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I. IXH4YRO0DUOEION

Phizs Heport is imtended to cover the reaults
and conclusions of the Pilot Bxpleration Scheme, which
has been conducted by the Mining Division of the
Natural Hesources Authority (MD/WRA), during the years
1966, 67, T2 and 1973, to obtaln certain baslc informa=
tions relating to the copper and manganese prospects

of Wadi Dana - Finan - Ehirbet el-Nehas srea, (Fig. 1).

The Report is presented in such a way =0 as 1o
give the reader & general idea about the geology of
Wadi Araba, with speclel reference t{o the copper and
manganese occurrences in its vicinity, ineluded are
abatracts from the major reporis which dealt with the

area prior to 1966.

Ey the time this Report will be circulated, the
major area of Wadi Dama - Finan - Khirbet el-Nahas,
will be undergoing further examination. I4 ia expected
that o considerable smoumt of data will be forthcoming
from this additional work, which will undoubtedly hawe
an important influence on the final interpretation of

data already presented in thias Report.



Therefore, it is intended to eventuslly issue
a more expanded version of this Report at the end
of the second phaase of work which has already begun.
Completion of this work is expeoted by the end of
1974.

It would be very much appreciasted, if those
who are interested in the expanded report, CE&n pass
+0 ua thelr views, suggestions and criticiama
relating +0 this initial Report, so that we may
accommodste in our later yersion; correctiona,

additions or deletions which they mey care o recommand.
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17, ABSTRACETS

The investigated area, is situated in the margin
of a large graben wzone and forms a portiom of the
Wadl Arsba Rif4 Valley which extends between the southern

end of the Dead Sea and the Gulf of Agsba,

Secondary copper mineralisation have been reported
in ¢wo of the major roock units existing in the area, 1.e.
the Varlegated Sandstone Unit (The Upper Copper Horizon)
and in the upper member of the Dolomite Limestone Shale
Unit (The Lower Copper Horizon). DBoth units are of
Cambrian Age. In the lower Copper Hordzom, some loeal

manganese concentratlons are found.

A Byngenetic origin has been postulated for both
the copper minerals of the Upper Horizon and the locel
concentrations of mangenese ore exlsting in the Lower
Horizon, On the other hand copper minerals of the Lower
Horizon have been considered of epigenetic origln result-
ing from the leaching amd repreciplitation of the copper

minerals of the Upper Horlzon,




Aa a result of the Pilot Exploration Scheme which
was conducted by (MD/FRA) in the are=, a total of 15.7
million metric tons of ecopper in measured/indicated/
inferred classes, has been caleulated +o have an aversge
grade of 1.36% copper., In addition there are 1.5 millien
metric tone of menganese ore in +he same classes with

an average grade of 29% manganese,

In the expected ocategory of remerves there ie
astimated an additional 50 million tons of copper ore

and 3 millien tons of manganese ore in the same area,

All of this 4onnage 1a related to the Lower

Herlzon,

In the Tpper Horizon, copper minerslisation ie
rether patchy and erratic; and something like 3 million
tons of Cu-ore of an average grade around 0.65% can be
seleotively mined from the different outcrops, This

ared 1s still undergoing investigetions,




I1T. HISTORY OF MINEFAL EXPIORALION
IN WATI ARABA

Lhe heaps of copper/manganess sleg thet are
acattered around Finan, Khirte+ el-Vsahea, Sabhra and
Aseon Jaber, aslang with man-made land-mavks fdentified
with eopper mining ond emelting sedivity ag Wedl Ekalid
Twin-3haft, Um el-Amad end Abu Ehueheibeh, give +he
obaerver the impression that, carteinly, ir snclent
times, 8 subetantisl and prosperous copper industry
existed dn the Wadi Araba (cf, Key Map of Wsdl Arala,
Mg, 2),

The aroheologlensl ajucies which were conducted
by K. Glueck (1940), B, Rottenterg (13962) and the
Jordan's Department of Antiquities in 1968, revealed
that the wining of copper in Wadl Arabe existed during
the FProte-Urban Age and lasted +ill the end of the

Fabatean perdiod,

Diring thies century, Blake {1930 and Glueck
{1945}, made some reference o +he occurrences af

COpPer; manganese and iron minerals in Wedi Areba,




In 1952, Benson visited Wadi Dana area and
reported that good prospects of copper and manganese

do oceur in this Brea.

In 1954, the Ministry of National Economy
retained Mackasy and Schnellmenn (A British Consulting
Firm) to conduct a techniecal and economic feasihility
study to the mangsnese occurrences in Wadi Dana, They
did some pitting and trenching acrosa the atrike of
the Mn-deposit. On analysing the samples which were
eollected, Mackay and Schnellmann terminated the
Programme, due to the fact that the copper content in
the Mn-ore was rather high exceeding 1,58 Cu, which
they considered as an undesirable conastituent in the
Mn-ore, because, in their opinion, it would meke metallur-

gical aeparation diffiocult,

In 1558, Mr, Weiss (A Junior German Geologist,
who was retained by the late Mr. Amin Eawar), wrote a
ghort report sbout Wadi Araba (not published) 4in which
he made & reference +o the copper minerals occurring
in the Nubian sandstones of Abu Khusheibeh., Enclozed
in his report, is a map which shows the losality of
the Abu Khusheibeh ancient mine.



During the perlod from 1961 to 1965, the German
Geological Mission 40 Jordan aszslsted by Jordanian
counterg T+ geologlists, conducted & regional geological
mapping programme in Wadi Arvaba, They lssued four
reporte dealing with the copper Bnd mAanganess OCOUTPEDCOES
in the ares with specific reference to Abu Khusheibeh
and Wadl Dana (Bender 1963, Iillich 1964, end Van den Eoom
1965 ).

On +he reécommendation of the German Geoclogical
Migsion which stated that "The externt of Abu Khusheibeh
copper deposif, its thickness, model content and possible
cheap dressing cost, suggest the economie wrlue of +he
ore" . the Jordan Government in 1964 retained Otoe-Gold
(A German Consultant) o conduct & full-fledged

feasibility study for the copper occurrences of Wadi Arabsa.

Prematurely and withcout sound justificetion, Otio-
Gold ruled cut all +he other copper occurrences reported
in the area and restricted his physical exploratian
gfforts and major mctivity 4o Abu Khusheibeh, He then

concluded the following:




"Altogether geven individusl areas were fouand
mineralised, They are widely distributed
throughout +hé exploration area,

All seven cocurrences are belonging to +the

game type of deposit,; rnamely to the "arid

copper concentration deposits" of H.SchneiderhBhn
{Ref, 21) and the "red bed copper deposita" of

W. Iindgren (Ref.15), respectively.

The copper 1s present in the sandstone mainly
&z the oxides malachite and cuprite, to a
amaller extent also chrysocolla and atscamite(?)
may particlipate.

No copper sulphidez were recorded in the
Canbrian sediments,

Ihe tencor of mineralisation remaine generally
unchenged throughout the entire explored ares,

The more lmportant copper mineralisation is
reatricted to one and the same favoursble pand-
stone horizon of unilt chju Coprer showings in
other units, such s the bazal conglomerate chl
and the stratigraphic higher sandstcne of unit

qu, are beering no significance,

Cutzide the Cambrian sediments copper whs found
in t+he Precambrlan basement, There it ¢occurs
aa copper-etalning of malachite in different
crystalline rocks at several widely scettered
loealities, and as lean eulphide dlszeminction
of chalecocite in Ywo separate cutcrops of
narrow disbase dvhes,




"Both modes of opcourrences are of no practical

slgnificance, however,

In general, copper mineéralisation wag found
to be of wvery low grade and mostly assayed
below 1%,

Valuez hetter than 1% Cu =re rare and mosatly
¢onfined t0 thin layers in patchea of wyery
limited lateral extent within the different
mineralised aresg,

Exception occéur in prespecting flela II -~ Weat
where the average copper grade exceeds the
orerall average and reaches 1,098, However,
the fonnage invelved in this field is rather
BEmall.

No sones of enrichment are indiceted at greater
depth from surface hy ﬂfiiling. Favouratle
hostrocks or contacts below mineralised areas
were found completely herren.

Copper content in the main favourable hordizon
ia 1rregular in the vertlcal direction ms well
as laterally, The same wass observed to apply
for the mineralised thicknesa,

Bineralised [lelds are délinaatEﬂ bf major
faults with conaiderahle amounts of displacement
and are further sub-divided by +ransversal
faultes which ecamse tilting and significant
horizontal and vertical off-sets., None of these
faalts were obaerved 4o be mineralised., All
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"faults are younger than the copper mineralisa-
tlon in Cambrian sediments, some of the major
structures may have an early origin, howerer.

Detalled exploration 1n the general region of
Wadli Abu Knhusheibeh hae proven in six different
fields
8 million metric tons of probable reserves
with a grade better than Q.50% Cu.

FProm this probable reserve, 2 million metric
tons have & grade eaxceeding 0.75% Cu, and
8OO0 00O metric tona have a grade better than 1€ Cu,

The totsl metal content of the proven tonnage
amounts +o 51 100 +ons of copper. The arverage
copper grades of the different minetalised fields
are the following:

I1 — West = 1,05, V -~ North » 0,694,
¥V - Middle = 0,70%, Vv - South = 0.56%,
VI = Middle = 0.70%, and VI - South = 0.70#,

In the above estimstion of reserves only mineralised
material with a grade better than 0.5%% Cu over a
minimum thickness of D.65m was +aken into account

and no deduction for losses of any kind and

dilution were congidered. Moreover, no distinetion
was made between ore minable by open-cast methods

or by andergroand methods.

On the basis of studies of phase C we know that

copper grade and the avalilable reserves are not
gufficient +o0 renmder the copper socurrences in

the ares of Wadi Abu Khusheibeh economically
minable,




T

"For greater detaill we should like %o refer
+0 +he abtove mentioned studies of phsaoe C
which concern the feasibility of a mining
operation under the local conditions,.

Until the end of inwvestigations in phase B
we had hoped t+o find addlitional ore deposits
guch as diascovered in field IT — West with
mineralised patches of ore exceeding 1.5% Cu,
end more extensive areas of mineralisation
like in block V - South which indicetes s
rather regular ocopper distribution LTt an
grifortunate low grade ¢f 0.56% Cu,

In the entire exploration area of Wzdl Abu
Ehusheibeh only B00 OOD tons of probvable ore

12 availleble with a grade exceeding 1% Cu., This
very 2mall rese. re 18 originating from meny
individual and widely acettered aress, The
largest of these areas iz located in prospecting
field IT = West. The mineraliced field II - Weas
measures 55,240 mE and it= probable ore reserve
amounts to about 148,000 tomns. The aversge
grade is 1.05% mnd the totml copper content
approx. 3000 4ons, 1.e, the equivalent of s
six-months' production of & very smsll copper
mine,

On the basie of our estimation of reserves and
the reaults of certmin studies in phase © 1+
musf$ be concluded 4het the copper ocourrences
of Wadi Abu Xhusheibeh are to be considered




- ]_E —_

vdnsufficient in guantity and of a grade too

low to be economically minable under the
present conditions," (Otto-Gold 1964).

In 1965, the Mining Division of +he Natural
Resources AQthority of Jordan, was egtablished, In
1366 1t launched an exploration camnpaign in +he
northern parts of Wadi Araba, with special attention
being psid to copper and manganese, This campaign
was interrupted by the 1967 June War, later on, in
1572, work was resumed; but this time it was restricted
t0 the Wadl Dana - Finan - Um el-Amad - Ehirbet el-Nahas
area, which in 1967 war being delineated as having the
best known copper and manganese prospects in the

northern par+s of Wadi Araba,

After conaidering budget limitationa, shortege
of field equipment and due +o +he uncertainty as 4o
the asctual relationship of the copper to +he manganese,
the MD/NRA decided to divide i+s exploration programme
into two phases., The first phasze would be g rilo%
exploration scheme, IFf this gave a positive result, a

wider scheme or second phase was +o Tollew,



= A

The report at hand now, slthough essentially
an interim report, does sum up +the resulss ackieved
by the above mentioned pilot exploration scheme which
ended in Mey 1973. The pilot exploration scheme
established very satiefactory snd encoursging results,
iherefore, steps 4o implement the wider scheme of +he

gecond phase are already put Porward,
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IV. GEREBAL IESCRIPTION OF THE
SURTECT AFEA

The area delineated for ite eopper prospects
(referred to here me the Ares), which was partly
subjected o the Pilo+ Explormstion Scheme ceoncluded
by thie Repert, is situsted at the esstern side of
the Wadi Arsba Rif4 Valley, approximately 45kma
stuth-southeast of the southern end of the Dead Ses
and 180kns south of the eity of Amman {cf. Iocation
Map Pig. l). It hes an areal sxtent of about 150
sguare kilometers and conforms the dres enolosed
betwesn Dana village (esat), Um ei-amad (south) and
Ehirbet el-Nahes — Wadl Ghauba (weat-northwest), with
Khirbet Pinan almost situated at its cen+re [ef., enclosure

Hoo 1, Oeol, HMapl,

The Ares lg clearly marked by some major faults,
i.es Wadi Dana fault, Wadl Selawsn fault and +he Wadi
el Hamar -~ Wadl Gheuba fault complex, These faults
with the platesu to the east and Wadi Areba to the west,
dissect the Area into four sub-areas, which are known
locally as: Khirbet el-Nshas ares (north-west), Finan-
Ratys area (central), Salawan-Helaisys area (east) and
Um el-Amad area (south).
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These sub-areas Bre sgain sliced by another
aat of minor faults, branches off the mejor set. AS
a result of all these fault =syotems, the Ares is
characterized by rugged, high and steep mountains,
traversed by deeply incised walleye, with their
drainage lines mainly following the fault patterna.
In the esastern part, the mountains are higher than
1000 meters above sea level; westwards, toward the
Bift Valley, the general sltitude decreases graduslly
to 300 metera at the top of the escerpment immediately

orerlooking Wadl Araba,

The Area is also marked by three Pre-Cambrian
atocka; one stands in the middle of the Area eaat of
Finan, the second towards Khirbet el-Nahaa (north-weat)

and the thir{ towards Um el-amad (south).

The Area could be resched by a fourwheel drive
vehicle from three directions; either from the east
via Dane willage to Pinan, or from the north via
Safi~-Dahal-Ghuaba 40 Finan and from the scuth via
Gharandal-Beer Madkour %0 Finan along Wadl Araba
(ef., Flg. 2).




All these routes are not tarmacked, wery rough
and dusty. However, those that proceed towardas Amman

and Agaba eventually cennect with first class highways,

It is worth mentioning here that it is foreseen
in the Three Years Development Plan of Jordan, both
the northern and southern accesses which oonnect the
Area th Safl and Agaba, will be constructed and

tarmacked before the end of 1975,

The Area in general ig arid to semi-arid with
an annuoal preaipitation (wariable accopding o the
relief) between Z0mm alomg the low part of +he
escAaTpmEnt and 300mm on 4he top of the high platean

bordering the eastern side of the Area,

Springs and other water resources in the vicinity
are gquite adequate, the regular flow of Wadl Ghuwair-—
Finan gtrean is around 200 cubic metera per hour. There
is also Ain el-Fidan spring, which has a regular yield
of about 80 cublec meters per hour. There exi=t slao

some other aprings towards Hamar-Fidan and Dana.




The weather conditions in the Area are fair
and wery pleasant during the winter, tending to be
somewnat+ hot doring the mid of summer with

temperatures reaching about ¢DGU in July and Auguet.
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V. G EQCQLOGY

A. Begional Geology*

The aubject Area 13 situsted in the margin of a
large graben zon2 and forms 8 portion of the Wadl Araba
Rif+ Valley which extends between the southern end of
the Dead Sea and the Galf of Agqaba.

Along the eastern side of Wadi Araba graben,
large atoocks of Pre-Uambrian imeons rocks are exposed,
which are considered A part of +the Nubo-Aratian Shiaeld
and econsist of intermediate and acid intrusiwves, such
a8 quartz-diorite, granodiorite and aplite granite,
agcompanied by numerous dyke rooks which have intruded
inte the already consolidated abyesal »ocks, {G. Ven den

Hoom, et al, 1965),

Qaennell (1951) amd D.J. Burden (1959), classified

thege Pre-Cambrian basemen% rTooks into aold intrusives

(the youngest), basic intrusives, red granites and granc-
disrite,

*For the purpose of this Hepers, the naming of the
different rock units, thelr nomenclature & dating
winich were used hy EﬁHﬁJ will be applied here.
For further details on the geologzy of the. Ares,
reference can be made +¢ Burdon(1959) HEndEf{lHEj},
L1311ich (1954) and Van den Boom (1965)

=




s g

Portions of these Pre-Cambrian igneocus ha=ement
complex are seen in +hres places withlin the vieinity
of the subject Area, l.t. north-east of Finan, 8t

Khirbet el-Nahas and west of Um el-imad {See Qeol.Map)

East of Finan, south-east of Wadl Dana, oocurs
alse & unigue igneous stock, which is covering an &area
of {6.5 x 0.5) sg.kms. It is fine grained and of dark
grey to black colour, witn gresn coloured apota up %o
5 gentimeters in diameter. It 18 very goid with muach
quartz and encloges some large tlocks of plnk granite

in 1+8 body.

Rlake (1939), deseribed this stock as & porohyry
dyke whiech is older than the delerite dykes reported

in +he Sama BETARA.

ven den Boom, et al (1965} deseribed 1% according
+o ita mineral content as porphyrite masgive which
pontaine phenoerystas of Lormer mafics, seen as pseudo-

morphe surrounded by a fine eryatalline ground mass,
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conslsting of tiny feldepar lathe, quartz, iron oxiden

and diorites., He dzted 1+ as late Pre-Cembrian,

A net work of thin ealeite veine with some
barite and sbundant nangonese oxides, mainly paylomilane,
gre ofden seen in this porphyry atock (Nimry 1967).

Traces of $in minerals ares also recorded in i+,

Ihe enclosed gecloglceal map, Bneclosure 1,
glvea a general account of the geoclogy of the Ares,
where the basement complex is aesn overlaln unconformably
by 8 thick sequence of multicoloored meinly terrestrial
sendstones of varlous agea, whieh are combined somewhat
loogely under the general +8m "Nublsn Sandatone”
However;, there is a thick wedge of narine sediments nezy
the base of this sandatone in which a4t leaat three

distinct transgressione of the sea are recorded,

Near the village of Dana (north-eaet) and east of
Um el-Amsd area, where the plateau commences, the Nubian
sandstone seguence, is owverlain by a series of caleareous

sediments of the Upper Cretacecus sometimes covered with

g Pleistocene basalty flow,
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Weatwards toward Wadl Araba, terrestrial
depoaita, talus fans, gravel outwash plaine and

gand dunea predominate.,

In the following pmges, & brief deseription of
the Nubian sandstone seguence will be glven only due
t0 the Pact that most of the Area ls covered by +hia
sequence, Table (I) gives a summary of the differant

rock units, their nomenclature and Bverage thiclmes=z.

A, 1. Straflgraj

A type section of the rock meégquence which has
heen descrited by Van den Boom (1965) is given in
(Flg. 1) to set cut the history of the stratigraphy

and woleanism in the subject Area.

The terrestrial sandstones and the marine inter-
calations are tentatively divided into three major

rook types. Beginning at the bese, these are as followa:

1.{a) The Bedded Arkese Sandstone lnit of Lower-

Cambrisn Age, pinkish in ecolour, consisting
of coarse +o medium grained arkosic sands

atone, cross bedded, fluviatile, warying
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from 50-T0 meters in thickness.

I+ rests on the basement rock along

a very irregular erosional surface,
with silty shale intercalations rich

in mica, Quart? pebbles are widespredd
in it# hody., In some places, it is
underlain by hasal conglomearates, whioh
overlie the baaement rock. Howewer,
these conglomerates are not well
developed in +the Ares and +he Eedded
Avicoge dirsckly overlies the Pre-Cambrian

hagementa

The Dolomite=Limestone-Shale Unit

This unlt rangea from Lower 4o Middle
Cambtrian in Age. I+ reaches s maximum
thickness of about 35 meters 1n the Aresa,
The uni$ commences with conglonerates,
gucceeded by mediam grained sandstones,
blood-red shales and clay stones of deep
brownisgh o violet colours intercalated

with thin layers of micaceous claystone,
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The next overlying or mid-sectioa of
the unit, 1s dark browniah {o black-
greenisgh; thick bedded sandy dolomites
and impure limestone which alternste

with +thin bvedded asndstones snd sheles,

The uppermoest four meiers section of
the unit, melinly consists of claystone,
shale and red siltstone, sometime

intercalated with dolomites,

This uppermcet section is in fuct the

major mineral Yearing horizon which will

be referred 4o here e the Lower Horiiom

or sometimes as the Dolomite Hordoon,

A detailed mceount of +thiz section will

be given later,

What iz significent about thls unit 1s
that slong the eastern ailde of Wadl Arsba
it thickens toward the nor»th and wedges
out towards the south. Farther to the
south of Feer Madkour, which 1s 22 kms
south of Finan, this unit is completely

abesent and all what cen be seen 1n its




place is & reddish to greenish siltstone
10 +o0 15 centimeters in thickness which
overlies the Bedded Arkose end which in
turn is directly overlain by what 1s

palled the Variegated Sandstone Unit.

This wedging &nd transition most
probably indicates prominent changes
in facier from lilttoral in the south;

to fully marine in the verth (Otto Gold,J964).

A schematic sketch whick illustrateés thic
postilated facies change, is glven in

(Fig. 4).

Though the unit iz not fosgilifercus in
the sutject Ares, it was assimned by

Rlake {1939), on litrological grounds,

ge of Midédle Cembtrisn Ape, I4=s squiwvnlent
a+ Timna area (Jebel Menich) wes elmilerly

designated.

The Upper Nubisn Sendatone Segueénce

The entire marine sequerce in the Ares ina

overlain by +the meir todl of the hubler




Fig -(4)
Distribution of Facies along the Eastern Rim of

Wadi Araba
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sands+ones, several hundred mneters
thicke Idke the Lower Nutdan Sandstone
(the Arkcse), this is mainly fervestriel
in origir and ecculd be sub-diviaed
lithelogically into the rcllowing unitat

i. The Variegated Sundstone Unit

I+ overlies the Dolonites and Shales
mentioned in [1.{1v) ) and attains

iy ®he Aren & maximum thiclmess of
crout 45 medere, PFarther south
towards Abtu Ehusheibeh it resches

g thiekness of sbout 100 meters,

I woe dsted by Lallich [15964) ma

of H]P@gmﬂitTEEEER E& Hidd;g_ﬁsnhrian‘
Age. According o Ven dem HBoom et =1
(1965), 4+ hes besr depoeited malnly
in B continental envirorment but

Las aome lreal mavire littorsl

EXpreaalon,

Copper mineralisation ueually oooura

in +he upper portion of this uridt

approxicately 40 meters above the

top of the Dolomite Limestone Shale Unit,




Jometires mireralismtior is alero

seen in the lower porticn of +the

unit nesr its lower contact with

the Dolomite Horison.

The copper ore appears mainly
difused in & matrix of & coarse

0 very cogrsze sandstcne. The

lower portion of the Unit is highly
jointed and frectured, Ususlly

the jointa and fractures are Tilled
with meterial from +he underlying
unit, meinly ciﬂy materiel, Whenever
mangansas ie available 1. the under-
lying hordzon, the Jjointe and
fractures are filled with mEnganess

and olay,

The copper ocoocurrencea in this unit,
shall be referred te later as the
Upper Horizon, which will be desls
with in more detail in the following

chapter.
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The Massive Brownish Sandatone

For the purposes of the geslogieal
map, Enclosure 1, which 1a
accompanied with this Report, +he
Messlve Brownish Sandstones were
treated a8 one mapable unit,
Effectively the; are two different
anits and both are of Middle +o

Upper Canbrian Age,

The lower umit, which is known as

the Brown Coarse 3oandetone [Tni+

has a maximum thicineas of abont

180 meters in the Area. Itz lower
portion conBists of light grev and
white, fine to medium grained,
sandstone, intercalated with fine
grained, Teddish 0 viole4 sand
layera, Its upper portdon is rather
massive, leeally crose bedded, brown
to light grey in colour and inter—

ealated with ghale lavers,

IThe upper unit, which ie inown as
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the Brownish Weathered Sandastone

Unit which has a thicknesa of ebout

150 meters, is restricted in +the

Ares t0 the parts west of Dana village,
nerth of Salawan-Helaysis area and

eaat of Um el-Amad area. Tt consists
mainly of dark reddish end brownish
sandstones with some local wiclet

and yellowish colourst+ion, Thege
sandstones are partly cemented and

friable,

The White Massive Sandstone Unit

0f Upper Jurassie +c Lower Cretacecus
Age. It attaine o thickness of sbout
180 meters in the Area, I+ conalets
of white coarse +to medium-grained
gsandatones which centain gravel layers
end lenzes as well as quartz pebbles
up to several centimeteras in size,
These pandatones are generally massive,
sometimes crossbedded and weathered in

typieal conical and rounded shapes,
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iv, The Yaricoloured Sandstone Unit

Of Lower Cretaceous Age with =
thickness of ebout 150 meters, In
the wpper portion there are
alternating coarse =nd fine grained
pandstone layers, The middle
aection is medlium to coarse grained
thin bedded sandstone., In the lower
part, the sand ie fine +o medium=
grained and thin bedded wi4+h shale
intercalations, It is wericoloured,
soameétimes deep brownieh or white
grey with ceccasgional loesl expresasicons
that are violet or yellowlsh, It is
somewhat friable and not wery well

cementad.
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A. 2. Stracture and Tectonics

The subject Area is altusted just east of the
Wadi Arata Rift Valley (atriking N 10"E) and therefore
hea been afrongly sffected by the graben tecteoenism,
which mey have commenced as early as the Jurasolce
(Burden 1959). It iz cut ir the middle by the major
Wadl Dana fault (E.207, N, 010), which is dissected by
other faults ntrikiﬂﬁ Approximately 90"~ 140%, Besids
Wadl Tana Tsult and 1te assoclates, the Area iz algo
chaeracterized by Salawan fault (85%) snd the Wedi
¢l Hamar-Wadl Ghauba faglt complex., Beslde these major
faulte, the Area in gereral has a large number of faulte
of' lesser magnitude which can bhe grouped into $wo Bets:
one gt is striking parallel +o Wedi Dena major fault,
the second set generally strikes 45° weat=northwest,
Cn the whole;, these fault systems mark +he Area with s
gerdes of faulted bleocks mainly downstepping towardas
Wadi Arsbe with warisble dips ranging between 4° and
30° mainiy N.N W,

Wadl Dana and Salawan faults are telieved +0 he

thrust feult= accompanied by a strike slip displacement.



The other faults appear 4o be tension faults. Foth
faul+ systems and the associsted structures Are

Cretaceons to Recent (Quennell 1951),

The folding of strats in the Area 1e rather

negligible.

The copper and the mangonese ores in the Area
appear not 4o be genetically related $o sny feult systen,

411 faults are postmineraliestion,

Seme mincr gashes and tension fractures, filled
with copper, or copper-manganese ore are obeerved in the
Lower Horizon, Inveatlgations sugegest tha+t they Are
basleally postmineralisation and the ore was introduced
to them at a later stage as a result of percolating

mineral solutions,

Ihere 12 some evldence that the procesges relsted
t0 menganese mineralisation were controlled by shallow
tasin=-like structures, which were later affected by s
high degree of distortion (Nimry 1967). This also
dlaturbved the lower member of the overlying Veriegated
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Sandstone Horizon ass evidenced by frectures and Jointe

spaked with elays and minerals from the Tower Horizor,

Pre-Canbrian dectonics in the Ares were men+ioned
by Quennell (1951, 1956a). He consldered the exlisteénce
of the granites and the grancodicrites of the basement
complex; as well as the remnants of metamorrhism neer
Agabe, ea an evidence of Pre-~Cacthrian folding and
oragany with granite formation and emplacement, Howewer,
the internal structures asnd relationships of these rocka
have not yet been atudied, The dominant manifests+lon
of Pre-CUambrian tectonics are the dykes and Joints found

in 4+he rocks of the baszement complex,

B. Geolo af the Ore Bezari Horizons
arnid thtarns of EEHETEI%REt{ﬂﬂ

Mineralisation in tke Area is limited +o +wo. rock

units i.e, The Varlegated Sandstone Unit (the Upper Hordzon)
and the Uppermost section of the Dolomite Limestone Shale

Unit (the Lower Horizon),

In the Upper Horizon, copper minerals are seen

mainly in the upper sectdion of the unit and the bottom
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section which is directly overlying +he Tower Horizon,
The middle section of the unit is a barren zone, conteins
nearly no copper; it is frisble with colours verying

from white 4o light pink,

Ihe upper seoctiom, where minerslisc+ion wveries

in thickness between 1lm and 3m, is made ur of medium
gralned sandstones renging in colour from light brown
end grey to nearly white. Green shodes identify copper
mineralinstion whenever present, It 1s rather laninsted
with true bedding and croes bedding alternations, Ito
uppér congact with the overlying roeck is marked by red
or deep brown layer of ail4stone which have & wvariable

thickness ranging between 2Scms and 31 meters,

The lower section, where mineralisaticn yaries
in thicknese between 1/2 meter and 4 meters, iz made ap
of medium to very coarse well cemented gandatones of
deep brown and sometime black or ETey to white coloars,
It is highly jointed and iractured, Usually the joints
and Ifractures are filled with meterial from the under-
lying horison. Whenever COPper minerals are present,

it has 8 very distingzuished green or deep blue coloura,
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Black specks of manganese oxides are often
observed in the unit. Whenever the lower section is
underlain by a manganese concentration zone, manganase

ataining and fillings dominste,

The unit i=s also charscterised by reddish porphyry

Iragments which serve as markers (Otto-Gold 1964).

Copper mineralisation in this unit is rether
patchy and not persistenmt. It occure in +the form of
diffusione; sporadic nodules and veinlets, 1 to 3mm in
diameter, and scometimes as flat lenses 5 to 15cme= in
length, usually their colour is dark green to black with
a brownish-red halo and greenish shaded Tim with copper
congtituents mainly malachite and cuprite without any
sulphidez (Ctto-Gold 1964), The brownish-red halo is

eaused by a relatively high iron content, mainly limonite,

The copper ore lenses frequently assume a seamq—
like appeasrsnce and can be traced intermittently for
several metera. Locally, this mode of occurrence is
particularly common in the Salawan srea, In BOY case,

it has no present known economic significance,
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In the horizon of +he Dolomite Limestone Shale

Unit, i.es the Lower Horizon, mineralisation is confined
to the uppermoat four meteras section of the unit. This
mineralised section consists mainly of blood=red silty
clay at the top which is of a thickness ranging between
1/2 meter and 2 meters, underlain by yellowish to grey
dolomite of a thickness varying from few centimeters 4o
60 centimeters; sometimes completely cbsent, The
dolomite section is underlsin by 3 black-breown or green
shale, intercalated with thin bands of dolomite and sandy
shale, The shaly section, which forme the bottom member
of the Horizon, ranges in thickness between 1/2 meter and

3 meters.

The thickness of the dolomite facies in the Horizon
is dncroasing towards the extreme northwesterly part of
the Area, In Ehirbet el-Nahas area, the dolomite section

acmetimes reaches a4 thickness of 1 meter,

In this Lower Horiszon, where straight copper ore
is present along with local concentrations of copper-
manganesze ore, the copper mineralisaticn, ag such, is

more or less persistant laterally without serious variations,




- AT =

Across the width of the Horizon, the copper dlepersion
pettern starts at the +4op with almost & uniform grade
whlich dnereasss +oward +he middle zseetion and decracoes
graduslly downwoerds from there until i+ becomes very
lean near the bottom of the section. It fades gradually

beyond that.

The distribution of the mangansse minerals in the
Horlizon 18 not as persistant as coppér, It is mainly
conlined 4o the clay section., Sometimes when present

1+ extends down to the underlying dolomite section.

Az a general case, there is always a8 background
value of nmanganese avsilable in the clay end dolomite
se€ctiona of the Horizon, which ranges between O.5% and
5%, Msnganese ore, which im of economic value, is only
present in th¢ form of lenticular ore bodieas widely
spaced over the =rea which look like scattered islands
of conoreationary manganese ore bodies superimposed in
an erratlc manner on the ¢opper herizon [(the same cese
iz reported at Timne), These lgguﬁnal orebocdies extend
laterally to several hundred meters and attsin & central

thickness of about 2.5 metera, Near t+he borders of
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these orebodies, the manganese concretlons get emaller
and more sporadic in occurrence £111 i+ is completely
aboent and new facies of manganese varves alterneting
with red-claystone become dominant. I+ then gradually
disappeara and only traces of manganese are evident,

It seema that the lateral pattern of the copper content
in the Horizon ie not affected by the abundancy of
manganese, although when mangsnese orebodies are existing
1t was notdced that the vertical distribution of copper
is directly proportional 4o the manganese content

(Pig. 5). This phenomena was related by Rimry {(1967)
to the scavenging property of the hydrous colleids of

Mn—-oxides and thelr afinity 4o adesorp forelgn caticns,




Figl5-a)

Grophical Representation of the Cu. ond Mn. colents in
the somples collected from Bore -hole NI 2 al
Dabbah Area




Fig{5-bl

Grophical Representotion of the Cu and M cotents  in
the samples collected from Bore-hole N2, 3 ot
Dabbah Area
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VI. MIFERALOGY & CHEMISTRY OF IHE OHE DEPOSILS

In the Upper Horison the predominant rock-forming

mineral is gusrtz. Mnor constituents are miorocline,
kaolinite, calcite and sericite. Copper oxlde in the
form of malachite 48 the mos+ dominant copper mineral,

Cuprite is alao present.

The malechite is usually found occupying the
irnterstices between quartz grains end fragmen+s of
other rock=forming mineral=s. Freguently 1+ 18 found

filling the fissures and fractures intersecting the

rook.

In both cases malachite seeme to replsce the
sandstone ground-mass in es much as it spreads out

from interatices and openings in the rook {Ot+to=0old 1964),

The cuprite oeccurs partly in pure form and slso
as a mixture of cuprite and limonite. Sometimes the

cuprite is altered +o malachite,



The oarbonate requlred for this slteration
Process may partly originate from the ground-mass
of the rock, or from percolating wesk solutions

(Ot+to-Gold 1964),

Often, malachite can be seen in fissures end
fracfures dissecting cuprite. The slterations of
cuprite to malachite Iindicatea that malachite 4s

younger than the cuprite,

Copper minerals also exist in +he same Horizon
a8 tiny nodules, specks or small lenses which are
mainly of malachite surrounded by bleached halos and
cccasionally have a core of cuprite or copper sulphides,
In moat cases the bleached haloe have an inner zone of

limonite.

Porphyry fragments are guite common in +his
Horizon and there is & dietinct relationship between
the copper minerals snd t+hese fragmente, In many

cages the malachite eppears assoeciated with the

porphyry fragments,




According to I41lich (1963) “investigatlions as
+0 the minersls representing the mineralisation proved
the following copper minerals enumerated according fo

their decreasing sbundance,

Maiachite, cuprite, chaleosite, bornite a&nd
chalcopyrite. Chalcopyrite, bornite and chaleoalte,
eccur only o & minor degree and are found in the

inner purt of larger nodules",

A representatlve groove sample which was
collected from one of +the mineralised sectlona of +he
Variegated Sandstone Unlt gave, oh analysis, the
following results:

Blemant ﬂnnt&nt_ﬁ Element oontent ppm

Cu 0453 Ag 2
Fe 0,03 Au 10
*12”3 3.64 b 100
I‘iﬂ'? Q.06 o =
¥nO L OLD
Cald 0.48

Siﬂ? 51,04
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In the Lewer Horison, the predominant rock forming

minerals ¢an be grouped dnto the silicate-aluminium

group and the ca..lte—~dolomite group, Quartz, kaolinite,
calcite {limEStﬂnE} and delemite are dominants Feld-
spar, montmorillonite and baryte are present 1n neglipglble

anounts,

Iron oxides in the form of hematite, geothite
and limonite 1y~ gquite abundant and it may average

around 6% by weight of the total rock.

Lithologically, the Lower Horizon can be sub-
divided In%to three members, i.e. the claystone-=ilt
memper at the {op, the dolomitic-limestone member in
the middle and the shale-llmestone member at the bottom,
The dolomite membver is not always distinet and some-
times facies of claystone or dolomitic-shale are seen

in its place,

Uxides of manganese, which are mainly confined
t0 the claystone member, occur in varicus forme, suech
a8 concretionary, masalve, c¢rystalline, granular,
botryoidal and sometimes with Ffibrous and radiate

structure in addition 4o the usual smorphous forms,



An I-Ray te=t, which was carried out in the
laboratories of the Geology Department (Leicester
University) on five samples of the Mn-ore representing
the disseminsted type as well as the conoretionsry
type, showed that pyrolusite i3 the most dominant
mineyal, Pollomilane and crypiomilane ars alao
present bat not in significent amounts. Wad is also
abundant. It occurs maesasive either earthy or compact.
In X-Ray diffraction tests, 1% gave scme peaks

indicating the presence of pyrolusite

A composite sample collected froum each of
the prospechting tunnels numbered D?, 33, D4 BEnd
Le which penetrate in s Mn-zone, gave, on enalysis,

the [ollowing regults:




Moisture

Loss on
Limition

5105
Fazﬂj
A12D3
PEU'-'_J
T40,
Cal
Mg0
0
Cud
HaEﬂ
K0

HGE

Lotal

Mﬂﬂﬁ

A -

" e
0.63 0.51 D.64 0.61
Gedd 9.16 b.54 §.54

i 16,7 12,71 1BLas
546 13,63 11,89 2 d2dl
Ue2h 475 4,92 B.91
0. 590 0.29 0.24 0.9
029 0«31 0.32 0.35
3.05 1,80 1.24 214
0.48 0.27 0,54 Oedd

45.79 48,90 S6.72  36.13
205 178 1.99 i
033 Q.36 Q.27 D31
2sts 0.94 1.64 0,82

Lrace frace Trace Lrace

99,73 99,88 59.76 99.88

96,00 59493 69,52 44 .28




Malachite and chrysocolla sre the most abundant
gopper minerals in the Lower Horiion. Melachite occurs
either disceminated or as replacements and £illings in
+he rock-mess, Whenever mangsnese ore ia present, it
15 usually scaked or invaded by malachite. The malachlte
ag such is seen either in its soft earthy Torm With
pale green zolours or locally hard botryolidal with

light green to very dark green colours,

Chrysocolla is mainly found in the amorphtus OT
earthy form or sometimes as incrustations or stains
along the fracture pleins of +the shale member, Due 40
+the fact +hat up to 88 of +he copper minerals in the
rock are not solubtle in acid, it is believed that they

may be sesociated with disptese in the ore.

Other suspected copper minerals which mainly occur
sgpgregoted with malachite either along fissures and
sracks or &g pockess, staining, or disseminated, are
etacamite, plancheite, shattuckite end bisbecite. In
one sample of copper-manganeseé ore, the presence of
copper sulphide was alac suspected, In one locality

near Pifa, & thin vein of primary copper-lead sulphide
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was seen dissecting the Dolomite-Limestone Shale Unit.

I% 1a believed that such wein came to existence ot a

later stage 88 o result of 8 looal hydrothermal activity,

and have no relotion whatsoever with +the secondary

gcopper minerslisation 4rested in this Report,

Table (II) gives & type anelyees of ceven samples
which hove been collected from $we diff&rant ETCOVEE,
orie scrosa the width of tunnel (D 53) and the second
groove across the width of tunnel (D S4). The litho-
logical get-up and minerallsation in these 4wo tunnels
were considered representativea of moat of 4he conditlons

prevailing in the Area,

Accordingly, these sanples were studied with the
view of providing a genersl idea concerning the major
conetituents of the rock forming minerals of the HorlZon
in addition 40 providing information on the chemiocal
and physical characteristics of the constituents which

would be of prime interest 4o the metallurgliast,
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YII, ORIGIN AND GENESIS OF
MINERALISATION

In this chapter, the origin and genesis of
both copper and manganese will be treated separately

gtarting with mangsnese,

A. Posgible Origin and Genesis of the Msnganese (Ore

The world's menganese deposits can be generslly
grouped into five major categories (C.F.Park,Jr,(1956)),
as follows:

s Hydrothermal depoaits.
i, Sedimentary deposits.

iii. Deposits composed mainly of low
temperature sllicates and haus-
marnite and asssoeciated with
submarine flows,

iv. JMetamorphie deposits, and

., Residual scoummulations and laterites,

Accordingly, the problem of the origin and genesis
of the manganese occurrences under consideration may be

divided into the following $hree component rroblems:



Ea} In whieh of fthe above mentioned cetegories

gnould thesa ococurrences be placed?
{b) What iz the source of +hese ococurrences?
(o) What waz +he mineralisation procecs?
Several people have ralsed almoat the aame type
of guestiona for the origin and genesis of +the mangainese

deposita of both Timna snd Wadi Dans,. DTheir conclusions

eould be summaTised az follows:

Limna Ore

Sturm (1953) : Syngenetic
Bentor (1956) : Syngenetic
Wadi Dana Ore

Blske & Ionides (1939) : Syngenetic
Benson (1952) : Bpigenetic
Mackay & Schnellman{1954)] 1 Epigenetic
MeKelvey (1959) : Hydrothermal
Demag (1960) : Hydrothermal
Foom et &l (1965) : Syngenetic

Nimry (1967) : Syngenetic
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From a negatire point of wview, the ore could not

be hydrothermal because of the following reasonss

(e} There has been no magmatic activity in
the wicinity since late Pre=Cambrisn, except for some
reported occurrencea of porphyry whiech cut +he Lower

Pre-Canbrian, 60 kilometers to the south of Finan,

{(b) If the deposite mre hydrothermal and of
the replacement type, such replacement would be
expected to take place agalnst an impermeable barrier;
in other worda at the lower part 'of the Delomlie Iime-
Stone Shale Unit, but not at its top, just below 1ts
contact with the Varlegated Sandatone Undt which is a

very permeable rock,

Jome people might conaider the depoaits
resulting from a cavity—-filling process and not replace-
ment type deposits. Howevery, any cavity of the alze of
any of the ore lenses seen at Wadl Dana would have been
structurally unstable, Also, there are no signs of
pre-mineralisation fracturing in the bearing horizon and
the ore, as such, is interbedded with highly plastic

claya.,



Bl

{e) mhefrelatiun hetweon Wadi Dana deposits and
thoae reported at Timna, which are 110 kilometers
apart, is very well demonstrated by lithology, mineralogy,
chemistry and mede of cccurrence, In our opinion, beth
are of the same origin, snd such a great lateral apread
would be expected tou be beyond the scope of any hydro-

+hermal Bource.

(d) The complete absence of thermal elterations
of any kind in the bearing rock, even on & mlcro scale,
1 also evidence ageinst the deposits belng of hydro-

thermal origin,

A metamorphic ordgin is also excluded; duse to
the fect that there are no slgns of any regional or

contact metamorphiem present in the Area;

As there is no evidence of any aubmarine flows
or submarine velecanle activity in the Ares or 4he
surrounding vicinity during the Cambrian peried,
mineralizaticn derived from submarine hot springs

would appear moat unlikely,

A residual or lateritic origin is also not
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rossible, due to the fact that an oxidation process
acting on dolomite to yield a manganese deposit
equivalent to the deposits of Wadi Dana, would nesd

ag a gtarter an unrealistlie amount of suitable roci,
There is no visible evidence to justify such preeess{es)

a3 neving taken place in +he Aren.

A sedimentary (syngenetic) origin of the manganese
cecourrences in the Area, 1s clearly asttested by ita
form 2nd its confinement to cme rather narrow strati-

graphic horizon.

As slready recognised by Sturm (1953), Bernter
(1956), Boom et =1 (1965) and Nimry (1967), the
evidenee of & syngenetls origin of Wadi Dans and Timne

Mn—deposits is based on the following econsziderationar

(1) The syngenetie origin of the bedded MENgansse
ie attested by the original warve-like structure of the
recik with its alternating manganese-bearing and mangenese-

free layera,

(2) Some of the coneretions or their broken
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and disgtorted pieces, are seen 4o be caught in the
fractured and brecclated zZone of the immedlate over—
lying sandstone beds, On the other hand, some bloaoka
and fragments of the overlying sandatones; oocur in
the manganese body enclosed in the ore, without being
impregnated, although they are much porous then either

the claystone or the dolomitic-shele of the horlscm,

(1) The proof of & syngenetic origin of the
manganese con¢retlions 12 also afforded ©y the fact
that ellipticel concretions embedded in the claystone;
have their long axis vertical or nearly so, They show
definite gradational arrangements, the larger concretlons
peing seen in the lower part of the mineralised section,
with the rock sarrounding the conerefidns showing a

fabhrio of flow structure,

411 of these features are best explained through
the assumption of gravity settling of the manganese
coneretions, while +the embedding rock was still wet and

plastic, before it became indurated (Bentor 1956).
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The conolusion ia that +the mangsnese occurrences
of Wadl Dana are of syngenetic erigin. This judgement
doea not exclude the posaibility that 8 migration and
diagenetlc process has taken place after the early

deposition of the ore,

The velns of mangenese which have been recorded
in the porphyry dyke of Finan area (Nimry 1967), +he
velns of manganese accompanied with barvte which are
oftenly seen asscciated with the basaltiec dyke rocks
existing in Wadi Araba (Bentor 1956 and Bender 1953)
and the high background value of manganese recorded
in the magnetic basement complex of southern Jordan;
all of these together, may explain the originsl source

Which fed the Lower Horizon with its manganese ore,

The mineralisation process, most probably followed
the weathering and denudation of the manganese-bearing
bazement rocks and the asscciated dykes., With +he aid
of water-flushea, streams and octher posaible natural
means of transportation, the weathered menganese was
earried to its present localities which apparently wereo

defined by shallow weter basins or lagoons,



B. Posgible Origin and Genesis of the Copper Minerals

Starting with the genetical problem of the copper
minerals in the Upper Horizon of the Variegated Sand-
stone Unit, the following modes of occurrences sand

observations can be noteds

i. Mineralisstion ls aeen either as
disseminations of copper bearing
nodules assocciated with porphyry

fragments, or

ii. A3 thin lenses of high grade copper

ore, and,

1ii, Streaks of comparatively high grade
ore combined with fine disseminations
or specks ol copper ore minerals and

nodules of l=H5mm 1n diameter.

Bxamination of such cccurrencea in outcrops,
core samples and under the mieroscope, jointly with
chemical testing has shown that the copper bearing

nodules and lenses are composed mainly of blackish
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euprite ore surrcunded with melachite, Sometimes

the nodules are entirely composed of malachite,

According 4o Otto=Gold {1954},“th& presence of
cuprite may be indiecative of the original presence of

the primary copper mineral, chalcoceite ",

Zhe density of the nodules seems o have affected
the degree of diffused mineralisation, The same thing
can also be neted in the case of porphyry fragments,

There 1s an obvious relatlionship betwsen +he denaity of
such fragmenta end the grade and degree of minerslisation,

which In Isct points back +o the origin of the COPper.

"Under the microscope a distinet relationship
wWEs noticed between the copper minerals and porphyry
fragments, Forpayry fragments accur in all transitions,
from finely dispersed detritus to coarse-clastic clusters
of fragments. The malachite appears in many cases
closely associated with the fragments, I+ slso occurs
within the porphyry fragments as fillings of wvesicles
and vugs (replacement of feldspar 7) and of fissures and

cracks,
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Another unigque ocourrence are spheeroidal
malachita rings up 4o zeveral centimetera 1n diameter
with g sandstone ocore, DMalashite offten fille fils=ures
and erdacke in sandatone or occcura as coating slong
joints, Leaching effects and bleaching are usually
gsspgiated with it. Sometimes; not a8 trace of copper

remalne in +he leéached sandatone,

These observationa point 4o a later migration
of copper in the rock which probably ies atill taking
place in cur times, Such nmdgration may occur in the
mioro range 85 well &S on a large scale, It is likely
caused by manifold chenges 1ln regional elevation and
seesonal fluctuation of water tabtles and/or by effects
ol the normal seepage or percolation of meteorlc waters

in &8 desert environment.

In the field; one gaine the impreassion that a
great number of different types of minerallsmtion exist.
However, by examining the drill cores, it gpoon Dacomas
evident that the wvardety ls rather limited to 8 few

typical modes which show transition" (Otto—Oold 1%64),



Eacro-Scale observations have shown +hat
mineralisation is displaced by faulting; thin stringers
of malachite within the matrix of the rock itzelf are
seen fo be disgplaced, In 4wo places s+ Wadi Dana,
Joint=s which intersect the Variegated Sandsione Unit
and exfend through the overlying unit and terminating
8% the upper contact of the underlying unit, were
obaerved o be filled with malachite but only where
they oecur below the upper contmct of {the mineralised
horizon, Thia happened most probably as a result aof
solutions that foermerly dralned inte such Jjeints from

the surrounding rock,

Such observations end remarks, with the ashsence
ol any sign or relatlon between mineralisation in +he
Upper Horizon and a hydrothermal source at depth; lead
to the conclusion +hat the copper minerals in +the
Variegeted Sandstone Uni%, originelly existed in the
Fre-Cambrian basement in the form of sulphides, Iater,
wpon exposure, weathering and fluvial tranapertation,
they were brought 40 their present horizon concommitantly
with the other rock forming minersls which constitutes

the Varlegated Sandstone Unit. Such transported copper
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minerals were again subjected in their new locality to

a leaching and diagenetlec process.

Lherefore, 1% can be con¢luded that copper
mineralisation in the Upper Horizon is of sedimentary

syngenetic origin subjected 40 a diagenetic process,

The remnants of copper sulphides and copper
stdckworks which can be observed in some parts of
the Tasements a4t Wadi Danas area, Abu Ehushelbeh and
near Agaba. are in fact indicative of the validity

of such conclusion.

According to Otto=Gold 1964 "the deposit in
Abu Khusheibeh is an ardd copper-concentration deposit

of the Red Bed Type¥.

Lillich (1963)says that "the type of mineralisation

in the copper bearing white fine sandstones point 4o a
aynsedimentary origin es indicated by the following

observetionszs



“{a} Tracea of copper ore mineralisation are
exposed in a large, elongated area between the region
of Charandal and the south end of the Dead Sea, They
are restricted o & gertain horizon in sediments ef

Uppermest Lower +o Middle Cambrian Age.

(b) In a limited area around Wadi Abu Ehusheibeh,
the main minerslisation 1= even present in the copper
bearing white fine sandstones, confined to the lower

third of the uanit.

{c) The copper bearing white fine sandstones
have been deposited in a marine environment and thus
differ from the continental sandstone that lles above

and below,

(d) Ore nodules in the minerslisation zZone are
aligned along the crossbedding and bedding planes,
Diffuse mineralisation emphesises the bedding and
erogabedding by a changing ‘intensity of the green
colouring, The copper seams in the copper =oeam Zone
are limited {0 & well defined horizon and can be traced

for some 100mnm,



- The close relation between bedding and

mineralisation mey indieate that copper was deposilted
simudtanecously with the guartz greins. On the other
hand, this fact may be due to a change of the matrix-
grain ratloy, as a hlgher percentage of matrix makes

possible an enrichment of ore.

{e} The mineralisation in eracks ond fisaares
doea not extend laterglly into the enclosing rock faces,
No influence on the degree of mineralisation in the

gaAndatone beds has been obaerved.

[f} The copper minerallsed horlisona are diaplaced
by faults. Thus, the mineralisation could only have

teken place bhefore tectonic movement."

Aecording to Bentor (19556), "the copper in the

Lower Horizon of the upper-member of the Dolomite Lime-

gtene Shale Unit, is of sedimentary origin and 14 ie

closely connscted with the manganese existing in the
agme horizon, Both were brought by rivers into the
Silurian{?) lagoonal sea and there deposited together

with sandstones and shalea®,
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However, Van den Doom, et al \1%65), say that
"the copper mineraliasation in the Gpper portion of
the Dolomitea and in +he Janganese ore, ls of pigenetio
origin, The copper of the o¥erlying sandstone kes been
tranaportad by descending solutions to the carbons+ic
sediments where the metal content was precipitated”,
He also conecluded that, "the highest manganese content
oecurs in the upper portion of khe orebodles, while

copper is higheat 4n +he lower part™,

The possibility that some of the copper existing
in the Lower Horigen agsociated with the manganese was
brought by rivers, is not excluded, although there 1s
no clear evidence to prove this except the presence of
the copper sulphide traces which have veen detected in
one polished section belonging +o the COpper-manganese

ore in Wadi Dana,

Inapite of what Van den Boom 2aya, we believe
that whenever manganese is rresent in the horizon, +he
sepper content is direetly proportional +o +he mAnganese

centent (Flg. 5). This conclysion iz in narmony with



the fact that clay minerals, organic mateérial and
colloids of hydrous iron and mangonese oxides sre
the material primarily responsible for the adsorption

of ocations (Hawkez and Webb 1G65),

Phe following observetione can also be pointed
outi
z The downward movement of copper solution
frum +he Upper Horlson towards the Lower
Horizon ie attested by the presence of
mineralised jcints and fractures reaching

from the Upper +to the Lower Horizoms,

E 3 MR In some place at Wadi Dana, thin lenses
of manganese ore Z0=-310m long, have been
recorded in the middle member of the
Dolonite Limestone Shale Unilt, 15 meters
bélow +he major manganese horizon, Such
lenses have shown on analysls that elther
they are free from copper or their copper
content is negligible and cannot be matched
with the copper content in the major
manganese horifeon, though 1t 1=s balleved

thot both Bre IFrem the seme ordglin and
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were brought +o +thelr horidiona i
different stugea, If the copper of
+he Lower Horiron wea alsa from $he
game origin na stated by Bentor, then
the mengernese of the difterent levwels
ahould be of the smme coypper content,

which 1is not +he cane,

H

In places, where the Tluctuaticns o
tee 0ld weter fteble: levels are demnor=
etrated, we pee Lthat copper diffusicns
parks the lewvel ¢l the weter table In
the lower member of the Vardegstod
Sandstone U'nit and grades dowr 4owerts

+he Lower Coprer llericon.

egokemieal obiervntlons chow +hat the
Eapper conyert ef the: Iodcmite Horirxon
gredes Trceo'high welues et I%E $Op

-

pErt £0 lew - walues downward,

Analysie of drill cores from *he downe—

feulted tlccks of the Variegeted Seapdstone



show that they contaln only freces

of copper except near their cootact
with the Dolomite Horiron. Pleaching
effect inm such ¢oreés 1s guite obvious,
O the other hand, whenever copper
minerdalipation is low in the Veriegsted
Sumdgteone it e reletivedy hipgh In +hke

Tolomi+te Horizom und vige verooe

Phese obzervations with the absence of Bny direck
rélntlon between Ccopper mineralisation and sny hydrocthermal
gokivisy dn the Ares, point to the conclusicon that minerali-
satien in +he Lower Hordeon is of epigenetic origin which
renuldted Urom the: Denching nod redepobni tion 03 eOnpes

which formerly existed in the Upper Horisons Ad coneliden

L]

by Y¥an den Boom, {he copper of the Verlegsted Sendostone

Tnit has been transported by descending selutiona 0 the
Lower Horizon, where 1t replaced ¢arborates and cther
rook Porming minerals, or produced inter-growths aleng
figsurea, oracks and cavities. Occasionally, where

manganese wes prezent in the clay =ection of the Horigon,

the copper cations were adsorbed by manganebe ,
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The prevalence of copper mineralisation in
the Lower Horizon independant from the mAnganese
concentrations, is, in fact, against the idea of
Bentor, that the copper in this Horizon is sedimentary

and of the same origin as +the MANEANESE,

The waet lateral spread of copper in Wedl Araba
in general snd the obviocus relatlonship between +he
Timna copper deposit end the copper ore in the
subject Area, is a proof against any relatlon which
might be postulated between such deposit and mineralisers
from depth, Such wideapread mineralisation seems +o be

beyond the capacity of any direect hydrothermal source,



VIII. ACTIVITIES CONCIUDEL
IN THIS HEPORT

A. Field Aetivities, Procedures & Aecomplishments

The subject Area was delinested as a result of
the reconnalssance survey which wes ini+lated in 1966
oy MDANEA and interrupted by +he ]967 June War, Before
this interruption, some physical exploration activisies
had commenced, using rore drilling, prospect tunnelling,
pitting and trenching, with #pecial stress made on +he
manganease occurrences in the top of the Dolomite-Lime-

gtone Shale Uni+t,

The general impression at that stage was that
copper cceurring in the Dolomite Limestone Shale Unit
of the Area, would only be found associated with the

manganese ore, fthus it was to be regarded as an impurity.

With this impression in mind, ten boreholes
were cored to penetrate the manganese horizon and eighteen
prospect ftunnels were driven to depths renging between
45 meters and 168 meters, across the strike of the
manganese deposit in the general direction of +he dip,

to penetrate the orebody itself,
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Interpretation of the dsta which resulted from
this activity, sided by the knowledge about the
regional geology of Wadl Arsbs and the correlations
made with the Timna copper mining area,; Jled to the

following conclu=ions The manganese concentrations

cocurring in the top of the Dolomite lLimestone Shale

Unit are of the syngenetic lagoonal type end exist

only as separate lenses of moderae dimension, On the

other hand, the copper minerals cceurring in the sape

horizon are of the epigenetic type which were suyer—

Amposed on thet horizon gt a later stage as a result of

8_leaching process which took place in the overlying

Nubian Sandetones (Ven den Boom, 1965; Nimry 1967).

Thls new concept then, led +o the helief +he+ +he
coprer umbrella is much wlider +han +ha+ of +he mANgAnes &
Bnd more persistant; it could be available anywhere in
the Horizon, whether thers are appreciable concentrations
of mangenese, or neot, and where conditicns in +he Ares

dare simllar to the conditions reported &+ Timma,

In fact, this was the case observed in the prospect

tunnels which were driven st +hat +ime,
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But in spite of all +he justifications end
evidences which became gveilaple, there was s+ill
aome doubt, that the copper minerals observed which
were not asacociated with the manganese concentrations
within the viecinity of the ranganese deposit at
Wadi Dans, might only be solution migretions derived
Irom aqueous leeching of the copper minerals assoclated

with the monganese orebody,

Dae to this uncertainty, when the work wes resumed
in 1992; it was decided that +he exploration programma

should te implemented in two phases.

in the first phase, a pllot exploration scheme was
t0 be put Iorward %o cover &n area of atout four squere
kilometers, using core drilling, prospect tunnelling,

Pitting and trenching,

In the second thaase, which would bte dependant on
A4 positive result from the first phase, & more general

exploration rrogramme was to follow,

Ihe strike of +he Dolomite copper-mangenese

bearing horizon, ocutoeroepplng aleng the northern side
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of Wadl Dane and the 4wop blocks embrazcing Wadl Kkalesd
up to Wadi Ratya (cf, Geol, Map, Enclosure 1), were
gelected to be +he siubject of this pilet exrloration

achemea .

Implementation of this scheme bacame effective

in March 1972, and was concluded by the end of May 1973,

IThree NRA rotsry drill rigs were involved plua
two GEOMINCO (Hungarisn Centractors) rige., PBight

mining crews were also invelvad plus some other crews

who were busy in preparing &e:ea;e;”tu the drilling sites

In this programme, 40 boreholes were cored,
16 prospect tunnele were driven and 315 trenches dug
30 cut the strike of the ore horizon (See Table III).
In additien, 50 kilometers of inland jeep trocks were
also opened up to allow for mebilizing +he equipmen+

and gtafr,

Ihe boreholes wers arranged at reandom spacing,
Irilling was either by airflush or mud flush depending

on the depth of the lower gre harizon, Generally

=
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®peaking, 8ll boreholes deeper than 90m were drilled
by mmd flash, The depth of the boreholes renged
betwean 40 and 227 meters,

Cores of HX, NX, BX diameter, depending on +he
8ize of the rig used; were taken from bhotk +he
Variegated Sandstone Horizon and +he Dolomite Limestone
Shale Horizon, Every borehole was terminmted a+ s
depth of 4.5 meters below the upper contact of +he
Dolomite Horizon, On completion, each borehols was
plugged with & cement collar specifying the reference

number, dates of start and completion of the borehole,

Every btorencle was lithologically logged and
described relative to depth. The core samples were
then sent with their field numbers to the Mirneral
Labvoratory in Amman for determining its copper and

manganese content.

The prospect tunnels and the trenches {which werso
all confined to the Dolomlte Horizon) were groove sampled

aorgass thelr widths.
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dampling widths in every case were not +o
represent more than 0,7 meteres of the mineraslised
sectlon, except in some special cases, The individual
sampling width would, over its length, comprise aa

many separate samples as there were lithological changes,

ITo aid the metallurgical studies which are
foreseen at a later stage, special groove samples
have been collected o represent the difrferent typesa
of the mineral bearing rock., These samples were
analysed in detail with special stress on the Tack

component and its metal content (Table IT).

Pables (IIT) and {IV) Zgive summaries of the
sampling programme and the releted area of influence
for each of the computed ssgay walues at+ +he Alfferent

investigated blecks, of both copper and manganese,

H., laboratory Procedures

After logging, marking and labeling, all sanples

were despatched (o the Mineral Labvoratory in Amman,



The core samples were secured in wooden core
boxes; the groove samples were preserved im cloth

bage lined with polythene,

On receipt of the =amples by the lLaboratory,
it was [irset checked and inspected Jjointly by the
Bane 34aff Geologist and the officer of the preparation

room at the Laboratory.

After checking and inspection, the core samples
were split along their long axis into two halves, one
half going back to the Sampls Tibrary of the MD/WRA
and the other half going 4o the Laborstory fer treatment.
The groove samples were mixed, coned and gquartered; one
half waz retained in the Labaratory, while the other

half waz sent back 4o MD/NEA Sample Idibrary,

Atter the foregoing preperation, both types of
samples being retained for treatment, were crushed to
1/4", Then, after mixing, ¢ching and quartering, each
sample was split into $wo halves, one half being put
agide for reference and special investigations if needed;

the other half corushed o -10 mesh and after repeated



mixing, coning, guartering and splitting, it was
reduced +o 50 grams. This was $hen ground 4o =100

mésh Bod tranaferred o the chemiet{ry Toom,

In the chemistry room, a small representative
portion of the sample, weighing 4 +o 5 grams, was
taken for analysis and the remainder of the -100 mesh

portion kept for reference and checking purposes.

The 4 to 5 grams, were then digestea in 20 mill-
litres of agua-regia solutlon, then heated until neerly
dried. The nearly dried portion weEs then bolled in
digtlliled water and filtersd: The precipitate wes
washed with 250 ml. of distlllen wseter asnd tested by
the AAS for copper and menganese, The results were

then reported back to MD/NRA.

Occaaicnally, some selected samples, would be
repeated by MD/NRA for checking the accuracy and

prempeness of the Laboeratory procedures,



Some gpecial samples, like those reported in
(Pable II) were selected 4o represent +he different
types of the ore bearing rock, 4 study wag +hen
made of their physical apd chemical differences
egpécially rns regards 4helr mineralogical composition
and variation in specific gravities for the puryposes
of this Report and o assist any further investigations
including metallurgical which may be made in the

Tuture.
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Table ﬁ?l

Blocks of Inferred Reserve And Their
Comruted Areans
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IX. VAIOATION OF OHE EESERVES

qe EpEper Ore Heserve

A. Dafiniticong, Parameters and Limitatiocns

The terminology and definitions of the different
c¢lasaes of ore reserves, adopted by the U.S. Geologlcal
Survey and the U.3, Bureau of Mines, will be used for

the purpose ol thls chapter.

Accordingly, the core reserves which have heen
fully or partly investigated within the scope of the
Pilot Exploration Scheme will be reported on the basis

of the following definitlonss

"la Measured ore 1is ore for which tonnage
1a computed from dimensions revesled in
outercps, trenches, workings and from
the results of detailed sampling. The
sites for inspectlon, sampling and
measurements are =0 closely spaced, and
the geologic character is defined so

well, that the slze, shape end mineral




i1,

i1l.

I

gontent are well established. The
computed tonnege end grade are judged
+o be accurate within limits which are
atated, and no such limit is judged

+0 differ from the computed tonnage

or grade by more than 20 percent.

Indicated ore is ore for which tonnage
and grade are computed partly from
gpecific measurements, samples, or
production deta, and partly from
projection for a reasonsble distance

on geologic evidence, The glies
syailable for inspe¢tion, measurements,
and sampling are too0 widaely or otherwlas
inappropriately spaced fo outline the
gre completely or to eatablish 1ta grade

throughout.

Inferred ore is ore for which gquantitative
eatimates are bssed largely on broad
knowledge of the geologic character of

the deposit and for which there are few,

if any, samples or measurements, The




Such reserve based on measurement by means of
drifts and trenches, will also be classed as measured

and/or indicated ore.

Under the category of inferred ore, will be
computed all reservea that lle within the detted areas

shown on the Reserve Plan - Fig. 6.

specific geologle evidence of thelr
presence, Betimates of inferred ore
should include & statement of the speclal
limits within which the inferred ore

may lie". (Mckinstry 1948},

iv. Another class of ore will be reported
here under the name of expected ore,
because 1+ cannot be included under any
of the above classes, It was estlmated
on the basls of the broad knowledge of
the geologic charascter of the Area and
the very widely spaced pilot sampling

ol some o the outcyropE.

I+ is to be noted that in our statement of reserves,

both the measured apd the indicated reserves will be




=

1

0
L

L]

reported together, due to the fact that at this stage,
drawing of a clear demarcation line between these +wo

classes is not recommended, eszpecislly since some of

the areas containing these reserves, are currently |
1
being subjected to further investigations and follow-

up drilling., I
|
!

Under this category of reserve, shall be included |
all tonnage measured by means of drill holes, drifts,
trenches and close outcrop sampling; linked with our
knowledge of the geology of +he district and more
particularly the geelogy of the deposit and the dlspersion

pattern of copper mineralisa+ion in the Horizon

{cf. Reserve Plan - Fig, 6).

Whenever core drilling was used and as long as
the grid epacing did not exceed 500m, the computed

ore wag claseifled as measured and/or indicsted,

Whenever sampling and measuremernts were made by
means of drifts, the average asssay value and ore thicke
ness of the equally spaced groove samples (saken from
stations at 5 meter intervals along the walls of every

drift) were applied 40 an area bounded by an Anferred
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Sectlions of these various &reas will each be
given the average assay vdlue and ore thickness of

the bdlock{s) of measured and indicated reserves, that

lie in immediate proxlimity. The geological data,
structural pattern of outcrops Bnd results of pllot
sampling in +the various dotted areas will alsc be

coneidered in their evalustion.

The category of expected ore, shall be parely
baged on geologic and outercp evidence, as long as
it iz bpelieved that such expected ore is not wvery deep
or beyond the reach of the explerer. Although the
Lower Ou-Horizen in the subject Area is not less than
150 sguere kilometers in area (of. Ga2ologlc Map -
Enclosure 1), only about one-fifteenth of +his area
wes selected for consideration as & good target for

expected ore.

The reported reserve ss such under all categories
shall be limited to the computed tonnage in +he Lower
Cu-Horizon, only. No attempt will be made +o compute
the reserve which was intercepted locally in the
Upper Cu-Horizon of the Varlegated Sandstone Unit, due

to the fact that the Cu-dlspersion pattern in this




S

Horizon is rather erratic and patchy, and cannot be
reascnably forecast for distences longer than 20m
from any sampling station. Nevertheless, something
like three million tons of Cu-ore of an average grade
around 0,65% Cu can be selectively gsined from the

different cutcrops of the Upper Horizon.

B. Statement of Reserves

Table (III) gives & summary of the sampling
programme and areas of influence related 4o avery
average value computed for each bleck from the
individual pub-messurements made at the different

sampling ststions within that block,

Table (V) gives the plan areas of the different

blocks of inferred ore.

For the purpese of the calculations made for this

Report arbitrary cut-off grade of 0,4% Cu wes established,

Thiz cut-off grade was employed all the way

through the calculetions of the average Cu-assay walues
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Accordingly, the following tonnages wera

obtaineds

1. Measured and/or Indicated Reserve

(a) Ore ¢ 19,816,889 metric tons

with Aan average copper

content equal l.364%,

and &n average thicimesa

egual to 2,06 meters,

(b) Copper ¢ 265,510 metric tons,

1% Inferred QOre

15,5919, 450 metric tons, most probakly

of the same grade and thickness as above,

ili. Expected Qre

50,000,000 metric tone (minimum),

rossibly of the same grade and thickness
a3 above, This expected ore lies mainly
in Wedi Ratya, Ehirbet el-Nahas,

Wadi el-Hammar and Helaysia—Salwan areas.




2. Mangansse Ore Beperves_

The same definitions which were used for
defining the Copper Ore clagsses and categories, will
be used in the cage of caloulating Manganese Ore
Reaerves, The projected limits of the ere-lenses for
the inferred and potential ore, depended mainly on
gvidence from drill holes, drifts, trenches and
oatcrop sampling. The mode of oocurrence of fthe
manganese concentrations in the Area, waa carefully
taken into account, when the estimation was made for
the different categories of ore reserves reported

hereln,

Such manganese concentrztions were intercepted

in the following areas and blockst

A%t Dabbah area in general (except in block BH-4),
and in blocks numbered D 1, 2, 3, 4, 5, &y 11; 12, 13,
14, 20 and X,

Very rich outcrops of concretlionary manganese
orey; were alse located at Salawan and Wadl el-Hammar

ATERH,
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Computations and inferpretation of the
mezsurements and ob=ervations made at the different

localities gave the following resultas:

1. Measured and/or Indicated Reserve

1,19 million metric tons of ore, with
an averasge content of &2 mangenese
and l.dﬁ copper, and having an average

thickness of 1.9 mefers {Tatle IV},

i B B Inferred Ore

400,000 metric tons most probably of

the same grade and thickness as above,

iii, Expected QOre
3,000,000 metric tons, are expected

to exist mainly in the vicinity of

Wadi Dena, Sslawen and Wadi el-Hammar

HTEES,

In computing the sbove tonnages, a specific

gravity of 4.2 was used,
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X, CONCLUSIONS AND RECOMMENDATIONS

Prom the subject metter and illustrations of

the preceeding chapters, we can conclude the following

l. Approximetely, 36 million metric tons of
ore reserve with an average grade of 1,36% Cu have
already been measured/indiceted and inferred in the
subjeoct Area. Beside +this reserve, a minimum of
50 million metric tons of ore of the same grade is

expected 4o exiast in the same ares.

2, Manganese ore reserves of 1.6 million metric
tone have mlso been measured/indicated and inferred
with an average content of 29% Mn. In addition,
there is an expectancy for reserves of another thrae

million tons of Mi ore.

3. The above stated regserves all exiat in +he
Lower Copper Horizon, However, there are ancther
three million tona of copper ore reserve with an
average grade of (,65%, existing in the Upper Copper

Horizen of the Variegsted Sandeotone Unit, which can
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be mined from the cuterops of this Unit within the

aubject Area,

}« The area which waa investigated within the
sctope of the Pilot Exploration Scheme only oowverad
8 very limited portion of +he subject Ares where

both copper horizons are known +o exist,

5. Mineraslisation in the major Copper Horizon
(the Lower) i3 of epigenetic origin whioh wasn brought
t0 1%s present level by descending solutions from
the Upper Copper Horizon. The lateral distribution
0f copper minerala in this major Horison s rether
persistant and uniform: On the cther hand, copper
mineralisation in 4he Upper Horizen is patohy and
cannot be safely forecast +o distances longer +han

20 meters from the sampling stationa,

6. There ia a good chanse that the copper
deposit under considerat+ion might eventually prove
t0 b2 a relatively big ¢opper deposit whose develop-
ment and exploitation could, in the future, play

a8 major role in the econcmy of Jordan. Even now,
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with the amount of reserves which have been already
established, there is justification for Jordan to

build a copper plant of moderate size,

T« The mineral bearing horizon, which is
lithologically designated as dolomite-limestone-shale,
has shown, on chemical analysias, that it is mainly
composed of silica and alumina, The carbonate content
iz much less than would be normally expected with

the presence of dolomite and limestone facies.

Accordingly, the following recommendations

are put forwerd:

A. The area to be covered by drilling and
sampling should be expasnded with special emphasis
on areas where the major copper horizon is ocut-

eropping or expected to be relatively shallow,

B, On the completion of the recommended second
phase of work, a sub-surface structural and tectonic
map for the Copper Horlzon should be constructed +o

assist mine planning in the future,
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G. Steps toward defining the best{ meansa
of extracting the metal from its ores should

be initiated.

D. Future planning for the development of
the Area, should take into consideration the
possibility of utilizing the manganese 85 A

by-product of the copper plant.

E. The Area should be made eaaily accessible
throughout the year for heavy duty equipments and

Frocka,.

F. Since the water resources and springs
existing in the Area, are not yet utilized, a
first priority for their unse should be reserved

for a possible future copper plant.
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