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Abstract:

This study was conducted in Hamrat El Sheik area Sodari 
locality, North Kordofan State march, 2023. The study was intend-
ed to the geology and the mineralization of gold in the area. The 
main objective is to investigate the relationship between the geo-
logical structures of the gold bearing rocks and the mineralization 
in Hamrat El Sheik area . The secondary data was collected from 
reports, researches and studies related to the study area this objec-
tive of the study was achieved , The importance of  this study lies 
in exploring the gold ores that are abundant in the study area , 
which are expected to contribute to developing the local resources 
of the region increasing the national income of  Sudan in general 
from foreign currencies that the state treasury needs , This study 
relied on the descriptive analytical approach . The primary data 
included field visits and sampling  from Jebel El Zaraf . Five of the 
collected rock samples were chemically analyzed using the Induc-
tively Coupled Plasma (ICP) and Atomic Absorption Spectrome-
try (AAS) . While the other five rock samples were cut in thin 
sections and studied using petro graphic microscope .The The 
most important findings of this study are : obtained from the petro 
graphic study showed that the gold bearing rocks are characterized 
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by shear zone structures. The gold mineralization in the area is 
linked to quartz veins, which differ in trends and dimensions . 
Chemical analysis revealed that the gold concentration varies in 
values between 0.076 ppm in sample Z9 in medium0 .086 ppm in  
Z5 5.339 ppm in sample Z2. On the other hand, the other elements 
such as Zn, Co, Cr, Ni, Fe show Variable concentrations with re-
gard to that of Au. The study suggested some recommendations 
that detailed investigations are needed for better understanding of 
the type of gold mineralization in El Sheik area and in the other 
part of North Kordofan State where the artisanal gold mining ac-
tivity is practiced  by local miners.
KeywordsGeochemical Methods , Mineralization ,For Gold , As-
sociated Minerals ,Hamrat El sheik, North Kordofan .
استخدام الأساليب الكيميائية للاستكشاف السطحي لمعدن الذهب والمعادن المصاحبة له في 

منطقة حمرة الشيخ - محلية سودري ولاية شمال كردفان - السودان

)مارس2023 حتى أكتوبر 3202م(
مصطفى أحمد الفكي عوض الله – طالب دكتوراه – كلية الدراسات العليا – جامعة كردفان

المستخلص :

أجريــت هــذه الدراســة بمنطقــة حمــرة الشــيخ في ولايــة شــال كردفــان في شــهر مــارس و حتــي   

أكتوبــر 2023م  بهــدف معرفــة علاقــة التراكيــب الجيولوجيــة والتمعــدن في الصخــور الحاويــة عــى 

ــة  ــذه الدراس ــة ه ــن أهمي ــدف وتكم ــك اله ــق ذل ــد تحق ــيخ وق ــرة الش ــة حم ــب في منطق ــدن الذه مع

في الكشــف عــن خامــات الذهــب والعنــاصر المصاحبــة لــه في منطقــة الدراســة  والــذي مــن المتوقــع أن 

يســهم  في تنميــة المــوارد المحليــة للمنطقــة المســتهدفة بالدراســة لتواجــد خامــات الذهــب فيهــا بكــرة 

وكذلــك  زيــادة الدخــل القومــي للســودان عمومــا مــن العمــات الأجنبيــة التــي تحتاجهــا خزينــة الدولــة 

و اعتمــدت هــذه الدراســة عــي المنهــج الوصفــي التحليــي تــم جمــع المعلومــات الثانويــة لهــذه الدراســة 

مــن التقاريــر والبحــوث والدراســات المتعلقــة بمنطقــة الدراســة  وتضمنــت المعلومــات الأوليــة تلــك التــي 

تــم جمعهــا في الزيــارة الميدانيــة والعينــات الصخريــة مــن منجــم جبــل الــزراف  تــم التحليــل الكيميــائي 

لعــدد خمســة عينــات باســتخدام طريقــة البلازمــا بالحــث وجهــاز الامتصــاص الــذرى  وتــم قطــع وعمــل 

الشرائــح الزجاجيــة للخمســة عينــات الأخــرى ودراســتها بالمجهــر واهــم النتائــج التــي خلصــت لهــا هــذه 

الدراســة كالأتي أظهــرت نتائــج الدراســة المجهريــة  أن الصخــور ألحاويــه للذهــب هــى أحزمــة قــص ويمتــاز 



مجلة القُلزم للدراسات التطبيقية -العدد العاشر - رمضان 1446هـ - مارس 2025م     231 231 

Using Geochemical Methods to Prospecting Mineralization for Gold and Associat Minerals in Hamra Sheikh area

ــج  ــا أوضحــت نتائ ــي تختلــف في شــكلها وابعادهــا  بين ــز الت معــدن الذهــب بارتباطــه بعــروق الكوارت

التحليــل الكيميــائي بــأن تركيــز الذهــب يختلــف في قيمتــه والتــي تتبايــن وتنحــر بــن  670.0 جــزء مــن 

المليــون  Z9 وإلى 933.5 جــزء مــن المليــون كحــد اعــي في العينــة Z2 العينــة في ومــن جهــة أخــرى فــأن 

تراكيــز العنــاصر الأخــرى مثــل الزنــك والكــروم والنحــاس والنيــكل والحديــد أظهــرت تغــراً واضحــاً مقارنــه 

ــة  ــة منطق ــة جيولوجي ــق لمعرف ــي دقي ــوصى الدراســة إلى أجــراء بحــث تفصي ــر الذهــب . ت ــز عن بتركي

حمــرة الشــيخ وأجــزاء أخــرى بولايــة شــال كردفــان ودراســة العلاقــة بتمعــدن الذهــب في المناطــق التــي 

يتــم فيهــا التعديــن التقليــدي للذهــب والــذي تتــم ممارســته بواســطة المعدنــن المحليــن بالمنطقــة .

الكلــات المفتاحيــة :اســتخدام الأســاليب الكيميائيــة , الكشــف الســطحي عــن الذهــب والمعــادن المصاحبة  

, منطقــة حمــرة الشــيخ كردفان

1.	 Introduction :
Historically Sudan has known gold mining since the era of  Para-

noiac kingdoms in the third Century BC.
This activity continued since then throughout. The  period of Napa-

ta and Kush kingdoms in the Nubian Desert and Red Sea hills.
After these periods, the  tribes of Bela, migrant Arabs and Nu-

bians continuer gold mining through tracing the paranoiac mining 
sites. There is are similar gold mining activities at the areas of Bani 
Sharigol which extended to around200 years in the area  currently 
known as Southern Blue Nile Close to the  Sudanese. Ethiopian bor-
ders. Studies  point .

Out that  gold mining using modern methods has only started 
at the begging of the nineteenth century in the Red Sea hills and 
Nubian Desert.

During the period 1900 to 1953 the gold mining witnessed 
intensified activity through introduction of modern equipment and 
technology by the Bntish. indicate the production of more than 10 
tons of gold during this period. other side, there is no statistics on 
traditional mining activities in the country. This is due to the inter-
mittent nature of the activity and its mobility besides it wide 
spreading in rural and desert .

During the last twenty years, the gold intensified as a parallel 
activity to other traditional activities such as agriculture and graz-
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ing in the countryside as the agricultural seasons Witness instabil-
ity in Production and sometimes failure, thousands of citizens 
turned to gold mining. There are no precise figures, but the number 
of indigenous miners is estimated at more than five hundred thou-
sand tons.

The Widespread of this activity is due to high gold prices and 
improved communications roads and others. This activity has con-
tributed to creation of job opportunities that helped in combating 
poverty.

Due to the importance of gold during this period this activity 
should be organized and controlled for preserving environment 
and resources for the coming generations.

Despite the fact that traditional mining is known for centuries 
in Sudan, the equipment and tools used are primitive and did not 
go beyond primary digging tools, wooden dishes and recently alu-
minum dishes and washing basins for washing the ore with water 
and then Picking up the pellets. In this process, and that improved 
through introduction of mercury, the sieving results did not go be-
yond 30 -40%- of gold available there. Even with the introduction 
of grind ills ,the percent of extracted gold.

Despite the primary the produced amount of gold is quite sig-
nificant There is a long and complex Proc1 unction marketing re-
lationship. middle and gold traders entered into the cycle and be-
came the funders for process an important tool in the traditional 
production which is the metal detector has been introduced at the 
end of 2009.

Now days there are hundreds of citizens searching for the 
metal in the Nubian Desert West Red Sea Hills, North and South 
Kordofan in area originally licensed to mining companies It is 
worth mentioning that all these operations are carried outside the 
Mineral Retours Development Law of 2007.
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Fig . (1):  Location Map of the Study Area . (Elobied Ordnance  
Office March 2014). 
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Fig . (2) : Aerial photograph of the Study Area . ( Elobied Ord-
nance Office March 2014 ). 
2. Objectives Of The Study  :

Already known area of gold mineralization were selected for 
this experimental study the main objective is reveal qualitative 
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Geochemical investigation criteria which can applied for study 
area of similar climatic , geochemical and geotectonic environ-
ments .    
The main objectives of the study are: 
1.	 To  investigate rocks of  basement complex exposed in 

the study area using different techniques   geochemical 
investigations .

2.	  prospecting for gold and associated minerals in order to 
areas and layers of gold mineralization .  

3.	 To contribute to elaboration of the tectonic setting and 
evolution of basement complex .  

4.	 Determination focus in grams per ton concentrate  of 
other  minerals in the study area and its relationship be-
tween gold and other minerals .

3. Materials And Methods :
To undertake this study the following work should be done
3.1 Office Work
It is necessary for geochemical investigation; it is based on litera-
ture review so as highlight the general concepts and to review the 
previous studies of the gold mineralization in Sudan.
3.2 Field Work

Geological survey should be done to collect information 
about the geology of the study area. Description of different rock 
units and collection of chips and rock samples are also one of the 
activities of this geological survey. Stream sediments and soil 
samples are to be collected from different auriferous quartz vein 
areas. 
3.3 Laboratory Work
It is composed of three parts:
3.4 Part One

Preparing thin sections and studying the Petrogenesis of the 
rocks under the polarized microscope. In this part information will 



مجلة القُلزم للدراسات التطبيقية -العدد العاشر - رمضان 1446هـ - مارس 2025م    

مجلة القُلزم علمية مُحكمة ربع سنوية -العدد الواحد والأربعون - رجب  1446هـ - يناير 2025م

236 

A.Mustafa Ahmed Elfaki Awad Allah

be collected about the mineral composition, mineral assemblages, 
textures, micro structures and degree of alteration of the rocks.
3.5 Part Two

Preparing polish section to determine micro structures of the 
ores. 
 3.6 Part Three

Chemical analysis of the collected rock samples should be 
done using X-ray Fluorescence (XRF) method. The results of the 
analysis are going to show the concentration of the major oxides 
(Si, Fe, Mg, Ca, Mn, Na and K) the minor and rare earth elements 
(REE) and the gold coherent elements such as As, Cu, Pb, Zn, Ni, 
Co and  Ba .
4.	 field  and Laboratory  methods 
The fieldwork  was facilitated by  GPS , existing maps , native 
guides Some vein quartz 
i) In El Hamrat Area
Shear Zone respectively. The first two (D1& D2) were accompa-
nied by m1 metamorphism and m2 retrograde amphibolites meta-
morphism respectively (Abdel Rah man et al., 1999 ).
The pronounced regional trends of foliation in the basement rock 
generally range between 030ْ to 035 ْ  in Umm Bader and 060 ْ  - 
067 ْ  in Sodari. The shear zones developed parallel to thin foliation 
have acted as conduits, and solutions passing through them have 
precipitated silica, gold, iron and manganese oxides (BICHAN, 
1981). 
In the study area there are zones of kaolinisation and solidification 
witness to the passage of large quantities of hydrothermal fluids . 
These zones are associated with tensional fracture in granite and 
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heavily ferruginous quartzite . The emplacement of chalcedonic 
quartz and the kaolinisation of feldspar is related to episodic move-
ment along the main shears which caused repeated re-opening of 
the en Chelan fractures ( Bridges et al , 1979  
Association of geology and mineralization 
Abdurrahman and others ( 1999 ) identified four primary sources 
of gold in Umm Bader area . These are : 
-	 ferruginous quartz in high grade acid gneisses ;
-	 shear zone-related smoky quartz veins in graphitic schist’s 
and slates; 
-	 tourmalines intrusive-related quartz veins in meta-sedi-
ments; and 

-	 very limited shear  zone-related Cu-Au mineraliza-
tion in low grade basic volcanic .

In El Hamrat area the gold mineralization is mainly associat-
ed with tourmaline-bearing quartz  veins in granite and highly 
sheared meta-sediments . The auriferous host rocks to quartz  veins 
probably means that gold was precipitated from iron-rich hydro-
thermal solutions passing through open fractures .

 However, the geology and tectonics of the survey areas are 
reminiscent of the geological setting of Baeda Desert where vein-
typed deposits are developed in tensional fractures associated with 
regional shears .   

The low   grade  sequence  of Umm Bader Belt is comparable 
with Pan African  rift-type basins in adjacent areas with clastics 
sediments and subordinate  volcanic and volcano clastics rocks . 
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These basins might represent re-entrants of the major Pan African 
oceans from the east or independent  rift basins in the foreland of 
the Arabian Nubian Shield . These  belts  have  been  subjected  to  
a multi-phasal deformation dominated by ductile and brittle shear 
zones that formed lineaments of regional  extent  ( e.g.  Umm Bad-
er Shear Zone ) . The latter , normally transport   mineralizing  
fluids ( KERRICH, 1986 ) leading to the formation of large depos-
its ( 1985 ) . 

Similar  situation has  been observed in the Red Sea Hills of 
eastern Sudan  where shear  zones  controlled  the localization  of 
gold and associated elements( 1990 ) .

Heavy mineral prospecting revealed the existence of alluvial 
gold which, may relate to four different primary sources in the 
Umm Bader Belt .These are: Ferruginous quartz veins in high 
grade acid gneisses; Tourmalines intrusive-related quartz veins in 
meta sediments; shear Zone related Smokey quartz veins in gra-
phitic schist’s and slates; and very limited shear Zone related Cu-
Au mineralization in low grade basic volcanic.

Chemical analyses of rock samples from the four different 
settings gave values between 100 and 600 ppb (0.1 to 0.6g/t) Au. 
A although these values are low, they are still comparable with 
results of mineralized veins from other areas like Eastern Baeda 
Desert where dilution of gold in the upper part of the veins might 
be due to leaching by weathering processes. Some samples have 
been selected to be analyzed abroad for gold and other elements to 
have a clear picture of the mineral associations and the type of 
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mine ration. Its recommended heat short term low budget explora-
tion and mapping Programs must continue in North Kordofan es-
pecially in areas.   

Northeast and southeast of El Hamrat where low grade meta 
sediments and possibly associated volcanic may exist.

Further work including geological mapping, geochemical 
sampling, and trenching is needed to produce more information on 
the potentiality of newly discovered occurrences.

Workable placer gold deposits may exist where alluvial gold 
has been observed in heavy concentrates from areas like the flat 
plain north of Wadi Umm Amid, which is densely covered by 
boulders of the Smokey quartz .

Safari and aided daring areas gave between 0.2 to 0.6 ppm of 
gold, thus confirming that the veins are auriferous .

The pervasive toumalinization observed in the region might 
be due to intense hydrothermal activity related to the Syntectonic 
granitic emplacements as already mentioned in this report. 
5.	 The geological field work was carried :

The geological field work duration is from 22 April to 25 
April Regional geological survey and mapping in scale 1:250 000 
Seventy five representative rock specimens were collected during 
this field work.

Laboratory investigations Maps copulation. Geological in-
formation collected  during the field work were correlated and a 
geological map was compiled at The National Remote Sensing 
Authority ( NRSC ) The regional geological map in scale 1:250 
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000 was reduced to scale 1:500 000 and the  detailed map in scale 
1:700 000 was superimposed on the regional ones.

MAP printed by using  ARC/INFO – GIS ( Geographic Infor-
mation System ) and then Corel draw 5 and 6 software program-
mers’
6.	  Present investigations : 
The present investigations are phased in the following sequence :- 

1-	 Pre-field work phase .
2-	 Field- work phase .
3-	 Laboratory- work phase .

Figure ( 3 ) Schematically illustrates the phases of this work During 
the execution of the above outlined phases the following materials 
and methods were used ;-
1. Land sat images . MSS ( Multi-Spectral Scanner ) hard copies 
and negative . Paths 175 and 176 – Row 50 , band 5 . acquired in 
20 Feb 1975 Hard copies of scale 1;250 000, negative scenes of 
scale 1;1000 000
2. Selected strips of aerial photographs of scale 1;70 00 and 1;40 
000 
3. Topographic maps of arils of scale 1;250 000 ( Sadri sheet – ND 
35 H and  El Hamrat sheet – ND 35 G of scale 1;250 000 ) .
4. Polarized microscope  . photomicrograph device and a number of 
5 thin sections prepared from 10 representative rock specimens .
7.  petro graphic investigations :

Petro graphic investigations were carried out on 5 thin sec-
tions, using polarized microscope . mineral assemblages and tex-
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tural manifestations   were determined . then photomicrographs of 
representative lithologies were produced.
8. Geochemical analysis :

Rock samples were prepared by the conventional methods , 
samples were cleaned , fragmented and crushed manually in mor-
tar , then ground by electric mortar .five samples were selected for 
the geochemical analysis. The geochemical analysis were carried 
out X-ray fluorescence spectrometer on pressed powdered sam-
ples at the Geochemical Laboratories – Technical University of 
Berlin – Germany . Major, minor and trace elements were deter-
mined in forty rock specimens.

Determination of the loss on ignition (LOI) was performed at 
the Chemistry Department – University of Khartoum for more in-
formation about the method of determination of LOI see appendix I.
9.  Statistical treatment of geochemical data :
A  software programmer New pet(C)1989,for rock – geochemistry 
data handling and plotting discrimination diagrams was used  to 
display the chemical characteristics and tectonic settings of the 
litho logical units in the study area. 
5. X-ray fluorescence spectrometer analyzer ( XRF ) .
6. LBM compatible computer .
7. Software’s .

The  Laboratory methods included sieving of the soil samples 
by electric shaker , chemical anal lyses of the soil, quartz vein and 
hard rock samples by A.A.S , Thin sectioning and microscopic 
petrography , magnetic and electromagnetic separations of the 
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heavy mineral concentrates . All these operations were perfumed 
in the laboratories of the  Geological Research Authority of the 
Sudan ( GRAS ) . the results  of the treatment of the various sam-
ples are as follows:

-	 The original sizes of the 5 soil samples were sifted down se-
lected for chemical analysis . the elements analyzed for in-
cluded gold , silver , copper , zinc, cobalt and nickel . 

-	 All the 5 quartz vein and the 5 hard rock samples were crushed 
, milled and analyzed only for gold .

-	 61 thin sections were made for petrography study .
-	 35 stream sediment samples were panned in the field and their 

concentrates subjected to binocular examination , magnetic 
and electromagnetic separations .

The scientific and exemplified way of died mining to keep the 
nature free and the developing . That is to avoid the bad effect 
and the drawbacks of destroying our nature .This why the ancient 
romantic poets said – Civilization destroys nature . Eventually 
Sudan should be aware of these dangers and set good example for 
saving the nature life .

10.  Ore Genesis:
From description of polished section Samples illustrate the 

general characteristics of the ore mineral associations, and tex-
tures from samples collected from the quartz veins, and cherts that 
are exposed in the central part of the study area.

the polished sections of these samples have been found to in-
clude several epigenetic sulfide minerals associated with gold such as:
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pyrite (FeS2), Chalcopyrite (CuFeS2) Arsenopyrite (FeAsS), 
Native Cupper (Cu), Chalcocite(CU2S) Sphalerite (Zn, Fe)S Bor-
nite(CU4FeS4) Azurite(Cu3(CO3)2(OH2) Malachite (Cu2CO3 (OH)2)
Pyrrohotite (Fe7S8), Magnetite (Fe3O4), Hematite (Fe2O3) Goethite 
(FeO(OH) and quartz as the principal .gangue mineral.

The mineral association can be classified into two assemblag-
es as follows:

1- Fe-As Sulfide minerals assemblage: (pyrite, arsenopyrite 
and pyrrohotite).

2- Cu-Pb-Zn sulfide minerals assemblage: (native cupper, 
chalcocite chalcopyrite, galena, sphalerite, malachite, Bornite and 
azurite).  Gold is found to occur either as independent grains or in 
association with 
arsenopyrite and pyrite, in the quartz veins and in the chert.

Field observations and studying of thin and polished sections 
indicate meso 
epithermal gold mineralization as epigenetic gold mineralization 
(vein lode type) Occurring largely in quartz veins, quartz stringers 
and chert which emplaced within basement rocks such as diorites 
along; NE, ENE, E-W shear joints, fractures and faults zones.

The supergene enrichment zone associated with quartz vein-
soccur as small halos distributed around the mineralization zones 
with ages related to volcanism, shearing or similar to post igneous 
activities in the region.
11.  Discussion of Structures and Metamorphism:

The strike of the planner structures is NE and NEE, controlled 
by OBSZ and SSZ respectively. Schandelmeier and Richter (1991) 
assigned four major deformational episodes that have affected the 
basement complex rock units ofthe Ombadir and Sodari areas. 
These four major deformational episodes are referred to here as 



مجلة القُلزم للدراسات التطبيقية -العدد العاشر - رمضان 1446هـ - مارس 2025م    

مجلة القُلزم علمية مُحكمة ربع سنوية -العدد الواحد والأربعون - رجب  1446هـ - يناير 2025م

244 

A.Mustafa Ahmed Elfaki Awad Allah

Dl, D2, D3, and D4.
Dl: The first phase of deformation (Dl) is a Late Proterozoic defor-
mational
episode that has resulted in isoclinals folding in the high-grade 
Migmatitic gneissic basement units and the meta sedimentary belt 
of Ombadir.
D2: The second phase of deformation is a Late Pan-African defor-
mational episode (D2) that is manifested in numerous N020 strik-
ing ductile shear zones, where the older granite was synchronous-
ly deformed while being intruded. (D2) refolded the earlier 
structures of (Dl) especially the meta sediments of the Ombadir 
belt
D3: The third phase of deformation is the Latest Pan-African de-
formational episode (D3) resulted in the OBSZ is expressed in 
form of 60 km wide system of sub parallel brittle shear zones 
which cross-cut all previously described ductile fabrics of Omba-
dir belt. These shear zones are generally made 
up of cata clastics and fault breccias. The strike of the master faults 
trendabout N051Ob1jque, cross-cutting relationship with regional 
NNE trending fold and shear structures suggest that OBSZ faults 
developed during intensive late Pan-African crustal shortening.
Late Pan-African shearing in the meta sedimentary belt of Omba-
dir providesan example of brittle deformation of the upper crust 
which can also be observed in many- other parts of NE Africa. 
This shearing marked the final compressive deformation which af-
fected the entire area between the Tibesti Mountains (Libya, Chad) 
and the Arabian-Nubian Shield (Saudi- Arabia, Egypt, Sudan) and 
which terminated the Pan-African evolution in NE Africa 
Schandelmeier (1991).
D4: The fourth phase of deformation is the Late Carboniferous to 
Triassic ode formational episode (D4). It is a brittle dextral shea 
ing reactivation eventin Ombadir and Jebel Nehud areas.
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In Sodari area the sinisterly  shearing extensively reactivated the 
structures of 
the previous episodes of deformation, exploiting part of the aniso-
tropic zones of weakness.
Sodari shear zone (SSZ) is a large wrench fault zone which is 
etremely conspicuous on satellite images. The master fault of this 
shear zone can be traced by ridges and narrow depressions which 
line up in an approximately N035° 40° direction for about 200 km.
The D4 sense of shearing along the SSZ can be determined unam-
biguously as 
sinisterly, due to two specific structural features that occur along 
the shear zone dented by a large and a small circles in which is 
manifested inLeft-lateral transtention and transpression structures 
respectively.
The stress regimes, which caused regional shearing in the Omba-
dir and Sodari  areas during late Carboniferous to Triassic period, 
utilized part of the fault patterns generated during major episodes 
of the Pan-African deformation (D2, D3). In other words, many of 
the fault fabrics of the Phanerozoic shear zones in central North 
Kordofan were generated by reactivation tectonics. 
Close genetic relationship between within-plate shearing and alka-
line igneous activity is suggested .
12. Conclusion:

Hamrat El sheik   Area considered as a part of the Arabian – 
Nubian Shield. The lithology’s in this region are late Proterozoic 
gneisses, folded supracrustal metavolcaniclastics. 

Relatively younger granitic intrusions and Felsic ring dikes 
have been emplaced along fractures and major systems.  

Detailed studies of the geology and associated wall – rock al-
teration suggest that gold mineralization is shear related and char-
acterized by green schist facies mineral assemblage.  The mineral-
ization is characterized by gold – bearing quartz veins containing 
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pyrite, arsenopyrite and iron oxides. Gangue minerals include 
quartz , calcite , K- feldspar .The auriferous quartz reefs are vari-
able in color and size and textures include massive and banded. 
The width of the veins range from a few centimeters (stringers, 
vein lets) to greater than 1.5 m . It usually occur as discontinuous 
isolated patches due to pinch and swell.  The veins are preferably 
hosted in calc – silicates. 
Shearing processes and retrograde metamorphism are associated 
with remobilizing gold in the quartz veins and red posting it in 
structural traps . The spatial distribution of Abu Zaima auriferous 
reefs, the zonal nature of ass0ciated wall – rock alteration and the 
structural and litho logical evidence suggest that the mineraliza-
tion is related to episodic fluid flux during deformation. The depo-
sition of gold was retrograde metamorphism and the fault reactiva-
tion along the shear zone. 
The gold occur as free gold in quartz 0r as dissemination in fluids. 
Gold also occur as placers structurally – controlled auriferous 
quartz vein mineralization in Hamrat El sheik area. 
The geochemical, litho logical, structural and mineralogical fea-
tures as well as the style of wall rock alteration of the quartz veins 
suggest that it best classified as reflecting an organic gold deposit 
type. Next point explain that:

•	 Deposited tectonic disruption due to repeated deformational 
cycles complex display the following criteria characteristic 
for ophiolitic complex

i-	 Full range of litho logic assemblage: (layered gabbros 
Pyroxenes, pillowed basalts and calc-silicates)..

ii-	 Regional structural position and internal structure: the 
complex is aback arc marginal basin with linear trail 
concordant coinciding with the general regional geolog-
ical strike.

iii-	 Characteristic mineral and element assemblages usually 
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associated with pod form deposits, sulphides of Ni, Cu, 
pb (occurring as anomalous element content disseminat-
ed in Pyroxenes).

Native Au, PGE, Alloys (forming within the nickel sulphi-
des). The anomalous elements content of the above men-
tioned metals are found to be specially enriched in cap rock. 
Out of the above mentioned minerals and elements and only 
chromites and talc are now being mined in small scale.  

•	 Stream sediment sampling method (heavy concentrated- 
black sands- mineralogical method) and litho chemical 
method (secondary dispersion) proved to be useful tools for 
detailed prospecting to reveal secondary haloes, blind and/
or ore convened showings.

The results obtained from filed observations confirmed the 
poly metamorphic nature in the study area, thus consolidating the 
ideas forwarded by Different litho logical units displaying various 
metamorphic ranks, indicated from their mineral assemblages, 
textural and structural . The deformational and remobilization pro-
cesses in the study area are manifested in the migmatitie gneisses 
and amphibolites structural fabrics which denote that the area un-
der consideration was subjected to ploy-phase or ploy-episode de-
formational history. 

The hornblende schist’s of J. Abu Retag represent anomalous 
variety of hornblende schist’s. Characterized by  the presence of 
large K-feldspar crystals following the metamorphic foliation and 
displaying high gamma ray readings which could be askribed to 
content in the large K-feldspar crystals. This rock type is not re-
ported in previous investigations. The hornblende schist’s are or-
ganized in a linear belt with the other meta sedimentary rocks in J. 
Abu Retag, with and regional trends that conform with the de-
scribed regional trend of the Northern Zalingi Folded Zone and the 
Central African Shear  Zone 
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It is pertinent to mention that the amphibolites and horn-
blende schist’s are encountered as pockets or small linear belts 
within the meta sedimentary rocks, such modes of occurrence 
could denote prevalence of anomalous P-T conditions in some lo-
calities. Meta gabbros reflect varying degrees of incipient meta-
morphism (partial epidotization, carbonitization, serisitization, al-
bitization, saussuritization, etc.), whereas the syn- to late-tectonic 
granites display structural and textural features that testify to their 
formation during tectonics (slickenside surfaces, intense silicifica-
tion and toumalinization processes).

Some felsitic rocks have extruded syn-cinematically while 
others superseded the shearing episodes in the study area. Field 
evidences confirm their pre-Nubian age as recorded previously .

Petro graphic investigations authenticated field observations 
and clearly indicated that the study area is a poly metamorphic 
terrain, composed of different litho logical units described in the 
lithostratigraphic sequences in The mineral assemblage of the 
Migmatitic gneisses (Quartz - K-feldspar orthoclase and micro-
cline-partite) plagioclase of upper amphibolites facies. These rocks 
are highly deformed and subjected to retrogressive processes as 
manifested in plates (8) and (9) {features that lend support the re-
activation and remobilization of the forwarded by Schandelmeier. 
et al. (1987a. 1987b. 1990) and Harms, et al. (1990).

Minerals assemblages of the amphibolites, hornblende 
schist’s and the diopsidic-forsterite marbles denote medium grade 
metamorphism (epidotic-amphibolites facies) However, the large 
crystals of K-feldspar in the hornblende schist’s seem to be blas-
toporphritic crystals these crystals preceded the tectonic episode 
since the crystals are fragmented and display various degrees of 
retrogresses processes as shown  features are interpreted as an in-
dication of poly metamorphic history. The microscopic examina-
tions of the chlorite schist’s, graphitic schist’s, mecaceous quartz-
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ite’s, marbles indicate that these meta sediments have mineral 
assemblages characteristic of low-grade metamorphism of green 
schist facies. Lithologies and the different metamorphic ranks dis-
played by the meta sediments in the study area are similar to the 
metamorphic processes .

The tectonic implications of the above described metamor-
phic evolution of the area may be summarized as follows:

The Migmatitic gneisses in the study area seem to belong to 
the high-grade continental carbonic gneisses in north west Sudan 
and  south east Egypt which constitute the oldest rock unit which 
were described by Rocky, (1965) as “the Nile Craton”. Sjehan-
delmeier, et al. (1987a) redefined this area and coined the name 
“The East Saharan Craton” (ESC). Kroner .(1977) regarded the 
Nile Craton as a continuation of the Congo Craton and termed it 
the Sahara-Congo Carton. While Black and Lie’geois (1993) ar-
gued that this Craton was a Craton before the Pan African episode, 
but was totally remobilized during it, and named it the Central 
Saharan Ghost Craton [quoted from Schandelmeier, et al. 1987].

However, our field and laboratory investigations clearly show 
that these gneisses have undergone severe deformation and remo-
bilization, findings compatible with the ideas of Schandelmeier, et 
al. (1990) about the ESC, hence may, probably, have the same geo-
logic and tectonic evolution history. The reactivation of the ESC 
produced numerous small rift basins which hosted the present 
low-grade meta sedimentary pile. Dynamic metamorphism within 
the shear zones exemplifies the last tectonic episode in the area.

1-	  It seems reasonable to conclude that the study 
area is belongs to the remobilized East Saharan 
Craton of Pre-Pan African age, wherein a ploy 
metamorphic terrain is produced that high-grade 
Migmatitic gneisses (upper amphibolites Facies) 
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which represent the old crustal material that is 
overlain unconformable by Sodari – Umm Bader 
intercontinental supracrustal meta sedimentary 
belt of low- to medium-grade metamorphism 
(green schist and lower-amphibolites facies).

2-	  The overall tectonic event in the study area is represented 
by three deformational episodes labeled D1 D2 and D3, 
which have extensional, compression and shearing charac-
teristics consecutively These episodes are:-

	— D1   Produced the rift basins that received the sedi-
mentary pile formed by the post D1 erosion- devo-
tional cycle.
	— D2  Is of compression nature, triggered the low-grade 

metamorphic phase “M2” and brought the isoclinals 
folds in the amphibolites.
	— D3 Created the cataclysmic metamorphic transfor-

mations along the shear zones in the area of study.
3-	 The outlined metamorphic phases in Sodari – Om Bader 

area are separated in time, space and rank:
Miss of late Achaean to early Proterozoic age, affected the 
deepest and oldest rocks in the Basement Complex Forma-
tions produced the Migmatitic gneisses, rank high-grade 
metamorphism (upper amphibolites facies).
M2  Probably of Pan-African age according to Abdel Rah 
man, et al (1990), affected the sedimentary pile and pro-
duced the various meta sediments described previously, 
rank low- to medium-grade metamorphism (green schist 
and lower-amphibolites facies).
M3 of late Carboniferous – Triassic age according to Schan-
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delmeier and Richter (1991),created catalectic metamor-
phism along shear zones (brecciaing, mylonitization associ-
ated with hydrothermal processes), rank low-grade 
metamorphism (green schist facies) 

4.	  Pock geochemical investigations have distinctly revealed 
that the precursor igneous materials of the ortho-metamor-
phosed rocks in Sodari – Ombadir area exemplify within 
plate continental crust magmatic. Thus excluding any rela-
tion to plate margins. 

5.	  Fracture systems in the Basement Complex rocks are 
deemed to be the favorable sites for groundwater accumula-
tion, whereas shear zones represent the conduits for hydro-
thermal solutions rich in mineralization, presence of inten-
sive toumalinization processes is convincing evidence.

6.	  It is envisaged that geothermal barometric and investiga-
tions would be of  value in the determination of the P-T conditions 
and age of the outlined deformational episodes and metamorphic 
phases. Such an exercise is essential for correlating the present 
findings with the well established concepts regarding 

The oxidized ores of exposed sulfide deposits on land are com-
mon! enriched in gold, in a zone of secondary Cu-sulphides or Fe-
rich gossans. Supergene enrichment of gold in this environment is 
commonly attributed to the exposure of sulphides to oddation by 
near-surface groundwater, following uplift and erosion. However, 
high concentrations of secondary gold have been found in oxidized 
shipside deposits on the modern as e.g. in hydrothermal field of the 
Mid-Atlantic Ridge . This observation suggests that high concentra-
tion of secondary gold may occur in ancient deposits that have nev-
er been exposed to surface weathering on land.

. The gold-rich ochres Contain coarse-grained native gold in 
a matrix of Fe-oxides and parasite and have been interpreted to be 
the fossil analogues of gold .
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The mineralized massive barites are distally located relative 
to the massive ship side deposits and the gossans. The best exam-
ple in the area occurrences which are hosted by acid volcanic and 
contain about 1.5 and 60ppm Au on average ,respectively (Table 
5). Gold occurs as fine disseminations in barite, pyrite and quartz. 
Wall rock alteration is extensively developed and the host rocks 
are also mineralized. New occurrences of massive pyrite have 
been found in the Abu Zaima belt within mineralized structures, 
hosted by acid volcanic and volcano clastics rocks. The mineral-
ization in the area is controlled by a shear zone that contains a 
number of meter-scale lenses of massive, compacted fine-grained 
barite associated with disseminated copper sulfides in its hanging 
wall. No Fe-gossans have been found in the area. Gold content.-of 
one analyzed sample (i insignificant, but the wall rock (Å contains 
up to 59 ppm to 1.5 ppm Au (Table 5). The mineralized massive 
barite lenses in to the same phases of deformation as the host rocks. 

Hamrat El sheik area considered as part of the Arabian – Nu-
bian Shield . The lethargies in this region are late Proterozoic 
gneisses , folded supracrustal metavolcaniclastics and turbidity as-
semblage . Relatively younger granitic and Felsic ring dike have 
been emplaced along fracures and major systems .

Detailed studies of the geology and associated wall- rock al-
teration suggest that gold mineralization is shear –related mon-
soonal , and characterized by green schist  facies mineral assem-
blages . The mineralization is characterized by gold – bearing 
quartz veins containing pyrite , arsenopyrite , chalcopyrite , pyrro-
hotite , and iron oxides . 

The conclusions which have been drawn as the result of this 
Experimental  work are given as shown in systematic order based 
on the actual Stages  usually adopted lo conduct geological inves-
tigations leadingtowaeds finding gold deposits i.e. defining geo-
logical criteria which encourage prospecting, to define potential 
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targets (in this study geochemical anomalies and finally dissection 
or detailed prospection-preliminary exploration of revealed sec-
ondary dispersion geochemical patterns.
13. Recommendations:

	— Sudan covers a big surface area and has diversified geology 
which merges with neighboring African countries 

	— Sudan has a huge mineral potential waiting to be explored /
evaluated and developed. 

	— Infrastructure is developing and the environment of investment 
is encouraging. 

	— Invitation is extended to investors to visit and explore Sudan, 
and to invest in the mineral sector. 

	— The traditional mining provides job Opportunities sand im-
proves the  economical status thus help sin poverty combating. 

	— The export gold provides foreign currency and contrib-
utes to the increase of GDP It expands the area for explo-
rations and reveals important hidden indicators for gold 
presence. 
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