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In 1963, in rccponoa to a roquet from the Ilinirjliry of P^tr 

and Mineral Resources, the Saudi Arabian Government and the U. S. 

Geological Survey, U. S. Department: of the Interior, with the approval 

of tho U. S. Department: of State, undertook a joint and cooperative 

effort to u--np cud evaluate tho Mineral potential of central and wcotorn 

Saudi Arabia. The results of this program are being released in USGS 

open files iu 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in that office is a lar^e cuount of material, in the fora of unpublished 

t^anuscripts, sr*c:p3, field notes, drill logs, annotated aerial photo­ 

graphs, etc., that has resulted from other previous geologic work by

Saudi Arabian sovcnraent agencies. The Government of Saudi Arabia
.f
tiakes this infcreation available to interested persons, and lias set

i 
'up a liberal mining code which is included in "Mineral Resources of

Saudi Arabia, a Guide for Investment and Development," published in 

1965 ac Bulletin 1 of tho Nlniotry of Petroleum and Mineral Resources, 

Directorate General of Mineral Rcnourceo, Jl<Jd«h, Suucli Arabia.



Contents

Page

Abstract .............................................................. 2

Introduction ..I....,,,.*.......,*............,....*...,.*.....*......... 2

General geology. ,..............,..*......,.........,................... 3

Stratigraphy ..................................... .. *-,.-... ....... 5

Igneous rocks. ...... ............. ..*......*«.... ..................^ 6

Older granitic rocks. ........................................... 7

Rhyolite dikes... . .^. ............,............«.*.....«.....* 9

Younger granitic rocks, ........................................ 9

Structural geology. -.-.*...-. ............. ............................... 10

Halaban petro-tectonic cycle,,,-., ...,...* ............. ... ............ 10

Younger structures of the Najd Wrench Fault deformation........ n

Mineral deposits. . . » . ..... ...... ..  , ,,^^^ . .. ........ ....... ....... .«, .......... .12

Al Numrahniyah mine. ........ ...., . . ... . ...H, . ..-.^.... ........................ 13

Muthaheel mine. ............ .,<.  -.  .................. ....... ......... 15

Silicif ied breccia veins . .... ... .. » ,^.... ...............*........... 16

Conclusions and recommendations .......................................17

References. ........ ... .......... ......... ................................. 18

Illustrations

Plate 1. Geology and mineral deposits of the Wadi An Nuqumi quadrangle^

north central Kingdom of Saudi Arabia... ........................ At back

Figure 1. Wrench fault zones and ancient mines in Northeastern Hijaz

quadrangle 205 and western- part of Wadi ar Rimah quadrangle .^

2. Stress diagram centered on Najd Wrench Fault Zone showing 

relationship of major and minor faults, fractures, and dikes
G*4^*

in north central Arabian Shield. ............................

Tables 

Table 1. Content of elements (ppm) in samples from the Wadi an Nuqumi

quadrangle, Kingdom of Saudi Arabia. ......................... At back



Abstract

The rocks, structures, and mineral deposits of the Wadi an Nuqumi quadrangle 

were formed during three periods of deformation, two of Precambrian age and one 

of Tertiary and Recent age. The older Precambrian Halaban cycle produced the 

thick eugeosynclinal suite of interlayered metasedimentary and metavolcanic rocks 

comprising the Halaban Formation, the numerous synorogenic granitic masses which 

intrude the layered rocks, and the northward-trending tectonic, plutonic, and 

metamorphic features of all these rocks which constitute the basic grain of the 

area. The older Halaban features are everywhere strongly transected, but only 

slightly deformed and offset, by many eastward-, northeastward-, and northwestward- 

striking fractures and strike-slip faults. Silicic dikes are emplaced in these 

fractures, and several kinds of barren and metalliferous veins are closely 

associated with them. All these features are here thought to have formed during 

a period of deformation of late Precambrian age which produced the Najd Wrench 

Fault Zone; therefore, these features are named for it. Sporadic remnants of 

once far more extensive basaltic lava fields and the north-northwestward-striking 

vertical fractures which occur in them and contain volcanic vents from which 

they were extruded are the youngest rocks and structures in the Wadi an Nuqumi 

area. They are thought to have formed during the period of tectonic and volcanic 

activity which also produced the Red Sea graben.

The principal mineral deposits of the Wadi an Nuqumi area are silicified- 

carbonate breccia veins which occur in structures of the Najd Wrench Fault defor­ 

mation and metalliferous quartz veins which are closely associated with them. 

Only the latter possesses any economic potential, the most promising being the 

gold and silver-bearing quartz-base metal veins of the Al Numrahniyah and Mutha- 

heel ancient mines.

Introduction

This report is a product of a joint reconnaissance mineral survey of the 

Arabian Shield by the Saudi Arabia Ministry of Petroleum and Mineral Resources 

and the United States Geological Survey. It presents the results of the survey



obtained in the portion of the Shield exposed in the eastern half of Sheet 93 of 

the Ministry's photomosaic map series, or the Wadi an Nuqumi quadrangle as it may 

be called after the prominent wadi which flows southward through the middle of 

the area. The Wadi an Nuqumi area is most accessible from the south through 

Medina, and from the road from Medina to Tabuk through the central part.

The Wadi an Nuqumi quadrangle encompasses a total area of 2,700 sq. km. 

Precambrian rocks of the Arabian Shield are exposed everywhere in it except along 

the eastern margin where they are covered by basaltic lava flows of the Harrat 

al Khaybar. Field work for the present reconnaissance mineral survey of the area 

was done during March 1966. Vehicles and personnel for the field work were provided 

by the Ministry.

The immediate objective of the mineral survey was to examine all parts of 

the area for mineral deposits which possessed either present or longer range 

potential for economic exploitation, and for other geologic features related to 

them. The long-range objective of the survey was to determine the gross geologic 

character of the mineral deposits found by the survey as the basis for guiding 

development of those with proven potential and the search for others. The methods 

used on the mineral survey were such that they yielded only qualitative results. 

No quantitative sampling or valuation was made of any of the deposits found by the 

survey, nor were systematic studies made of either the geology or geochemistry 

of the area. However, geochemical prospecting techniques were used to test specific 

geologic features. For this purpose, samples of sediment from the headmost parts 

of wadis were collected and analyzed in the Ministry laboratory in Jiddah by methods 

designed to detect very small (trace) amounts of many metallic elements. Most of 

these determinations were made by emission spectrometric methods by C. E, Thompson 

of the U. S. Geological Survey.

General geology

The geology of the Wadi an Muqumi quadrangle includes the same major elements 

as are represented throughout the northern Arabian Shield   rocks, structures, 

and mineral deposits derived from the older Halaban petro-tectonic cycle and the



younger Najd Wrench Fault deformation,   both mainly of Precambrian age   and, 

in addition, structures and basaltic lava flows which are the result of epirogenic 

activity of Tertiary to Recent age, which produced the Red Sea graben. Although 

it is somewhat more obscured by high relief than elsewhere, the basic grain of the 

area comprises the same features produced during the Halaban cycler northward- 

trending belts of older granitic rocks and folded, layered metavolcanic and meta-. 

sedimentary rocks of the Halaban Formation. In the An Nuqumi area, these are 

manifested mainly by the northward-aligned, intermittent exposures of older granite 

bodies along the western margin, northward-trending folds in the layered rocks 

east of these, and, physiographically, by the northward-trending wadis which flow 

southward through the middle of the area.

The older features produced by the Halaban cycle are everywhere transected 

and deformed by structures of the Najd Wrench Fault deformation, mainly northwest­ 

ward- and northeastward-striking, vertical fractures and strike-slip faults. 

Silicic, principally rhyolitic, dikes occur in many of these structures, and they 

are here thought to have been intruded during thu sane period of deformation 

which produced the structures.

Only two small granite bodies of younger Precambrian age were identified in 

the An Nuqumi area. Both are located along the western margin and possess the 

distinctive features of most of the younger granitic rocks   ring, or in this 

case, crescent-shaped small stocks with steeply dipping contacts.

Basaltic lava flows are present sporadically throughout the area, at all 

heights, and are clearly remnants of much more extensive lava fields which once 

covered the entire area. The lava flows have been extruded during and since 

Tertiary time and are still being extruded as the flow of historical age just 

south of the airport in the south-central part of the area indicates. Prominent 

lineaments in the older flows strike north-northwestward, as do many weakly 

developed vertical fractures in the bedrock in the east-central part of the area. 

Modern volcanoes are localized along these structures at many places just south 

of the lower edpe of the quadrangle, notably a series of four about 10 km west 

of Medina. The structures and volcanic features are thought to be related. 

Both are probably effects of the epirogenic activity which produced the Red Sea 

graben.



Stratigraphy.

All ol tho me tai;od imontary rockn and layorod Tnotavo.lcari.ic rockr. in the; An 

Nuqumi quadrangle arc thought by the writer to belong to a single stratigraphic 

unit   the Halaban Formation, Mo rocks of younger Precambrian age than the 

Halaban Formation have been reco^ized. Accordingly, the character of the upper 

contact is not known; otherwise, it is overlain sporadically with great unconformity 

by basaltic lavas of Tertiary and Quaternary age.

The lower contact of the Halaban Formation may be exposed at several places 

both north and south of the Qassim road about 30 km east of Medina. At two 

localities where it could be observed well (field stations 18704 and 18710) 

andesitic agglomerate lay directly, and apparently unconformably, on meta-dioritic 

rocks. Neither diagnostic erosional or depositional features nor intrusive 

igneous features were recognized at either place. However, the metadiorite was 

markedly more metamorphosed than the volcanic rocks, and this constituted the 

principal field evidence of unconformity. Both the metadioritic and volcanic rocks 

were epidotized. The metadiorite strongly resembled similar rocks mapped as "dg" 

in the northwestern-most corner of Quadrangle 210 (Brown and others, 1962), on 

w hich clastic and calcareous metasedimentary rocks and marble of the Halaban 

Formation rest unconformably in Jabal Athelith, about 100 km east of Afif.

The Halaban Formation is made up of slightly to strongly metamorphosed 

volcanic and sedimentary rocks representing a considerable range of original 

physical and chemical character. The volcanic rocks include flow and fragmental 

pyroclastic rocks of andesitic and more silicic composition. More mafic types 

predominate generally, but silicic types, including rhyolitic rocks, are abundant 

locally, notably In Jaba3. Uhud, -jusl: north of Medina, and r.-ant of the head of 

Wad 1 Qana. Although neither chemical analyses nor detailed petrographic data 

were obtained from the volcanic rocks of the Halaban Formation, the impression 

is strong that they comprise a complete range of composition between andesitic 

and rhyolitic extremes.



The volcanic rocks occur as massive, lenticular bodies which are irregularly 

interlayered with sedimentary rocks, usually coarser clastic typ.es of similar 

gross physical character. Dark, greenish colors are dominant where the rocks are 

andesitic, and light, reddish colors where they are rhyolitic.

Sedimentary rocks in the Halaban Formation vary from the metamorphic equivalents 

of thin and very thin bedded calcareous, tuffaceous, and siliceous shale and impure 

limestone to massive, thick-bedded sandstone and conglomerate. Dark-colored, 

greenish-gray, undifferentiated metawacke-type sandstone and conglomerate predominate, 

Although all kinds occur with the volcanic rocks, the coarser clastic types are 

usually associated with them. Clearly the coarser clastic rocks have been derived 

from the volcanic units in great part, as have the finer-grained slates and 

argillites which grade away from the coarser elastics, often within a few kilometers 

laterally. Generally, the coarser clastic metasedimentary rocks and the roeta- 

volcanic flow and fragmental rocks are so integrally interlayered and associated 

that they cannot be mapped separately, at least at 1:100,000 or smaller scales.

Besides varying in dynamic metamorphic character because of lithologic 

differences, rocks of the Halaban Formation also vary in thermal metamorphic grade. 

All of the latter are associated with exposed and buried granitic plutons, and 

the highest grade rocks occur over or around these, and as isolated outliers and 

septa on and in them. The highest-grade rocks observed anywhere in the An Nuqumi 

area occur along the contact of the Halaban Formation and the older granite body 

north of the Al Numrahniyah mine.

The Halaban Formation is conceived here to represent the combined results of 

volcanic and sedimentary activity in a great eugeosyncline, followed by folding 

and regional metamorphism. Thereafter, rocks of the Halaban Formation were invaded 

and metamorphosed additionally but locally by synorogenically intruded granitic 

plutons.

Igneous rocks.

Non-volcanic igneous rocks in.the western part of Quadrangle 205 comprise 

older and younger granitic plutons, and rhyolitic and andesitic dikes. All of



the granitic rocks are here thought to intrude the Halaban Formation which 

comprises the only layered rocks recognized in the An Nuqumi quadrangle. Eastward-, 

northeastward-, and northwestward-striking rhyolitic dikes and dike swarms may 

belong to the Najd Wrench Fault deformation. At least some of the mafic dikes in 

some of the granitic plutons may be thin sheets of meta-andesitic volcanic rocks 

which were intruded lit-par-lit fashion by the granite and were retained in the 

granite with little change of physical appearance.

Older granitic rocks;   With the exception of the large pluton which lies 

north of the Al Numrahniyah mine, all the older granitic masses in the An Nuqumi 

area are so similar in field character that no distinctions have been made among 

them. Further, since all are intrusive except the dioritic rocks along the eastern 

edge of the sheet, and only into rocks of the Halaban Formation, no differences 

of age have been determined on field evidence. The older granite bodies have 

irregular outlines which are due to high relief and the manner of exposure of the 

moderately sloping intrusive contacts which characterize the older granitic bodies. 

By far the 'greatest proportion of all the older plutons consists of pinkish-white, 

non-porphyritic, medium to low coarse-prained granite in which biotite is the 

predominant mafic constituent. The marginal portions of the more homogeneous masses 

tend to be relatively pinker and more porphyritic, both being the result of abundant 

and prominent pink, potash feldspar phenocrysts. Cupolas and other small exposed 

parts of the larger plutons are entirely of this character.

Round to sub-angular xenoliths as large as a meter or so across are sparse 

to very abundant in the older granite masses. More angular shapes of xenoliths 

predominate. Weathering dislodges the xenoliths, yielding a strongly pitted 

habit which is distinctive feature of most of the older granite masses«. Nearly 

all the xenoliths are dark-colored, amphibole-bearing rocks which resemble strongly 

the more highly metamorphosed andesitic volcanic rocks of the Halaban Formation 

which the granites intrude.

Some of the older granite plutons contain from a few to swarms of what appear 

to be mafic dikes, but which may be layers of metavolcanic rock which the granite 

intruded lit-par-lit fashion and retained as relic, dike-like septa or screens.



In detail, many of them have been intruded by the granite on a small scale, and 

strongly resemble the most abundant xenoliths in composition. In such cases, 

continuity of the mafic dikes or rjcptn into tho country rockr, does not r.ottlo the 

m-itter of their field relationships with those* or with the granite.

The contacts of the older granite bodies and the Halaban country rocks are 

characterized by moderate slope, moderately to strongly metamorphosed country 

rocks, and sparse to numerous apophyses and aplitic and pegmatitic dikes. Although 

many parts of the contacts are accordant with the country rocks and contain little 

evidence of intrusion, features attesting to a very stronf dynamic intrusive activity 

are present locally: small to moderate-scale piecemeal, magmatic stoping, and 

large-scale, lit-par-lit injection. Effects of this latter style of intrusion were 

found only around the granite body in the southwest corner of the An Nuqumi quad­ 

rangle.

All the older granitic rocks are thought to be sufficiently similar in character 

and composition to belong to a single sequence of magmatic activity. Although 

this activity manifestly occurred long after the geosynclinal phase of the Halaban 

tectonic cycle, many features of the older granite plutons and their relations with 

the Halaban country rocks indicate strongly that they were emplaced during the 

subsequent, orogenic phase of the cycle.

Only a small part of the older granite pluton which differs somewhat from all 

the others in An Nuqumi area is exposed in the quadrangle; it crops out just 

north of the Al Numrnhniyah mine. This pluton differs from the other older granitic 

plutom; in being much more uniformly and markedly reddish in color, much more 

uniformly medium-grained and non-porphyritic in texture, and in containing hornblende 

as the principal mafic constituent throughout. Like the others, it contains sparse 

to moderately abundant dark-colored xenoliths. However, only in marginal parts of 

the pluton are these xenoliths of comparable size and angular shape to those in other 

older granite masses. In the interior of the mass the xenoliths are much smaller   

generally less than 5 cm across, more rounded, and more altered than those in other 

bodies. Again, like the other older plutons, this one has a shallow sloping



intrusive contact with the Halaban country rocks, and these are metamorphosed and 

cut by numerous small apophyses from the granite and by sparse aplitic and pegma- 

titic dikes. However, at many places the country rocks are much more strongly 

altered and resemble dioritic and granitic rocks. This unusual older pluton con­ 

tains a s;reat number of vertical, dark-colored, mafic, dike-like sheets which, in 

detail, are intruded on a small scale by granite* Instead of being dikes, these 

sheets are thought to be relict^ altered layers of country rock which have been 

retained as pseudo-dikes4

These apparent differences between the pluton at Al Numrahniyah and other 

older granite masses are only minor, and all the differences can be readily 

accounted for by assuming a somewhat more fluid magma and a correspondingly higher 

temperature of intrusion for the pluton at Al Numrahniyah. Accordingly, it is 

thought to have been intruded during the same period of synorogenic magmatic 

activity which produced all of the older granite masses in the An Nuqumi area.

Rhyolite dikes:  Reddish, porphyritic rhyolite dikes are abundant in the 

An Nuqumi area. They cut the Halaban Formation and all the older granitic plutons, 

but are, themselves intruded by the younger granitic rocks.. The dikes are vertical 

and strike eastward, northeastward, and northwestward in and along fractures and 

faults of the Najd Wrench Fault deformation. They occur as single and sparse dikes 

and in intermittent swarms throughout the length of the quadrangle. Although they 

are intruded by younger granite bodies, both are of late Precambrian age and could 

have formed during the same general period of silicic magmatic activity.

Younger granitic rocks:  Only two small younger granite plutons were 

recognized in the An Nuqumi area, both cropping out along the west side of the 

quadrangle. They are composed of reddish, medium-grained biotite granite. Like 

other younger granite masses, they are crescent-shaped with subcircular outlines, 

and have steeply dipping, nearly vertical, intrusive contacts along which only 

small zones of the country rocks are contact metamorphosed. These bodies are of 

considerable importance geologically for the relative age relationships which they 

afford? they clearly intrude rocks of the Halaban Formation, and the red rhyolite 

dikes which cut the Halaban and all the older granite masses. The sequence, from



oldest to youngest is Cnus: Halaban Formation, older granite, rhyolite dikes, 

younger (gp) granite. 

Structural geology_

Nearly all the structural features in the An Nuqumi area formed during the 

two great periods of deformation which affected it during Precambrian time: the 

older Halaban petro-tectonic cycle described earlier and a younger one of which 

the Najd Wrench Fault Zone is the main feature and, so is called the Najd Wrench 

Fault deformation. In addition to these, and superimposed on them, are weakly 

developed structures which formed durincr the volcanic-epirogenic activity which 

produced the Fed Sea graben in Tertiary and Recent time.

Halaban petro-tectonic cycle:  Structures of the older system developed under 

deep-seated conditions comprising concurrent and overlapping eu^ '";! vulcanism, 

sedimentation, and deformation, and granitic magmatic intrusive acc-..^^ accom­ 

panied by thermal metamorphism. Structural features of the system in the An Nuqumi 

area include ill-defined belts of granitic and metavolcanic and metasedimentary 

layered rocks, folds of all sizes, and metamorphic structures in the layered rock 

which arc largely accordant with the original primary features. The trend of all 

the older structure:; in the An Nuqumi aren, and of the trunk channels of the rnaior 

wadi systems which manifest thorn nhysiographically, is strongly northward, as it 

is for all of those of the Halaban cycle everywhere on the Arabian Shield. It is 

safe to assume that the trend of the tectonic belt, or succession of belts, in 

which these features formed was also northward and that it was at least as long as 

the present Arabian Peninsula and as wide as the Arabian Shield.

All the older structures are thought to have developed under deep-seated 

conditions during the Halaban petro-tectonic cycle and to be the effects of both 

the earlier geosynclinal and later orogenic stages of it. They probably developed 

in a large, northward-trending tectonic belt or succession of belts in Precambrian 

time. The folds and regional metamorphic effects formed during the earlier geo­ 

synclinal stages, whereas the granitic rocks and the thermal metamorphic effects
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associated with them may have started to form in the earlier stage, but are mainly 

the results of the later orogenic stage.

Younger structures of the Najd Wrench Fault deformation;  Northeastward- 

and northwestward-striking fractures and strike-slip faults, and eastward-striking 

fractures are the principal younger structures in the An Nuqumi area. Silicic 

dikes occur in all these structures, but they are localized mainly in those which 

strike northeastward and northwestward. The younger structures everywhere transect 

and deform the older Halaban features. Displacements on individual faults are 

generally small; however, their physiographic influence is considerable, with the 

result that they are often marked by strong lineaments in the topography which are 

many kilometers long.

Northwestward-striking strike-slip faults and the prominent lineaments which 

manifest them are the largest younger structures and the predominant ones in the 

western half of the An Nuqumi area, whereas northeastward-striking ones predominate 

in the eastern half. Their combined effect, together with the northward-trending 

wadis through the middle of the area, produces a remarkably tree-like pattern to 

the area as a whole. The only displacement which could be determined was a left- 

lateral one on the fault in the southwest corner of the area.

Besides the silicic dikes which occur singly and as swarms in the northeastward- 

and northwestward-striking younger structures, many hydrothermal mineral deposits, 

including all of the metalliferous lodes in the An Nuqumi area, are localized in, 

or are closely associated with the same structures. Most of these are brecciated 

and contain internal fractures with the same attitude as the structures in which 

they occur* From this, it is clear that formation of the deposits and movements 

on the structures took place at the same time. Accordingly, the hydrothermal 

mineralization which produced the mineral deposits and the deformation which produced 

the structures are thought to be related genetically.

All the younger northwest-, northeast-, and eastward-striking structures in the 

An Nuqumi area are thought to belong to the Najd Wrench Fault deformation, named 

for its most prominent structure, the northwest-striking Najd Wrench Fault Zone

11



which transects the entire northern Arabian Shield and passes just north of the 

An Nuqumi area (fig. 1). The zone is made up of many parallel and en echelon, 

vertical fractures and left-lateral, strike-slip faults. Only small movements have 

occurred on individual faults, but similar and cumulative movements on many of them 

have yielded displacements as much as 20 km across the zone at places. Other wrench 

fault zones like the Najd Wrench Fault Zone, and many fractures and strike-slip 

faults between them with the same attitude and relative movement, are the predominant 

younger structures throughout the northern Arabian Shield, including those of the 

An Nuqumi area.

The same forces which produced the Najd Wrench Fault Zone, and others like it, 

could also have produced the eastward- and northeastward-striking structures which 

are everywhere associated with them* As illustrated in Figure 2, a stress system 

which could have produced the northwest-striking, left-lateral, strike-slip faults 

would have induced an alternate but subordinate direction of shearing which could 

have produced northeast-striking, strike-slip faults, and north-south tension which 

might have developed the westward-striking fractures.

From evidence elsewhere in the northern Arabian Shield, the structures of the 

Najd Wrench Fault deformation are known to be of late Precambrian and early Paleo­ 

zoic age, but no evidence to confirm this has been determined in the An Nuqumi area 

yet.

Mineral deposits

Only a few kinds of mineral deposits have been found in the An Nuqumi area; 

they include a few pegmatites and numerous epigenetic veins of hydrothermal origin. 

The latter consists of siliceous-carbonate breccia veins and metalliferous quartz 

veins. Some of the latter have been worked as ancient mines.

The pegmatites, and aplites closely associated with them, are present only in 

the strongly metamorphosed country rocks along contacts with older granite masses, 

and have clearly been derived from the older granites. All the pegmatites are 

small* Most are simple, unzoned aggregates of quartz and pink feldspar, but a few

12



have finer-grained, feldspar-rich margins and coarse quartz cores. Some of both 

types contain a little hematite, but no constituents of economic value were 

recognized.

All of the hydrothermal veins are closely associated with structures of the 

Najd Wrench Fault deformation, and some are localized in them, notably the siliceous- 

carbonate breccia veins which owe their character to movement on the structures 

concurrent with their formation. All the hydrothermal deposits are thought to be 

related, and, in turn, to have been produced by mineralization which accompanied 

the deformation which produced the structures of the Najd Wrench Fault deformation.

Only the metalliferous quartz veins in the An Nuqumi area possess potential 

for economic development. All the known deposits are in two small areas in the 

northwesternmost part of the quadrangle. Both areas have ancient workings and are 

named for the largest wadis nearest them, respectively, Al Numrahniyah to the west, 

and Muthaheel to the east.

Al Numrahniyah mine:  Al Numrahniyah mine is on Wadi Al Numrahniyah just 

north of its confluence with Wadi al Farshah and at a point 14 km eastward, thence 

5 km east-southeastward from the place where the road between Medina and Tabuk 

crosses the wadi about 75 km north of Medina. A sizeable mine village is located 

on the north side of the wadi while the main workings are on the south slope of the 

mountains about 2 km northwest of it. Moderately recent professional samples had 

been collected from the tailings at the village but no channel cuts or reasonably 

fresh broken rock were found at the mine workings; it is possible that they had not 

been visited previously. The physical character and effects of the village   

grinding stones, etc,  make it clear that native gold was the commodity sought 

at the mine, but a little slag is present and an attempt may have been made to 

recover sliver, copper being much too sparse to be likely.

The areal setting of the Al Numrahniyah mine includes the same baffling 

combination of geologic elements which characterizes many of the ancient mines in 

Quadrangle 205 and the southwest part of Quadrangle 206. The- deposits are in
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highly metamorphosed, in part granitized, volcanic and sedimentary rocks of the 

Halaban Formation along the southern contact of a large, older granite pluton. The 

granite has intruded and, to a marked degree, contact metamorphosed the country 

rocks above the grade to which they had been regionally metamorphosed previously. 

Northwest- and westnorthwest-striking, vertical faults and fractures cut both the 

granite and metamorphosed country rocks. These faults are the principal structures 

of the area and the main deposits of Al Numrahniyah mine are on a west-northwest- 

striking vein which lies midway between two strong wadi lineaments with the same 

trend, Wadi al Numrahniyah being the southern one.

Most of the lode workings of the mine consist of stopes and open pits which 

are located intermittently along a vertical, compound quartz vein. The vein strikes 

N.50°- 55°W. and is exposed for 2 km along the south slope of the mountain in which 

it is located. The vein is strikingly similar in character to most of the other 

gold-quartz veins in Quadrangle 205, consisting of more and less fractured and 

rehealed, open-textured, vuggy, iron-stained quartz. Horses and inclusions of 

country rock in the vein have been more or less silicified or replaced by sulfide 

minerals. Obviously, movement on the fault or fracture along which the vein was 

forming continued through the period of hydrothermal mineralization.

Pyrite is by far the most abundant metalliferous constituent of the Al 

Numrahniyah gold-quartz vein and accounts for the strong iron stain. In comparison, 

sphalerite, bornite, chalcopyrite, and galena are minor constituents. Quartz is 

the only gangue mineral. A spectrometric analysis of tailings and crushings from 

many places in the mine village (F,S. 18767, table 1) confirms the presence of the 

copper, lead, and zinc to be expected from the mineralogy; in addition, it shows 

the presence of anomalous amounts of silver and molybdenum. Minerals composed of 

the latter metals were not found. At least for silver, none may be present, and 

the silver may be associated instead with gold or in the galena. A little slag in 

the village area indicates that an attempt was made to smelt some of the ore for 

silver or copper.



Evidence to indicate the areal extent of the mineralization centering on the 

Al Numrahniyah mine consists of several mineral occurrences around the mine inclu­ 

ding the Muthaheel mine 15 km east-southeast along the same structures. The closest 

mineral occurrence consists of two mineralized fractures located just north of the 

main Al Numrahniyah vein which, with somewhat more northerly strikes, intersect 

the east end of it. Small quartz veins with secondary copper minerals and abundant 

pyrite like that of the main vein can be seen in place at the heads and along 

the valley walls of both fracture-controlled wadis. Wash material from one of 

these (F.S, 18768, table 1) contained anomalous amounts of copper and zinc as 

determined by emission spectroroetric analysis,

An eastward-striking network of quartz veinlets and silicified breccia is 

exposed at F.S. 18769 and quartz occurs at F.S. 18766 along the prominent lineament 

which marks the course of Wadi al Numrahniyah* Only the first of these was sampled*, 

but both appear to be barren (table 1)«

Finally, a small pyritiferous quartz vein a few meters long and a meter or 

so wide crops out exactly on the contact of a small, older granite mass 8 km due 

south of the Al Numrahniyah mine (F.S. 18774). Although much smaller, the vein is 

strikingly similar in appearance and geologic setting to the main Numrahniyah vein.
V

Besides pyrite the vein contains a little scheelite and material from it yielded 

anomalous amounts silver, molybdenum, lead and tin.

Muthaheel mine:  The Muthaheel ancient mines are located 15 km east-southeast 

of the Al Numrahniyah mine, and 5 km west of Wadi Muthaheel. The smaller of two 

small villages and their nearby deposits lies 2 km northwest of the larger one. 

At the latter, called Muthaheel East, only gold was mined but at the other, 

Muthaheel West, a little slag in conjunction with the grinding stones indicates 

that, besides gold, silver was smelted there.

Deposits at both places occur in south- and southeast-dipping metavolcanic 

and metasedimentary rocks of the Halaban Formation along the contact of a moderately 

large, older granite mass; the granite is intrusive and is partially covered by lava,
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The country rock throughout the mine area is meta-andesitic greenstone.

The workings at both mines are small and little could be seen to determine 

the character of the original deposits. Those at Muthaheel East are located on 

the tops of the mountains north and south of the village. The pit on the former 

is about 100 or 150 m long and trends northward. The one on the mountain to the 

south is a little longer and trends N.60°W., approximately parallel to the strike 

of the major wrench-fault lineaments of the area.

Almost no vein material could be found in place or on the dump of the workings 

at Muthaheel West, and only a very little on those at Muthaheel East. That at the 

latter strongly resembled material from the Al Numrahniyah vein deposit in being 

strongly iron-stained and containing abundant pyrite and sparse chalcopyrite and 

bornite. Spectrometric analyses of dump and tailing material indicates a great 

difference of composition between the deposits of the two mines. Those from 

Muthaheel West (F.S. 18759, F.S. 18760) contain major amounts of lead and zinc and 

minor amounts of silver, bismuth, and copper (table 1), whereas those from Muthaheel 

East (F.S. 18761, F.S. 18762) contain small amounts of only copper and lead (table 

1). As in the Al Numrahniyah mine, it seems likely that the silver was present 

in galena and that this was smelted for it. Gold occurred free in the deposits 

at both places and was recovered by crushing, grinding, and washing.

Silicified breccia veins;  The silicified breccia veins vary from a few 

meters to a few tens of meters wide and from a few hundreds of meters to several 

kilometers long. They are composed of varying proportions of highly fractured, 

open-textured, granular and recrystallized quartz, and strongly brecciated and 

silicified inclusions of country rock. Portions of country rock along the veins 

and horses of it in them are fractured and contain irregular networks of small 

quartz veins. All of these features attest to concurrent and recurrent deformation 

and siliceous mineralization.

Although slightly iron-stained, no megascopic evidence of metallization was 

observed in the siliceous-carbonate breccia veins in the An Nuqumi area, nor did
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the spectrometric analysis of residual material from the one at F*S, 18755 show 

anomalous amounts of any metals (table 1)» Accordingly, they posiess no economic 

potential and their chief importance derives from their possible genetic-structural 

relationship to the metalliferous lodes which do,

All the hydrothermal deposits in the area^ including the metalliferous lodes 

worked in ancient mines, isolated veins of the same physical character and compo­ 

sition outside these districts, and the silicified breccia veins either occur in or 

are closely associated with structures which could belong to the Najd Wrench Fault 

deformation. From this, it is concluded that all of these deposits formed during 

the period of Najd Wrench Fault deformation in late Precambrian times; since this 

continued into early Paleozoic time, so also may the mineralization.

On empirical evidence based on spatial relationship, another interpretation 

concerning the genesis of the metalliferous lodes of the An Nuqumi area is possible. 

All of them are sufficiently closely associated with the older granitic rocks to 

suggest possible genetic relationship. While by no means certain for all of the 

deposits, most of them are clearly associated with younger structures which transect 

and offset features of the older Halaban cycle, including the northward-trending 

belts and elongate plutons along which many occur. The actual relationship between 

the metalliferous lodes and the older granitic rocks, instead, is here thought to 

be a fortuitous structural one. In this view, differential effects of deformation 

during the Najd Wrench Fault deformation between the homogeneous, more competent 

granite masses together with adjacent higher-grade parts of the country rod: which 

they intrude and the less metamorphosed, less competent layered rocks were such 

as to localize the effects of the hydrothermal mineralization accompanying the 

deformation at places where the younger structures intersected appropriately 

conditioned parts of the older features of the Halaban cycle.

Conclusions and recommendations

Only the metalliferous lodes of the Wadi an Nuqumi area possess any mineral 

potential. The best of these deposits were worked in the Al Numrahniyah and 

Muthaheel ancient mines. The gold-base metal-quartz veins at Al Numrahniyah are
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the most promising deposits. These veins, the strongly developed structures of the 

Najd Wrench Fault deformation with which they are associated, and the area containii 

them deserve to be investigated in sufficient detail to determine their economic 

potential.
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