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PREFACE

In 1963, in response to a request from the Ministry of Petroleum
and Mineral Resources, the Saudi Arabian Govermment and the U. S.
Geological Survey, U. S. Department of the Interior, with the approval
of the U. S. Department of State, undertoock a joint and cooperative
effort to map and evaluate the mineral potential of central and western
Saudi Arabia. The results of this program 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in that office is a large amount of material, in the form‘of unpublished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 govermment agencies. The Government of Saudi Arabia
makes this information available to interested persons, and has set
up 8 liberal mining code which is included in "Mineral Resources of
Saudi Arabia, a Guide for Investment and Developwent,' published in
1965 as Bulletin 1 of the Ministry of Petroleum and Mineral Resources,

Directorate General of Mineral Resources, Jiddah, Saudi Arabia.
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Introduction

Tre Ablah Tormatica (fig.l) ldes in a narrow north-northeast-trending belt of

~

rocks frcm 2 to 5 lm wide, 25 kmeast of soath Acig (£ig.3) in the soutfern Hijzz province

of Saudi Arebia. Fairly open country mekes access to the area gocd. A rougn voad
through the area coanects the villags of Aqiq and the city of At Ta'if with ths
southern areas of the Asir rezicn. A branch road leads to the nearby Ableh ancient
wine which is locasted 28 km east-southeast of Agig at 20°10'N.x 41°55'E, Vehicle
travel time from Ablah Co Agiq, east of which is a large flat area suitable for

an alrecraft landing strip, is ebouc Two hours. .

Two large wadis, Wadi Ranyeh and Wedi Shuawas, which head in the highland region
to the south, join nsar the ancient mine. Same of the wadis in this area contain
peremnial streams with small fish. Wildlife in gensral is not plentiful, but there

are many vaerieties of birds and large roving packs of baboons.

The Kamdan ancmaly avea (fig. 2) is 25 km west-southwest of Aqig at 20°10'N.x
L3°28'E, in rugeed metamorphic terrain which was inaccessible to our vehicles. Water,
outcrops, and narrow boulder-choked sections of the wadi prevented passage of
vehicles beyond the base carp. The Kamdan area was reached on foot, and later by
helicopter.

Structurally and topographically the grain of the country is oriented north~
south and major wadis have gradual gradients to the higher, southern mountainous and
plateau areas. )

The climate is hot in the sumrer and cool in the winter with frequent aftermocn
and evening rains during the late summer months.

Previous investigaticas.

The geologic map of the Southern Hijaz quadrangle (scale 1:500,000) by Brown,
and others,(1962) represents the first regional synthesis of geologic data in this
part of Arabia and includes the Kamdan and Ablah areas. This map is a product of
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& colliavion and carpilaticn of date gathered on field trips within the cuadrenzle
area and of rhwotogeologlic interpretatiorn.

Daring 1963 V. P. Kahr and F. Roaner, Senior Ceologists of the Directorate
Gereral for Mineral Resources, conducted regional geological and mineral czarninations
in The &dleh-3Biljurshi arezs mapping at a scale of 1:50,000., Thelr preliminary
report (Kanr end Ronner, 1963) provided us with a gulde and reference curing cur
work. Included in the report is a preliminary geologic~tectonic mep covering the
area between 19°457 and 20°15'N., and from 41°30' to 42°00'E. Areas of mineralized

rocck and ancient mines are located on the map.

To cur knowledge, there have been no previous field examinations in the Kamdan
anomaly area.

Prasent work.

This report summarizes the results of studies which included 13 work-days in
the fbleh formation and 3 work~days in the Kamdan area during two field trips in June
and July 1964, " The purposes and objectives of this work were previously outlined
(Trent, 1966). Two brief examinations of the Kamdan anomaly source rock were made
by Trent (July 29, 1965) and Rex V. Allen, U.S.G.S., (Bugust 20, 1965) using heli-
copter transport.

Results of gnalyses of wadl sand and rock samples located on a geologic sketch
map of each area with reccmmendations is included in this report.

New data gethered in July-fugust 1945 has led to different conclusions fram
the inferences expressed in the preliminary report (Trent, 1966). It is the purpose
of this text to present these new interpretations of the Ablah and Kamdan areas.

Acknowledaerents,

We thank the many officials and employees of the Directorate General for Mineral
Fesources, Ministry of Petroleum and Mineral Resources, whose assistance and cooper-
‘ation made this work possible. Mr. Faisel Sadek, geological student, accompanied
us during our secand field trip to the Ablah area.

The hospitality and assistance offered to us by the Emir of Al Aglq was much
appreclated.
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Kamcen ancaaly

The Xamdan zeroragretic anomly area (fig.2) is located about 25 kim west-south-

west of Al Aglq in a topographically rugged area uwnderlain by metamorphic rocks,

Aemmgmetic and scintillation surveys of ths Al Mahawiyah area (Hunting Swwey
Corporation Limited, 1062) include the Kemdan area. D. R. Maby, U.S.G.S., enzlysed
the cdata gathered in this survey and found the largest single ancraly (*‘Oual relief
600 + gammas) appeared to be produced by a small vedy of granite mapped at this
location, L2°11°fN.x L1°28fE. on the geologic map by Brown and others (1962). HMaby,
in lieu of more geologic information, susgected the anomaly wes produced by the
grenite (gr) but there was some question about the positional correlation of the
anomaly with the grenite (written commuilcation, D. R. Maby, 1964, p.l1l).

It was our tesk to lecate The source of the anomaly, to collect wadl sand and
rock samples for geochemical examinaticn, to prospect for minerals, and to check
nhe local geology. Prior to the field work studies of both black and white (W.S.A.,
CO 000 and K.L.M., 1:12,500 scales) and colored (X.L.,M., 1:12,500 scale) zerial
photegrephs were corpleted in Jiddzh., To do the field work we drove, as far as
possible, up a main wadl west of Aqiq and set a base canp.. Here, we rented a camel
end packed into the Kamdan area where a fly camp was set.

Gzclczy.

The cowttry rock in the Kamdan area is chlorite schist (gs) as shown by Brown
and others (1962). From the base camp to our fly camp these rocks show prominent
north-south trend lines. Scuthwest of the fly camp the structural fabric of the
metarorphic rocks assumss a lobate sppearance. Local zones of iron oxides in the
schist, for example loczlities 10083, 10085, and 10071, are inferred to be derived
from concentrations of pyrite crystals, which are common in this unit.

Tne small body of massive dark rock, mapped as granite (gr) by Brown and others,
(1962) proved to be greenstone and is devoid of anomalous amounts of magnetite.
Likewise, the large body of rock north of the fly camp mapped by Brown and others
(1962) as granite (gr) is also greenstone. These rocks are in the greenschist
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The aoproximate limits of our work during June 1964 are indicated by the
- (]
locztions of sarplies of wadl sand. With the 2id of helicopters in July and August

1955 brief examinations were made of an area of dark-colored rock 2 km southwest of
of the {ly camp. Thne dark rock is an
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the small body of greenston

intrusive mass of cdlordite and amphibolite containing quite enough megnetite to

account for the 600 gamma asromagnetic anomaly in this area (oral cormunication,
W.E. Davis and R. V. Allen, U.S.G.S., July 1865). The outcrop area south of the
diorite and amphibolite is probably greenstene, but cropping out within schlst (gs?)

between the magnetic intrusive and the small greenstone mass is a band of guartzite.
There 1s a large structurel discontinuity between the greensteone areas north
end soucth of the camp. The northern greenstone unit has low angle saucer-shaged
bedding as viewed from high hills to the scuth. Schist to the south of the camp
strikes northwestward and dips steeply to the southwest. This is inferred to

indicate a fault along the wadi.

Econcmic geology.

Mineral deposits:-~ One ancient mine was located in this arca from slag heaps
observed vwnile examnining the dlorite and asmphibolite by helicopter in July 1965.
ter R. V. Allen examined the arca of slag and reported (orel comunicatica, R. V,
Allen, August 1965) a pit 4 m long by 2 m wide by 2-1/2 m deep on the side of a hill
rear trne sleg. Sane copper mineralization was seen by Allen in and around the pit and
in the adjacent rocie ,
Geochemical recomnaissance:— Seven camples of wadi.sand were collected (fig.2)

and processed by a mechanical concentrator in the field. The product was analysed
spectrographically for 27 elements by C. E. Thompson, U.S.G.S., in the laboratories
of the Directorate General for Mineral Resources, Ministry of Petroleum and Mineral



:

c3curees, Jidcah, Saudil frebia., The amount of copper, zinc, nd molyblsnun in pares
per milliicn found by Thompsen is shown in the table on figure 2. In eddition, wet
chemical analyses of heavy-mineral and maznetite fractions of the concentreats were
cexpleted by Therpson; however, this data is not presented here.

The btacikzround value for copper in wadi sand 1s acout 100 pom in this scuth-—
eastern corner of the Southern Hijaz quedrangie (oral cormunicaticn: R. Goldsmitn,
U.S.G.S.May 1866} Inasmuchas these sardles were concentrated prior to enalysis the
vaiues recorded in the table are not ccnsidered anomalous,

No ore-gredz concentration of magnetite was found in the small area of diorite

-

examined.
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Reccimandations.

In view of the results of the field recomnaissance and analysis of sammles we
co not feel further investigations of a first priority order are warranted in the
Lemdan area.

It is quite likely that additional regional veconnaissance work will be persued
in the Wadi Bida area; therefore we recommand: (a) examination of the contact of the
dlorite and amphibolite with adjacent rock, (b) a study of the surface of the diorite
end arphibolite, (c¢) some additional geochemical exploration around the diorite,
particuiarly along its western margin, (d) the ancient mine and area nearby shculd

be exanirzd and sarnled,and (e) the general area should be scouted for other intrusive
rock masses, and pessible assoclated mineralization. These recommendations are of
a lew priority but they should be completed in conjunction with further work in this
arca. Work should be from helicopter.

The 600 garma asromagnetic anomaly is due to a magnetite-rich intrusive mass of
diorite and amphibolite 3-1/2 km long and 2 km wide. The maximum and minimum points
of magnetic intensity are shown on ths map.

If geophysicists in the future need a type asromagnetic anomaly with the magnetic
rock unit well defined, for calibration or testing of instruments, or for studies
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Cne Cey was spent examining the mine avea at fblzh and g neardy belt ol meta-
scdimentary rocks and paraschists (gs) to the west. The caxp wes then moved to a

centrel location along the road within the fblah formation (fig. 1). A sectlion of

Che Ableh formation was described in deteil in the vicinity of our camp, where we
mEpoed the rocks north and south of the camp a8 well as alcag the road., VWe collected
»ock and wacdl sand samples and checked aress that had previously been noted on

plack and white (WSA, 1:60,000 scale and XIM, 1:12,500 scale) and color (KLM, 1:12,500
scale) aerigl photographs.
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Rock tvpes:— The Ablah formation is one of the youngest Precarbrian uwiits
mzpped in the Southern Hijaz quadrengle (Brown, and others, 19562). It consists
largely of coarse clastic rocks with interbedcded shale, limestlne, and dolomitic

B

imestone. Volcanic flow rocks ranging in composition from rhyolite to besglt are
interbecded in the Ablah formaticn, and they are sulfide-bearing locally. The

ihian formation is bounded on the west and partly bounded on the east by mgjor faults.
Beddung dips generally eastward., Sills of peralkalic granite (go) in the Ablah
formacion commonly dip east at low angles and are concordant with the bedding. Some

thin bodies of peralkalic granite cut across the bedding and thus are dikes.

The Ablsh formation is unrstamorphosed in the northern two~thirds of the
map area, but just to the north of the large lave flow lying acrcss the formation
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Clasvic rocksi=— Dark red, mediuwn~to coarie~greined, crossbedCad sendione,

volcanic wacke, psbble conglomerace and conglemerate are interspersed with red and
reen sazles.  The shales ercd ous commenly adjacent to limestene strata. Detrital
constituents grade frem anguliar in the conglererate to peorly rounded in the s&nc-
stone with most of the wackes having anguler fo sub-zngiler grains. Carbonate,

N~

frequently, is the cementing agent in these clastic rocks. Meost of the feldspars

and other detritel grains are either coaved with limonite or are sericitized.
lemerese aleng the wasbern rargin of the formation contains edbundant

lite probably derived from the andesite and rhyolite
to the Ablsh formation.
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Cross-tedding is very comacn in the sandstone and conglomerete and indlcates
the beds have not been overturmed throughoub most of northem two-thirés of the

rep erea. Cenerelly these beds dip from 25° to 50° east.

Limestone, dolomitic limestone. and raydle:-—— Darke-to light-gray limestane beds

are best expcsed in a nervow discontinucus belt along both sices of the leng, westem
fault, but limestone also occurs sporadically along the western margin of the large
grenite Intrusive body in the central part of the formation and near the eastem
contact with schist {(gs). Further south, just north and scuth of the large trans—
verse lava flow, dolomitic limestone and marble strata are interbedded with layers

of green, buff, and minor black shale, and thin concordant granitic sills or dikes.
Fere, much of the marble has a creaulated structure and, as seen in thin section, is
reerystallized and velned., The veins are largely calcite, but they also coatain

(N RPN B ~ RN oy S vm A PRSI SN L. i 52 £ . 3 e 3
atrusive peralleline granite and syenite:— Concordant arclkealic, fluorite-bear-
&= X 3 3

ing granite and syenite sills and dikes are comron in the Ablah formation in this
area. Abundant transverse faulting has produced a herringbame outcrop pattern of
flatirons of grenite and syenite from small sills. They usually cap dark ved szmdstame
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pactem of joir*‘"s and sills in the oider rocks to the east that wouid indicete a

Several Thin secticns of the rock vere exerined and the only significent difference
s end the mass of pereikalire granite at Ablah is the common graphic
grenite texture In these hypabyssal rocks., Toe sills consist of subhedral to
anhaedral crystals ol serxicitized potash and plazioclese feldspar with a variable
£ quartz., Cn the basis of percentage of quartz some sills are granite

and scre are syerite. Magnetite is a common accessory mineral, but fluorite was not

Intersecisd voleanic rocki=--~ Local, thin ficws of amygduloldal rhyolite, andesite

and bzsalt contain small cuantities of sulfides end malachite and azgurite wnich
occur in the Aclsh for-"r.s.tion. Calcite commonly fills the amysdilés., In the southern

pert of the map area rhyoclite flows predominate.
tracture.,

The rocks are not strongly folded in the northern two-thirds of the map arca
where the iblah Tormefion generally dips eastward frem 20° to 50°. Further south-

it is locally tightly folded and the dips stespen to high angles. At the south end
of the map area intervedded rhyoilite lavas and sedimsntary rocks dip at higher and

higrer angles southward and are truncated by the large north-trending fault on the

_eastern side of the formation.
IIM

Tre largest transverse fault in the arca displaces a large southern block of peralkalic

1ite and syenite to the.scuthwest. Further north in chlorite schist nesr samle locality

10
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r alcng the fault plane or loceily within the laves (oral commmmnication

f. Goldsmith, U.S.G.S., and V. Kehw, Dir. Gen. Mineral Resources, located by
helicopter a larze exposure of £blzh rcck 5 kn west of the Wadl Girshah-rcad junction
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(elong the granite and leva fault contect wmapped by Brown and others) which is
in ]
L

poosidly a dom-Gropped block, in lava (oral commumication: R. Goldsmith, U.S.G.S. .Mz
~ LN
B, 2070 ) Y

Inclans minei-——  Tne fblah ancient mine is located on the north edge of a
larse, peraikeline, [luorite-vearing, grenite plug (go) about 13 ka loag from north

To souch end 5 lan wide. AL the mine a mediume—sized, coarcsely crystalline, pegmatite

pipe crops out in g high, white, cone=-shazed hzll., The bulk of this pegmatité is

5 oa

nlagioclase feldsper, calcite, and quartz, with scome {lorite, and a littie galena

and primary and secondary copper minerals. The enclosing peralkaiine grenite, go,
has eoundant albite-and pericline-twinned microcline (resulting in a grid structure

in thin section) with minor plagioclase feldspar, quartz, and amphibole.

Located near the mine are many slaz piles and the ruins of a large ancient

ik

llage. The volume of slag indicates that the Ablah mine was used primarily as a

t

ource of flux for the reduction of ores transported here (written commmication:
. K. Theobaid, Jr,, U.5.G.S., 1965).

g
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with quartz phenccrysts commen, ALl the feldspears are sericliilzed. Alcng the base
of these sills &t the contact with sandstone small amcounts of fluorite and pyrite
are present. Fluorite cccurs simllerly in other sills and dikes of perelkaiic
grenite end syenite and within the larze central sili(?) at locality 10,035, The
sulfide minerals associated with pink grenite, aplite, pegmatite, and rhyolite

N

dikes in the Ableh area Were interpreted by XKehr and Ronner (1963, p.3) to have been

e

Tormed curing a late pericd of hydrothzrmzl activity in the area.

small amount of radioactivity was detected at locality 10,098, but the mineral

e

siving rise to it was not found.

Interbedded volecenic rocks:=—  Small quantities of sulfide minerals occur in rayolite

flows in the southern part of the mapped arca. Spectrogrephic analysis of sample
100 ppm cepper, 100 pom lead, and 150 ppm molybdenum, Locally, thin
andesite and basalt flows within the Ablah formation contain small amounts of

ralachite, azurite, and chrysocolla.

‘rdzeitic laves:~— The andesite and rhyolite west of the fAblah formaticn locally

display sulfides. Sample 10,100 collected from andesitic lava near the jungticn
of Wadi Qirshah end the road contains a little chalcocite. Spectrographic analysis
clsclosed 2,000 pem copper, the highest for the area. AMndesitic rock represented
by seamples 10,128 through 10,130 has 70 pom, 30 ppm, and 70 ppm copper respectively
with sample 10,129 containing 100 ppm zinc,

Geochemical recannalssance

Fourteen sanples of wadl sand were collected, screened at the sarple site to
the -30 +80 size fraction, and sent to the laboratories of the Directorate General

12
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Petrolewn and Mineral Resources. Ten rock sarples were subritted for seml-cuzncitative

spectrographic analysis using the modified method employed by the U. S. Ceclogical

[ =)

In general, the wadl sand samples were collected to test a particular structure,
rock type, or crainage basin. No significent aromalies for ¢
denum were located. Thz one sanple containing the most copser is 10,133 (50 pom)
located on the fault contact of the endesiftic lava and the Ablah formation

Sample 10,117 conteins 1000 ppm chremium, 150 ppom nickel; 15 ppm lead, and 70
pom each of lenthenum and niobium. I this area, as in cothers, the trace content
cf chromiun and nickel increases along faults.

Results of the wadl sand and rock spectrographic analysis are shown for ccopper,
zine, end molybdenum on figure 1.

Conclusion

Basal clastic rocks of the Ablen formmation ccatain abundant volceanic debris,

mostly fragments of andesitic to rhyolitic rock derived Trom adjacent, older, volcanic
rocks, These lavas are wrstamorphosed, Cypically andesitic in composition ,' znd

rach like rocks mepped as younger than the Halaban formatlon in other parts of the
Southern Hijaz quadrangle (oral communicaticn: R. Goldsmith, 1966). In this context

/e classify these rocks as Halaban or younger.

=

The interbedded lavas of vardlable corposition in the Ablah formation may
represent a continuing of the Halaban or younger volcanic activity or an independant,
younger volcanic perlod. Inasmuch as these rocks occur sporadically and sparingly

13
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Ceocnemical data gathered by P. K. Theo

regional veriaticon in coppe

y

two types of suliide~bearing rock 1
erals v
d rhyolite, andesite

Gepositicon of the Ablan formaticn the peralkalic grenite
» 831is and ke vere intruded. The accompanying
&etivity is the youngest mineralizing event in the area.

] 1 A

n this area: &) primery

“dcen occur within the andesite and vhyolite laves

P - - . 2 N <,
ozld Jr, in this same area indlicate the

r, zinc, and molybdenunm trace element content of the
relzate primarily to three igneocus rogks in tk*e predominently sedimentary

sequence. The large, central, grenite and syenite sill (?) contributes most of the

zine, The smell granite and syenite si

dark-colorad andesite and basglt

of the ccpper (written communica

-
T

lcws near the top of the section contribute most

ticn:

ils coatrivute most of the molybdenum and

P. X. Theobald Jr., Decerber, 1954).

Snectrozrepnic analyses of wadl sand and rock sarples show that higher than

Lot - P A
averege trace elemsnt

volcanic and igneous rocks, rather than in sedimentary strata, in the Ablsh

content of copper,

zinc, and molybdenum occurs within the
Tormation,

A11 the sulfide-bearing rocks located in the 2blah formation are either volcanic or

igneous rather then sedimentary.

indicate to us a cefinite lack of eviden

minerals in the Ablah formation.

Tne geochemical data and our brief field examinations

wee of stratiform cdeposits carrying economic
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formation should be carried out. Cnae hend samsle, 10100, ceateins visible chalcocite

T
Torration and by alonz both sides of the fault contact or wicconformity e
these rocks and the Ableh formstion. Access To the belt of andasitic laves is good
aicng welis with several tributaries of Wedli Qlrsheh crossing the unit. FRecoanalssance
geocharical sampling and rock examinetions within the andesite and rhyolite and along

trhe major fault to the east would take one geolozist approximately cne man=-mentn

L considerable length of the arca of cutcrcons of the Ablah formation remains
10 be exarinad north of Wedl Qirshan. Secause

s

sulides and fluorite ccour in The Ablah Jowns

Reccnnalssance gsological and geochemical studies of The Ablah formation and
its faulited contacts north of Wadl Qlrsheh would take one geologist about one men-
month,

Sorz of the interbedded rhyolitic lavas 1n the Ablah formation at The socuth
end of the mapped ares contain suliides, such es sample 10,151, This area would be
worthy of one or two days' examination. The terrain is mountainous further scuth
end nelicopters would ke a help.
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