur-
rounding rocks and fold trends. They are as much as 500 meters long,
but are not necessarily massive over that length. Concentrations of
massive sulfides are as much as 8 meters thick and some of the them are
included in an envelope of disseminated sulfides that generally contain
sub-marginal base and precious metal values. The tabular sulfide
bodies are locally displaced bf fault; and in some places show pinching
and swelling.

Structural controls

Folding and faulting are important structural controls fo; loca-
lization of sulfide deposits in the Wadi Bidah district. =Remobilization
of the sulfide minerals is evident in both gross and minute detail.
ispparently the sulfide minerals have not been remobilized beyond the
stratigraphic boundaries in which they were deposited; they appear to

have migrated laterally and have concentrated in dilatant zones caused
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by folding and faulting.

4611 sulfides that contain significant amounts of economic minerals
are located near the crests or nosas of tight folds or in highly faulted
localities and these structural confrols determine their configuration.
4t the Mulgatah and Gehab ancient mine localities foiding has mostly
controlled the present position and concentration of the sulfide
minerals. The shape of the ore zones at the Gehab essentially 3
corresponds to the shape of the major fold structure of that locality.
Folding and faulting may be of equal importance as structural controls
at the Mulhal ancient mine locality, whereas faulting is the important
structural control at the Sha'ab Eltare.

Structural control by faulting is evident in the Rabathan ancient
mine locality where lenses of sulfide bodies are near the East fault
zone. Sulfide lenses are a more competent rock type than the surroun-
ding soft, plastically deformed schists. The lenticular habit of the
sulfide deposits is due to intense shearing of one or more tabular
sulfide bodies that were relatively competent as compared to the
surrounding rock. This conclusion is supported by the fact that all
of the competent metasedimentary rocks in this locality have this same
habit while the incompetent rocks do not.

Composition and texture

The sulfide mineralogy of the deposits appears to be simple.

Pyrite is the main sulfide in all deposits and subordinatzs amounts

of chalcopyrite are always present except in zones containing sparsely
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disseminated pyrite. Minor to moderate amounts of marmatitic spha-
lerite are commonly in the hanging wall part of a deposit. T@ere are
also trace amounts of a blue-~black unidentified copper sulfide mineral.
The principal non-metallic gangue mineral is quartz, locally with
minor amounts of micaceous minerals. Sulfides associated with meta-
rhyolite are mineralogically and texturally similar to sulfides
associated with the metasedimentary rocks, except that the latter
commonly has a higher chalcopyrite to pyrite ratio.

Seven polished sections were prepared from sulfide-bearing drill
cores of all deposits that contain mineralization of economic grade.
411 sections show a dense, medium-to coarse-grained, cataclastic
texture that is more or less typical of‘the Canaéian massive sulfide
oras. The pyrite is brecciatad and commonly shows good separation.
The breccia fragments are angular and matching fragments are close
together. Chalconyrite has underg;ne plastic deformation and occupies
the groundmass and microscopic fractures in the pyrite. DMarmatitic
sphalerite is either closely associated with the chalcopyrite or it
is alone in minute cavities. Pyrite boundaries are sharp and without
indication of replacement by other sulfide minerals. The polishad
sections in places show thin banding due to layered differences in
concentrations of gangue pyrite and chalcopyrite. Bands of this type
are megascopically discernible in some drill cores and are as much as

1 cm wide. The massive specimens commonly contain about 95 percent
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sulfide minerals and 5 nercent non-metallic gangue.

The cataclastic texture which resulted from mechanical breakdown
of pyrite and plastic flow of the less competant sulfide minerals is
interpreted to reflect sulfide remobilization (Lindgren, 1933). Para-
genesis is obscured by remobilization; but the lack of replacement
by other sulfides along the pyrite boundaries suggests the possibility
of mutual crystallization. |

The attitude of the sulfide bodies and the topographic config-
uration of the mineralized localities are not conducive to the formation
of an extensive zone of supergene minerals. Copper and zinc that have
been leached from sulfide minerals in the zone of oxidation have been
precipitated as native copper, oxides, and carbonates ovar a fairly
broad area in the footwall rocks near the base of oxidation. A&
microfilm of chalcocite over pyrite and chalcopyrite is in the sulfides
transected by drilling a short diséance below the base of oxidation.
Chalcocite was also observed in microscopic fractures in pyrite near
the base of oxidation.

Wall-rock alteration

The wall-rock alteration effects caused by emplacement of the
sulfide bodies are obscured by regional metamorphism and to a lesser
degrea by later faulting. Where the wall rocks are comprised of
siliceoué volcanic¢c rocks, they are commonly altered to quartz-sericite

schist near the ore bodies; however, this same alteration of siliceous
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volcanic rocks was observed in many localities without significant
amcits of sulfide minerals. Seritization and silicification appear
to bz more closely related to regional metamorphism than to sulfide
mireralization. |

The mafic volcanic rock adjacent to sulfide mineralization is
the szame as simiiar rocks elsewhere in the area. However, near the
sulfide bodies they locally contain more euhedral pyrite. The pyrite
in the wall rock is commonly unfractured.

AGE OF SULFIDE MIMNERALIZATION AND GEMETIC CONSIDERATIONS

The age of sulfide mineralization in the younger metavolcanic
rocks, relafive to geologic events in the Wadi Bidah district, can be
reasonably established on the basis of structural relationships and
sulfide textures. The oldest recognizable structural features are
folds and faults associated with regional metamorphism. Sulfide -
deposits in these folds show the seme general configuration as the
foldes, and the highest concentrations of sulfide minerals are near
the crests and noses‘of the féids. Thus the sulfides may have been
emplacéd prior to folding and were remobilized into dilatant zones
during folding, or that the dilatant zones which resulted from folding
and, to a lesser degree, from faulting were recepticals for ore solu-
tions. However, textural cﬁaracte:istics of the sulfide deposits
sigcest that the sulfides were emplaced prior to these older structural

faatures.
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Sulfide textures are cataclastic in all deposits regardless of
the structural feature with which they are associated. In some deposits,
minor deformation by folding or faulting is younger than regional meta-
morphism. The cataclasis in these deposits is probably associated
with compressive straesses related to regional metamorphism. The great
similarity in the geologic setting and character of the sulfide deposits
from one locality to another in the younger metavolcanic rocks suggests
2 common origin and an approximate equivalent age. It seems probable,
therefore, that the emplacement of all the sulfide deposits in the
younger metavolcanic rocks preceeded the regional metamorphic event.

The sulfide bodies in the lower part of the metasedimentary rock
unit have been highly deformed by the youngest fault recognizad in the
district. Comrsequently, the age of these deposits cannot bz established
as being older than regional metamorphism on the basis of structural
and textural features, even though-the sulfide minerals in the meta-
sedimentary rocks show about the same degree of cataclasis as those.
in the younger metavolcanic rocks. The present position and configu-
rations of the sulfide bodies in the metasedimentary rocks are apparently
the result of sulfide remobilization and displacements caused by stresses
and movement along the East fault zone, however the genetic implications
discused in the following paragraphs suggests that sulfide emplacement

probably preceded . the regional metamorphic event.
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There is no apparent genetic or spacial relationship between sulfide
mineralization and the plutonic rocks of the district. The plutonic
rocks are younger than ragional metamorphism, and granite gneiss exposed
to the east of the district is far removed from all of the sulfide
bodies. The Mulgatah and Gehab ancient mine areas are about 4.5 km
and 1 km respectively from the nearest peralkaline granite outcrop, and
both localities are many kilometers from exposures of calc-alkalic
granite and diorite. The Sha'ab Eltare ancient mine locality is about
2 kilometers from diorite, 5 kilometers from calec-alkalic granite, and
8 kilometers peralkaline granita. The Mulhal ancient mine locality is
about 3 kilometers from diorite, 2 kilometers from calc-alkalic granite,
and many kilometers from peralkaline granite. The Rabathan ancient
mine locality is about 2 kilometers from diorite and many kilometers
from either calc-alkalic or peralkaline granite. Therz is no evidenca
indicating that the sulfide bodies 'show a close spatial relationship
with any one of the plutonic rocks at depth; and it seems unlikely
that three different types of plutonic rocks in the district caused
almost identical type ore bodies. lleat and energy associated with
the intrusive rocks could have contributed to remobilization of the
sulfide bodies to their present positions, but no evidence was found
to suggest this.

The mechanism by which the sulfide minerals were emplacad is

speculative, but the close association of the sulfide deposits with
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volcanic and pyroclastic rocks suggests a genetic relationship to
volcanism. The lower part of the metasedimentary rock unit is mostly
graphite schist with interstratified siliceous tuff. These rocks are
interpreted to have been deposited during the culminative phase of
volcanism represented by the older metavolcanic rocks. Experimental
data by Holland (1962) shows that at hydrogen pressurass greater than

5-5.25 atm, CO and H, will react to form graphite and water. A slow

2
shower of graphite may Lave been associated with volcanic gaseous
emissions (Holland, 1962). Barth (1952) has also noted the formation
of graphite by ascending hydrocarbon§ or carbonyl-bearing gases. It
seems probable that graphite schist in the lower metasedimentary rock
unit was deposited from quiet, fumarolic, gaseous emissions. The
presence of interstratified siliceous tuff would indicated occasional
expiosive-type volcanism during the culminative phase. The nearly
complete exclusion of chalcophile élements in the graphite schist and
their common occurrence in the tuff suggests that the chalcophile
elements were introduced during the highly explosive phases.
Copper-bearing and zinc-bearing sulfide minerals in the younger
metavolcanic rocks are almost entirely restricted to the siliceous
volcanic rocks. These rocks may be, at least in part, derived from
pyroclastic material., Extrusions of acidic composition are sudden,

violent, and explosive as compared to the quiet effusion of basic lavas.

The presence of bedded, magnesium-rich, siliceous carbonate rocks in
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the lower part of the metasedimentary rock unit, and of well-developed
pillow structures in the lavas underlying the metarhyolite of the
younger metavolcanic rocks are indications of a subaqueous environment
in both of these geologic settings. Thus the sulfide deposits in both
the metasedimentary and younger metavoléanic rock units are included
with rocks which were formzd under violent, subaqueous, volcanic
conditions. It is therefore possible that the mechanism by which the
sulfide minerals were emplaced is the same in both of these geologic
settings. Oftedahl (1958) has suggested that, under submﬁrine condi-
tions, volcanic gaseous emissions can precipitate metals on the sea
floor, or the metals will be dissolved in sea water giving birth to
widespread sedimentary ores. In the Wadi Bidah district, the fumarolic
vapors which resulted in the formation of graphite contained high con-
centratioﬁs of iron and sulfur, but very low conceﬁtrations of base
metals. Apparently the base metal éeposits were formed under more
highly explosive conditions than that suggested by Ofteaahl (1958).
Fluids and volcanic ejectamenta as well as gases were probably released
during fhe highly explosive emissions. dnderson (1969) has pointed

out that recant discoveries of metal-bearing hot brine solutions in

the Red Sea and Salton Sea have added importance to the role of alkali
chloride solutions in sulfide ore gneisis. Most thermal waters asso-
ciated with volcanism contain base metals only in the parts-per-billion

range (Whita, 1967), but thermal alkali chloride solutions are an
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effective media of base metal transport (Linderson (1969). If metali-
erous alkali chlorite solutions werzs emitted during highly explosive
volcanism, the sudden release of pressure and the dilution of the
solutions by sea water could have permitted direct precipitation of
" the metals on the sea floor,.or the dense brine solutions could have
been ponded by topographic depressions and displaced interstitial sea
water in permeable pyritic tuffaceous rocks, resulting in the formation
of massive sulfide base metal deposits. The hot brine solutions may
have been of magmatic origin and collected their heavy metal content
from early metal concentrations in the volcanic piles. The exclusion
of base metals in the pyritic graphite schist could be due to the
absence of hot brine solutions during graphite deposition and to the
low permeability of the graphite. The evidence linking sulfide ore
ganesis with hot brine solutions is circumstantial, but this genetic
theory seems to be compatible with the interpretation of ggologic events
in the district.
QUARTZ VEINS

GQuartz veins crop out locally but are not abundant in the Wadi
3idah district. The veins consist of white, milky, massive quartz and,
with rare exc¢ption, are barren of sulfide minerals, Some quartz

7eins are folded and reflect fold structures in the surrounding rocks;

others cross-cut fold structures.
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DESCRIPTION OF ANCIENT MINE LOCALITIES
Introduction
There are five known ancient mine localities in the Wadi Bidah
district. The localities in geographic order from north to ssuth ave
Mulgatah, Gehab, Sha'ad IZltare, Mulhal, and Rabathan. In addition &~
the ancient mines, several prospect pits with mineral showings aad a
few small rock quarries of ancient origin were located. Thz ancient
mine localities are Aiscussed in the above order.. The Geheab and
Rabathan localities cre more extensively discussed than the others
because of their potential economic interest.
Mulgatah ancient mine locality

Location and descripntien

The Mulgatah ancient mine locality (pl.2) is in the vicinity of
2,256,000 N and 630,700 E. It is accessible via the drill access
road which connects with the At Ta’if-Bishah road 4.5 kilometers south
of Wadi Turabah.

The mine is on the east side of a small,-steep-SIOped valley
and consists of a trench 165 meters long that paralleis the valley.
The trench is 3 to 5 meters wide and 2 to 3 meters deep, and Ln partly

filled with slump and wash material. At least nine shafts or stopes

with cave, slump and windblown sediment. & 3000 square mofor avea

west of the trench is covered with mine durp material and am snai~l
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townsite covers a 4000 square meter area in the valley beslow the mine.
Apparently, a sizable community once inhabited this lﬁcality. Slag
piles, which are partially covered with talus and windblown sediment,
extend southward for severai tens of meters from the south end of the
townsite.
Geology
The rocks of the Mulgatah locality consist of greenstone, chlorite

schist, quartz-chlorite schist, metarhyolite and related quartz- |
sericite schist of the younger metavolcanic rock unit (pl.2)..

Metarhyolite and related quartz-sericite schist are the oldest
rocks and they are poorly exposed in the core of a tightly folded,
doubly plunging anticline (pl.2). The axis of the anticline is in the
approximate center of the valley ard strikes northerly. To the north
- of the mine workings, tﬁe anticline is locally overturned to the east.
The rocks on phe east and west limbs of the anticline consist of green-
stone and chlorite schist and locally siliceous volcanic rocks are
intercalated in the greenstone near the contact. The rocks are highly
sheared as a result of tight folding. They contain round to elongate
quartz phenocrysts and differing amounts of limonite.

Sulfide mineralization and drill hole results

Sulfide mineralization in the Mulgatah locality consists of

disseminated pyrite in siliceous metavolcanic rocks, Pods of massive

49



sulfides with copper, zinc, lead and silver are along the contact
between éiliceous and mafic volcanic rocks. The pods appear to be
highly localized; however, the ore zone is exposed in only a few
places. Samples from the ancient workings contained from 1.2 to

4.5 percent copper, 1.0 to 2.5 percent zinc, 0.3 to 1.5 percent lead,
and 0.57 to 6.58 ounces of silver per ton. Gold was not detected in
any of the samples (table 1).

As a result of folding, metarhyolite is exposad over a large area
about 0.5 kilometers west of the mine and is moderately to a highly
limonitic after ﬁyrite. However, no indications of economic sulfide
minerals wera observed.

One drill hole, M-1, tested the mineralized metarhyolite and
undercut the mine workings. It was terminated in the mafic volcanic
rocks east of the workings. The metarhyolite containéd 15 to 30 percent
pPyrite throughout but.did not contain associated economic sulfides.
The'host rock was highly sheared and the pyrite was medium-to coarse-
grained and cataclastic. There is an abrupt c¢hange in the intensity
of mineralization at the contact between the mafic and siliceous
metavolcanic rocks; however, minor pyrite persists in the mafic
volecanic rocks.

Fifteen core samples from drill hole M-1 were selactad for
chemical analysis of copper, zinc, gold and silver (table 4). Elaven

samples from pyritic metarhyolite contain 20 to 250 ppm copper and
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50 ppm por less zinc, except for two samples near the greenstone contact
that have 3,000 and 12,000 ppm zinc. Three samples of greenstone |
contain 75 to 100 ppm copper and 50 to 150 ppm zinc. One sample from
a fracturs zone in the greenstone contain 6,000 ppm copper, 150 ppm
zinc, and the only detectables amounts of gold and silver.

Conclusions

The results indicate that mineralization in the metarhyolite
consist almost entirely of pyrite. Localized pods of massive cupri-
ferous sulfides along the metarhyolita-greenstone contact appear too
small and erratic to be of'economic interaest. However, in most places
a covering of debris prevented close inspection of the ancient workings.

Gehab ancient mine locality

Location and descrintion

The Gehab ancient mine locality (pl.3), in the vicinity of
2,228,000 N and 628,700 E, is accessible via a drill access road that
join the At Ta'if-Bishah road 15.0 kilometers south of Wadi Turabah.

The Gehab ancient mine is in an area of moderate to rugged relief.
The mine workings consist of five small trenches and stopes distributed
over a 600 meter strike length on the east and west limbs of an anti-
cline. The foundations of ancient dwellings and a small amount of
slag were observed in the west-central part of the locality. A&ll
ancient mine workings are located in massive gossan materiai. Many

of the surface samples collected during reconnaissance investigations
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were anomalous in gold (table 1). The ancients very likely workad
the highly oxidized rock for gold. The stopes are partially caved
and unsafe to enter, but it appears from the character and small
volume of the dump matarial that the workings are not of sufficient
'depth to penetrate unoxidized rock.
Geology

The rocks of the Gehab locality consist of amphibolite, chlorite
schist, iron formation, metarhyolite and related quartz-sericitz
schist, and greenstone of the younger metavolcanic rock wunit. The
metamorphic rocks are intruded by a light gray medium-grained felsic
dike which forms a diagonal pattern across the central part of the
area. The dike is locally fine g;ained, rhyolitic and highly kaolinized.

The rocks are folded into a tight anticline with an average plunge
of 15 degrees south. In the northern part of the area the anticline
is overturned to the west. It is transected and displaced by all of
the faults that arz younger than regional metamorphism.

at least four fault systems are in the Gehab locality. The oldest
faults are strike shears related to the major fold structure and to
regional metamorphism. The next oldest is a low angle fault which is
in the southern part of the area. The fault plane is locally charac-
terized by soft sericite schist with highly convoluted, fairly flat
foliation. The hanging wall of the fault is displaced to the east.

The fault plane is tilted and displaced by faults related to the north-
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easterly striking transverse faults that represent the youngest faults
in the area. Small displacements of the transverse faults on steep
slopes are caused by slump.

The oldest rock is me&ium- to coarse-grained dark green-gray
amphibolite, and it is exposed in the core of the anticline in the
central and northern parts of the area. The ampiibole mineral is
chloritized hornblende that in places is converted to chlorite. The
rock contains weil developed pillow structures and chilled and weakly
vesicular flow tops. Columnar jointing extends from 10 to 20 -
centimeters below the flow tops, and volcanic detritus lies on top of
each flow. A&mphibolite is overlain by siliceous-hematitic iron
formaticn or by metarhyolite in the northern part of plate 3, and is
overlain by highly chloritized meta-andesite greenstone in the southern
part.

The iron formation, from O to 15 meters thick, is mostly in the
northern part of the area. It is partly cherty quartz and jasparoidal,
and has irregular bands of specularite and maghematite(?) that are
2 millimeters to 1l centimeter wide. The formation is ovarlain by
metarhyolite and locally by massive sulfides.

The metarhyolite overlies greenstone in the southern part of the
area, and it overlies iron formation or amphibolite in the central
and northern parts. Typically, the rhyolite is light gray, weathers

tan, and weakly foliated with some flow banding. It consists mostly

53



of fine-grained to glassy quartz with some feldspar that is partly

to completely sericitized. Mafic minerals commonly comprise less than

5 percent of the rock and are generally chlo;itized. Blue-gray quartz
phenocrysts, 1 to 3 millimeters across, are round to eclongate. Commonly,
the rhyolite is highly sheared and completely altered to porphyritic
quartz-sericite schist. Narrow bands of chlorite schist are locally
intercalatad- in the rhyolite. |

Gossan in the metarhyolite consists ofémaroon, brown, tan, and
yellow iron hydroxides and iron sulfates(?). Some manganese oxide
is in the southern part of the area. The gossan commonly contains
interbands of sheared rhyolite with disseminated limonite.

The rhyolite contains pyrite in amounts ranging from less then 1
percent to high concentrations so that positive ' identification of the
rock type is uncertain. When rhyolitas consists of approximately 35
or mbre percent pyrite it commonly contains significant amounts of
aséociated chalcopyrite and sometimes Sphaierite. Massive sulfide
bodies in the rhyolite always contain highly significant copper values.
and near the tops of the bodies they contain significant amounts of
zinc. Sulfide mineralization associated with rhyolite has been
previously discussed in detail.

The rhyolite is of varied thickness due to folding and deposi-
tional differences. In the southern part of the area, thick sections

of rhyolite result from repetition due to faulting, but the true
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thickness is about 110 meters. The minimum true thickness is 4 meters
in the northern part of the area. The sulfide bodies are mostly in
the thicker parts of the rhyolite.

In the vicinity of the southernmost mine working, the rocks near
a geologic contact between weakly mineralized rhyolite and massive
sulfides are coarsely brecciated by a fault related to the north-
westerly striking fault system. The angular breccia fragments,
as much as 20 centimetars across, consist of rhyolite which has the
same intensity of mineralization as rhyolite west of the fault. The
matrix consists of limonite derived from massive sulfide and from
nearby unbrecciated massive limonite.

Metarhyolite, and in some cases massive sulfide, is overlain by
greenstone that represent the youngest metamorphic rock. The compo-
sition of these rocks ranges from basic andesite to dacite. The more
basic parts locally contain poorly developed pillow structures. &n
interbanded chlorite schist is in the greenstone locally. Pyroclastic
rocks of equivalent composition to the flow rocks may also be included.

Sulfide mincralization and drill hole results

Sulfide mineralization was discussed in context with metarhyolite
in the preceding paragraphs because of the close relationship of the
sulfide deposits with metarhyolite. A previous section of the report

presented detailed descriptions of the sulfide deposits.
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Five drill holes tested for sulfide minerals in the Gehab ancient
mine locality. Three of these holes werz designed to undercut ancient
mine workings in massive limonite in the central and northern parts
of the area. The holes werc located on the basis of high gold values
obtained from samples of the old workings (table 1). None of these
three holes penaztrated massive sulfides or significant amounts of base
or precious metals (table 2).

Two holes were drilled in the southern part of the area (pl. 3
and fig. 3). One hole was drilled on the east limb and one on the
wast 1imb of the anticline. Richly disseminated to massive cupri-
ferous sulfide minerals are in both holes; one with significant values
of zinc and precious metals. Diamond drili hole G-3, (pl.3 and fig.3)
on the east limb, contain a 12.2 meter intersection of massive and
richly disseminated sulfides representing a true width of 1l.4 meters
and averaging l.54 percent c0pper; 1.18 percent zinc and approximately
$2.00 per ton in gold and silver. By excluding the upper two meters
of zinc rich material, the mineralized zone averages 1.71 percent
copper, 0.85 percent zinc and approximately $2.00 per ton gold and
silver over a true width of 9.6 meters.

Diamond drill hole G-4 (pl.3 and fig. 3) was drilled on the west
limb of the anticline and encounterad a wide zone of moderately to
richly disseminated sulfides with narrow zones of massive sulfides.

a 42,5 meter intersection with a truz width of 32.5 meters has 0.45
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percent copper with ncgligible amounts of other valuable metals.
Included in this zone, a 3.1 metor intersection representing a true
width of 2.7 metors averaged 1.64 percent copper with negligible amounts
of other veluable metals. Perhaps the most significant aspect of this
hole is that it demonstrates the possibility of an extensive mineralized
body down dip beneath the rocks exposed on the west limb of the enti- |
cline in the southern part of the area. One hole is hardly sufficient
for estimating the size and grade of this mineralized zone, and future
investigators may consider testing the down dip and strike projections
of the zone for higher concentrations of economic sulfide minerals.

For reasons explained in the introduction of this report, only one

hole was drilled in each of the éast and west limb sulfide bodies.

Ore estimates based on diamond drilling and surface geology ara
discussed with indicated ore estimaFes of other localities in a
subsequent section of this feport. |
Conclusions

Small bodies of richly disseminated to massive pyrite with
associated chalcopyrite, sphalerite, gold, and silver are in the
southern part of the Gehadb ancient mine locality. The sulfide deposits
are in metarhyolite that is tightly folded into a south plunging
anticline. The lack of massive sulfides in the drill holes in the

central and northern parts of the locality, and their prasence in the
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drill holes in the southern part, indicates that the massive sulfide
bodies, like the anticline, plunge south. OCnly a small part of the
mineralized zone or zones has been tested by drilling. The nose of
the anticline as formed by metarhyolite should be drilled to test for
a down plunge extension of the sulfide bodies. 1In addition, a large
tonnage of disseminated cupriferous sulfides may be present on tﬁe
flanks of the anticline in the southern part of the locality, but
the grade may be too low to constitute ore.

Sha'ab Eltare ancient mine locality

Location and description

The Sha'ab Eltare ancient mine locality (nl.4) is in the central
part of the district in the vicinity of 2,278,400 N. and 628,000 E.
It is about 1 kilomater west of the airstrip and is accessible via a
drill access road or by foot from the airstrip. |

Sha'’ab Eltare is in an area of low relief, and the west side of
the Wadi Bidah valley rises sharply to the west of the locality.
ancient mining activify is indicated hy two small slag piles in the
central part of the lpcality, but mining excavations haQe been obscured
by cave, talus, and ﬁind blown sediment.
Geology

The rocks of the locality are metarhyolite to porphyritic quartz
sericite schist and intercalated chlorite schist. They comprise the

niddle part of the younger metavolcanic rock unit. The foliation
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strikes northerly to northeasterly and dips steeply to the east, locally
changing to vertical or steep westerly dips; The foliated rocks are
transected by a light gray fine-grained falsic dike, and by white
massive quartz veins.

The metarhyolite is weakly sheared in most places, but locally,
neer many of the gossans, it is highly sheared to a rhyolite-quartz-
sericite schist with disseminated limonite along the foliation. The
feldspar in the rhyolite is partially to completely altesred to -
sericite. Rounded quartz phenocrysts are also present.

The gossan consists of varicolored iron hydroxidas and sulfates(?)
Some massive black hematite also is in the gossan in the southern
part of the area. In places malachite is present.

The locality is near the confluence of two north to north-
westerly striking faults that rransect highly sheared rocks, which
are a result of strike faulting aséocigted with regional éetamorphism.
A4S a consequence, the rocks of the area are convoluted and commonly
brecciated or mylonitized.

Sulfice mineralization and drill hole results

Sulfide minerals are in massive to disseminated siliceous gossan
material that is intermittently‘exposed over ; strike length of 560
meters. The gossan strikes northerly, dips steeply east and tapers
out on the ends. The width of the gossan varies from 0 to 34 meters,

averaging 10 meters. The southern part of the gossan has been slightly

60



displaced by transverse faults. A strike projection of the gossan
between the central and norfhern parts is covared with overburden more
than 180 meters thick. The results from a geochemical survey indicate
that the mineralized zone may continue under at least part of the
area concealed by overburden (G.H. Allcott, oral commun., 1969),
and the results from a Turam (E!) survey indicate that the concealed
rocks are the most highly anomalous part of a conductor which corres-
ponds to the trend of the gossan (V.J. Flanigan, oral commun., 1969).
Disseminated to massive sulfides are in drill hole S-2 (fig.4)
which undercut the gossan from the wést (footwall) side after two
unsuccessful attempts were made from the east (hanging wall) side.
The latter two holes were abandoned before reaching the target zone
because of extreme drilling difficulties due to brecciated, soft,
gougy rock. The position, width, and attitude of the mineralized
zone in drill hole S-2 corresnonds well with the mineralized zone as
ipdicated by surface measurcments of the gossan; however, the drill
hole results indicate that only a small part of the mineralized zone
contains massive sulfides. The rest of the zone contains alternate
layers of weakly to richly disseminated pyrite with minor associated
economic sulfide minerals. Sulfide composition and texture are
similar to that found at the other mineralized localities in the
metarhyolite. Submarginal copper values wera obtained from chalco-

pyrite-bearing massive and richly disseminated sulfides, and a
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one-meter zone on the hanging wall has appreciable amounts of ziac in
the form of marmatitic sphalerite. The mineralized intersection,

from 55.2 to 112.é meters, represents a true width of 32.0 meters.

The intersection from 62.3 to 73.0 metars represents a true width of

6.8 meters with 0.91 percent copper, and is the highest grade found

over a significant width. Gold and silver valuas ara erratic in the
mineralized zonzs. The highest value obtained was from a 1.5 meter
intersection of massive sulfides beginning at 94.2 meters which
contained $2.30 per ton in gold, $0.20 per ten silver, and 2.2 percent
copper. The only other significant precious metal detectad is from

an inclined denth of.18.3 meters in the first hole. One meter of

core reprasenting a 1.8 metar intersection of gougy, fault zone material
contain 1.2 ounces per ton gold. Trace to minor amounts of native
copper, cuprite, and malachite are in the footwall rocks near the base
of oxidation. )

Core recovery in diamond drill hole S-2 (£fig.4) averaged 58.4 )
percent, and over the critical zone from 34.1 to 95.7 maters it averaged
only 29.9 percent including three drill runs from 1 to 2.5 meters from
which core was not recovered. Consequently, the above analytical data
may not be representative. Sludge samples were collected over part
of the mineralized zone and a comparison of the sludge and cora copper

values with core recovery is presented in table. 6. The equipment

required to obtain accurate sludge samples was not available at the
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TABLE 6. A COMPARISON OF SLUDGE SAMPLE COPPER VALUES WITH ANALYTICAL

DATA FROM DRILL CORES AND CORE RECOVERY FROM DIAMOND DRILL

HOLE 2, SHA'AB ELTARE.

Core sample HNo. % Cu in Core % Cu in sludge % _core recovery
46306 0.48 0.46 35
45307 0.27 0.60 53
46308 0.019 0.47 74
45309 0.046 0.46 10
46310 0.66 0.63 80
46311 0.017 0.74 48
46312 0.61 0.69 80
46313 2.20 0.75 100
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time, so the data in table 6 is of dubious value. They are prasented
here to demonstrate that in some zones of very poor core reacovery the
copper values obtained from the analysis of drill corzs may not be
representative of the interval drilled. |

Conclusions

Sparse data indicates that the Sha'ab Eltare may not contain ore-
grada material. The poor corz recovery in dicmond drill hole S-2 dees
not give a true representation of grade for that part of the sulfide
body. A4lso the most highly conductive part of the EM anomaly, which
is assumed to reflect the sulfide body, lies north of the drill hole.
For these reasons, additional exploration in this locality may be
warranted. The size and grade of mineralization based on existing
data is included in the ore estimate section of this report and is
presented as sub-marginal material.

- Mulhal ancieﬁt mike locality
Location and descrintion

The Mulhal ancient mine locality (pl.5) is located in the west-
central part of the district in the vicinity of 2,272,700 N. and 627,
300 E. It lies near the top of 2 high hill west of the Wadi Bidah
valley, and is the most inaccessible of the ancient mine localities

in the district. The mine can be reached on foot by a vigorous climb

from the valley floor or by helicoptar.
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Judging from the comparatively large amount of slag nresent,
the Mulhal mine ﬁas onc of the most active in the district. The
workings consist of a pit about 18 meters across and 6 meters deep,
a shallow excavation about 10 meters wide which follows a gossan zone
for about 80 meters, and several small shafts and prospect pits. The

ruins of ancient structures are in the locality.

Geology

The rocks of the Mulhal ancient mine locality ars greenstone,
chlorite schist, metarhyolite and related quartz-sericite schist, and
quartz-barite veins (pl.5). &ll rocks, except the veins, probably
represent the middle and upper parts of the younger metavolcanic rock
unit. The gossan on the metarhyolite is varicolored and contain irom
hydroxides and sulfates(?). Locally it has minor amounts of malachitz,
barite, and a siliceous material. The rocks are folded into a shallow
double plunging syncline that forms the predominant structure of the
locality. The syncline exis strikes northeasterly, parallel to the
foliation in the rocks. The rocks dip moderately to steenly =ast and
west. Thé syncline is terminatad to the north by a prominent northerly
striking fault. The fault transects and apparently terminates a
mineralized shear zone which strikes parallel to rock foliation on
the ecast limb of the syncline. The shear zone is also transected by
transverse faults. HNumerous small'drag folds were associated with
the faulting,
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Sulfide mineralization

Sulfide minerals are indicated by massive and richly disseminated
limonite in metarhyolitz near the axis of a syncline. Sulfide minerals
and related gossan are also in parts of a prominent shear zone on the
east limb of the syncline. Although the gossan is poorly exposed,
it cen be traced intermittently for about 200 meters on the west limb
of the syncline and for a sHort distance on the east limb in the
northern part of the locality. The average width of the gossan is
about 8 meters. It is brightly multi-colored and locally contains
malachite. Barite is locally associated with gossan near the lower
contact with quartz-sericite schist and it is also in the sulfide-
bearing quartz-barite veins in the cast limb shear zone.

Sulfide minesralization in the Mulhal locality was not tested
by drilling: however, samples collected during the rsconnaissance
and mapping program are highly anomalous in amounts of gold and
copper (table 1). The highest consistent gold values are from barite
rich veins with disseminated, light colored pyrite or arsenopyrite
in the round open pit excavation. The samples listed in table 1 are
allvselect samples. Gold values range from .3 to 1l.24 ounces per ton,
and all samples contain highly anomalous amounts of silver, copper,

and zinc.
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Conclusions

The mineralized zone indicated by massive gossan at the Mulhal
ancient mine locality was not tested by drilling, but surface obser-
vations and analytical data indicate that the gossen is from cupri-
ferous and auriferous massive sulfides. The sulfide deposit is of
very limited lateral extent however, and, if the structural inter-
pretation is coriect, it does not have a depth potential. liinera-
lization associated with the shear zone on the east limb of tha syncline
is erratic over a maximum strike length of 300 meters and it seems
improbable that it has an aporaciable amount of ore-grade material.

. The inaccessibility of the locality further detracts from its economic
potential.
Rabathan ancient mine locality

Location and descrintion

The Rabathan ancient mine loc;lity (pl.6) is in the southern
part of the Wadi Bidah district in the vicinity of 2,257,800 N. and
630.200 E. It lies in the ecastern margin of the Wadi Bidah valley
below the fault escarpment that forms the cast side of the valley.
The locality is about 3 ﬁilometers long and 0.5 kilometers wide; it
is accessible via a drill-access road which connects with the &t Ta'if-
Bishah road near the southern district boundary. The topographic
relief is moderate, but the east side of the valley rises sharply to

the east.
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ancient mining activity is indicated by a few small trenches
and pits widely distributed from the north to the south ends of the
locality. Small accumulations of slag are in the vicinity of the
workings. The largest pile, about 100 cubic metars of slag, lies in
the northern part of the locality and thus far removed from the mine
workings. Ruins of ancient dwellings and fortrasses appear to be of
a later occupancy of the area, and therefore they are unrelated to
the mining activity. |

None of tha ancient mining excavations are located in gossan,
e2n though gossan zones are widely distributed throughout the locality.
Instead, mining activity was restricted to narrow intensively sheared
zones in tuffaceous rocks. The largest excavation is a trench 50
metars long and 3 metaers wide, and it is shown at the north end of
figure 6. The trench is novw mostly filled with windblown sediment.

The rocks observed in the Rabathan locality (fig. 5) extend
north along strike to the central part of the district ana & small
unnamed ancient mine was located in similar rocks 13 kilometers to
the north. Indications of sulfide minerals were néted in the rocks
of the intervening area, but detailed investigations, including
diamond drilling, failed to prove significant amounts of sulfide
minerals (figs. 7 and 8). The ares including the Rabathan ancient
mine locality and the belt of rocks extending north to the unnamed
ancient mine is referred to as the Rabathan area in the following

discussion.
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Geology

The Rabathan aree is underlain by intensely shearsd and convoluted
pyroclastic, fumarolic, and marine sedimentary rocks (pl.6). Some
rock types in the area appear to be co-depositional and are interpreted
to represent solfataric and explosive-type volcanic deposits in a
marine sedimentary basin.

Zxcept for local variations, the rocks strike northerly and dip
vertical to steeply east and west. The rocks, in general, are over-
turnad as indicated by the dominant easterly dips.

The main rock is graphite schist with highly variable amounts
of granular, glassy quartz and euhedral pyrite. In places graphite
is fairly pure over 1 ﬁo 3 meter wide intervals, except for minor .
amounts of pyrite. Quartz is commonly included however, and it is
in segregated bands and lenses of highly variable width. Occasionally
the quartz bands or lenses are sevéral meters thick, but most are 2
to 5 millimeters in thickness. Pyrite makes up 5 to 10 percent and
in places up to 25 percent of the rock. Minor amounts of calcite
are locally in the quartz bands, and sometimes calcite is with quartz
in stringers and veinlets. The schist has a high degree of intricate
plastic deformation as a result of movement along the East fault.
Outcrops of graphite schist are not. easily recognized as they are
highly weathered.
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Chlorite schist with associated quartz, and in some cases asso-
ciated graphite and calcite, is interbedded in the quartz-graphite
schist and displays nearly the same degree of plastic deformation.
Siliceous carbonaie rock, iron formation, siliceous tuff, and massive
sulfide bodies are the competent rocks that form structural lenses
in the convoluted schistose rocks. The siliceous carbonate is medium-
to coarse-grained, gray and weathers tan. It is locally limonitic.

In places there are lenticular zones of gossan that consist of tan,
maroon, and black goethite, hematite, and locally some pyrite boxwork.
They are commonly banded and some bands have been convoluted by folding
c¢nd faulting. In places the gossan is brecciated with a massive

quartz matrix. Where tested the drill hole data indicate that the
gossan was derived from cupriferous disseminated to maésivg sulfide§;
Siliceous tuff crops out in the western part of the area. It is fine-
to medium-grained and green-gray ‘to gray. The tuff is commonly schis-
tose and inclu&es lenses of siliceous limestone or limey tuff. Narrow
gossan zones are along fractures. The unit is in gradétional contact
with & limey quartz schist. In the southwestern part of the area shear
zones in the tuff locally contains quartz-sericite schist. )

The sehistose rocks are separated from older metavolcanic rocks
to the east by the East fault and to the west they are overlain by
foliated siliceous tuff. A true thickness of these rocks cannot be

obtained as they have been intensely deformed. However the schists
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Jorm an outerop belt which is 200 to 600 meters wide along tha west
side of the Zast fault. The schists contain lenses of disseminated
tc massive gossan material, of medium-to coarse-grained silica-
carbonate, and rarely carbonatéd fine'graineé chloritic rock. Drill
nole data indicate that much of the limey quartz schist consists of
pyritic quartz-graphite schist at depth.

Barren white quartz veins are locally in the area. In the
northern part of the area (fig. 7) a parallel set of prominent quartz
Teins occupy northeasterly striking fractures. Elsewhere, quartz
v2ins are mostly parallel or sub-parallel to zrock foliation and
raeflect deformation in the enclosing rocks,

Sulfids mineralization end drill hole results

Sulfide bodies in the form of structural lenses show a close
spatial relationship to the quartz-graphite schist. A description
of the physical characteristics and mineralogy of the lenses has
been previously discussed. The position of the lenses appear to be
the result of vertical to steeply southeast dipping shears which have
an average strike of I 42 E. The shears are related to lateral
movem2nt on the East fault.

Eight diamond drill holes were drilled in the Rabathan ancient
mine locality (pl.6, fig.5) and three were tested for sulfide minera-

ilization in the area that extends 10 to 1l.5 kilometers north of the
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center of the abathan ancient mine locality (figs.7 and 8).

Drilling in the northern part of the ar=2a was based on the
presence of limonitic zones which appear similar to gossan in the
locality shown in plate 6. The holes were also designed to test
sparsely limonitic zones in siliceous schist and siliceous carbonate
rock. DMinor to moderate amounts of pyrite are present, but without
appreciable amounts of economic sulfides or precious metals.

The five holes drilled in the mine locality were designed to
test the intensely sheared zones with malachite and/or limonite at
the surface, and the massive sulfide zones suggested by the lenticular-
cshaped gossans. Drill hole R-1 (pl.6) in the shear zone, beneath the
largest mine working in the locality, did not show economic sulfide
minerals. Drill hole R-2 (fig.9) is about 1.9 kilometers north of
drill hole R-1 and it intersected material beneath a small lenticular-
shapad gossan which is 32 metars long and 9.5 meters at the point
of maximum width. Schistose rocks near the gossan contact contain
trzansported malachite. A 5.3 meter intersection in the hole contained
appreciable amounts of pyrite, limonite, chalcopyrite, malachite and
chalcocite in partially oxidized and fractured siliceous rocks
beginning at'inclined depth of 12.8 meters. Copper averaged 3.1
percent over this intefval. The mineralized zone intersected in the
drill hole does not correlate with surface indications of sulfide

mineralization. The hole was designed to transect the sulfide lens
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at an inclined depth of about 40 meters, but did not find significant
amounts of sulfide minerals below 15.2 meters. These data suggest
that tha lens indicated by gossan terminates at a vertical depth of
less than 35 meters, and that the mineralize& zone intarsected at an
inclined depth of 12.8 meters is from the border zone of buried
sulfide body (probably another lems). It is equally possible that
the mineralizad zone in the drill hole is a faulted part of that
represented by gossan at the surface. Data are insufficient to
construct the configuration of the buried sulfide body.

Drill hole R-3 (fig.l0)tested the southern part of a sulfide lens
in the southern part of the locality shown on plate 6, about 0.7 kilo-
metef south of drill ﬁole R-1. It intersected 2 zone more than 4.3
meters thick of economic graede beginning at an inclined depth
of 79.9 meters. The average grade over this distance was 2.20 percent
copper, l.51 percent zine, 0.13 ouﬁces of gold per ton and 0.17 ounces
of silver per ton. The sulfide minerals consist of richly disseminated
to massive pyrite with associated chaicoPyrite and sphalerite. The
sphalerita is mostly concentrated on the west side, or top, of the
sulfide body. A configuration of the sulfide body represented by the
mineralizad zone can be estimated reasonably well by outcrop and
drill hole data,

Drill hole R-4 (figs.5 and 6) was drilled in the southern part

of the Rabathan ancient mine locality near the south district boundary
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about 1.8 kilometers south of drill hole R-l. The hole was designed
to determine the material beneath a gossan zone adjacent to a small
ancient mine. Highly cupriferous massive sulfides in the footwall
rock contain low but perhaps recoverable amounts of copper over a 2.9
meter interval below the massive sulfides. The iassive sulfide zone
averages 4.90 percent copper over an inclined width of 7.5 meters and
3.58 percent copper over 10.4 meters, which includes the disseminated
sulfides. The analytical data indicate that copper is the only . - -
racoverable metal in the ofe. Chalcopyrite is the main copper mineral,
and an indigo-colored copper sulfide mineral which resembles covelite
may compose less than one percent of the massive sulfides. The sulfide
body correlates with mineralization at the surface, and a configuration
of the ore body can be approximated on the basis of mapping and drill
hole data. The grade and size of the ore body to a reasonable depth
is included in the discussion on tﬁe ore estimates.

Drill holes R-5, 7, and 8 were drilled_in the northern part of
the Rabathan Area (figs.7 and 8), and did not find significant amounts
of economic sulfide minerals. |

Drill hole R-6 (pl.6) was designed to test the south part of a
small sulfide lens near the intersection of a shear zone striking N
42 E and limonitic schistose rocks to the east and west of the lens.
The hole is 0,75 kilometers south of drill hole R-1 and 200 metérs

east of drill hole R-3., Sulfide mineralization consist of pyrite that
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is mostly associated with graphite schist, withou; significant amounts
of cconomic sulfide minzrals. The sulfide lens as indicated by gossan
outcrops is one of a cluster of sulfide lenses that are near the East
fault in the central part of the Rabathan ancient mine locality. The
results indicate that the drilled lens may terminate at a shallow
depth, and that the shear zone and limonitic schistose rocks do not
contain significant amounts of economic sulfide minerals. Another
hypothesis is that the drill hole failed to intersect the lens because
of faulting or other structural complications.
Conclusions and recommendations

The Rabathan may be the most important locality of the district
in terms of economic potential. Small ore reserves are indicated in
these parts of the locality drilled by holes 3 and 4, and the rasults
from drill hole R-2 ﬁay indicate a sulfide body at shallow depth. The
gaologic map (pl.6) contein numerous sulfide lenses that have not been
examined by drilling. The relatively high frequency of favorable
drill hole results from sulfide lenses obtained during the investi-
gations suggest the probability that some of the untested lenses may
contain quantities of ora-gradec material. Other buried sulfide bodies
are very likely present at shallow depth. .

The drill hole results indicate that fhe part of the Rabathan
area north of drill hole R-2 does not contain economic mineralization.

Therefore further exploration should be directed towards the locatic:i.
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and development of sulfide bodies between drill holes R-2 and R-4.

Unfortunately, because of the preponderance of pyritic graphite
schist in the locality, standard geophysical techniques would probably
be ineffective in distinguishing buried sulfide masses. The best
exploration approach may involve detailed diamond drilling of exposed
lenses and comparing the resulting structural information with detailed
vertical and horizontal topog:iaphic data. Such studies may indicate
a spacial pattern which would be helpful in predicting the position
and size of buried lenses. Future investigators should keep in mind
that such patterns may be complicated or unpredictable because the
sulfide bodies have very likely been subjected to three distinct
periods of deformation associated wiﬁh'(l) compressive stresses related
to regional metamorphism, (2) vertical movement on the East fault,
and (3) horizontal movement on the East fault.

An alternate exploration approach is saturation-type diamond
drilling on a grid net. The initial spacing of drill sections should
be about 150 meters: a more closely spacial grid net may be desirable
if the early results are favorable. The initial grid would require
a minimum of 6000 meters of drilling to cover the favorable area.

‘ If the high frequency of sulfide lenses indicated by gossan in
the vicinity of drill holes R-3 and R-6 (pl.6) persist with depth,
the over-all comper content of the lenses and the intervening materiai

may be sufficient to permit mining by open pit methods. However, the
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analytical rasults from holes R-3 and R-6 indicate the uncertzinty of

large tonnage of onen pit ore.

W

Ore estimates

Intrecduction

Bafore ore* =stimates for any given area can ba discussed, it
is necessary to determine the minimum tonnage and grade factors which
will permit a profitable mining or milling enterprise. In making
preliminary ore estimates, the economic geologist commonly relies
upon miﬁing precedent in the area, or in another area where conditions
are similar, in order to approximately determine the minimum require-
ments by conducting extensive studies on development, mining, millirg,
transportation, and marketing costs. Such studies were not within the
scope of the present investigations. Consequently, the term 'ore’
cannot be usad ia the correct technical sense, and an assumed value

-

for ore must be applied.

* "In its technical sénse an ore is a metallifeféus minerél or an
aggregateof’metal%iferous minerals, more or less mixed with gangue,
and capable of being, from the standpoint of the miner, won at a
profit; <~ from the standpoint of the metallurgist, tréated at a
profit."” J. F. Kemp, Trans. Canadian Mining Institute, Vol. 12,

p-367, 1909.
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Devosits of possible ore-grade material in the Wadi Bidah district
are small by world standards, and because of their configuration thzy
are probably not amenable to low-cost, open pit mining. Disregarding
problems related to mining and metallurgy, it is assumed that sulfide
deposits in semi-remote areas which are exPloitaéle by underground
mining methods should contain a gross recoverable metal value of
$15.00 (67.5 SR) a short ton or better in order to be extracted at a
profit, This dollar value is highly arbitrary, and in fact varies
greatly from place to plaée. The scale of mining, availability and
cost of labor, an§ innumerable other factors determine the minimum
dollar value which constitutes ore for any given area. DBecause of
the location of the Wadi Bidah district, and because of the size and
configuration of the ore bodies as determined by the present investi-
gations, it seems reasonable to assume that rock with a gross recover-
able metal value of less than $15.00 (67.5 SR.) per short ton, based
on current meta.il. prices,* cannot be profitably mined now nor can it
be in the foresee@ble future. The cut-off grades»used in the ore

estimates are based on this assumption.

* Copper 2.00 SR. ($0.44) per pound
Zinc 0.64 SR. ($0.14) ™ "
Gold 157.50 SR. ($35.00 per ounce

Silver 9.00 SR. ($2.00) '
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Basis of estimates

Zach of the sulfide bodies included in the ‘ore estimate was
explored by one drill hole, except for the Gehab ore body which was
explored by two drill holes. The ore tenor encountered in a drill
hole is assumed to be representative of the mineralized zone indicated
by outcrops, except where surface geologic evidence indicates that
such an assumption is unreasonable. In most cases, minimum planar
limits of a mineralized zone can be established on the basis of geologic
mapping. |

In the Rabathan locality, the combination of the physical data
from geologic mapping and diamond drilling permits the construction
of simple geometric forms which are inferred to approximate the form
of the ore bodies. Therefore, geometric formulas are used to determine
volumes of ore in that locality. Because of the lenticular nature of
the sulfide deposits in the Rabathan locality, application of this
method results in a more conservative volume estimate than a method by
which volume is determined by multiplying the arca of ore on a section
by the strike length of the ﬁineraliZed zone as indicated by outcrops.
The latter method is used in the volume estimate for ore at the Gehab
locality since the sulfide deposit of that locality is a folded and
faulted tabular body which cannot be easily adapted to a geometric
formula. In this case it is assumed that the sectional area of ore

on a cross-section of drill hole No.3 which contains a strike projection
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of the critical data from drill hole No.4, i's representative of the
minerzalized zone over the ;trike length indicated by geologic mapping.
The results from geologic mapping in the Gehab locality indicate

that this assumption is reasonable.

For estimate purposes, the ore bodies are projected to a vertical
depth of 30 maters below the footwall ore intersections in the drill
except where geologic evidencae indicates that this is unreasonable.
The drill holes were designed to intersect mineralized zones at a
much shallower depth than normal mining limits. As a result, the
amount of ore included in the estimates is sharply limited, and it is
- probable that deeper drilling could add substantially to the ore
reserve estimate.

The criterion used to determine orz estimates satisfies the
minimum requirements for indicated ore* as agreed to by the U. S.
Geological Survey and the U. S. Bureau of Mines in April 1943, thus

the ore estimates are represented as indicated ore.

* "Indicated ore is ore for which tonnage and grade are computed
partly from specific mecasurements, samples, or production data,
ardd partly from orojection for a reasonable distance on geologic
evidence. The sites available for inspection, measurement, and
sampling are too widely spaced or otherwise inappropriately spacad

to outline the ore completely or to establish its grade throughout, "'
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The analytical data used in grade calculations are included in
table 4. All samples used in grade calculations were assayed by the
U. S. Geological Survey labeoratories in the United States and every
tenth sample was analysed in triplicate for copper, lead, zinc, gold,
and silver. &ll of the triplicated results checked within tolerable
limits of accuracy. Therefore, the values from the U. S. Geological
Survey laboratories are used in the determination of average grades.

The sPecific;gravities used in the ore estimates are derivad from
the averaged results of tests on ten core samples of ore grades material
taken from drill holes in the Gehab, Sha'ab Eltare, and Rabathan
localities. Specific gravity (SG) was determined by the immersion

- method, and three tests were conducted on each sample. The SG values
on six core samples of massive sulfides ranged from 4.25 to 5.10 and
averaged 4.80. The SG values on four samples of disseminated sulfides
ranged from 2.80 to 4.20 and averagéd 3.60.

Notwithstanding tha compactness of the orzs, the averaged SG value
for massive sulfides is somewhat high as compared to SG values of
comparable ores in other parts of the world. In Canada, for example,
the massive sulfide SG used in tonnage estimates ranges from 3.80 to
4.36 in the various localities where massive sulfides are mined, and

values of 4.0 to 4.2 are most commonly applied*. These values are

* Data derived from Special Volume 9, Orz Reserve Zstimation and

Grade Control, Capadian Institute of Mining and Metallurgy, 1968.
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used in measured ore estimates and are conservatively chosen so as
to take into account unexpected gangue material in the ore. The
estimates included in this report are indicated ore and possible
dilution by unexpected gangue is not taken into consideration. The
specific gravities used in the following ore estimates are determined
proportionately from the amounts of disseminated and massive sulfides
included in the ore zones as indicated by diamond drill hole data,
and they ares based on the avaeraged results from the ten core samples
previously mentioned. It is recognizad that the specific gravities
are based on a small number of tests, and that the values ara somewhat
higher than those commonly applied in ore estimates of massive sulfide
deposits.
Gehab ancient mine locality

Drill holes G-3 and G-4 (fig.3) in the Gehab locality intersectad
ore-grade material on the cast and @est limbs of a tightly folded
and faulted anticline. The results from geologic mapping indicate
that the ore zones may persist over a minimum strike length of 249
meters (pl.3). The ore zones are plotted on cross-section normal to
strike (fig.3). Mineralized material above the base of oxidation is
considered as oxidized waste. The sectional area of ore batween the
base of oxidation to 30 meters vertically below the footwall ore

intersections in the drill holes is 1212.5 square meters. If this area
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is reprasentative of the ore zone to a comparable depth o§er a 248
meter strike length, the volume of ore to a depth of 150 meters on
the east limE of the anticline and 105 meters on the west limb of
the anticline is: 1212.5 X 249 = 301,912.5 cubic meters. The ore
zonas consist of 65 and 35 percent massive and disseminated sulfides
respectively. Therefore, the theoretical SG is 4.38., The indicated
ore reserves are as follows: 301,912.5 X 4.38 = 1,322,377 metric tons
or 1,457,656 short tons*. The average grade of the ore as indicated
by the averaged analytical values of the drill cores is:

Copper =~ 1.56 percent

Zinc - 0.94 percent

Gold

0.03 ounces per ton

Silver - 0.13 ounces per ton.
The recoverable metal value per ton of ors in the ground based on
currznt metal prices is $17.78, and the gross yalue of indicated ore
is $25,917,123.

Rabathan ancient mine locality

Two ore bodies are indicated by geologic mapping and diamond
drilling in the éabathan locality. The northernmost: ore body was
drilled by drill hole R-3 (pl.2, fig.l0). The ore body is lenticular-
shaped and its configuration approximates that of an elongatz hemi-

ellipsoid, the volume of which can be determined by the formula:

* 1 metric ton = 1.1023 short tons
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V = 2/37abec, where a is one half the strike length of the ore body,

b is one half the width, and ¢ is the depth. The strike length of
the ore body at the surface is more than 216 meters* and less than
263 meters (fig.4). A 230 meter strike length is used for estimate
purposes. The maximum width of gossan outcrop is 18 meters, and the
depth of the ore body to an imagipary point 30 meters below the foot-
wall intersection of the mineralized zone in the drill hole is 93
meters. The depth of oxidation as indicated by drill hole data is

25 meters and oxidized material is treated as waste. By substituting

values in the formula, the volume of indicated ore is:

V =2/3 (3.1416)(115)(9)(93-25)

147,404 cubic meters
The sulfide body consists of 50 and 40 percent massive and disseminated
sulfides respectively, so that the theoretical SG is 4.32. Therefore,
the indicated ore reserves are: 147,404 X 4,32 = 636,785 metric tons
or = 701,928 short tons.
The average grade of the ore as indicated by the ore intersection in
rill hole R-3 is:

Copper - 2.20 percent

2inc - 1.51 percent
Gold - 0.13 ounces per ton
Silver - 0.17 ounces per ton

* The mein gossan outcrop is zbout 100 meters strike length. Smaller
gossan outcrops extend to about 50 meters north and 110 meters south
of the main gossan outcrop. The area between gossan outcrop is

.—_alluvium containing gossan float material.
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The recoverable metal value per ton of ore in the ground is $28.59
and the gross value of indicated ore is $20,068,122,

The southernmost ore body in the Rabathan locality was explored
by drill hole R-4 (figs.5 and 6). The exposed part of the ora body
is assymetric and is not 2asily adaptad to a geometric formula. The
results from geologic mapping and diamond drilling indicate that the
average true width of the south part of the ore body is 9.2 meters
over a strike length of 74 meters. This part of the ore body is
projectad to 30 meters below the footwall ore intersection in the drill
hole to a depth of 110 meters. The uppermost 22 meters of the minera-
lized zone is inferred from drill hole data to consist of .oxidized
waste. The volume of the south part of the ore body is:

vV = (9.2)(74)(110-22)
= 59,910 cubic meters.

The north extension of the ore bod& is not exposed, but its presence
is strongly suggested by geologic evidence. This part of the ore
body plunges HN.62° Eeneath unminerzlized schist and is bounded on
the east and west sides by shear zones which dip toward each other
at stecp angles. The shear zones coalesce at a point 44 meters north
from where the mineralized zone plunges under barren schist, and their
juncture probably terminates the ore body. If the dips of the shear
zones as measured at the surface persist with depth, they would
bottom the ore at 79 meters. The shape of the north extension of the
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ore body may approximate that of a reclining pyramid whose volume
can be determined by the formula V = h 4B where h reprasents the
horizontal distance at the surface froi the line of section common
to the south part of the ore body and the north extension to the apax
formed by the junction of the shear zones, and AB represents the area
of the base of the pyramid which in this case is the sectional arza
of ore on a cross-section common to the south part of the ore body
and the north extension. The gossan is 42 meters wide along this
section line and if the mineralized zone bottoms at 79 meters the area
of the base is, AB = 42 I 79 = 1659 square meters. The‘volumg as
determined by the pyram£§ formula is:

V= (44)(1659)

3
= 24,332 cubic metars.

The south part of the north extension will contain oxidized waste.

The shape of the oxidized waste w&ll approximate that of a right
triangular prism whose volume can bé determined by the formula:

V= g%l where a represents the horizontal distance along the oxidized
zone from the base of the prism to its north termination, b represents
the vertical distance from the surface to the bottom of the oxidized
zone at the base of the prism, and 1 represents the length of the
prism base which in this case is the width of gossan outcrop on the
line of section common to the south part of the ore body and the north

extension. If the depth of oxidation is 22 meters, and the north -
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extension of ore body plunges N. 62° the value for a as determined
graphically is 12 meters. The volume of oxidized waste is then
determined as follows:

v= (12)(22)(42)

2
= 5,544 cubic meters.

Therefore, the volume of ore in the north =xtension is:

24,332 - 5,544 = 18,788 cubic meters, and the volume
of ore in the ore body to the indicated depth is:

59,919 # 18,788 - 78,698 cubic meters.
The ore zone intersected in drill hole k-4 consists of 72 and 28
percent massive and disseminated sulfides respectively. Therefore,
the theoraetical SG is 4.46, and the indicated ore reserves are:

78,696 X 4.46 = 350,993 metric tons

or = 386,900 short tons.

Thé analytical results of core saﬁples from drill hole R-4 show that
the average grade for copper is 3.58 percent and that it is the only
recoverable metal present in the ore. If this grade is representative
of the entire ore body the recoverable metal value per ton of ore in
the ground based on current metal prices is $31.50 and the gross

value of indicated ore is $12,187,350.

Sha'ab Zltara loecality

’

The analytical results of drill core from the Sha'ab Eltare
locality indicate sub-marginal grade copper mineralization. These
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results mey be sufficiently encouraging to warrant additional studies
by future investigators. For this reason, a tonnbge and grade estimate
of the sub-marginal materizl is included.

Drill hole S-2 intersected a mineralized zone from 62.3 to 73.0

'_ meters which conteined 0.91 percent copper (fig.4). This intersection

represents a true width of 6.8 meters, and is the only intersection
of significant width that contains copper values approaching ore grade.
The sulfide zone as indicated by massive gossan is locally offset
by transverse faults but crops out for a totel strike length of 570
meters except for a 180 meter interval between the center and north
end which is covered by overburden. Geochemical and geophysical
survey results suggest that the overburden areca may be underlain by
copper mineralization which is at least equivalent in width and grade
ﬁo that intersected in the drill hole. The narrow width of gossan
over an approximate strike distaﬁce of 70 meters at the extreme north
end precludes the possibility of a minable width of sulfide minera-
lization, so this part of the mineralized zone is excluded from the
estimate. The mineralized zone is projected 30 meters vertically
below the footwall intersection in the dril; hole to a depth of 105
meters. Due to extensive sheéring, oxidation extends down to 33
meters, end the oxidizéd part of the mineralized zone is considered

as waste., If the width of the mineralized zone encountered in the
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drill hole is representative of the strike length indicated by geologic
geochemical, and geophysical evidence, the volumé of submarginal
material to a depth of 105 meters is:
V = (570-70)(6.8)(105-35)
= 238,000 cubic meters.
If the SG for disseminated sulfides is applied, the tonnage reprasentad
is: 238,000 X 3.6 = 856,800 metrié tons
or = 944,450 short tons.
The gross value per ton of rock in the ground based on current metal
prices is $8.01, and this value is considered to be uneconomical in
the Wadi Bidah district.

Conclusions

A summary of indicated ore estimates and sub-marginal material is
given in table 7. The actual ore potential may be many times greatef
than what the reserves indicate.‘ This 1is particularly true of the
Gehab and Rabathan ancient mine localities where target areas outlined
by geologic mapping have not been tested by drilling. 1In view of
this, the indicated ore estimates pr§bab1y represent minimum values.

It seems probable that substantially larger reserves could be developed
by diamond drilling designed to test (15 the ore zones included in
this estimate at greater depth, (2) strike extensions of the ore zones
included in this estimate, and (3) additional targets outlined by

geological, geochemical, and geophysical studies that were not testad
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by diamond drilling during the present investigations.
SUMMARY OF CONCLUSIOHS AND RECOMMENDATIONS

Sulfide deposits in the Wadi Bidah district are found in two
stratigraphic positions: (1) In the lower part of the metasediﬁentary
rock unit, and (2) In the middle part of the younger metavolcanic
rock unit. The sulfide bodies are interpreted to be volcanic strata-
bound type deposits which were emplaced at or about the same time
as the host rocks. 4ll deposits show evidence of sulfide remobili-
zation and reconcentration into dilatant zones associated with faulting
and folding. Ore-grade copper, zinc, gold and silver mineralization
has been found at the Gehab and Rabathan ancient mine localities.
The indicated ore reserve estimate to shallsw depth is 2.55 million
short tons with an average value of $22.85 per ton. Sub-marginal
copper values are indicated by analytical results of core samples from
the Sha'ab Eltare ancient mine 1$ca1ity.

The most direct approach to developing larger ore reserves in
the district would involve diamond drilling of the down dip and strike
extensions of the ore bodies described in this report. The analytical
rasults from the drill hole in the Sha'ab Eltare locality may not be
a2 good representation of the sulfide body in that locality®because
cora racovery was very poor. The copper values from this drill core
are sufficiently encouraging to warrant further drilling and evaluating

by future investigators.
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Other sulfide bodies are probably present in the Rabathan ancient
mine locality. Many of the lenticular-shaped gossans have not been
tasted by drilling. The results from drill hole R-2 demonstrates the
possibility of locating sulfide lenses buried at shallow depth.
Additional holes in the drill hole R-2 sulfide lens could result in
an increase of the ore reserves. Methods of possibly locating other
buried sulfide lenses in this locality have bzen presented in this
report.

Extensive limonitic zones in metarhyolite were noted in several
areas in the western part of the district. The chances of finding
ore-grade mineralization, especially in the thicker parts of the
metarhyolite, should be explored. Isopach mapping of the metarhyoiite
may aid the exploration for base metals in this rock unit.

The rock types noted in the district probably extend far beyond
the district boundaries. If the.génetic considerations discussed in
this report are correct, thera should be a reasonably good chance of
locating sulfide deposits in outlying districts where the geology is
similar. The logical approach to exploring this possibility is a
c&ntinuation of district and regional mapping. Tha target areas
resulting from mapping should be chosen on the basis of the geologic
settings of sulfide deposits in the Wadi Bidah district, and should
be mapped and sampled in detail. The targets should be diamond drilled
if the preliminary results from detailed studies on the surface in&icat

a possibility of ore deposits.
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