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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, undertook 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in that office is a large amount of materjal, in the forn'of unpublished
manuscripts, maps, field notes, drill logs, amnnotated 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 set
up a liberal mining code which is included in "Mineral Resources of
Saudi Arabia, a Guide for Investment and Development,” 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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G3clegical Survey as partial implementatica of an agreement to make a regicna
eccnonic mineral survey of the Precambrian rccks of Western Saudi Arebic,

We wish to acknowledge the assistance and guidance given us by nuszercss oificlels
and employees of the Directorate Ceneral of Mineral Resources, Ministry oI Petroicun
and Mineral Rescurces, and the Emir of Al Bad'. My, Shattah Kattieb, geologist with
the Ministry, acccmpanied us during the first two weeks of our work in ths Al Bed'

quadrangle.
Ceologic setting

Most of the rocks in the Al Bad' quadrangie are of Precambrian age. Plutonic
rocks predeminate, but sandstone of Cembrizn and Ordovician age crops cut in the
eastermn part of the area where, the Hisma plateau is deeply dissected, Tertiary
rocks are limited to the vicinity of Al Bad', north of Aynunah, and a small basin
5 km northeast of Ash Sharma, The oldest reccks in the area, greenstone end the
Silasia formeticn, are largely at the greenschist facies of regional metamorphism,
ané contact metamorphic effects are common adjacent to bodies of granite, At least
two and probably three ages of granite are present. Their age relations pose the
largest geological problem in the regicn.

Rock types.
~censtone:-- The Greenstone wunit {gd) is the oldest rock and provides the

fo
G
fabric of the area. The greenstone consists mostly of metandesite with scre mzta-
asalt and metarhyolite flows. The flows are locally porphyritic, Sporadic, thick

o

secticns of metasedimentary rocks including siate, wacke and iron fowmaticn aye
intertcdded with the volcanic rocks. Thin lenticular beds of magnetic iron formatica
crop out in greenstone near the head of Wadi Al Arnab. Scme rocks of the greenstone
wit are metamorphosed to amphibolite and hornfels along the margins of granitic
plutens such as Jabal Rawa. Greenstone bordering the Jabal Rawa intrusicn ca the
south and west, and the greenstone area il kilometers to the west contain saic
Hadiyah formaticn and granitic rocks. Grenite intrusives of three probably different
ages cut the greenstones. A single sample of greenstone dated by radiocaciive methods
indicates this rock is about 615 million years old.
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Siiorin soisticnie-  Folded green slate, calcarecus schist, arkesic cendsions,
s .- S N R P W S 2ole - e < = " gy T e
s ‘...& ST SN MINeT maTsl i LS LG onlloid -u..(_.t.a.v-.o C—JJ«’.......:.
coned C nor marble constituie the SI105ia fovmaticn, Jaspuiile
Dvamen O - S rm e matan Y e ymamaes a1 E AL Y 37 £y marney e S mm L N,
ivea foumaticn is interceddsd in the upsey helf of the Silasie formaticn, 1T Tunzes
ForP - AN memem e~ 4 ~l . ol 2 S e 2 PR 3 o N B S X
frcm 1/2 to 20 mevers in thickasss and consists of interiayered jasper anc nenatite
et e o e S e d P I ~ taimpiean
Wita sperse lzzactite. Remments of irca formaticn crc-p out in small, scatierec
= o - Frarads - . " A . ot 1
inclusicas in granite (gg and gn) east and scutheas Wedi Aynunzh,
o . SR 3 3 S ke (ol P-4 £ D .
ine relaticns beuween the greenstene wiit and the Silasia formaticn ars obscurs

i
in this erea, It is possible that there are two wnits of ircn formaticn - cie in
the gz‘eenstcne and cne in the Silasia, In addéiticn, this thick metasedimznteary
seciicn may actually be equivalent to the metasedimsntery rocks within the greenstcns
wiit, The relative ages and relations of the Silasia formaticn and the Creenstene
wit are not clearly wderstood.

mormblends clorite:--  Hornblends diorite crops out in a small area 8 kilcmeters

scuthsast of Jacal‘ Rawa, east of Jabzl ash Shati and in the southeastern map arca.
Locally tie hornblende dicrite includes scms anphibolite and quartz diorite, Swuta
of tre head of Wadi al Amab the diorite grades intc a diorite complex in the adjacent

L oranodiorite:-- The oldest granitic rock is light, medium-to

cearse ;.;.L*ea grenite and granodiorite (go). It is locally schistose aznnd contzins
zendliths of oider volcanic ead sedimentary rocks. In addition, it contains atundant
felsite and lemprophyre dikes, Locally, dark talus material from mafic dike swarms
mask the light granite almost campletely. This rock wnit crops out in a north-

northvwest-trending belt adjacent to the Paleozoic sandstcne and also west of Jzbal
ash Shati. It was described by Bogue as cave grenite and by von Gaertner as caest
granics.

rlediyeh slate:-- Haciyeh slate crops out north of and adjacent to Jabal Rawa,
The slazte is ccuposed of a variety of clastic sedimentary end mstasedimentary rocks

and intraformational breccias. Probably the most extensive wnconformity in the Al

Bad' quadrangle is found at the base of this formmation. Ten kilameters north of

Jabal Rewa a thick section of the Hediyah is tightly folded and offset about 2 kilo-
meters on a cross fault., The unit has been traced far to the socuth to the Wadi Al ‘Ays
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In the northwestern part of the quadrangle. The dark alkelic hormblends grinite,

UIAS
- romadeT
:.c.y ﬁ:.. 9

-
Rekel
LIIC

iy incluce scme younger granite end acid, hypabyssal rocks.

rucad aleng joint sets in the granites are at least two ages of dikes. The

ollest and most common dike rocks are diabase, endesite, and basalt. The youngest

di;(es an

:ﬁn"\

¢ rhyolite, dacite, and microgranite.

ic-gikalic oranite:~- The calc-alkalic biotite granite labeled gm is ccui-

-
~
(34

o the central grenite of ven Gesrtner and the massive granite of Begus. It
series of high peaks such as Jabal ash Shati that extend both north end scuth

ths mepped ervea., Little reaction has taken place between this granite &nd.it's

‘-

Cl

0SS bly intreduced during the late steges of intrusive activity, Tris uit

P

c

host vocks other than local conversion of the host to hornfels. The relaticns of the

gn g grani

te to the Shammar rhyolite are not known.

Shenmar rhyolite:-- Unmetamorphosed volcanic flows and interbedded sedimentary

-

+
P, -
TOLCRE G

‘CO.’T 2T G

cverlie

LT

ok

the Shammar rhyolite crop out in a northwest-trending belt in the scuthzas

~

£ the area south of Shaib as Siq., The Shammar underlies the Siq sandstcne

t

ian age and lies mzconfomably on diorite and gg type granite. Farther north

southwest side of Wadi ar Rayt unmetamorphosed Shammar rocks wmnceniormably
the Hadiyah formation and metavolcanic rocks,:  Northeast of Wadi ar Rayt

the relations are more obscure. Siliceous flow rocks mapped as Shammar rhyolite

by Bramk
granite,

amp and others (1963) are slightly metamorphosed and have been intruded by
The rocks are shown as Shammar (?) on our map, but they may be oldzsr,



ccus intrusive rocksi-- Siliceous dikes and hypabyssal ntrusivi

rocks (da) represcnt the last major stoge of ignecus ctivity in the arca. Ranyolite,
di

re too small to show on the

H
?‘ ©
(/)
[S)

i

Sznostone of Polsozoic age:-- Unmetamorphosed, gently dipping sencdstence ©

i

9]

o

Paleozoic cge lies unconformably on the Precambrien rocks in the eastern par
the quadrangle. The rclations and names of the units are shown in the explenaticn,

ar

C)

Szaimzntary rocks of Tertiary and youngey agei-- The Raghama formetion ne

J

Al Bad' consists of thin layers of gypsum ir ﬁterbedc d in shale, fossilifercus limzs-
stone, sandstone, and conglomerate. The conglonerate is very coarse ané veoriy soried.
These cutcrops end exposures in a small basin northeast of Ash Sharma form a part of

a large Tertiary basin (Xahr and Agocs, 1962, pp 14-15).

Pcoorly indurated sedimentary rocks striking northeast with low dips to the south-
east cccupy the mountain front east of Al Lisan. These rocks are probably of late
Tertiary age or possibly Quaternary age and are truncated by a boulder pediment

urfzce with several levels sloping gently seaward,

(47}

Alluvial fan deposits, surficial clay, silt, sand, and eolian s2nd of
uaternery age are cammon in the eastern and western parts of the quadrangle.

(2 &)

LIUCTuUre,

Norphrologically the most impressive features are the large granitic plutons of
Jatals ash Shati, Az Zuhd and Rawa, Several sets of faults are evident of which the
most prominent strike toward the northwest and east. The Wadi al Amab fault 1s the
best example of 2 major east-striking lineament, A northwest-trending fault set may
be rclated to the large wrench faults further south. There are a few north-trending
faults snd also a northeast-striking set. Little is known regarding the movement
on these faults and their age relaticnships.

Incempetent beds in the iron formaticn have been intricately folded, and local
tight folds are present, as in the Hadiyah formation north of Jabal Rawa, However,
in most of the area, the folding is not ccmplex except near the large intrusive bodies.

10
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end dike swarms are abundant, especiaily in the older grenites and aleng
-close-spaced joints and faults.
In the east-central part of the area there is a small syaclinel basin of radiyah

B e b ad

rmetasedimentary rocks wnconformably overlying greenstone and underlying the Shaumar

-

The Al Bad' - Al Lisan Tertiary basin (Xzhr and Agocs, 1962, pp. 14-15) liies
encath the sand plain of Wedi Ifal, in the western part of the guadrangle.

cy

Geochemical reconnaissance

Precedure.,
An integral part of the field investigations for mineral deposits was collecting
samples of wadi sand, rvock, end magnetite for trace element analysis in the laocra-

tories of the Directorate CGeneral of Mineral Rescurces, Ministry of Petroleum end

Mineral Resources, Jiddeh, Saudi Arebia, Semi-quantitative spectrographic cnalyses

Tor 27 elements were made by C. E., Thompson, U, S. Ceological Survey, of each wadi

sand sample using the medified method of emission spectrography employed by the U, S.
-

Czologicel Survey. Each sample was also analyzed by Thompson and L., Al Dugiather
for copser, zinc, and molybdemum using stendard colorimetric techniques.

Wedi sand at the sample site was screened and that portion passing through a
30 r2sh sieve and remaining on an 80 mesh sieve was retained for analysis. At the
eboratory the saemple was passed through a Jones splitter and divided into two parts.
Cne nart was used for enalysis and the other part supplied the magnetite which was

-

analysed for copper, zinc, and molybdenun, Analytical data for magnetite are not

[ =

presented here,

Most samples are from wadis that drained intrusive contacts, dark rock cutcrops,
light or bleached rock areas, and faults; scme samples are from wadis draining
specific rock types. The samples arve sparse considering the size of the area, However,
from this reconnaissance sampling anomalous quantities of various elements were

11



discloszd and are shown on the map, and rougn background levels for several rock types

The vesults of spectrographic determinations for cooper, zinc, and molysdsrum
on 50 wadi sand samples are shown on the map. No large ancmalies were Zoumd. The
diyen formaticn contains 50 parts per millicn (ppm) copper and 3 ppm molytconum
north of Jabel Rawa., This amount of copper constitutes a small positive ancmzly
because background for copper here 1s about 20 ppm. Similar results were cbtained
) Tin 2

further south in the Wadi al "Ays arca where samples of wadi sand from the Hadiyah
formaticn ccatain from 50 to 70 ppm copper (Joklmsen and Trent, 1966, p.o6).

The spot ancmaly of 300 ppm copper and 10 ppm molybcenum near Wadl Rawe, sampie
, was from soil below a sulfide-bearing aquartz vein 40 centimeters thick, The
sulfices are completely altered to limonite that f£ills fairly large cavities in the
Six kilcmeters southeast of Jabal Rawa a serpentine dike about 20 meters thick
crops out with scme quartz-carbonate veins in metavolcanic rock. Semple mumter 4181
from & wadi draining the dike and veins has 5,000 ppm chromium and 1000 ppm nickel,

ronm

5

Backoround values:--  The results of the analyses of samples of wadl sand

>

various rock types show that samples frem a particular mapped wnit have a definite

3.

similerity in trace-element content, For example, five samples from red alkalic
biotite granite (gr) in the northwestern portion of the map have similar sbuncances
of cheracteristic elements. Specific elements and their range are: barium, 10060-1560
‘pom; chromium, 50-100 ppm; lanthanum, 50-100 ppm; molybdenum, 2-3 pgmj nickel, 50 ppm;
end strcntium, 300-700 ppm. Iron formation contains higher than average zinc and
'molybdenum. Samples 4037 and 4175 each have 300 ppm zinc, and 15 ppm and 10 ppgm of
molybdentm respectively.

Once background values are established for various rock types in an area it may
be possible to use the data for correlation. In general, only a rough background

12
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(-feldspar is the primary rock mineral scurce of this
elencnt (Howkes and Webb, 1962, p.361). ALL the grenites appear to be high in

lenthonum and nicbium, in particular the calc-alkalic biotite granite {gm).

Higher then average values for nickel and chromium ere foumd in the dicrite and
cn or near faults., The three anomalcus sammies on the west-northwest trending fault
crossing Wadi Aynunch have average values of 200 ppm chromium znd 50 ppm nickei. In
addition, values for chromium and nickel of 200 pom and 50 ppm respectively cccur in
semples taken close to the fault near the head of Wadi al Arnab., Other samples from
faults also show anomalous values for chromium and nickel,

Lead is absent. Zinc values were less than or equal to the level of detecticm

(100 »pm) in all samples.
The two samples 3 to 4 kilometers southwest of the Wadi Rawa ring structure each
contzin 1 ppm silver and higher than average molybdenum, titanium, barium, and

anganese,

Mineral deposits

e

I3 = am S
ANCLENT MINES

Bogue (1953, p.25) used the name Abu Marw for two hills at Jabal al Abyad that
contain irregular masses and veins of white quartz. He located a few small pits and
trenches but foud no extensive workings. Small amounts of pyrite occur as well as
- a small vein of magnetite which Bogue estimates to contain from 75 to 100 tons.
Magnetite does not crop out elsewherec in the area. '

Ven Geertner and Schurenberg (1954, p.78) describe very large crystals of red
feldspar that occur in a broad area in the westemmost part of the quartz hills,
This is a localized quartz pegmatite arca within the granite, but von Gaertmer and
Schurenburg thought that a survey should be made for mineable quentities of felaspar.

13
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AL Kereybah,  Sore shallow pits, an inclined shaft, an rTencn were Icund nsar

N

o2 oswmst of o hilli noz‘th cf Wadi Charr. The excavated matericl, within Jdolonize,

averaged 1 to 2 maters in thickness. Malachite is common and also occurs in (he

wallrock. Cane sample contained 2.1% copper. They believe the mine was woriked for
0ld a5 weil as copper. A thin bed of iron formation crops out rear the rmine., They

¢id not wocorrznd further work at the mine but felt an area veconnaissance of whe

ivcn rormacica was warranted.

R N B = BNy
Mineralizzg area

wr

L

A 2211 avea of secondary copper was found in conglemerate in the iHadiyen siate
5 the north boundary of the map. Spectrographic enalysis of sample number 10,253

gave & result of 2,600 ppm copper. The copper appeared to be sparse and local.

Sciz cross fiber chrysotile asbestos with fibers as much as 1 an long was found

.f\

4
\._ 4
.

in & serpentinized dike agbcut 6 km south of Jabal Rawa (sample locality \Toe
The quantity wvas very small; the areca is not worthy of additional study for astestes.

sulfide-bearing quartz vein (sample number 4185) near Wadi Rawa is very small,

urface coatings of malachite and chrysocolla occur in and adjacent to cuartz
veins and pegmatite ten kilometers scutheast of Shaib as Siq. Gossan is developed
ar scme cuertz veins, and one vein contains a little chalcopyrite. The best displays
scer minerals are near the contact between diorite and granite, Veims are

-

zbundont In granite, but they lack copper minerals. Spectrographic anelysis of sample
4053 shows 10,000 ppm copper {1%), 500 ppm molybdenum, and 200 ppm zinc.

| DY - PRI
LAUCN DOTNA LN,

The ircn formation found within the Al Bad' quadrangle is the banded jasser-
hematite-magnetite type. There are varying amounts of specular hematite and magnetite
depending in part, on the degree of metamorphism and the proximity of faults. Roughly,
ths analysis of Bogue's chip samples collected at Wadi Kharis would apply to the
other areas as well; that is, an average of 26 to 35 percent ircon and 37 to 50 percent
silica, The following paragraphs discuss the ircn formation in the Al Bad' quadrangle.

14



Hoci ar Ravis--  Novtheast of Jevel Rawa small outcrops of Silasie iren

formation as muach as 10 meters wide can be traced for sceverael hundred msters in a

Wadl avisi-- About 10 kilometers scutheast of the Wadi Rawa ring scructure

there cre several smell hills with remnent cutcrons of banded jascer-hcmatite irven
formaticn with scue mognetite preserved in the calc-alkalic blotite greaizte (zm).
Bosue found sendstone and shale asscclated with these rocks and called them Silesi
{Boguz, 1953, p.28). Several chip samles ceilected by him show the irca ceantent
ranges from 26 to 35 percent and the silica from 37 to 50 percent. Dark arcas on the
photographs which may contain iron formation have been identified with cusry ca the

map.

"‘H of the ring structure (sample 4186) low grade, thin-bedded, intricately
fo‘d"ﬂ iron formation occurs in greenish slate,

Hzed of Wedi a2l Amebi-- Low grade, sheared, magnetite-hematite-jeszer ivon

Hzed of
formavion is interbedded with Silasia metasediments and the greenstone wmit {(gdj.

The ircn formation within the greenstone contains more magnetite and leacks the jasper

~

£ ¢ypical Sawawin bended iron formation. There are probably more outcross of ircn
formation in this area. Helicopters would be particularly useful for sccuting the

surrownding rough terrain for iron formation.

~

South of Jabal ash Shati:-- Xahr and Asocs describe iron formaticn cutcropping
scoradicaily in a belt 11 kilcmeters long and 13 kilometers (?) wide near the junction
of Wedis Smach and al Arnab, and extending southeastward., We located a few ircn form-
tvicn bedies south of Jabal ash Shati, and there may be others, Jasper has been
recrystaliized to fine-grained quertz and there is some massive specularite, It
quite possible that small bodies of iron formation do occur within the granite and
granodiorite (gg) further northwest, but we doubt that aggregate totals of 108 millicn
tens (Kahr and Agocs, 1962, p.35) can be located in this belt, The grade at the ocut-
crops mapped south of Jabal ash Shati is somewhat better than at other areas.

{D
(“'

V73



In the southwest porticn of the map 6 kilometiers

~

southeast of the village of Ash Shavma icw hills and rvid

cop the granite ocutcrovs. The rock 1s thin-bandad jasper-hematlte type (jospilite)
with some thin bands of megnetite, An gpparent thickaess of 40 meters in cne place
is oropably cdue to faulting. Although locally there is somewhat more speculer
hematite in tiese outcrops than the other lccalities the rock generally has a high
silica centent. Johnscn estimated that ocne of the larger bodies contained 1.2
illion tons of this rock.

o

These deposits are much teo small, isolated, and high in silica to be of eccnomic

(n
(&)

intercst in themselves. If the Wedi Sawawin iron deposits were developed thsn the
occurrences would have a potential for exploitation. Beneficiation procedures would
. .

be necessary to upgrade the iron content; followed by some method of agglomsration
cr pelletizing. The initial investment costs for these procedures are very hign.

)
{ vy
33 Y SU.
Lt e ot s e

Scme falrly - pure beds of gypsum up to one meter thick are interbedded with shale
in the Ragnama formetion near Al Bad'. This resource is discussed more fully in a
rerort ¢a the Magna quadrangle (Trent and Johnson, 196)

Al Bad' - A Lisan basin,

fanr and Agocs (1962, pp.l4-15) describe a large structural basin centered in the
Wedi Ifal avea aleng the west margin of the map. They call this structure the Al
32¢' - Al Lisen basin and believe it was one of several which formed marpingl o the
Red Sea coast during the Tertiary period. Possibly the necessary stratigraphic or
structural treps exist in this basin for the accurulation of netroleunm.

.imting aercmagnetic survey meps of this area indicate there is no evidence of
near suvrface basement around the mouth of Wadi Ifal (Don R, Maby, U.S.G.S., perscnal
commmication, 1964),

16
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Sw0o first priority recomrsndoticns can be mede for further work in hls cued-

e e A N Tl detera o p- . e N SO SR L R .
TEOSiSe A daiinitive sum VY o5 2 ma “T’u’ial rcea forrzticn rescurces dzoouiltzd in

R T s s s o b A o~ € pmn 5 At O e R La e e R U e B N R i o
CILE Nl DUSVICUS TELpOTLS shouid be mads concuyTent with or subscousnt to e Jeiziled

.. ~T e T s v T q Ty Ty g o e g P g .
survey of ths Wadi Sawawin deposits. The immsdizte goal weould be to determing tomnagss,

3. a2 R P |
grece, and extent of ¢hs deposits.

cditicnal field examination should be made of the ancmalous cogpsy zons a2lcng

-

cigzely

1

the contact between granite and diorite at sample lecaticn 4053. A move
spaczc geochenmical sample net in this area is needed,

Several areas of low priority should be examined in the mineral explcraticr

m.'= Jabzl al Abyad pezmatite area cshould be studied for possible feldsvar
rescurces, es recomsnded by ven Gzertner and Schurenberg (1954, p.78). AL thz sans
timz it would be worthwhile to locate and saple the aacient Safra mine which we
telieve is in the greenstone (gd) belt nmear and east of Al Xhuraybah,

Acditicasl trace element studies of the ring structuve scuth of Jzbal Iwwe would
o2 of intevest. Two samples scuthwest of the structure alcag the grenite centact
ccxtain ancomalous molybdenum (7 ppm) and silver (1 pom). Trace amcunts of silver
may bs an indicztor of hydrothermal sulfide deposits (Hawkes and Webb, 1852, ».37Z}.
If other work was being deme in this general area then a move detailed fiald e:»:aﬂ_:.c:aion

(

and gecchemical sample net of the ring structure, and the vicinity of sazpie 10,253
should be camleted,
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