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ABSTRACT

Geochemistry Division of NRA carried out geochemical
prospecting for minerals in the Wadi Sabra (ARAGEO4 Sector) area, in
southwestern part of Jordan.

The study area covers 2 km” approximately, covered by geological
map of 1:100,000 scale.

The geochemical exploration for the area was carried out through
rock and heavy mineral concentrate samples. The work was executed for
multi-element and gold analysis. 28 chip rock samples and 19 heavy
mineral samples were collected. These were analysed for gold using
Atomic Absorption Spectrometry (AAS), and for multi-element by using
Inductive Coupled Plasma Emission Spectrometry (NRAs - ARL - ICP)

Native gold grains (nuggets) were detected under microscope. The
oold content amounted up to 5.79 g/ton from heavy mineral concentrate
samples. Also, it gave 269 mg/ton in rock samples.

The maximums value for manganese (MnO) reached to 15% , Iron
oxides (Fe,03;) occurrences with highest value of 18.9% in the rock
samples have been identified in the study area.

The results obtained from this geochemical work indicate that gold (Au)
mineralization, should be investigated extensively In order to trace and
identify the source in Wadi Sabra. In addition of geochemical
investigation for manganese and iron occurrences with their associated

elements, in order to determine their origin and importance in the area.

1 Al-Dalou & Abu Laila, June 2000




1. INTRODUCTION

1.1 Location and Access

The study area covered 2km” approximately and situated at 95
km. north-northwest of Aqaba in southern Jordan (Fig.1).

The area lies some 13 km. east of the Amman-Safi-Agaba
highway, through Wadi Abu Khusheiba off Wadi Araba. Access by
4- wheel drives vehicle.

1.2 GEOE%_Y

The area composed mainly of igneous rocks (Fig.2), and it
forms apart of northernmost outcrops of the Arabian Shield, which
extends to southward into Yemen.

The study area is covered by undifferentiated Precambrian
eruptive rocks, biotite and biotite-muscovite aplitic granite, quartz
porphyry, porphyrite, pegmatite, schist, also sedimentary rocks of
Cretaceous age, with gypsum and oil shale fragments observed
adjacent to the study area.

The area affected by alteration, and contains iron oxide
outcrops, spots of manganese oxides and epidote filling the
vesicular of some eruptive rocks. The area intersected by many
faults of deferent directions.

1.3 Previous Work
1.3.1 Geological surveys

The First detailed study of the basement rock were made by
Qunnel who defined the Aqaba Granitic Complex (1951) and
compiled three geological maps at 1:250,000 scale, to
accompany the first synthesis on geology of Jordan by Burdon
(1959). In 1968, F.Bender published geological maps covering
Jordan at 1:250,000 scale, and in 1974 the German Geological
Mission, still with F. Bender, published three maps at 1:100,000

3 Al-Dalou & Abu Laila. June 2000



Flgure (1) Location Map of Study Area, Wadi Sabra
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Figure (2) Geological Map of Wadi Sabra (ARAGEO4)
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scale for the southwest region. Vanden Boom and Lahloub
(1964), Vanden Boom and Rosche (1969) carried out the
subdivision of the basement for these maps. Also, the area
covered by landsat image.

1.3.2 Geochemical Exploration

The geochemical and mineral exploration, was carried out over
mmmeaw e vy vaAw N AZALLLLR IODIVIL VI L/ VpCall WOLLLTIULLLICS (LU ),

The geochemical exploration undertaken in the Agaba and Araba
complexes has been detailed in NRA report entitled
Geochemical and mineral exploration of Aqaba-Araba Complex
- Final report (NRA & BRGM Project stuff 1994). This report
included the study area (ARAGEO4).

2. EXPLORATION METHODS
2.1Field Work
2.1.1 Rock Samples
A total of 28 chip samples were collected. These samples are
about 2 kg each. These were collected from the rocks
outcropping in the area. The samples were crushed and sieved to
grain size > Imm. Figure (3) shows the sample locations.
2.1.2 Heavy Mineral Concentrate (H. M. C.) Sampies
A total of 19 heavy mineral samples were collected from the
alluvium in stream sediment. F igure (4) shows the sample
location. The samples sieved at the sampling site to get about four
liters volume of alluvium with grain size less than 1mm. The
samples were placed in 8 liters stainless-steel pans, and washed in

seawater close to Agqaba, to eliminate the material of

6 Al-Dalou & Abu Laila, June 2000




Figure (3) : Rock Sample Location Map
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Figure (4) : Heavy Mineral Sample Location Map
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law specific gravity, and to get about 200 g.of heavy mineral
concentrates.

The concentrates were well rinsed in fresh water and dried on

plates in the sun.

2.2 LABORATORY WORK

Rock and heavy mineral concentrates samples quartered to obtain

about 100 gr. of each sample, and then ground to grain size >100
um. for multi-element (ICP) and Au (AAS) analysis in ARA

Laboratories.

2.2.1 Multi-element analysis by ICP
The ICP - AES (Inductively Coupled Plasma Atomic

Emission Spectrometry) method, was used for 32 elements
analysis. These are 8 major elements, (Si0,, Al,Os;, Fe,0s,
Ca0, MgO, MnO, TiO,, K,0), and 24 trace elements (P,0s, Li,
Be, B, V, Cr, Co, Ni, Cu, Zn, As, Sr, Y, Nb, Mo, Ag, Sn, Ba,
La, Ce, Pb, W, Bi, Zr). The digestion was with Sodium
Peroxide.

2.2.2 Gold (Au) analysis by AAS

Atomic Absorption Spectrometer, Perken Elmer 3030 AA
Spectrometer with Zeeman background correction, was used
for Au analysis.

The analytical method consisted in dissolving the Au in the
sample through heating with aqua-regia plus iron, then
extracting the Au with a methyl isobutylceton (MIBK) solution
by taking the organic phase which is then introduced in a
pyrocoated graphite furnace and analysed for gold by atomic

absorption.

9 Al-Dalou & Abu Laila, June 2000



3. INTERPRETATION OF GEOCHEMICAL DATA

ARAGEO4, the gold anomaly with one sample point of 1800 ppb,
obtained from heavy mineral concentrates, was first detected during the
NRA /BRGM collaborative project, close to Wadi Sabra in the Ras en
Nagqgab sheet, and the area termed ARAGEQO4 sector.

In the ARAGEO4 sector a geochemical prospecting program was
carried out by the NRA Geochemical Division, to follow up the gold
geochemical anomaly, using rock and heavy mineral concentrate

samples for gold and multi elements analysis.

3.1 Geochemical Analysis for Gold (Au)

3.1.1 Gold from heavy mineral concentrate

The result of AAS chemical analysis of the heavy mineral
concentrate samples for gold (table 1) shows Au content
with maximum value 5.790 g/ton. Table (2) shows the
elementary statistical parameters.

The correlation matrix (table 3) shows that Au is positively
correlated with W, Ag & Zn. Grains of native gold have
been detected and picked up under stereomicroscope by the
authors, from heavy mineral concentrates, it 1s found in thin
laminae.

The source of gold could be confined to cracks, or associated
with intrusion of acidic igneous rocks, and may be
associated with quartz, pegmatite and auriferous sulphides or
the oxides produced by their alteration specially pyrite,
arsenopyrite, chalcopyrite, or sphalerite. Figure (5), shows
gold mineralization areas with associated elements from H.

M. C. samples.

10 Al-Dalou & Abu Laila, June 2000
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Figure (6) : Gold occurrences & distribution from H. M. C. , Wadi Sabra
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The gold in heavy mineral concentrate could be primarily the
result of the weathering conditions (chemically or
physically) removal of a large part of the gangue minerals, if
this is the case, gold migrates slowly downward by gravity
or water and left behind as residual component. Figure (6)
shows gold mineraliztion and distribution in the study area.

3.1.2 Gold from rock sample analysis
The results of AAS analysis of the rock samples for gold
(table 4), show maximum value of gold content 260 ppb.
The elementary statistical parameter shows in table (5). The
gold shows positive correlation with Zn (table 6), gold
mineralization and distribution, shown in figure (7)
The geochemical interpretation of the results of gold and
multi-element chemical analysis of the rock samples shows
that the disseminated gold in the area could be associated
with elements As, Bi, Zn which are originated from
Arsenopyrite (FeAsS), Bismuthite (Bi»S3), Sphalerite (ZnS).
Figure (8) shows gold mineralization areas with associated
elements from rock samples.

3.1.3 Area of gold potential

The area of gold mineraliztion potential, from a combination
(complementary) of results from heavy mineral concentrates

and rock samples, for gold analysis shown in figure (9).

3.2 Geochemical Analysis for Multi-Elements

32.1 Multi-elements from rock analysis

The results of rock sample analysis are given in table (4),

and the results of geochemical exploration are the following:

16 Al-Dalou & Abu Laila, June 2000
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centration & Distribution From Rock Analysis, Wadi Sabra

Figure (7) : Gold (Au) Con
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ciated Elements from Rock Analysis, Wadi Sabra

Figure (8) : Gold (Au) Mineralization with Asso
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3.2.1.1 Ironm
The result of ICP chemical analysis of the rock
samples (table 4) shows maximum value with 18.9% of
iron oxides (Fe,0;). The statistical parameters are
shown in (table 5).
[ron oxides show good positive correlation with TiO,
and fair positive correlation with W, Pb, Ce, Mo and V.
The iron oxide occurrences, outcropping in the area,
could be associated with a fault zone. Figure (10) shows
the iron occurrences and distribution.
3.2.1.2 Manganese
The result of ICP chemical analysis of the rock
samples (table 4) shows maximum value of 15% of
manganese oxides (MnO). The statistical parameters are
shown in (table 35)

Manganese shows good positive correlation with Ba,
Sn, As (table 6). In some samples it is found associated
with iron oxide.

In the area; manganite [MnO,.Mn (OH),] found as
druses of crystal, it is associated with quartz, calcite,
barite, and sulfur SOs this is might be an indication of
hydrothermal manganese occurrences, which is the last
mineral to be formed in this state. Also, traces of gold
are found associated with manganese may be occur in
rock - forming silicates, which carry manganese, or
precipitation of gold with manganese (Robert W. Boyle
1987). Figure (11) shows the manganese occurrences

and distribution.
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3.2.1.3 Copper (Cu)
Copper shows three points with values of 306 ppm,
2111 ppm and 12213 ppm, reflecting spots of copper
mineralization. Figure (12) shows Cu concentration and

distribution from rock sample analysis.

3.2.1.4 Silver (Ag)

Silver shows one point with value of 7 ppm,
associated with iron occurrence, may be related or
trapped within iron oxides. Figure (13) show silver
concentration and distribution from rock sample
analysis.

3.2.1.5 Trace Elements

Lead (Pb), Zinc (Zn), Bismuth (Bi) and Arsenic
(As) these trace elements generally distributed in the
area within the rocks. Figures (14,15,16,17) show the
elements concentration and distribution from rock
sample analysis.

3.2.1.6 Epidote

Epidote mineral has been distinguished during the
field work in the area filling the vesicular of hosted
eruptive rocks.

3.2.2 Multi-Elements from Heavy Mineral Concentrate

Analysis
Copper (Cu), Zinc (Zn), lead (Pb), Silver (Ag),

Arsenic (As) and Bismuth (Bi), these elements were
detected in the most heavy mineral concentrate samples.
One sample number SBH3 show high value of Cu (672
ppm), Pb (704 ppm), Zn (250 ppm) and Au (100 ppb), this
may reflect the occurrences of polymetallic mineralization

close to the sample site, the area should be checked.
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Figures (18,19,20,21,22,23) show the elements

concentration and distribution in the study area, and table

(1) shows the chemical analysis results.
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Figure (10) : Iron Fe203 concentration & Distribution from Rock Analysis, Wadi sabra
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) Concentration & Distribution from Rock Analysis, Wadi Sabra

Figure (11) : Manganese (MnO
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Figure (12) : Copper (Cu) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (13) : Silver (Ag) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (14) : Lead (Pb) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (15) : Zinc (Zn) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (16) : Bismuth (Bi) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (17) : Arsenic (As) Concentration & Distribution from Rock Analysis, Wadi Sabra
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Figure (18) : Copper (Cu) Concentration & Distribution fron H. M. C., Wadi Sabra

2y /{ 2)

729

T

T

. f i <5 f
LG R WA
“ .;"*: (7 3

XIF
/

Cu Results in ppm

A 3 to 30
& 30 to 40
@ 40 to 70
v 670 to 675




729 730

YA ?ﬁiﬁw (@)

"

ez

ST

--rill-"i-
bl e 2

P"

. ‘_
/ _?_F‘,@

728.00 729.00 730.00
| Zn results in ppm
A 0 to 120
& 120 to 150
@ 150 to 255




Figure (20) : Lead (Pb) Concentration & Distribution from H. M. C. Analysis, Wadi Sabra
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Figure (21) : Ag Concentration & Distribution from H. M. C. samples
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Figure (22) : As Concentration & Distribution from H. M. C. samples
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Figure (23) : Bismuth (Bi) Concentration & Distribution from H. M. C. Analysis, Wadi Sabra
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4. CONCLUSIONS

Gold (Au) has been observed under the binocular microscope from heavy
mineral concentration samples, and picked up as grains of native gold
(nuggets). The highest value of gold analysis reach up to 5.69 g/ton, in H.
M. C. where the gold content in rock samples reach up to 269mg/ton,
disseminated in rocks.

Manganese (MnO) reached up to 15% from rock samples analysis,
associated with quartz, calcite, and barium element reach up to 13,000
ppm. It 1s occur in a zone of Mn mineralization associated with traces of
gold.

Iron (Fe;0;) associated with elements (Au, Bi, As, Pb & Ag) from rock
samples analysis, occur with maximum value of total iron reach up to

18%, 1t 1s from iron oxides outcrops in the area.
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S. RECOMMENDATIONS

Gold (Au)
In order to trace and identify the source rock of the Wadi Sabra gold

occurrences, (which has been observed as native gold grains in heavy
mineral concentrate samples) with low coasts, high efficiency and at the
same time producing optimal results, the following geochemical
exploration program is recommended.

® Area A (figure 9)

Rock sampling for gold analysis on 50 by 20-m. grid and heavy
mineral concentrate samples should be taken from the small wadis
located on the grid site. The area is about 0.2km?.

* Area B (figure 9)

Heavy mineral concentrate sampling for Au analysis from second and
third order wadis of the area of Au contents, it should be taken on a
closely spaced intervals. Some of collected samples should be study
under the binocular microscope.

Manganese (MnO)

Rock sampling for the manganese mineralization zone, in order to
determine the type of manganese occurrences and associated elements in
particular the gold is recommended.

Iron (Fe,0;)

Rock sampling for the iron outcrop to study the associated elements (Au,
Bi, As, Pb & Ag) and the type of iron occurrences in the area is
recommended.

Geological map

Geological mapping with 1:10,000 scale should display the different
alteration types and geological structures are recommended. Petrographic
studies of thin section should be under taken to assist with alteration

identification, in Wadi Sabra area.
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