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 ، شمال الصحراء الشرقیة، مصرمنقول جنوب جبل بریشیالالتحقیقات الجیولوجیة والجیوفیزیقیة 

أجســام فـي  التمعـدنات شـر هــذهتتنحیـث شـمال الصـحراء الشـرقیة. منقــول، جبـل  فـي جنـوب والبـاریوم والـذهبالنحـاس  بتمعــدناتتهـتم هـذه الدراسـة  ة:ـالخلاصـ
ثنـین میكـا المتوسـط لااالمتـداخلات الجرانیتیـة ذو الخشـن الحبیبـات و  ىوتـایتتصال بین الجرانیت البیلاا على حدودیر اتغال عالیةنطاقات خلال المتواجدة بریشیا ال

الحراریـة المائیـة  السـوائلتصـعد ، حیـث جنـوب –وشـمال  غرب جنـوب غـرب –شمال شرق  شرقالصدوع المتجهة  فى نطاقات بریشیاالهیئات تتركز . الحبیبات
 یراتغـمـن الهـالات مصـاحبة لعملیـات البریشـیا المكثفـة المصـاحبة لتواجـد نحـاس، البـاریوم والـذهب المـن  ناتعدمت تم العثور علىی رسبة التمعدنات.والمعدنیة م

 .مدىواسعة ال

أن یكـون اقتـرح د لمـواد المعدنیـة. وقـالحاویـة لشـدید و التغـایر المنطقـة  الجرانیـت وكـذلك تمیـز ىفصـل تمامـا بـین نـوعأن ت الإشعاعیة الطیفیةالقیاسات استطاعت 
 ىعمـل الجیوفیزیـائالمل تشـ. وقـد إثنـین المیكـالاا بتـداخلات الجرانیـت ذو المرتبطةو لسوائل المعدنیة ل الحاملةحراریة یشیا المتمعدنة هو المحالیل المصدر هذه البر 

جیولوجیـة ال البصـمةفـي تحقیـق  لطـرقا ) والمسح المغناطیسـي. وقـد اسـتخدمت هـذهVLF-EMجدا ( التردد المنخفض والمسح الكهرومغناطیسي ذ تطبیقعلى 
متطابقـة  ههیئـات ممـدود فـي شـكلتتواجـد  یةتحـت السـطح اتمعـدنالتف. كشفت دراسـة التـردد المـنخفض جـدا أن یستضلملجرانیت ااو البریشیا  هذهلجیوفیزیائیة الو 

. شــاذات توصــیل عالیــة وجــودا المنخفضــة جــد التــردداتالكنتوریــة الناتجــة بعــد معالجــة بیانــات  أوضــحت الخریطــة  وقــدعلــى الســطح.  تركیبیــةمــع الســمات ال
یقتـرح أهمیـة ، عالیـة المـدىأجـزاء  إلـىفصـل والـذى ین ىقـو ال لوصـیتهـذا ال تختلـف قـیم التوصـیل الخاصـة بالبریشـیا لكمیـة ونوعیـة المتـداخلات التـى تمتلـئ بهـا.و 

هــذا  بــروزرجــع وی نقــول بشــاذات عالیــة ومتطاولــة.خریطــة الشــدة المغناطیســیة الأرضــیة ارتبــاط نطــاق التمعــدنات بمنطقــة م تظهــرف. حیــث للاستكشــا الموقــع
التــردد المــنخفض جــدا  كــلا مــن تفســیر یثبــتالكبیــرة فــى القابلیــة المغناطیســیة العالیــة لتمعــدنات منطقــة منقــول مقارنــة بالجرانیــت المحــیط. مفارقــة الشــذوذ نتیجــة لل
 .متطابقة مع السطحو  أعماق مختلفة جنوب ممتدة على غرب جنوب غرب وشمال –شرق شمال شرق الاتجاهات التكتونیة أن والمغناطیسي 

ABSTRACT: This study is concerned with Cu, Ba and Au mineralizations in south Gabal Manqul, Northern Eastern 
Desert. These mineralizations are disseminated in breccia bodies through highly altered contact zone between coarse-
grained biotite granite and medium two mica granitic intrusion. These breccia bodies tend to follow the ENE-WSW and 
N-S faults, where the hydrothermal mineralized fluids passed and the mineralizations were deposited. Extensive 
alteration haloes have been found where copper, barium and gold mineralization are restricted and exceed with 
intensive brecciation occurs. 
The spectrometric measurements exactly separate between the two granite types and well discriminate the highly 
altered and mineralized zone. A hydrothermal origin has been proposed for these mineralized breccias where a high 
potential mineralized fluid associated the two mica granitic intrusion. 
The applied geophysical work includes very low frequency electromagnetic (VLF-EM) and magnetic survey. These 
methods were used to investigate the geological and geophysical signature of these breccias and their hosted granite. 
The VLF study revealed that the subsurface mineralization is in the form of elongated bodies concordant with its 
structural features at the surface. The filtered VLF-EM contour map shows positive conductive anomalies. The breccias 
have gradational values of conductivity according to the degree of brecciation and the amount of quartz 
interfragmental filling. This strong conductivity was separated into parts of high amplitudes, resulting in an obvious 
exploration target. 
The ground total magnetic-intensity map shows a relatively elongated anomaly for the Monqul mineralized zone. The 
prominence of the anomaly can be attributed to the strong contrast between the magnetic susceptibilities of Monqul 
mineralized zones and the surrounding granites. Both VLF and magnetic interpretation prove the extension of the ENE-
WSW and N-S tectonic trends at different depths concordant with the surface. 

A. INTRODUCTION 
The area of study and its surroundings is built up 

of igneous and metamorphic rocks of late Precambrian 
age. The area is located in the Northern Eastern Desert 
of Egypt between latitudes   27° 48′ 30" N - 27° 49′ 30" 
N and longitudes 33° 4′ 25" E - 33° 5′ 35" E (Fig. 1). 
The relationship between breccia bodies and ore 

deposits is well documented in the literature (Phillips, 
1972; Sawkins, 1984; Norman and Sawkins, 1985).  
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Fig. (1) Geologic map of South of Gabal Monqul, Northern Eastern Desert, Egypt . 

 

 

 



Geological and Geophysical Investigations 169 

Surface mapping of the area south of Gabal 
Monqul indicates different alteration types such as 
episyenitization and K-metasomatism. Advanced 
argillic alteration has been identified (Botros and 
Wetait, 1997). These alteration assemblages are typical 
of porphyry copper deposits (Gustafson, 1978, Sillitoe 
et al., 1990).  

The aim of this study is to determine the 
geological and geophysical signature of the mineralized 
breccia in the studied area. The real advantage of using 
several geophysical methods in a coincident survey is 
the ability to screen the subsurface conditions at 
different depths using different ground geophysical 
parameters. This may allow for getting several 
consecutive depth images of the breccia bodies with 
depth, where the geophysical measurements are 
acquired. Magnetic survey was conducted to screen the 
detected mineralization at different depths. VLF-EM 
measurements were conducted to get a general overview 
of the subsurface distribution of mineralization in the 
study area. Gamma-ray spectrometry survey was a final 
step towards completing the image that explains the 
surface mode of occurrence of the detected 
mineralization. Gamma-ray spectrometry, based on 
chemical contrasts associated with shallow alteration 
halos, can be used as good criteria for uranium 
enrichment or depletion. 

B. GEOLOGICAL SETTING 
The Eastern Desert (ED) of Egypt is a part of the 

Arabian-Nubian Shield, which is constituted of arc(s)-
inter-arc(s) rock associations that collided at a time span 
between 750-650 Ma (Stoeser & Camp, 1985; Kr ِ◌oner 
et al., 1987; Abdel-Meguid, 1992). They are intruded by 
syn- to late-tectonic dioritic-granodioritic plutons at ~ 
612 Ma as in Meatiq area (Sturchio et al., 1983). A 
flood of large ion lithophile (LIL) enriched granites with 
Dokhan volcanics flow were extruded and intruded the 
Shield (El Shazly et al., 1980).  

The younger granites (YG) of south Gabal 
Monqul represent the youngest Pan-African intrusive 
rock unit. According to the field investigations, they can 
be divided into two granite types, showing variations in 
colour, grain size and mineral composition. The first 
type has a low relief, and consists of pale pink, coarse-
grained biotite monzogranite with accessory minerals; 
apatite, titanite, opaque minerals, chlorite, epidot and 
sericite. This type has many subrounded to rounded 
xenoliths from mafic pebbles of different sizes. The 
second type has a moderate relief, and consists of pink, 
medium-grained equigranular two mica granitic 
intrusion, with accessory minerals; titanite, zircon, 
opaque minerals and chlorite.  

The contacts between the two types are mostly 
sharp and well defined in the field. The second type has 
dyke-like bodies in some parts. The area is intersected 
by ENE-WSW and N-S faults. The breccia bodies are 

present between the two different granitic types mostly 
along the contact zone. These bodies are of circular 
shapes related to the faulting where extensive 
hydrothermal alteration events affected the host rocks 
along the contact between the granite types.  

The granitic rocks of the studied area are cut by 
several basaltic, andesitic, doloritic and rhyolitic dykes, 
as well as pegmatites and quartz veins. The basic and 
acidic dykes are predominant, whereas intermediate 
dykes are relatively subordinate. All the dykes are 
relatively resistant to weathering, giving rise to 
pronounced ridges that cut across the country rocks. 
These dykes exhibit a marked variation in colour, 
texture, grain size and mineral composition. Some 
dykes show distinctive swelling and pinching in 
thickness; although the majority attains a uniform 
thickness. They are mostly vertical, vary in width from 
0.3m to 15m, extending up to one kilometer in length. 
Sometimes, they form swarms running parallel to each 
other as in the western part of the study area. Three 
main trends: N-S, E-W and ENE-WSW to NE-SW were 
detected. The N-S and E-W dykes are basic in 
composition (andisitic to doleritic). The NE-SW 
trending dykes are mainly of rhyolitic composition and 
cross cut the E-W trending ones. The N-S trending 
dykes cut all the previous dykes (Fig. 1) so, they are 
considerable to the youngest in the study area.  

C. CHARACTERISTICS OF THE 
MINERALIZED BRECCIA  

1- General features 
Three breccia bodies were recoded in the granite 

of south Gabal Monqul. Their outcrops are readily 
mappable, according to their pattern. The breccias are 
situated along the contact between coarse-grained and 
equigranular two mica granitic intrusion (Fig. 2). They 
have a circular to oval shape, with a diameter of about 
50m to 70m. 

The breccias are disaggregated with a highly 
variable fragment sizes ranging from 2cm to 50cm. The 
breccia fragments are typically angular while 
subrounded pieces are also present, secondary quartz are 
filling the inter-fragments. 

The relatively simple features of the breccia are 
indicative of only one brecciation event. A well-
developed oxidation zone with secondary iron and 
cupper oxides could be traced along fissures. Secondary 
minerals such as quartz are also observed in cavities. Cu 
mineralization is restricted mainly to the breccias and 
highest values are obtained in sheeting zones bordering 
the intensely-brecciated bodies at the intersection 
between ENE-WSW and NS fault trends.                 

2- Hydrothermal Alterations 
In addition to the argillic alteration, other three 

main alteration assemblages are recognized in the 
examined area.  
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Fig. 2: (a) Angular fragment and quartz interfragmental filling in breccia at the 
contact between the coarse-grained biotite and medium-grained grnaites. (b) 
Subangular to subrounded fragments of coarse-grained biotite grnaite in breccia. 

 

 

 
Fig. (3): Total count (T.C, Ur) radiometric contour map with the geology  
background of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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          Episynitisation is the first alteration process 
where the quartz dissolution was followed by potassium 
metasomatism where the vugs of the dissoluted quartz 
were filled by K-feldspar. Hematitization are widely 
distributed especially around the breccia bodies. Specks 
of Au are linked to this alteration and are associated 
with enargite, bornite, covellite, chalcopyrite, chalcocite 
and altered magnetite (Botros and Watait, 1997). The 
barite veins of south Monqul are believed to be formed 
by the same fluids that were responsible for the 
advanced argillic alteration. Gold was noticed in 
different targets; as secondary quartz veinlets traversing 
granite porphyry, auriferous quartz veins that are 
distributed in the phyllic zone, and dispersed in barite 
veins associated with high sulphidation minerals.  

D. GEOPHYSICAL FIELD PROCEDURE 
a. GROUND γ-RAY SPECTROMETRIC SURVEY 

Detailed ground geophysical measurements were 
carried out over the south Monqul granites using 
uniform square grid interval of 20m for the study area 
(600 m × 500 m). Ground gamma-ray spectrometric 
surveys have been conducted using a high-sensitive and 
well-calibrated gamma ray spectrometer (GS-256).  

1- Total-Count (T.C., Ur) Radiometric Contour Map 
South Monqul younger granites are discriminated 

as to have moderate to high radioactivity. However, the 
total-count radiometric map clearly exhibits distinctive 
anomalies over the mineralized breccia zone, reaching 
up to 80Ur. This is well demonstrated in the central 
parts of the study area in the form of separated high 
spots (Fig. 3). The T.C radioactivity ranges from 16 Ur 
to 40 Ur. They are encountered as large oval-shaped 
radioactive anomalies that divide it into two small 
semicircular anomalous zones. They are associated with 
the Cu- mineralization that lies to the east of the study 
area, representing the main central anomaly. The 
highest circular radioactive anomaly attain values >80 
Ur and is located to the northeast of the study area.  

2- Potassium (K %) Contour Map 
Alteration zones can be readily detected from 

gamma ray spectrometric surveys that can identify K-
rich alteration zones.  

The potassium surface distribution contour map 
(Fig. 4) shows that the younger granite has a high level 
of K-content, ranging in intensity from 3 % to 6 %. This 
increase in K content results from the highly fractured 
and altered younger granites, beside the intrusions of 
late intrusiontic medium-grained granites, which are 
characterized by their relatively high radioactivities. 
The highly altered zone in the northeast of the study 
area attains values up to 8 K%. The central part of the 
area has a number of elongated anomalies reaching up 
to 6 %.  

 

3- Equivalent Uranium (eU, ppm) Contour Map 
The equivalent uranium content ranges from 4-12 

ppmeU, is located over the younger granites (Fig. 5). It 
is controlled by main fault trends in the study area. The 
uranium distribution attains values up to 40 ppmeU over 
the mineralized breccias, where the Cu, Ba and Au-
mineralization and prominent alteration features were 
detected. These anomalous zones are elongated mostly 
in the NW-SE and NE-SW directions, the highest one 
lies at the northeast of the mapped area along the NW-
SE direction. They have circular to oval shapes, with 
diameters of about 70m.  

4- Equivalent Thorium (eTh, ppm) Contour Map 
The equivalent thorium (eTh) contour map (Fig. 6) 

shows that the concentration ranges from 16 to 24 
ppmeTh on the younger granites. The zone, with eTh 
ranging from 28 ppm to 36 ppm, is encountered with 
different shapes trending in the E-W and N-S directions, 
and mostly coincides with the more differentiated 
medium equigranular two-mica granite which has dike-
like bodies along those directions. Anomalies that 
possess eTh radioactivity more than 38 ppm are located 
as scattered spots in the altered zones.  

5- eU/eTh Ratio Contour Map 
The eU/eTh ratio ranges from 0.2 to 0.7 coincides 

with the mineralized breccias as semicircular anomalies. 
Three main anomalies are dissected by N-S faults and 
exhibit values reaching more than 5 (Fig. 7). There is a 
direct relation between uranium anomalies and eU/eTh 
ratio and this is a characteristic feature of the altered 
mineralized zone, where U-mobilization and enrichment 
is present. On the other hand, the unaltered younger 
granite, at the northern part of the study area, dos not 
have appreciated eU/eTh ratio or any distinctive 
anomalous signature and its contours take irregular 
shapes. 

6-Uranium Mobility (eU-eTh/3.5) Contour Map 
The construction of the uranium mobility map 

(Abdel Meguid et al., 2003) as eU versus eTh/3.5, 
enables delineating the limit between the negative 
contours (depleted zones) and positive contours 
(enriched zones). It is very helpful in defining the trends 
of uranium migration and delineating the most 
promising zones for uranium occurrence. 

The (eU-eTh/3.5) mobilization map (Fig. 8) shows 
a good coincidence with high eU concentrations. The 
northern part of the study area, where unaltered younger 
granite exits have low level of radiations, mostly of 
negative values. The anomalies up to 30 ppm are found 
with dense contour lines superimposed on the 
mineralized zones in the NE-SW and NW-SE 
directions. This is essentially attributed to the uranium 
enrichment without any contribution from the adjacent 
granites. From the alternating negative and positive 
anomalies, the direction of uranium mobilization can be 
traced towards high positive anomalies. 
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Fig. (4): Potassium (K, %) contour map with geology background of South  

of Gabal Monqul, Northern Eastern Desert, Egypt. 

 

 
Fig. (5): Equivalent uranium (eU, ppm) contour map with geology background  

of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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Fig. (6): Equivalent thorium (eTh ppm) contour map with the geology background  

of South of Gabal Monqul, Northern Eastern Desert, Egypt. 

 
Fig. (7): eU/eTh ratio contour map with the geology background of South of Gabal Monqul, 

Northern Eastern Desert, Egypt. 
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Fig. (8): Uranium mobility (eU-eTh/3.5) contour map with the geology background  

of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
 

 
Fig. (9): Total magnetic intensity contour map (nT) with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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b. GROUND MAGNETIC SURVEY 
The exploration in south of Gabal Monqul area 

was directed to define the subsurface structural pattern 
for a uranium mineralization prospect, with strong 
contrasts in magnetic susceptibilities. Besides, the deep 
penetration sensitivity of the magnetic data provides 
direct exploration vectors for determining the continuity 
of any surfacial mineralization at depth.  

Detailed ground magnetic measurements were 
carried out over the studied area using uniform square 
grid interval of (20×20 m). All the ground magnetic 
measurements were collected using the Scintrex proton 
magnetometer; model ENVI.  The acquired survey data 
were displayed in the form of contour maps for the total 
intensity magnetic field and the filtered magnetic data. 

1- Total Magnetic Intensity Contour Map 
The total magnetic intensity map (Fig. 9) contains 

elongated positive and negative magnetic anomaly 
closures, associated with south Monqul mineralized 
zone. Most of the magnetic anomalies are distributed 
along two linear positive magnetic anomalies and one 
negative magnetic anomaly that trend approximately in 
an E-W direction. These anomalies are attributed more 
or less to the altered zone. The main magnetic anomaly 
possesses several positive peaks on the total-field 
magnetic map, but its amplitude, attaining about 42600 
nT, is by far the largest of any of the recorded 
anomalies. The importance of these anomalies can be 
attributed to the strong contrast between the magnetic 
susceptibilities of the Monqul mineralization and the 
surrounding granites. The prominence of the sudden 
changes in spacing over an appreciable distance, that 
trend mostly in the N-S direction suggests discontinuity 
in depth, possibly due to effective of subsurface major 
faults.  

2- Reduced to the pole for the total magnetic field 
Map (RTP) 

The reduced to the pole magnetic field is used to 
determine automatically the source parameters as in the 
northern pole of the earth. The reduced to the pole 
contour map (Fig. 10) displays the South Monqul area 
with prominent linear belt of positive magnetic 
anomalies that extend across three main units, trending 
on E-W direction across the study area. The southern 
part of the study area is characterized by much broader 
positive magnetic anomaly elongated parallel to and 
coincides with the main mineralized zone. The 
formation of brecciated bodies is related to faulting 
where extensive hydrothermal alteration events affected 
the host rocks along the contact between the granite 
types.  

The oval anomaly located at the central part of the 
study area is explained by the causative body coincides 
with a prominent elongated high magnetic anomaly. 
This agreement with the total magnetic intensity map 
(Fig. 9) suggests that the alteration has a large-extension 

buried body, extending along the E-W direction. The 
area is controlled by left-lateral strike slip faults 
trending nearly E-W, N-S and NW-SE, that dissect each 
other. In the southern part the N-S and NW faults are 
displace the E-W faults, whereas in the northern part the 
E-W faults displace the N-S faults.  

3- Regional-Residual Separation 
The isolation of magnetic anomalies was carried 

out for the total magnetic intensity map (Fig. 9) 
depending on the results of the energy spectrum 
analysis, using the Geosoft Program Package (Fig. 11). 
The method was applied to the total magnetic intensity 
data to obtain the average depth to the responsible 
subsurface geological sources as well as the differential 
magnetic response of each source ensemble that lie at a 
certain depth. This operation resulted in the construction 
of two maps namely; the regional magnetic-component 
anomaly map that is reduced to the magnetic pole (Fig. 
12) at a depth of interface reaching 125 m and the 
residual magnetic-component anomaly map that is 
reduced to the magnetic pole (Fig. 13) at a depth 
interface reaching 26 m.  

4- Regional Magnetic Anomaly Map 
The South Monqul area is associated with distinct 

regional magnetic anomalies that are, elongated in the 
N-S direction, with amplitude reaching about 42800 nT 
(Fig.12). This anomaly is superposed on a much 
broader, roughly oval-shaped magnetic high that 
extends along the eastern part of the studied area. The 
western part of the area is characterized by very low 
magnetic anomaly (41700 nT) trending NNW-SSE. 
These two major anomalies are displaced with WNW-
ESE faults. High potential hydrothermal mineralized 
fluids are proposed for the formation of breccias bodies 
through the intersection of the main tectonic trends in 
the area.   

5- Residual Magnetic Anomaly Map 
Narrow zones of positive and negative anomalies 

elongated mainly in the N-S and NNE-SSW directions 
embrace the surface projections of the South Monqul 
area (Fig.13). The central part is uplifted due to the 
effect of two normal faults that are accompanied by 
mineral solutions. The effect of tectonics and solutions 
may have resulted in the formation of the brecciated 
bodies.   

6- Analytical Signal Magnetic Map  
The analytical signal of the magnetic field is used 

to determine automatically the source parameters of 
dike-like structures. The analytical signal contour map 
(Fig. 14) displays the prominent linear belt of positive 
magnetic anomalies trending in the E-W direction 
across the study area. The central part of the study area 
is characterized by much broader positive magnetic 
anomaly. This anomaly is related to very high magnetic 
level in the RTP magnetic map that is is associated with 
the highly altered brecciaed body.  
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Fig. (10): Reduced to the pole magnetic contour map with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
 

 
Fig. (11): Power spectrum of the total magnetic intensity data for regional-residual  
anomalies separation of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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Fig. (12): Regional magnetic anomaly contour map with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 

 
Fig. (13): Residual magnetic anomaly contour map with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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Fig. (14): Analytic Signal magnetic anomaly contour map with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
 
 

 
Fig. (15): VLF-EM (F=17.4 kHz) Fraser Filtered contour map with the main interpreted  

structures of South of Gabal Monqul, Northern Eastern Desert, Egypt. 
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This suggests that hydrothermal solutions were 
enriched with iron oxides and the high thickness of 
altered brecciaed body located at the center of the 
studied zone.  

The interpreted structure played a considerable 
role in the enhancement of the deep and near-surface 
faulting systems affecting the study area. The 
interpreted structural map deduced from the analytic 
magnetic data shows mainly two intersecting sets of E-
W and NW-SE trending faults. The first interpreted 
group of faults comprises those with nearly E-W trend. 
These faults represent the main trend through which 
hydrothermal solutions were flown causing the 
mineralization. These faults of deep-source regional 
contacts are dissected and displaced by the NW trending 
faults. Most of these faults cause sudden change in the 
contour spacing over an appreciable distance which 
suggests a discontinuity in depth due to these normal 
dip slip faults. 

c. GROUND VLF-EM SURVEY 
1- Filtering and Interpretation of VLF-EM Data 

The point where the tilt angle crosses over from 
being positive to negative polarity is usually interpreted 
as being immediately above the top of the conductor 
causing the anomaly. Fraser (1969) designed a filter to 
shift the tilt angle data by 90 degrees, so that the 
crossover and inflection points become peaks. The 
Fraser filter uses four consecutive data points, where the 
data were acquired at a regular interval and can be 
applied very simply using a spread sheet. The sum of 
the first and second data points is subtracted from the 
sum of the third and fourth values and plotted at the 
midpoint between the second and third tilt angle 
stations. These yield either negative or low positive 
values. The values are plotted on the lines as the filter 
passes, and the positive values contoured to produce a 
map. The interpretation of filter plots is qualitative. 
Very sharp responses indicate shallow sources and 
conversely, broader anomalies indicate progressively 
deeper sources. The contouring connects responses from 
line to line and serves to delineate the trends of 
conductive zones.  

2- Fraser Filtered VLF-EM Map 
The VLF-EM Fraser filtered contour map (Fig. 

15) using frequency (F=17.1 kHz) of the study area 
shows that the hydrothermal breccias are located along 
gradational values of conductivity that are outlined by 
the contour lines from 0 to 10. The graditional values of 
conductivity is due to the degree of brecciation and the 
mount of quartz interfragmental filling which plays an 
important role in fluid circulation and uranium 
redistribution. There are strong conductivity anomalies 
with great amplitudes, more than breccias up to contour 
line 22, demonstrated particularly well in the eastern 
part of the study area, where the faulted alteration zones 
possessing high conductivities predominate.  

Meanwhile, the granites are characterized by 
relatively weak conductive zones that generally follow 
the N-S trending normal faults. The separated parts of 
positive anomalies are associated with the mineralized 
faulted zones. The negative anomalies to the east of the 
study area are due to high resistive materials. 
Consequently, close correlations are observed between 
the positive VLF-EM anomalies and the existing 
mineralization. Meanwhile, the pronounced negative 
VLF-EM anomalies are noticed in the granites. The 
magnetic and apparent conductivity maps clearly exhibit 
distinctive anomalies, particularly in central regions of 
the area, where the mineralization is associated with 
high magnetic susceptibilities and gradational electric 
conductivities. An excellent correlation is observed 
between the conductivity map and the residual magnetic 
map of the area that provide a means of distinguishing 
between the overburden and the subsurface conductivity 
responses.  

SUMMARY AND CONCLUSIONS 
Three breccia bodies are recorded in the granites 

of south Gabal Monqul. These breccias are situated 
along the contact zone between the coarse-grained 
biotite granite and medium two mica granites. They 
have a circular to oval shape, with a diameter from 50m 
to 70m. The breccia fragments are typically angular, 
while subrounded pieces are present.  A well-developed 
oxidation zone with secondary iron and copper oxides 
along fractures and growth of secondary quartz in 
cavities is present. An extensive hydrothermal alteration 
event affected the host rocks where Cu, Ba and Au were 
deposited in bordering zones of intensely-brecciation. 
All these features are controlled by two master tectonic 
trends, nearly E-W intersected by N-S system faults. 
The hydrothermal origin is proposed for the breccia and 
mineralizations.  

The γ-ray spectrometric maps of South Monqul 
granites show that the mineralized zone is clearly 
detected from the sharp increase in the eU values and 
their ratio with eTh as well as from the marked increase 
of the K values. The direct increase of eU/eTh ratio with 
eU and inverse relation with eTh in these breccia bodies 
is attributed to post-intrusiontic redistribution of 
uranium in contrast to thorium. The processes of 
uranium mobilization towards the alteration haloes are 
very important as such altered rocks were subjected to 
mineral-bearing solutions. 

The reduced to pole magnetic intensity map of 
South Gabal Monqul shows many circular, elongated 
and oval-shaped positive and negative magnetic 
anomalies, associated with South Monqul mineralized 
breccias. The low magnetic values on various magnetic 
maps for the younger granites reflect the low magnetic 
susceptibilities of these rocks. South Monqul is 
associated with conspicuous, elongated positive 
conductivity anomalies. Conductivity is essentially due 
to the mineralization, with no contribution from the 
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adjacent granites. These wide VLF-EM anomalies are 
typical of good conductors. 

Integrating the results of the different three 
geophysical methods used to survey the study area led 
to state that the subsurface mineralized zone in the study 
area is formed by hydrothermal fluids. These fluids 
were ascending slowly by the high resistance of the 
granitic rocks, creating a heap of copper mineral 
concentrations in the deeper part underneath the central 
parts of the highly-altered area. However, some of these 
hydrothermal fluids found their path through the E-W 
fault plane creating the elongated shallower 
concentrations of copper mineralization. In a later stage, 
mineralized zones were displaced by the N-S fault 
system.   
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