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EXECUTIVE SUMMARY 

The Sudanese Company for Water and Economic Development 
(SUWED) has received a grant fnom the United States Agency 
for International Development, in order to establish the 
feasibility of developing water-dependent economic resources 
in the Bed Sea Pzovince of Sudan, based on the dfscovery of 
new groundwater sources. Once feasibility is proven, SUWED 
principals will invest in business development tied to 
mining, agriculture and urban industry within the Red Sea 
Province, which is currently severely curtailed by the* 
scarcity of sustainable water supplies. 

The ultimate objective of this feasibility program is to 
assess the physical and financial viability of project- 
specific water-related economic development in the Red Sea 
region. The program is being conducted in four phases and 
this report represents the findings of the first phase- The 
Phase I results include preliminary descriptfons sf 23 
economic development sites and 14 favorable zones for water 
development. 

Phase I groundwater investigatfons support the 
"negawatershedsff Exploration Model, described in the SUWGD 
proposal and in this report. There appear to be substantial 
correlations between mega-shearPfau%t zones and bas in 
drainage within the Red Sea Province. Prior investigations 
of the potential water resources within the Red Sea Province 
have not emphasized either these correlations ox their 
contributions to the potential discovery of major sustainable 
yields of usable water from bedrock sources- 

Phase I economic development results indicate promising 
economic projects in cement manufacturing, copper/zinc/gold 
mining operations, agricultural development and municipal 
water development for industrial and human consumption, 
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I I. - INTRODUCTION 
The Sudanese Company for Water and Economic Development 

(SUWED) has received a grant from the United States Agency 
for International Development, in order to establish the 
feasibility of developing water-dependent economic resources 
in the Red Sea Province of Sudan, based on the discovery of 
new groundwater sources. Once feasibility is proven, SUWED 
principals will invest in business development tied to 
mining, agriculture or urban industry and the discovery af 
new groundwater supplies within the Red Sea Province. 

XI. ECONOMIC POTENTIAL OF TliE RED SEA REGION -- OVERVIEW 

Minerals 

The economic potential of the Red Sea Region appears to 
be quite favorable but hinges on the sustainable availability 
of usable water. 

The development of metallic minerals, including copper, 
zinc and gold is promising within the western edge of the Red 
Sea Region. If water can be found for these ope~ations, then 
it will greatly facilitate the development of these lucrative 
minexal resources. 

Potentially economic sources for the industrial minerals 
used in manufacturing fertilizer, cement and plaster have 
also been located within the Red Sea Hills Region. Some of 
the factory equipment used in processing these materials have 
already been imported but are not being utilized due to the 
non-availability of water obtained at a reasonable cost .  
Priority target areas have been located for further 
investigation. 

Aqriculture 

In addition to the economic potential of mineral 
resources, the Red Sea Hills Region contains a patentially 
profitable agricultural region within the Tokar Delta. Only 
40% of the fertile Pands within this delta are currently 
being utilized for agriculture. The many unknown and 
unpredictable aspects of both surface water and groundwater 
in the Tokar region hinder the development of profitable 
businesses based in agriculture. 



Munici~alfIndustr ial 

There is a great demand for potable fresh water to 
supply both industry and residents of the City of eort Sudan 
and other coastal towns. Discovery of water near Port Sudan 
would not only aid the over-expanding population, but also 
encourage further expansion of existing businesses. 

~ I I I. OVERVIEW OF PHASE I WORK 

The results of this work are summarized in the text of 
the report, The scope of work completed in Phase I is 
described on the accompanying flow chart (Figure Ill). Basic 
inputs included the following: 

Q Basic Data Review (Bibliography) 
o Soeioec~nomic Study (Appendix I) 
o Hydrogeologic Study (Appendix 2 )  
o Geclogic Study (Appendix 3 )  

The interpretation and synthesis af these data resulted 
in the delineation of (a) 14 Priority Target Areas CPTA) for 
detailed Phase 11 stbdies of hydrogeolagic nature, fb) 2 3  
socioeconomic sites for Phase I1 studies on economic 
development potential, and (c) preliminary critical 
environmental impact factors of the region, to be further 
investigated in Phase 11. 

The 14 PTA9s represent the areas most likely to cqntasn 
sustainable water resources. The hydrogeologic PTA's 
divided into two categories: Primary Target Areas and 
Secondary Target Areas. A more detailed ranking of these 
sites will accompany the Phase I1 report. 

The 23 sacioeconomic sites are ranked from one to 23. 
The ranking was established using a preliminary matrix 
analysis as described in Appendix 1. In addition, a 
preliminary hydrogeologic analysis was performed on each of 
the 23 socioeconomic sites (see Appendix 2). The Phase 11 
report will contain a detailed synthesis of this information 
resulting in the selection of five high priority areas for 
groundwater exploration. 

IV. DESCRIPTION OF THE M A P  SHOWING THE LOCATION OF 
FAVORABLE ZONES (PTA's) 

Accompanying this report, as a folded map in the back 
pocket, is a map of the Red Sea Project Area. Location of 
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this map within the Sudan is shown on Figure # Z .  The map 
shows the location of both Priority Target Axeas (Primary and 
Secondary), and the location sf the soctoeeonomic Target 
Areas . 

The map also shows the location of majox mountains, 
rivers, towns and roads within the project area. The major 
zoads and the Port Sudan-to-Khartoum Railroad) are 
highlighted and, for reference, a large arrow points to the 
Town of Port Sudan. 

V. SITE SELECTION PROCESS -- RED SEA PROVINCE mGAWATERSHED 
EXPLORATION MODEL 

The groundwater exploration model applied to the Red Sea 
study area is termed the "Megawatershed Exploration Hodel," 
and is illustrated in Figures 3 through 9. The salient 
characteristics of the Model are: 

1. Large basin/catchment area (Figure 3); 

2. Location af complex fracturePfauZt zones that 
control shallow drainage a21 my, themselves, be 
highly permeable and conductfvc, and which extend 
over the entire length of the basin (Figure 41; 

3. Orographis effects on precipitation (Figure 5 )  with 
high rainfall in the mountains and lower rainfall 
on the plains (valleys, coast); 

4. The higher mountains, which receive more rainfall, 
also contain a rectilinear drainage (Figure 7 )  due 
to a structural overprinting on the crystalline 
terrain, This fracture/fault zone overprinting 
controls the rectilinear drainage and results fn 
greater water transmfssivity through pervasive 
fracture permeability; 

5. The higher water transrnissivity region of 
rectilinear drainage feeds into the major 
fracture/fault zone controlling the location at the 
center of the basin (Figure 8); 

6. This major fracture/fault zone is a complex 
anastomosing network of faults, fractures, gouge, 
rock fragments, etc. that varies considerably along 
f ts length. The complex, extensive permeable 
bedrock zone may be, at different places, either 
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c o n f i n e d  o r  i n  p a r t i a l  h y d r a u l i c  c o n t a c t  wi th  the 
overlying sediments ,  and m y  c r e a t e  a g e o m e t r i c a l l y  
i n t r i c a t e  a q u i f e r  h o s t i n g  s u b s t a n t i a l ,  s u s t a i n a b l e ,  
y i e l d s  of u s a b l e  water. 

The Red Sea P r o j e c t  A r e a  w i t h i n  Sudan c o n t a i n s  s e v e r a l  
areas t h a t  f i t  t h i s  wHegawatershedw Explora t ia r i  Model, 
e s p e c i a l l y  t h e  Tokar (PTA 5 )  and P o r t  Sudan [PTA 41 
megawatersheds . These areas c o n t a i n  l a r g e  bas i n s  and t h e  
b a s i n s  are d i s s e c t e d  by numerous complex shear zones.  These 
shear zones are areas t h a t  c o n t a i n  a n  abundance s f  f r a c t u r e d  
bedrock.  Both t h e  s h e a r  zones and t h e  Tokar  and P c r t  Sudan 
areas are l o c a t e d  as shown w i t h i n  F i g u r e  10.  

In a d d i t i o n ,  Figure 10 shews t h e  l o c a t i o n  of  two space 
s h u t t l e - b o r n e  Large F s r m t  Camera (LPC) photographs c o v e r i n g  
t h e  P a r t  Sudan and Tokar areas s e r v i n g  as examples of our  
target areas. These  unique photographs of t h e  r e g i o n  and t h e  
o v e r l a y s  t h a t  accompany them i l l u s t r a t e  t h e  a p p l i c a t i o n  of 
our  Megawatershed Gxplo ra t lon  Model. 

The p r e l i m i n a r y  Megawatershed E x p l o r a t i o n  Model 
p r e s e n t e d  h e r e  is g e n e r i c .  The hydrogeologic  var iatlons i n  
t h e  R e d  Sea r e g i o n  which c o n t r o l  p o t e n t i a l  water a v a i l a b i l i t y  
will be ana lyzed  i n  d e t a i l  f o r  each  g i v e n  s i t e  d u r i n g  Phases  
11 and 111. 

The P o r t  Sudan and T o k a r  examples i l l u s t r a t e d  by t h e  two 
b l a c k  and whi te  photographs are areas t h a t  c o n t a i n  most cf 
t h e  f a v o r a b l e  c r i t e r i a  s f  our  Megawatershed E x p l o r a t f e -  
Model. The r e g i o n  of b a s i n  o u t f l o w  w i t h i n  each  of th t  
areas and o t h e r  PTA's as d e s c r i b e d  below w i l l  serve as d.; 
area f o r  more detailed a n a l y s i s  i n  both  Phases  I1 and 111, 

VI. DESCRlPTION OF PRIORITY TARGET AREAS fPTA's) 

Following is a b r i e f  d e s c r i p t i o n  of our  Groundwater 
PTAs : 

Hydroqealoqica l  Pr imary  Tarqet Areas and Secondary Tarqet 
A r e a s  L i s t e d  From North t o  South i n  S tudy  Area: 

I-PTA: L a t  22.18-22.53, long 35-48-36.08 

PTA #1 is c e n t e r e d  a c r o s s  a narrow s e c t i o n  of t h e  
c o a s t a l  zone c o n t a i n i n g  d i s t a l  d r a i n a g e  from "8dibW 
d r a i n a g e  basin t o  t h e  west. A major NNE t r e n d i n g  fault, 
w i t h  Tertiary basalt i n t r u s i o n s  along it, is contained 



FIGURE 3 Megawatershed : ExpIoruti~n Model 
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FIGURE 5 Mesawafershed : Ex~lorotion Modsl 
Orographic effects on precipiiofion 
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FIGURE 6 Megawatershed : Expi~rattion Model 
Diagram showing locution of 

close-up views A B  8 C 



Frocfure /faulf zone 

FIGURE 7 Mega watershed : Exploration Model 
Close-up view urea A showing frocfure/fouff 
zone controlled rectilinear drainage in the 
mountains resulling in o greofer tronsmissivify 

?L 



Major Fau/t/Flocturs Pone 7 

Major Foult/Fr~clure lone 

FIGURE 8 Megawafershed : Exp/omfion Model 
Close-.up view urea B showing recfilineor 
droinoge feeding major faull/frocfure rone 



FIGURE 9 Megawatershed : Explorotlon Model 
Clcse-up view oreo C showing major foulf 
fraclure zone ucfing us /he fapgsf aquifer 
wiflr inset - - showing complax nature of 



Figure 10 Mega-shear zones in Red Sea Hills area, Sudan 

modified h m  
D.C. Ahond, E. Ahmld 

and 
Sultan, Amidson, Duncan, Stern, & Kalioutby 







w i t h i n  PTA t 2 .  Wadi Diib Odib is superimposed on the 
f a u l t  in the area. Much Q €  t h  major N-S trending 
"Odibm stream course drainage w i t h i n  the basin is 
interpreted to be structurally contralled by the Oko 
sheat zone. 

This target area is transsected by the major 
coastal highway. In addition, Socio-economic target 
site A is within 60 miles of the target area. 

2-PTA: Lat 20.57-21.10, long 36.51-37.06 

PTA #2 is centered over the intersection of an 085 
degree trending fault, transform type, with a 165 degree 
trending coast-parallel fault (probable Red Sea Rift 
master graben). One of the major coast-directed Fchors 
is likely to be superimposed on the E-W fault in t h i s  
area. 

This target area is adjacent to Dungunab Bay. The 
major coastal highway passes through the target area. 
Socio-economic target site D is centered within PTA #2 .  

3-PTA: Lat 20.32-20.52, long 35.50-36-15 

PTA # 3  is situated on the complexly faulted Sasa 
Graben which contains a sedimentary f i l l  of rocks 
belonging to the Nubian Formation. The graben faults 
are structurally controlled by a branch of the O k o  Shear 
Zone (Almong & Ahmed, 19871, a regional crustal shear 
zone. 

The highvay from Gabet al Ma adin and Gabet Mine 
passes through the southeast ccrner of the PTA. The 
mine is within 70 miles of this PTA. 

4 -PTA Lat 19.44-20.02, long 36.58-37.16 

PTA 1 4  is situated over a narrow gap in the Red Sea 
Hills which is structurally controlled by the Nakaseib 
Shear Zone, The gap is l~cated 40 miles north of Port 
Sudan. Khor Adaia is situated within this structural 
feature, Although no major faults have been mapped 
within this target area, its proximity to a major 
crustal suture an to the City of Port Sudan qualifies 
this zone as a candidate for further exploration. 



T h i s  PTA is i n  a f a v o r a b l e  l o c a t i o n  t o  serve as a 
p o t e n t i a l  water s u p p l y  f o r  P o r t  Sudan.  I n  a d d i t i o n ,  the 
m a j o r  c o a s t a l  h ighway p a s s e s  t h r o u g h  t h i s  PTA. S o c i o -  
economic  targets S i t e  J a n d  H are w i t h i n  o r  d i r e c t l y  
a d j a c e n t  t o  t h i s  PTA. 

L a t  18.02-18.22,  l o n g  37.28-37.48 

PTA # 5  is s i t u a t e d  on t h e  i n l a n d  r e a c h e s  o f  t h e  
Tokar  Delta. A major f a u l t ,  which may be  s t r u c t u r a l l y  
c o n t r o l l e d  b y  t h e  Baraka  S h e a r  Z ~ n e ,  u n d e r l l e s  t h e  
d e l t a .  The p r e s e n c e  o f  T e r t i a r y  b a s a l t  s u g g e s t s  t h a t  
t h i s  f a u l t  was formed or r e a c t i v a t e d  by Red S e a  R i f t  
t e c t o n i c  a c t i v i t y .  The g e o m e t r y  o f  t h e  f e a t u r e  s u g g e s t s  
t h a t  i t  may be a h a l f - g r a b e n  s t r u c t u r e .  Super imposed  on 
t h i s  f a u l t ,  a t  t h e  d i s t a l  end  o f  a large d r a i n a g e  b a s i n ,  
is Khor B a r a k a .  

T h i s  PTA is t r a n s s e c t e d  b y  t h e  h ighway f r o m  Tokar. 
S-E t a r g e t  s i t e  0, the a g r i c u l t u r a l  d i s t r i c t  o n  the 
Tokar  Delta is w i t h i n  a n d  a r o u n d  t h e  PTA. R a i n f a l l  is 
h i g h e r  i n  t h e  upper  r e a c h e s  o f  t h i s  b a s i n  which s u g g e s t s  
a s t r o n g  p o t e n t i a l  f o r  a d e q u a t e  r e c h a r g e  t o - t h e  
w a t e r s h e d  

6-PTA: L a t  17.26-17,44,  l o n g  37.03-37.22 

. PTA t 6  is l o c a t e d  i n  t h e  upper  r e a c h e s  of t h e  
"Barakal '  B a s i n ,  i n  Khor Langeb. Here, a system o f  NNE 
t r e n d i n g  f a u l t s  w i t h  a g r a b e n - l i k e  geometry ,  c u t  
T e r t i a r y  b a s a l t  a n d  a c i d i c  v o l c a n i c  r o c k s .  The 
s e c o n d a r y  p e r m e a b i l i t y  o f  f a u l t s  and f r a c t u r e s  combined 
w i t h  p o t e n t i a l  p r i m a r y  p e r m e a b i l i t y  o f  v o l c a n i c s  may act 
as a s u i t a b l e  g r o u n d w a t e r  r e s e r v o i r .  

T h i s  PTA is t r a n s s e c t e d  by t h e  h ighway f r o m  T s k a r .  The 
d r a i n a g e  system which  is s u p e r i m p o s e d  o n  t h e s e  s t r u c t u r e s  may 
r e c e i v e  s u i t a b l e  r e c h a r g e  d u e  t o  h i g h e r  r a i n f a l l  v a l u e s  i n  
the s o u t h e r n  pa r t  o f  t h e  s t u d y  area. N o  S-E targets are n e a r  
t h i s  PTA. 

7-PTA: L a t  17.08-17.26,  l o n g  36.25-36.45 

PTA # 7 is c e n t e r e d  o v e r  a l a r g e  b a s i n  whose 
d r a i n a g e  t a k e s  a r i g h t  a n g l e  t u r n  n e a r  t h e  c e n t e r  of t h e  
b a s i n .  The i n f i l t r a t i o n  may be d i r e c t e d  o u t  ~f  t h e  
b a s i n  a l o n g  b e d r o c k  s t r u c t u r e s  c o n t r o l l i n g  a 
megawate r shed .  



S-E t a r g e t  s i t e  U and t h e  r a i l r o a d  are east of and 
w i t h i n  80 m i l e s  of t h e  PTA. 

1-STA L a t  22.05-22.10, long  35.52-35.57 

STA #I is p o s i t i o n e d  over  t h e  Xntersectien of a 
f a u l t  ( p r o b a b l e  r i f t  phase t r a n s f o r m  o r i g i n )  wi th  t h e  
Wadi Onib and t h e  under ly ing  f a b r i c  a s s o c i a t e d  wi th  t h e  
Oko Shear  zone. I n f i l t r a t i o n  from t h e  very e x t e n s i v e  
d r a i n a g e  b a s i n  w e s t  of t h e  Red Sea H i l l s  may prov ide  
ample r echarge  t o  t h i s  d i s t a l  area of t h e  b a s i n .  Shear  
zone fabric a s s o c i a t e d  wi th  t h e  Onib shear zone may 
i n t e r s e c t  t h e  Oks s h e a r  zone f a b r i c  and t h e  b r i t t l e  
t r a n s f o r m  f a u l t  w i t h i n  t h i s  STA. 

The immediate area is devoid  of pr imary  S-E 
t a r g e t s ,  major roads,  or major settlements. H~wevex, S- 
E t a r g e t  site A is 4 Q  m i l e s  from t h i s  STA. 

2-STA L a t  21.47-21.53, long  35.59-36.05 

STA # 2  is a l s o  p o s i t i o n e d  over the i n t e r s e c t i o n  of 
a f a u l t  (p robab le  r i f t  phase t r a n s f o r m  o r i g i n )  w i t h i n  
t h e  Wadi Onib and the u n d e r l y i n g  f a b r i c  a s s o c i a t e d  with 
t h e  Oko s h e a r  zone. I n f i l t r a t i o n  from the v e r y  
e x t e n s i v e  d r a i n a g e  b a s i n  w e s t  of t h e  Red Sea Hills may 
provide  ample r echarge  t o  t h i s  r e g i o n  of the basin. 

The immediate area is devoid of pr imary  S-E 
t a r g e t s ,  major roads,  o r  ma j o r  s e t t l e m e n t s .  

3-STA L a t  21.30-21.39, Long 36.41-36.50 

STA t 3  is p o s i t i o n e d  over  t w o  major c o a s t a l  khors  
t h a t  i n t e r s e c t  a c o a s t - p a r a l l e l  f a u l t  of probable rift 
phase o r i g i n .  The f a u l t  may be a master graben of the 
R e d  Sea r i f t  system. I f  t h i s  s t r u c t u r e  is recharged  
wi th  s u f f i c i e n t  water from the khors  and s a l t  water h a s  
n o t  s a t u r a t e d  t h e  f a u l t ,  t h i s  f e a t u r e  may p r o v i d e  a n  
economical  water supp ly .  

Th i s  STA is s i t u a t e d  w i t h i n  S-E target Site C ,  S-E 
t a r g e t  S i t e  B are a d j a c e n t  t o  t h i s  STA. The highway 
s o u t h  of Fudukwan b o r d e r s  t h e  wes te rn  s i d e  of t h i s  STA. 

4-STA Lat 20.03-20.08, Long 36.15-36.20 

STA # 4  is c e n t e r e d  over  a major E-W t r e n d i n g  f a u l t  
which has  a d r a i n a g e  superimposed on it c a l l e d  Khor 
Haye t . 



The immediate area is devoid of primary S-E 
targets, major roads, or major settlements. 

5-STA Lat 19.47-20.00, long 36.07-36.21 

STA 15 is centered over an exposure of the Nubian 
Formation. There is a drainage superimposed over this 
and it may provide a substantial water supply. The 
presence of Nubian sediments suggests the presence of 
some graben-like structure which would act Do preserve 
the sediments from the regional erosion which removed 
most of the Nubian Formation. The faulting may enhance 
the possibility far water. 

S-E target Site I is located approximately 48 miles 
east of this STA. A secondary road bisects t h i s  8TA. 

6-STA Lat 18.15-18.45, Long 36.30-36.56 

STA t6 is located in a region of Lntense, complex, 
regional faulting. The faults m y  act as intra-basinal 
transfer conduits for groundwater along nregawatersheds. 
This STA area is large and contains S-E target Site Pf. 
In addition, S-E target Site P is adjacent to this STA. 
The Khartoum-Port Sudan Highway and the railroad 
transect this STA. 

7-STA Lat 18.35-18.45, Long 37.19-37.34 

STA t 7  is located over the intersections of three 
faults sf major regional extent; one is a csastal- 
parallel fault of probskle rift phase origin, another is 
a N-S trending fault which crosses several khors, and 
the third is a NW trending intra-baainal fault. 

The immediate area is devoid of p~irnany S-E 
targets, major roads, or major settlements. 

V I I .  DESCRIPTION OF SOCIOECONOMIC SITES 

The following is a brief narrative describing the 
socioeconomic sites (lettered from North to South on 
accompanying map) selected for water exploration as described 



in the socioeconomic study prepared by Hassabo and Company 
(Numbers in 0 refer to numbers in socio economic study. See 
Appendix I ) :  

Site A ( 61 :  Halaib area: Latitude 22 degrees 13 
minutes and longitude 36 degrees 38 minutes a few km, South 
of Halaib village. Unexplored gypsum deposit. 

Also, 30 km. Northwest of Halaib village and about I5 
km. West of the share at latitude 22 degrees 14 minutes and 
longitude 36 degrees 39 minutes is a magnesite deposit which 
has been partially explored. 

Also i n  this area, between latitudes 22 degrees 5 
minutes to 22 degrees 30 minutes and longitudes 36 degrees 12 
minutes to 36 degrees 35 minutes are manganese deposits. Ore 
quality ranges from low to high grades. Small reserves 
ranging from a few thousand to 26,000 tans. Previously 
explored and mined. 

Site B (17): Fodikwan area: Latitude 21 degrees 44 
minutes and longitude 36 degrees 43 minutes. Also nearby at 
latitude 21 degrees 48 minutes and longitude 36 degrees 43 
minutes. Four deposits of iron ore estimated at about four 
million tons. Fully explored, previously mined. Remote. 

Site C (18): Sofava qroup: A group of six iron 
deposits occurring 260 km. Northwest of Port Sudan. 
Latitudes 21 degrees 25 minutes to 21 degrees 40 minutes and 
longitudes 36 degrg-es 21 minutes to 36 degrees 57 minutes. 

Site D (12): Shinaab: Latitude 21 degrees 4 minutes 
and longitude 37 degrees 2 minutes, West of Dungunab Bay. 
Unexplored gypsum deposit. 

(13):* Nabaa: 200 km. Northeast of Abu Hamad 
town, Remote cluster of gold occurrences not well explored- 

*Not within Project area. 

Site E (4): Gebeit: Latitude 21 degrees 3.5 minutes 
and longitude 36 degrees 19 minutes, 256 kin. Northwest of 
Fort Sudan and about 70 km. West of the Red Sea coast, Gold 
deposits under active exploitation between English Minex Co. 
(Greenwich Resources) and GOS jt. venture. Annual production 
of one ton of gold with ongoing exploration to increase 
reserves. They axe now treating about 300 KT of rock per day 
using existing wells in the area, however the amplitude of 
water is seasonal. 



Si te  F ( 3 ) :  Abin Kateib: Gold mine a t  l a t i t u d e  20 
d e g r e e s  3 4  minutes  20 seconds,  and l o n g i t u d e  34  d e g r e e s  55 
minutes  40 seconds .  3t .  v e n t u r e  between Kenmare and Sudanese 
C e n t r a l  Desert Mining Company ( p r i v a t e  s e c t o r  Sudanese 
b u s i n e s s  i n t e r e s t s )  t o  deve lop  a n  o l d  mine i n  o p e r a t i o n  f o r  
30 y e a r s  i n  a p r i m i t i v e  manner. P r o c e s s i n g  p l a n t  t o  be 
e r e c t e d  soon t o  p r o c e s s  28,120 t o n s  of t a i l i n g s  c o n t a i n i n g  
ave rage  7.4 grn go ld  pe r  ton .  F u r t h e r  e x p l o r a t i o n  t o  be 
c a r r i e d  o u t  a l o n g  t h e  s t r i k e  of go ld  v e i n s .  kater f o r  
p r e s e n t  o p e r a t i o n  s u p p l i e d  from v a l l e y  5 km from mine, 

S i t e  G (2): Bir  Eit area: L a t i t u d e  20 d e g r e e s  22 
minutes  and l o n g i t u d e  36 d e g r e e s  5 3  minutes,  abou t  75 kn.  
North of Port Sudan and 5 km- West of t h e  Red Sea s h o r e .  
H igh  q u a l i t y  gypsum w i t h  proved r e s e r v e s  of 224 m i l l i o n  t o n s .  
Also, 5 km. from t h i s  v i c i n i t y  i n  Tobonam l ies  a n ~ t h e r  
unexplored d e p o s i t  which is c u r r e n t l y  l i c e n s e d  and used by 
t h e  C h a l k  I n d u s t r y  Co. S i m i l a r l y ,  19 km. of B i r  E i t  is a n  
unexplored b u t  seemingly  large gypsum d e p o s i t  a t  Saghum. 

S i t e  N ( 8 ) :  Marsa Arakaiya i  area: Between L a t i t u d e  
20 d e g r e e s  t o  20 d e g r e e s  15 minutes  and Longitude 37 degrees 
6 minutes  t o  37 d e g r e e s  12 minutes,  abou t  70 km. North of 
P o r t  Sudan. Huge l imes tone  d e p c s i t s .  A d e t a i l e d  f e a s i b i l i t y  
s t u d y  w a s  conducted by a j o i n t  Sudanese American p r i v a t e  
venture b u t  was s h e l v e d  due t o  lack of water and f i n a n c i n g .  
Potential t o  r e v i v e  i n t e r e s t  g iven  w a t e r .  

S i t e  I (15): W o l l a s t o n i t e :  L a t i t u d e  19 d e g r e e s  53 
minntes  and l o n g i t u d e  36 d e g r e e s  31 minutes ,  65 km. 
Northwest of P o r t  Sudan. W o l l a s t o n i t e  d e p o s i t s  of h i g h  
quality e s t i m a t e d  a t  475,000 MT. 

S i t e  J (11): Rhor A r b a a t :  36 km, North-West of P o r t  
Sudan and a few km North of Xhsr A r b a a t ,  t h e r e  e x i s t s  s l a t e  
of commercial p o t e n t i a l .  Q u a l i t y  and q u a n t i t y  not tested- 

Also i n  Khor Arbaat ,  there is p o t e n t i a l  f o r  a g r i c u l t u r a l  
development as t h e r e  a r e  49,000 feddans of area w i t h  soils 
suitable f o r  h o r t i c u l t u r a l  o r  c r o p  p roduc t ion .  There already 
e x i s t s  some a t t e m p t s  a t  water catchment schemes  i n  t h e  area. 

S i t e  K 15) :  S e r a k o i t  area: J u s t  Worth of Ariab J t ,  
Venture area. J o i n t  v e n t u r e  between Sudan Mining C s ,  and 
Kenmare Go. ( I r e l a n d ) ,  General  p r o s p e c t i o n  works t o  s t a r t  
f o r  go ld .  



Site L ( 7 ) :  Ariab area: Latitudes 18 degrees 40 
minutes to 18 degrees 44 minutes and longitudes 35 degrees to 
35 degrees 36 minutes, about 80 km. North of Musmar Railway 
Station. About 10 significant deposits discovered with 
ccmmercial gold and massive svlphides o f  copper, zinc and 
silver. Recent new find of higher concentxate gold in area 
has confirmed commercial viability of site. If groundwater 
is not found, serious consideration will be given ta 
investing in an alternative supply. This area is currently 
licensed to the Sudanese-Fxench jt. venture between the State 
Mining Corporation, BRGM and Total. Hydrogeologists are 
actively looking for groundwater reserves as an alternative 
to piping in water from Atbara or Nile River. 

Site M (9): Summit area: Latitude 18 degrees 47 
minutes and longitude 36 degrees 46 minutes, four km. West 
of Sumit Railway Station. Coloured marble suitable for 
decorative building use. 

Site N (16): Trinkits: Latitude 18 degrees 36 
minutes and longitude 37 degrees 54 minutes, about 192 km. 
South of Port Sudan and 30 km. North Northeast of Tokar, 
pnomising deposit of black sands containing titanium minerals 
traced for about 25 km. along the coast. Partially explored. 

Site Q (14): Tokar: The Tokar delta from the Baraka 
river offers about 250,000 feddans sf fertile agricultural 
land, of.which only about 40% is presently cultivated using 
flood irrigation. If a permanent groundwater supply were 
found the available soils and in£ rastructure would permit 
promising horticuPtura1 and crop production. 

Site P (10): Tohamyiam area: 10 km. South-West of 
Toharnyiam Railway station and 2 km. away from the Khartoum- 
Port Sudan road, White-pink granite. 

Site Q: Also in Tohamyiam area, 15 km. South-Bast of 
Tohamyiam Railway station is a deposit of good quafity quartz 
suitable for glass. Deposit is leased. 

Site R (23): Abu Samr: Latitude 17 degrees 58 minutes 
and longitude 36 degrees 16 rni~utes, Zinc, lead, copper, 
silver ores. Previously explored but abandoned due to 
difficulty in mining. 

Site S (19): Karora qroup: A group of three iron ore 
deposits between latitudes 17 degrees 42 minutes to 17 



degrees 50 minutes and longitudes 38 degrees 17 minutes to 38 
degrees 23 minutes, about 250 km South of Port Sudan. 
Explored, good potential recovery rate but remote. 

Also in this location white and colaured marble occurs 
in hugs masses. Largely unexplored. 

( 2 0 ) : *  Maman area: Latitude 16 degrees 20 minutes 
and Longitude 36 degrees 25 minutes about 60 km. East of 
Erba Railway Station. White marble suitable for cement 
production. 

t Not located within project area. 

(21) :* Gadamah: Four km. East of Gadamai Railway 
Station, green, pink, yellow and white marble suitable for 
decorative use. 

R Not located within project area. 

Site T (22): Tehflla: Latitude 17 degrees 44 mfnutes 
and longitude 36 degrees 3 minutes, North of Derudeb. Large 
quantities of white grey marble suitable for decoration. 
Mainly unexplored. 

Site U (1): Derudeb area: Between Latitude 17 
degrees 33 minutes and Longitude 26 degrees 14 minutes, 20 
km. East of Derudeb railway station. Good quality white 
marble of 98% calcium carbonate. Detailed geological and 
topographical mapping carried out .  Raw materials suitable 
for cement industry. Current investment being considered but 
there is a need to solve water supply problem. 

Also, about 22 km. East of Derudeh Railway station, and 
a f e w  km, E a s t  of the marble deposit, it a deposit ~f quartz. 

VIII, ENVIRONMENTAL FACTORS 

For purposes sf identifying potential environmental 
Impacts associated with water resources development in the 
Red Sea Hills district, a survey of all available information 
on soils, vegetation and climatic characteristics, along wi tfm 
a thorough Literature review sf current environmental 
problems was made. From these considerations a preliminary 
list of concerns was drafted, encompassing the range of 
possible impacts, from trivial to severe, This list was then 
narxowed on the basis of expected magnitude (quantum 
changes), extent (area affected), significance, and 



sensitivity of the area, in order to focus on impacts of 
greatest 3otential concern to the maintenance of 
environmental integrity throughout the region. the 
unfavorable impacts identified are generally sf a secondary 
nature, related to projected land use practices resulting 
from increased water availability, rather than from the 
introduction of water per se. These are associated primarily 
with agricultural and mining interests, 

(a) It is reasonable to assume that a temporary 
increase in carmying capacity for both human and livestock 
populations will result from elevated agricultural 
productivity, following the development of new irrigation 
water supplies. The possibility exists, then, that 
additional population pressures ( e , g .  increased fuelwood 
demand, increased pastoralism) will be experienced as an 
adjunct to agricultural activities, raising concern for 
increased decertification in outlying areas. On the other 
hand, where productivity (hence carrying capacity) may be 
raised to meet existing overpopulations of humans or 
lfvestock, a carefully formulated regional integration of 
pastoral and agricultural activities could stall local 
decertification. The durability of the landscape to loss of 
native plant cover, soil compaction, and erosion, or, 
conversely, its potential for recover, is a function of 
topographic character and soil physical properties, 
precipitation and wind regimes, the nature of the local 
vegetation and intensity of land use. These variables will 
be studied thoroughly on a site-specific basis in Phase 11. 

(b) ancillary problems associated with the introduction 
or intensification of irrigated agriculture in the Red Sea 
Hills district may be related to increased salfnization of 
soil and salt contaminatfon of shallow groundwater, a common 
problem in arid-land agriculture throughout the world. Loss 
of productivity as a result of salinization is well know from 
other provinces in the Sudan (viz. millet production in the 
ElQbeid area), though this experience has not borne out in 
all irrigation schemes. The potential for salinizatian is 
largely dependent on local conditions, namely soil chemical 
and physical properties and on the quality 06 irrigation 
water with respect to total dissolved solids ant3 Ca:Na 
rations. It is notew~rthy here that the Haplic Yermosols of 
the Red Sea coast and the Galcaric Fluvisols sf the Red Sea 
Hills and Tokar Delta are saline in nature and may respond 
unfavorably to irrigation, Land abandonment after 5 years is 
not an unlikely possibility I f  irrigakion schemes are not 



developed in concert with site limitations and groundwater 
sourcing and cycling realities. This hias been the experience 
elsewhere and poses perhaps the single greatest threat to 
increased decertification of the area. The potential for 
salinization problems will be assessed carefully on a site- 
specific basis in Phase 11. 

( c )  Additional potential impacts of new irrigation 
schemes involve alteration of soil moisture regimes 
(including lowering of the water table) with consequent 
changes in the nature of the vegetation co:yer, possibly 
fostering the introduction and spread of non-native weedy 
plant species. Extensive canal networks may also advance the 
range of water hyacinth and its attendant disease vectors, 
the fresh water snails (alternate host to the Schistosomiasis 
parasite) and mosquitos. The likelihood and significance of 
these potential impacts must be weighed in light of expected 
benefits from new water development projects in the Red Sea 
Hills district, including the health benefits of increasing 
the quantity of drinking water available to rural 
inhabitants. 

( d )  Depending on the status quo of the areas involved, 
the potential for adverse environmental impact exists in 
connection with cement manufacturing and the mining of 
precious metals. For example, gold extraction requires large 
quantities of water, most of which is lost as waste water 
(non-recyclable) containing relatively high concentrations of 
heavy metals- The quantity of water used in gold mining is 
scme 70 times greater than that required for copper ores, for 
example, and only 7% or so is recircul.ated water. Of the 
total new and recirculated water used in the exttlaction of 
gold, less than 2% is consumed in the process; the remainder 
is discharged and highly t ~ x i c  to humans and other organisms. 
Attention must be given, therefore, to the use of low-quality 
process water from natural sources rat:tier than potable water, 
plus the ability of native soils to absorb and contain the 
various metal ions in mining waste water, These impacts are 
dependent, of course, on the current potential productivity 
of soils in the vicinity of mine sites, 

(el Finally, we are cognizant of the occurrence of 3 
endangered animal special elsewhere in Sudan that occupy 
habitats and vegetation types similar to those found in the 
Red Sea H i l l s  district, Eauus africanus is known to range 
across the northern Sudan from the Nile %o the Red Sea coast, 
while Gazella le~toceros and O ~ Y X  d a m h  are suspected of 



persisting in the semi-desert and desert fringes of No 
Darfur. Ve wPll remain alert to the possible occurrence of 
these s p e c i e s  in o w  potential target areas. 

IX. PLANS FOR PHASE I1 

The purpose of Phase I1 is to narrow the f i e l d  of 3 4  
water PTA and 23 socioeconomic sites down to five high 
priority PTAs, This will entail field reconnaissance, 
detailed photo and satellite imagery analysis, along with a 
more detailed structural and hydrogeologic analysis of each 
of the Target Areas. These data will be quantified and 
combined in a weighted ma.2rix to facilitate a rating and 
ranking of all the Target Areas, 

We will then perform a detailed on-site analysis of the 
five high priority areas. We anticipate that our detaffed 
work during Phase I1 will enable us to establish more 
specific PTA boundazies and thus decrease the size from the 
existing 5,000 to 10,000 square miles down to 1,000 to 2,000 
square miles for each of the fit@ high priority PTAes 
selected, We then plan to locate two to four smaller, mare 
specific, sites within each of the five high priority PTA's, 
This will yield a total of 10 to 15 smaller PTA of 100 to 
l ,UOO acres each. These smaller sites will be the  focus of 
our detailed on-site work during Phase 111, 

CONCLUSIONS 

The correlations between mega shear zones, faults, large 
catchment areas and drainage in the Red Sea Hills region Is 
overwhelming. Prior investigations of the potential water 
reserves within the Red Sea Hills area have not emphasized 
these correlations nor their contributions to the discovery 
of sustainable yields of usable water. The Efegawatershed 
Exploration Model serves as the framework for a scientific 
analysis of these correlations. 

During Phases I1 and 111, we will analyze and evaluate 
the scientific, economic, and financial feasibility sf 
business uses of potential water reserves within five 
exploration target areas, which may or may not be selected 
out of the original PTAs. We will identify and select 
specific business applications for each site and evaluate the 
environmental impact of such applications, 



The successful demonstration of economic and exploratfon 
feasibility during this pilot project will tzfgger an 
extended business venture on the part of the parties 
involved* The results will lead to an increased prosperity 
for communitfes in the Red Sea Hills region sf Sudan* 
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I .  INTRODUCTION ----------------- 
The U. S. Agency f o r  I n t  ernat i a n a l  Devel  apment h a s  p r a v i  ded 

g r a n t  f u n d i n g  f o r  a h i g h l y  i n n o v a t i v e  . j o i n t  v e n t u r e  t o  f i n d  and 

devel iz~p "megawate r sheds"  as a n  economic r e s o u r c e  i n  t h e  Red Sea 

P r o v i n c e  c ~ f  Sudan.  The j ~ = ~ i n t  v e n t u r e  is be tween  a U.S.  company, 

BCI Geonet  i c s  I n c  - , a n d  t h e  Sudanese Cnmpany f o r  Mat~r  and  

Ecctnomi c Develapment  , L t d ,  (SUWED) . The o b j e c t i v e  o f  the p r a , j e c t  

is t o  assess and  d e m o n s t r a t e  b o t h  t h e  p h y s i c a l  and ecc~nomic  

v i a b i l i t y  o f  p r i v a t e  sector w a t e r  deve lopment  i n  t h e  Sudan. The 

p r c ~ j e r t  w i l l  b e  c o n d u c t e d  i n  ftz~ur p h a s e s ,  T h i s  r e p o r t  presents 

t h e  f i n d i n g s  o f  t h e  f i r s t  p h a s e  ctf the s~z~~:in-e~z~r,n~:tmic feasibility 

5t udy . 
11. OVERVIEW O F  P H A S E  I WORK ----------------------------- 

Dur i ng t h i s p h a s e  ~ s f  sctc i o-ec~:in~=~mi c f easi b i 1 i t y war k , w e  

c t ~ ~ n d i r c t e d -  a r e v i e w  t o  a s c e r t a i n  t h e  f u l l  r a n g e  o f  p o t e n t i a l  uses 

c ~ f  w a t e r  i n  t h e  t a r g e t  area g i v e n  t h e  p r e s u m p t i o n  t h a t  w a t e r  c a n  

b e  found.  Our ef f c i r t s  f o c u s s e d  m a i n l y  o n  a s s e s s i n g  t h e  i n h e r e n t  

p h y s i c a l  p u t e n t i  a1 clf t h e  t a r g e t  area f o r  w a t e r - a s s i s t e d  business 

develclpment a n d ,  inasmuch ,  d i d  n o t  c o n c e n t r a t e  sn a m a r k e t  

a n a l y s i s  a t  t h i s  s t a g e .  Once t h e  r a n g e  o f  p c ~ t e n t i a l  b u s i n e s s  

o p p o r t u n i t i e s  a n d  c o r r e s p o n d i n g  s i te  I s c a t i o n s  w a s  i d e n t i f i e d ,  

p r e l i m i n a r y  c r i t e r i a  w e r e  d e v e l o p e d  a n d  a p p l i e d  ta a c h i e v e  a 

f i r s t  r o u n d  o f  s i t e  r a n k i n g s .  The p u r p n s e  &if  t h e  s i te  r a n k i n g s  

is ti:# h e l p  n a r r o w  t h e  scope a n d  p r i o r i t i z e  t h e  e x p l ~ z ~ r a t i c m  

e f f o r t s  of the g e o l o g i c a l  t e a m .  

111. DEFINITION O F  WATER-ASSISTED BUSINESSES ---------------------------------------=----- 



A t  t h i s  s t a g e  t h e  b r o a d e s t  p o s s i b l e  d e d i n i  t i o n  w a s  a p p l i e d  

to t h e  concept of a " w a t e r - a s s i s t e d  b u s i n e s s .  " The u l t i m a t e  

o b j e c t i v e  o f  SUWED is t o  u t i l i z e  a newly  d i s c o v e r e d  s ~ ~ u r c e  a f  

w a t e r  a5 a cc~mmerc ia l  r e s o u r c e .  In t h i s  r e s p e c t ,  i t  may b e  t h a t  

t h e  w a t e r  i t s e l f  w i l l  b e  t h e  commerc ia l  r e s o u r c e :  t h a t  r e a d y  

cP i e n t s  w i  1 l i n g  t o  p u r c h a s e  water f o r  w h a t e v e r  r e a s o n  w i l l  be 

i d e n t i f i e d .  In such a c a s e ,  t h e  e a r l y  e f f o r t  a n d  i n v e s t m e n t  o f  

SUWED b.-~uld f ~ x u s  on t h e  develc:pment and  management of t h e  water 

s o u r c e  i t s e l f .  Qn t h e  o t h e r  hand ,  i t  may b e  t h a t  w a t e r  w i l l  be 

found i n  a n  area where  nu  r e a d y  c l i e n t  e x i s t s ,  b u t  where  t h e r e  

e x i s t s  t h e  p c l t e n t k a l  t m  use w a t e r  to d e v e l a p  i n h e r e n t  

a g r i c u l t u r a l  or m i n e r a l  r e s o u r c e s .  In t h i s  case, SUWED may 

ch1~113se t o  use the water t o  devel lz~p t h e  p r ~ ~ r n i s i n g  r e s o u r c e s  

t t ~ e m s e l  v e s .  A 1  t e r n a t  i v e l y ,  t h e y  may p r c ~ m o t e  the p c t t e n t i a l  (sf a 

g i v e n  s i te  t o  t h i r d  p a r t i e s  w i t h  a n  i n t e r e s t  i n  d e v e l o p i n g  i n  t h e  

underlying r e s n u r c e  g i v e n  t h a t  t h e  water c : m s t r a i n t  has been  

r e l i e v e d .  T h i s  d e f i n i t i ~ n  a l so  g i v e s  slzc~pe f o r  d e v e l o p i n g  w a t e r  

for  rcmsumpt i o n  p u r p o s e s ,  f o r  i n s t a n c e ,  as a n  a1 t e r n a t  ive sc lu rce  

o f  m u n i c i p a l  w a t e r  s u p p l y .  

IV. OVERALL POTENTIAL OF THE RED SEA HILLS PROVINCE ----------------------------------------------------- 
Wi t h  t h e  p a r a m e t e r s  c*ut l i ned abcwe, w e  b e g a n  by assessi ng 

t h e  a g r i c u l t u r a l  and  m i n e r a l  p o t e n t i a l  o f  t h e  p r 1 3 v i n c e  t o  

i d e n t i f y  t h e  c a m p a r a t i v e  a d v a n t a g e s  o f  t h e  t a r g e t  area, I n  

a d d i t i ~ ~ n ,  w e  h e l d  i n t e r v i s w s  w i t h  d t ~ n o r  a g e n c i e s  t13 d e t e r m i n e  the 

c u r r e n t  s t a t u s  cmf muni r i p a l  w a t e r  deve lupment  for P a r t  Sudan. 

C ~ m t a c t s  w e r e  also made w i t h  c o m p a n i e s  i n  Pctrt  Sudan t o  e l i c i t  



t h e  l e v e l  csf i n t e r e s t  i n  a commerc ia l  s inpply b3f w a t e r  f r ~ ~  1x7- 

g o i n g  industrial c o n c e r n s .  

O v e r a l l ,  i t  a p p e a r s  t h a t  the Red Sea H i l l s  P r c w i n c e  e n j a y s  a 

~ r o n s i  d e r a b l  e clrtmparat i v e  a d v a n t a g e  13ver c l t t ~ e r  areas i n  and  

o u t s i d e  c @ C  Sudan w i t h  r e s p e c t  tlr( m i n e r a l  r e s o u r c e s ,  The lack.  isf 

water i n  a b u n d a n t  q u a n t  i t ies h a s  b e e n  a s e v e r e l y  1 i m i  t i n g  factcpr 

f o r  t h e i  r deve lopment ,  The  area c o n t a i n s  numerous  r a w  mater i a1 5 

s u i t e d  ta t h e  demands 13f d o m e s t i c  a n d  export i n d u s t r y ,  C l i m e ,  

m a r b l e ,  gypsum, d imensicma1 s t c ~ n e s ,  s late,  q u a r t z  1 .  f t c o n t a i n s  

base m e t a l s  s u i t a b l e  fclu e x p o r t  m a r k e t s ,  Ccopper,  lead, z i n c : ) ,  

a n d  more t h a n  o n e  h u n d r e d  si tes I Z I ~  t h e  n o b l e  m e t a l  gold  h a v e  b e e n  

l ~ z ~ l z a t e d  i n  t h e  P r o v i n c e .  Annex I p r e s e n t s  a d e t a i l e d  r e v i e w  c g f  

the m i n e r a l  p o t e n t i a l  u f  t h e  Red Sea P r ~ z ~ v i n r e  p r e p a r e d  by a 

p r o m i n e n t  S u d a n e s e  gectl c ~ g i  st, M r .  Ad1 y Abdel Mageed Ahmed. 

I n t e r e s t i n g l y ,  d u r i n g  the c ~ z ~ u r s e  of t:~ur w o r k  w e  found 

s e v e r a l  i n s t a n c e s  w h e r e i n  a p r o p c ~ s e d  i n v e s t m e n t  r e l a t e d  t o  

m i n e r a l  deve lopment  had  been  c a r r i e d  far i n t o  t h e  s t a g e s  ~ f  

r e a l i r a t i c ~ n  b u t  had u l t i m a t e l y  no% b e e n  c o m p l e t e d .  F o r  example ,  

t h e r e  e x i s t s  i n  Khartoum Nclrth a f u l l y  e n n s t r u c t e d  f a c t o r y  held 

by a p u b l i c  c a r p c ~ r a t i o n  d e s i g n e d  t c ~  m a n u f a c t u r e  f e r t i l i z e r .  

Given a s o u r c e  of g r o ~ t n d w a t e r  i n  t h e  r i g h t  l o c a t i ~ n ,  the raw 

mater iaPs f c ~ r  f e r t i  1  i z e r  a n d  s e v e r a l  sttier c h e m i c a l s  c c ~ u f  d be  

d e v e l c ~ p e d  w i t h i n  t h e  Red Sea H i l l s  p r o v i n c e .  S i m i l a r l y ,  b a c t ~ s r y  

eqrri pment has been  i m p a r t e d  i n t c ~  Sudan, b u t  n e v e r  e r e c t e d ,  f a u  

t h e  p r u c e s s i n g  o f  gypsum i n t o  b u i l d i n g  p l a s t e r .  W e  l e a r n e d  cgf 



t w o  c a s e s  i n  which d e t a i l e d  f e a s i b i l i t y  s t u d i e s  w e r e  c a r r i e d  out 

f u r  t h e  e s t a b l i s h m e n t  o f  cement f a c t o r i e s .  These  are n o t  

n e c e s s a r i l y  "dead" p r o j e c t s .  I n  f a c t  w e  found t h a t  c o n s i d e r a b l e  

i n t e r e s t  r e m a i n s  i n  v a r i o u s  q u a r t e r s  t o  r e v i v e  u r  r e c o n s i d e r  

t h e s e  i n v e s t m e n t s  shcsuld t h e  ecc~nomic p i c t u r e  p r o v e  a t t r a c t i v e .  

I n  m:zast c a s e s  the r e a s o n  c i t e d  f a r  delay or d i s c a n t i n u a t i * ~ n  f ~ f  

t h e s e  p--ejects w a s  t h e  l a c k  o f  f i n a n c i n g ,  t h ~ u g h  t h i s  may n o t  

f e l l  the w t w l e  s t o r y .  The c o s t - b e n e f i t  a n a l y s i s  o f  m o s t  sf t h e s e  

i n v e s t m e n t s  a lso  had t o  i n c c w p o r a t e  develclpment of a c o s t l y  

s o u r c e  of  w a t e r .  Tor example,  t h e  cement f a c t o r i e s  had to factar 

i n  t h e  cv=~st caf pumping w a t e r  ove r  hundreds  sf kilc8meters ,  or 

desal i n a t  i ~zfin I Z I ~  sea w a t e r .  W e  have  been t o l d  t h a t  the pub1 i s 

c s = * r p ~ x a t i o n  i n t e n d e d  to import  a l l  t h e  r a w  materials for its 

f e r t i l i z e r  factr~ry which wuuld h a v e  made its ctperations un- 

econ~=mi r .  Water-asci sted devef opment sf 1 ime and :=sther materials 

r e q u i r e d  few f e r t i l i z e r  might  change  t h a t  picturew 

Asi d e  from dc#mest i 1: i n d u s t r y ,  c a n s i  d e r a b l  e scope e x i  sGs for  

the d i r e c t  e x p u r t  of  base and n o b l e  m e t a l s ,  Gold, manganese and 

i r o n  ore have all been e:.;pcareed f r o m  t h e  Sudan i n  the past. 

C u r r e n t l y  there are four  a c t i v e  mining v e n t u r e s  for b a s e  and 

n o b l e  metals, three between t h e  Sudan Mining ~ b r ~ o r a t i o n  and 

f o r e i g n  cwrpanies, and cme between an I r i s h  company and a p r i v a t e  

Sudanese ccmpany. V h ~ u g h  prospecting is o f t e n  a r i s k y  ve f i t u re ,  

t h e  r a w  potential o f  t h e  lat ter  mining e f f o r t s  was deemed t o  be 

s u f f i c i e n t l y  a t t r a c t i v e  t o  put a s i d e  t h e  w a % e r  c o n s t r a i n t  fur t h e  

time b e i n g  and conduct extensive explorations, f f gaz*Ld is found 



i n  t h e  p r o m i s i n g  q u a n t i t i e s  s u s p e c t e d ,  i t  would t h e n  become 

e c a n ~ x n i c  go as  far as pumping w a t e r  f r o m  t h e  N i l e  i f  need be.  I n  

such a case, a b u n d a n t  s u p p l i e s  13f gyoundwater  would b e  a welcome 

a l t e r n a t i v e .  A l l  i n  a l l ,  i t  is c l e a r  t h a t  c c m s i d e r a b l e  scope 

e x i s t s  few u t i l i z i n g  w a t e r  to d e v e l o p  m i n e r a l s  i n  t h e  Red Sea 

P r o v i n c e .  

E. &qricultural P c ~ ~ z n t i a &  

A review uf t h e  p o t e n t i a l  far water-assist ed agricultural 

deve lopment  is p r e s e n t e d  i n  Annex 11. T h i s  was p r e p a r e d  by a 

Sudanese a g r  i cu l  k~:?>aP econc~rni st, M r .  Mohammed Bsman Abdel Mageed. 

R e l a t i v e l y  s p e a k i n g ,  a g r  i c u : t u r a l  p o t e n t i a l  t a k e s  a back seat t t z *  

m i n e r a l  ??:atential i n  the Red Sea W i l l s  Pr~zmvince. T h e  r e a s o n  f~:au 

t h i s  is n o t  that the F r ~ w i n c e  is devoid aP agricubtural 

p o t e n t i z l ;  rather, i t  hazdds nfzg partf rular  advantage over o t h e r  

r e y ~ i s n s  w i t h i n  the Sudan. I n  f a c t ,  as inctsrh as 27,s m i l l i c l n  

f e d d a n s ,  or 55% ~f t h e  total area, is thtz~ught t o  be suitable f o r  

crop product i~ztn, tmrticul ture and 1 ives tcask  grazing, These are  ~ l ~ z ~ c a t e d  i n  t h e  m i d d l e  and sc tu the rn  z o n e s  of  t h e  prcwince since 

the narthevn third is an i n h a s p i t a b l e  s e m i - d e s e r t  environment. 

S c f i l s  suitable tszl crop a n d  h o r t i c u l t u r a l  p r c t d u ~ t i o n  tend 

c~zsnsi s t e n t  ly t o  be located af ong s e a s a n a l  r i v e r b e d s  Ckhors and 

wadis? s~r i n  d e l t a s .  Aside fr?:m t h e  f a c t  t h a t  these are o f t e n  

remote or f imi t e d  in size, t h e  phenomentzfn of s e a s o n a l  fbosding 

requires t h a t  investments; be made i n  ef fmztive c s n t r c d  o f  t h e  

w a t e r .  

E x p e r i e n c e  w i t h  s u b s i s t e n c e  c r o p s  and e x p e r i m e n t s  conducted  



an v e g e t a b l  e p r a d u c t  i o n  i n  pump-schemes i n d i c a t e  t h a t  y i e l d s  i n  

t h e  Red Sea Hills p r o v i n c e  are no  b e t t e r  t h a n  t h o s e  a c h i e v e d  i n  

t h e  Western r e g i o n s  of  Sudan, and w o r s e  t h a n  t h o s e  a c h i e v e d  i n  

t h e  mechanized r a i n  f e d  sectar  and i r r i g a t e d  sectors. Though t h e  

p r o x i m i t y  of t h e  n a t i o n ' s  s e a p o r t  is a p o t e n t i a l  a d v a n t a g e  f o r  

pr lxnot ing a g r i c u l t u r a l  e x p ~ x t s ,  t h i s  d u e s  n o t  outweigh the 

c o n s t r a i n i n g  factl=lrs.  Given t h e s e  f e a t u r e s ,  i n d i v i d u a l s  or 

l x g a n i z a t i c l n s  s p e c i a l i z i n g  i n  a g r i c u l t u r a l  development wauld 

l i k e l y  f i n d  t h a t  i n v e s t m e n t s  i n  o t h e r  areas of t h e  ccmuntry w i l l  

yield e q u i v a l e n t  sr higher r e t u r n s .  

O n e  e x c e p t i ~ z ~ n  i n  t h e  p r o v i n c e  is t h e  e x c e e d i n g l y  f e r t i l e  

Tclkar d e l t a  o f  t h e  B a r a k a  r i v e r .  The f e r t i l e  l a n d s  of this area 

are c u r r e n t l y  o n l y  abclut 40% u t i l i z e d  to the lack of a permanent 

w a t e r  supply. Similarl y, t h e  l a n d s  ar12und the Arbaat fresh water 

s p r i n g s  are als::~ highly f e r t i l e  but are c o n s t r a i n e d  due  t o  

cornpet i ng demands f clr t h e  w a t e r  . A " m e g a w a t  er shed"  found i n  

e i t h e r  111f t h e s e  Xcaca l i t i e s  would c ~ f f e r  s i g n i f i c a n t  a g r i c u l t u r a l  

p o t e n t i a l .  T h e r e  might  be  scope for SUWEB t o  p r a m s t e  a g r i c b l t u r e  

c ~ u t r i g h t ,  or ta promote  t h e  use o f  w a t e r  to t h e  Tokar 

a g r i c u l t u r a l  s a r p ~ z ~ r a t i ~ z ~ n  u r  t e n a n t s  g r o u p s  t h r o u g h  well-defined 

production r e l a t i o n s h i p s .  

During Phase  I1 ~ l f  t h e  sc~cia-economic s t u d y  w e  in%end t o  

v i s i t  w i t h  t h e  Regiona l  a g r i c u l t u r a l  o f f i c e r  in Kassala and will 

e x p l a r e  f u r t h e r  i n t o  the p o t e n t i a l  f o r  f r u i t  tree p r o d u c t i o n  

C p a r t i c u l a r l y  c i t r u s  and d a t e s )  since l i t t l e  data was found *zin 

t h i s  i n  Khartoum. L i  k e w i s e ,  w e  w i  11 conduct m a r e  inquiries on 



t h e  p o t e n t i a l  flzw and i n t e r e s t  i n  l i v e s t o c k  pr~=iciuction u s i n g  

fodder craps. 

I t  is an  e s t a b l i s h e d  fac t  t h a t  w a t e r  is a v e r y  s c a r c e  and 

essential commodity for P ix  t Sudan. A t  t h e  o u t s e t  of our  wt3r k i t  

w a s  be1 i eved t h a t  t h e  Wclrld Bank was c o n s i d e r i n g  making a 

s i z e a b l e  l o a n  t o  develclp t h e  P o r t  Sudan munic ipa l  water s u p p l y ,  

T h i s  was found n o t  t o  b e  t h e  c a s e .  I n  f a c t ,  such  a p r o j e c t  h a s  

not even been i d e n t  i f i e d  for t h e i r  f  ive -year  p r o j e c t  p i p e 1  i n e .  

On t h e  o t h e r  hand, i t  w a s  d i s c o v e r e d  t h a t  t h e  F e d e r a l  Republic cff 

Bermany is funding  a p r o j e c t  t o  p r o v i d e  d r i n k i n g  w a t e r  i n  Port  

Sudan. E f f o r t s  are being made t c ~  fc~l l~z*w up on t h e  p o t e n t i a l  role 

of SUWED i n  t h i s  c o n t e x t .  

Dm Qgmand f or-water by € x i  st i n q  Hus ine5ses  

We h e l d  i n t e r v i e w s  w i t h  a number s f  b u s i n e s s e s  i n  P o r t  Sudan 

which require water for their operat i ~ n s ,  whether  f c ~ r  c~=~o l  i n g  

t h e i r  equipment ar c ~ t h e r w i s e  i n  t h e i r  p r o d u c t  i c ~ n  p r o c e s s .  W e  

l e a r n e d  t h a t  s o m e  factories h a v e  made s p e c i a l  investments Csuch 

a s  i n  d e s a l i n a t i o n )  t o  a s s u r e  a r e l i a b l e  water supply, while 

o t h e r s  are handicapped  by its o v e r a l l  l a c k .  W e  l e a r n e d  of one 

m a n u f a c t u r e r  of s o f t  d r i n k s  which used  tct o f f e r  a l i n e  of m i n e r a l  

w a t e r .  Many new i n v e s t m e n t s  con (5 ide red  far Port  Sudan have 

e i t h e r  been s c r a p p e d  car h a v e  been r e - l o c a t e d  t o  Khartaum d u e  t o  

t h e  l a c k  o f  w a t e r .  T h e r e  is l i t t l e  doubt  t h a t  e x i s t i n g  

bus1 n e s s e s  and n e w  i n v e s t m e n t s  would have a s t r o n g  commercial 

i n t e r e s t  i n  a r e l i a b l e  a l t e r n a t i v e  w a t e r  s u p p l y  for t h e  P c ~ r t  



Sudan area. 
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Havi ng a s s e s s e d  the r e l a t i v e  p h y s i c a l  p a t e n t  ial of t h e  

P r o v i n c e ,  i t  w a s  n e c e s s a r y  a t  t h i s  s t a g e  to a c h i e v e  a p r e l i m i n a r y  

r a n k i n g  s f  p o t e n t i a l  t a r g e t  areas f o r  water e x p l o r a t i o n .  For 

t h i s  p u r p o s e  w e  deve loped  a few c r i t e r i a  a g a i n s t  which each s i te  

c o u l d  be measured,  I t  is i m p o r t a n t  t h a t  t h e  s c r e e n i n g  c r i t e r i a  

a p p l i e d  a t  t h i s  stage be c l e a r l y  u n d e r s t o o d ,  so t h a t  t h e y  may be 

r e l a x e d  or changed t? arcomodate  t h e  w i s h e s  of  t h e  SUWED 

founde r s .  

45 r e g a r d s  mine ra l  p o t e n t i a l ,  a t  t h i s  s t a g e  only t h o s e  sites 

known or r e a s c ~ n a b l y  s u s p e c t e d  to h a v e  d e p o s i t s  o f  s i g n i  f i c a n t  

economic value were sel elzted f o r  i n c l u s i o n .  T h i s  e x c l u d e s ,  far 

t h e  t i m e  b e i n g ,  numerous sites where t h e r e  e x i s t s  p o t e n t i a l  to 

f i n d  miner a1 s bu t  where ext e n s i  ve qea=~l clgi ca l  e x p l o r a t i o n  wouf d 

sti f 1 need t o  b e  unde r t aken .  Thus f c ~ r  example, numerous sites 

which have  shown e v i d e n c e  of  g o l d  were o m i t t e d  fram i n c l u s i o n  a t  

t h i s  s t a g e .  Depending upon t h e  f i n d i n g s  o f  t h e  g e o l o g i c a l  t e a m ,  

as w e l l  as t h e  i nves tmen t  i n t e r e s t s  and r i s k  t o l e r a n c e  o f  t h e  

F o u n d e r s  Group, t h e  poo l  ~ f  p o t e n t i a l  sites e c ~ u l d  c e r t a i n 1  y b e  

r e a r r a n g e d  t o  g i v e  t h e s e  areas a h i g h e r  p r i o r i t y  for e x p l o r a t i o n .  

The maps inc luded  i n  Annex I p r e s e n t  t h e  f u l l  " u n i v e r s e "  of  

p c ~ t e n t i a l  mine ra l  d e p c t s i t s  as is known at t h e  p r e s e n t  t i m e .  

S i m i l a r l y  with  a g r i c u l t u r e ,  o n l y  those areas w i t h  a clear 

cornparat i v e  a d v a n t a g e  w e r e  s e l e c t e d  f o r  i n c l u s i o n  at t h i s  time, 

I n  f a c t ,  a n y  s i g n i f i c a n t  permanent  w a t e r  s o u r c e  found nea rby  a 



fe r t i l e  v a l l e y  f l o o r  would o f f e r  p o t e n t i a l  f o r  a g r i c u l t u r a l  

development . 
Other  f a c t o r s  f a v o r i n g  t h e  r e l a t i v e  r a n k i n g  o f  a g i v e n  s i t e  

are t h e  fcl l lowing:  p r o x i m i t y  Of  t h e  s i te  t o  e s t a b l i s h e d  

t r a n s p o r k  i n f r a s t r u c t u r e  < r a i l w a y ,  r o a d ,  p o r t ) ;  t h e  e x t e n t  o f  

qua1 i t a t i v e  and quak t  i t a t  i v e  e x p l l = ~ r a t  i o n  p r e v i o u s l y  conduc ted ;  

whether  t h e r e  e x i s t s  p o t e n t i a l  for t h e  development o f  m o r e  t h a n  

o n e  r e s ~ : ~ u r c e  at a g i v e n  l o c a t i c f n ;  and whether  t h e  raw material ar 

end prt=tduct has i n h e r e n t  e x p o r t  pca ten t ia l .  Along w i t h  t h e s e ,  i t  

w a s  f e l t  t h a t  p r imary  clr sec~zandary c l i e n t  p o t e n t i a l  w a s  a key 

b e n e f i t  ~ztf  a g i v e n  site, I n  p a r t i c u l a r ,  a s i te  w i t h  "primary'"  

c l i e n t  p c ~ t e n t i a l  is #=me a t  which SUWED w ~ ~ l d  l i k e l y  f i n d  a r e a d y  

c l i e n t  f c ~  water w e r e  i t  t o  b e  found. A si te  w i t h  l ' secundary" 

c l  i e n t  p o t e n k i a l  is s n e  a t  wkich w a t e r  c o u l d  b e  c t m s t r u c t i v e l  y 

used  t o  d e v e l o p  an  u n d e r l y i n g  r e s o u r c e  Ceg. f e r t i l i z e r ,  cement)  

and t h e r e  l ~ u v v e n t l y  e x i s t s  an i n t e r e s t  on t h e  p a r t  af  t t t i r d  

p a r t i e s  or founding  g roup  members t c ~  devel~z:p t h a t  b u s i n e s s .  On 

t h e  1 3 t  h e r  hand, where s i m i  1 ar r e s o u r c e s  a l r e a d y  e x i s t  e l s e w h e r e  

i n  Sudan unc~:tnstrained by a l a c k  of w a t e r ,  this is a p o s s i b l e  

d e t r a c t o r  from a g i v e n  site, 

I n  develt=lping t h e s e  c r i t e r i a  i t  w a s  f e l t  t h a t ,  i n  t h e  she-trt 

r u n ,  t h e  Sudanese  Company f a u  Water and Economi c D e v e l ~ ~ p m e n t  

w~=iuld want t o  d e v e l c ~ p  a s o u r c e  of c a s h  f iow as e a r l y  as p o s s i b l e .  

With t h i s  e s t a b l i s h e d ,  SLIIWED c.lxtld aQflr(rd to *urn  f u r t h e r  a f i e l d  

t m  v e n t u r e s  w i t 1 1  a h i g h e r  r i s k l r e w a r d  r a t io  f o r  example, T h i s  is 

the r e a s o n  why c l i e n t  p o t e n t i a l  w a s  chosen as a key s e l e c t i o n  



f a c t o r  a t  t h i s  stage. I n  f a c t ,  b e f ~ z ~ r e  p r o c e e d i n g  f a r  i n Q ; a  t h e  

n e x t  p h a s e  of  work, f e e d b a c k  w i l l  b e  e l i c i t e d  f rom t h e  Faunders 

Graup members t o  d e t e r m i n e  whe the r  t h e r e  e x i s t s  a c o n s e n s u s  on  

t h i s  p o i n t .  Also,  e a r l y  d u r i n g  phase I I  w e  w i l l  e x a m i n e  t h e  

legal i n p l  i c a t  i ons o f  g r o u n d w a t e r  develcapment i n  areas whey @ 

m i n i n g  r i g h t s  h a v e  a l r e a d y  been  l e a s e d  as t h i s  c o u l d  a f f e c t  t h e  

r e l a t i v e  a t t r a c t i v e n e s s  o f  p o t e n t i a l  clients. 

PRESENTATION OF PRELIMINARY SITE SELECTIONS vr,--------------------------------------------- 
Table I on t h e  f o l l o w i n g  p a g e s  p r e s e n t s  t w e n t y - t h r e e  

s e l e c t e d  l o c a t i n n s  al~zlng w i t h  t h e  f a c t ~ ~ s  which  a f f e c t e d  t h e i r  

p r e l i m i n a r y  r a n k i n g .  The g e c ~ l r j g i c a l  p o t e n t i a l  f o r  f i n d i n g  w a t e r  

h a s  i n  no way b e e n  taken i n t o  a c c o u n t  i n  making these s i te  

s e l e c t i o n s .  I t  s h a u l d  b e  remembered that t h e s e  are o n l y  

p r e l i m i n a r y  r a n k i n g s  a n d  t h a t  many f a c t o r s  ccluld work  to c h a n g e  

t h e  s e l e c t e d  sites or t h e i r  r e l a t i v e  a t t r a c t i a n .  



PQTENTIRL SITE LOCRTION KEY 

SITE F Q C T O R S  R F F E C T I N G  RQNKXNG .................................................................... ---------------------------*----------------------------------------- 

: 3C L C I C R T  I ON : Q : B : C : D : E : F : G : H : I : Y : K :  
-----------------.--------------------------------------------------- -----------------.--------------------------------------------------- 
: 1 : DERUDEB : X :  w : X : X : X : X : X : X :  . I --------------------------------------------------------------------- -------------------------------------------------------------------- 
: 2 : B I R  EKT : X :  : X :  : X : ? :  : X z : X :  0 0 --------------------------------------------------------------------- -------------------------------------------------------------------- 
: 3 : Q E I R  KRTEIB : X :  I .i . : X :  : X :  : X : X :  m -------------------------------------------------------------------- --------------------------------------------------------------------- 
: 4 : GEBEIT : X :  . E X :  : X :  : X :  : X E  . -------------------------------------------------------------------- -------------------------------------------------------------------- 
: S : S E R R K B I T  : X :  I I : X :  : X :  * : X :  I C -------------------------------------------------------------------- --------------------------*.------------------------------------------- 
: fS : HRLQIB : X :  . I I : X : X :  : ~ : X I  : X :  -------------------------------------------------------------------- --------------------------------------------------------------------- 
: 7 : RRIUB : X :  t X :  t X :  : X :  : X :  . 
--------------------------------------------------------------------- --------------------------------------------------------------------- 
: 8 : MRRSd U R R K R I Y R I :  X  : • I : X : X : X : X :  a - . . I 

--------------------------------------------------------------------* --------------------------------------------------------------------- 
: 9 : S U M M I T  : X :  : X :  : X : X : X :  : X : X :  w -------------------------------------------------------------------- -------------------------------------------------------------------- 
: 10 : TOHBMYIRM : X :  : X :  . . : X :  : X :  : X :  -------------------------------------------------------------------- -------------------------------------------------------------------- 
: 1 : KHOR RRBQQT : X : X :  : X : X :  I : X :  : X z  --------------------------------------------------------------------- -------------------------------------------------------------------- 
: 1 : SHINRRH : X :  e • I . : X : ? r  w 2 X :  . . . .I -------------------------------------------------------------------- --------------------------------------------------------------------- 
: 13  : NFIHUFI : X :  a . I t : X  :X : : X :  . I w I 

1 

-------------------------------------------------------------------- ----------------------------------------.---------------------------- 
: 1 4  : TOKFIR • a - 0 w : X : X :  I : X :  I I : X :  * .................................................................... -------------------------------------------------------------------- 
: 1 5  : WOLLRSTQNITE : X :  . I - I : X :  : X :  I - . * U 

* .................................................................... -------------------------------------------------------------------- 
: 16 : T R I N K I T Q T  t X :  r X :  I E X :  : X :  I .I I -------------------------------------------------------------------- .................................................................... 
: 17 : F B D I K W Q N  : X :  - I I : X :  : X :  w a : -------------------------------------------------------------------- -------------------------------------------------------------------- 
: 1 8  : SQFFIYFI . I I : X :  w .I : X :  .i : X :  -------------------------------------------------------------------- ------------------------------------------------------.-------------- 
KEY TO RRNKING FRCTORS ---------------------- ---------------------- Best Available Copy 

I n h e r e n t  p o t e n t i a l  of mineral deposit 
Inherent agricultural potential of site 
RePat i v e  p r o x i m i t y  t o  tr-ansport  i n f r a s t r u c t u r e  
Primary client patent ial (Demand for HZQ itself) 
Secondary cl i e n t  potent i a 1 t Demand fo r  resout-ce or product  1 
Raw or end product may have e x p o r t  p o t e n t  iai 
Similar deposits elsewhere in Sudan unconstrained by HZ@ 
Detailed site explorations have been conducted 
Qualitative and auantitative exeloration nut conducted 
S i Q z  currently being exploited to some degree 



S I T E  FRCTORS RFFECTING RRNKING 
---------------------------------------------<----------------------- .................................................................... 
: # LOCRT I ON : R : B : C : D : E : F : G : H : I : J : K =  
----------------------------------------*---------------------------- -------------------------------------------------------------.-------- 

: 28 : MRMRN : X :  : X :  . : X z X :  : X :  I .. . 
-----------.--------------------------------------------------------- -----------.--------------------------------------------------------- 
: 1 : GQBRMQI : X :  : X :  (I : X : ? :  : X :  I . I . -------------------------------------------------------------------- .................................................................... 
: 2 : TEHILLR - X :  : X :  - : X : X :  : X :  I I . . .................................. _------I--------------------< .................................. ------.-----------------------,-.= 

3 QBU SRMf? g x :  0 0 0 - 0 : x :  : x :  6 - .I 

.................................................................... ---------------._---------------------------------------------------- 



The f o l l o w i n g  is a b r i e f  n a r r a t i v e  p r e s e n t a t i o n  of t h e  sites 

s e l e c t e d  f o r  w a t e r  e x p l a r s t i c ~ n .  

1. QgygdgQ-ayga; Between L a t i t u d e  17 d e g r e e s  33 m i n u t e s  and  
L o n g i t u d e  26 d e g r e e s  14 m i n u t e s ,  20 km. E a s t  13f Derudeb r a i l w a y  
s t a t  i o n .  Good qua1 i t y  w h i t e  m a r b l e  Of 98% c a l c i u m  c a r b o n a t e .  
D e t a i l e d  g e o l o g i c a l  a n d  t o p o g r a p h i c a l  mapping c a r r i e d  o u t .  R a w  
materials s u i t a b l e  for cement  i n d u s t r y .  C u r r e n t  i n v e s t m e n t  b e i n g  
c o n s i d e r e d  b u t  t h e r e  is a need  t ~ a  s c ~ l v e  w a t e r  s u p p l y  problem,  

A P s a ,  a b ~ z ~ u t  22 km.  E a s t  *:af Derudeb R a i l w a y  s t a t i o n ,  a n d  a few km, 
E a s t  o f  t h e  m a r b l e  d e p ~ : ~ s i t  , is a d e p o s i t  o f  q u a r t z .  

C 

2. B i r  € i t - a r e a :  L a t i t u d e  20 d e g r e e s  22 m i n u t e s  a n d  l o n g i t u d e  
36 d e g r e e s  53 m i n u t e s ,  a b o u t  75 km. N o r t h  of P o r t  Sudan and  5 km, 
W e s t  o f  t h e  Red Sea s h o r e .  High q u a l i t y  gypsum w i t h  p r o v e d  
r e s e r v e s  c ~ f  224 m i l l i o n  t o n s .  A l s o ,  5 km. f rom t h i s  v i c i n i t y  i n  
Tc~bc~narn 1 ies a n ~ z ~ t h ~ r  u n e x p l ~ z ~ r e d  d e p o s i t  which  is c u r r e n t l y  
l i c e n s e d  and  used by t h e  Chalk  I n d u s t r y  CCI. S i m i l a r l y ,  19 km. of  
B i r  E i t  is a n  unexpll:~red b u t  s e e m i n g l y  l a r g e  gypsum d e p o s i t  at  
Sag h urn. 

3. A_b_~4-~pt~Lb,~ Gc~i d mine a t  1 at  i t u d e  20 d e g r e e s  34 m i n u t e s  20 
seconds, a n d  lclngi t u d e  3 4  d e g r e e s  55 m i n ~ u t e s  40 s e c o n d s .  Jt. 
v e n t u r e  b e t  ween Kenmare and S u d a n e s e  Cenit raf D e s e r t  Mining 
Cc~mpany Cpv i v a t  e s e c t  or S u d a n e s e  b u s i n e s s  i n t  erests) ta d e v e l  o p  
a n  o l d  mine  i n  o p e r a t i o n  f c ~ r  30 y e a r s  i n  a p r i m i t i v e  manner. 
P r o c e s s i n g  p l a n t  ts b e  e r e c t e d  soon t a  p ~ r o c e s s  28,120 t a n s  of 
t a i l i n g s  c o n t a i n i n g  a v e r a g e  7.4 gm g o l d  p e r  t a n .  F u r t h e r  
e x p l o r a t i o n  t o  b e  c a r r i e d  ~ z ~ u t  a l c ~ n g  the s t r ike  af g o l d  v e i n s ,  
Water f o r  p r e s e n t  o p e r a t i c ~ n  s u p p l i e d  f r o m  v a l l e y  5 km from mine. 

4. gebei t  i L a t i t u d e  21 d e g r e e s  3.5 m i n u t e s  a n d  l o n g i t u d e  36 
d e g r e e s  19 m i n u t e s ,  256 km. N c ~ r t h w e s t  a f  P o r t  Sudan and a b o u t  70 
km. W e s t  o f  t h e  Red Sea c a a s t .  G0ld d e p o s i t s  under active 
e x p l n i  tat  i o n  be tween  Engl  i s h  Minex Co. Crireenwich R e s ~ r u r c e s )  and 
GOS jt. v e n t u r e .  Annual p r o d u c t i o n  of o n e  t o n  of  g o l d  w i t h  - 

o n g o i n g  e x p k c ~ r a t i o n  t o  i n c r e a s e  r e s e r v e s .  They are now t r e a t i n g  
a b o u t  3UO MT o f  r a c k  p e r  day u s i n g  e x i s t i n g  wells i n  t h e  area, 
however t h e  a m p l i t u d e  13f water is s e a s o n a l ,  

S e r a k c t i t  area: Just Nc~rt t i  o f  A r i a b  Jt. V e n t u r e  area. J o i n t  5 -  -------------- 
v e n t u r e  be tween  Sudan Mining Ccl. a n d  Menmare Co. ( I r e l a n d ) .  
G e n e r a l  p r c t s p e c t  i a n  w o r k s  t o  s t a r t  f o r  g o l d .  

H a l a i b  area: L a t i t u d e  22 d e g r e e s  13 minute s  a n d  l o n g i t u d e  36 G ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~  
d e g r e e s  38 m i n u t e s  a few km. S o u t h  o f  H a l a i b  v i l l a g e .  U n e x p l a r e d  
gypsum d e p o s i t  . 
A l s o ,  30 km. N o r t h w e s t  o f  H a l a i b  v i l l a g e  a n d  a b o u t  15 km. West of 
t h e  s h o r e  at l a t i t u d e  22 d e g r e e s  14 m i n u t e s  a n d  l o n g i t u d e  36 



d e g r e e s  39 m i n u t e s  is a m a g n e s i t e  d e p o s i t  which h a s  been 
p a r t i a l l y  e x p l o r e d .  

A l s o  i n  t h i s  area, between l a t i t u d e s  22 d e g r e e s  5 m i n u t e s  to 22 
d e g r e e s  30 m i n u t e s  and l s n g i  t u d e s  36 d e g r e e s  12 m i n u t e s  t o  36 
d e g r e e s  55 m i  n u t e s  a r e  manganese d e p o s i  ts. O r e  q u a l  i t y  r a n g e s  
from l o w  to h i g h  g r a d e s .  Smal l  r e s e r v e s  r a n g i n g  f r o m  a f e w  
t housand  t o  25,000 t o n s .  Pr  e v i  n u s l y  e x p l w e d  and mined. 

A r  i a b  a r e a :  L a t i t u d e s  18 d e g r e e s  40 m i n u t e s  ta 18 d e g r e e s  45 7- ----------- 
m i n u t e s  and l o n g i t u d e s  35 d e g r e e s  t o  35 d e g r e e s  36 minu te s ,  a b o u t  
80 km. North  of Musmar Rai lway S t a t i o n .  Ab<:ut 10 s i g n i f i c a n t  
d e p o s i t s  d i s c o v e r e d  w i t h  commer c  i a1 g o l d  and mass ive  s u l p h i d e s  of 
c o p p e r ,  z i n c  and s i l v e r .  Recen t  new f i n d  of h i g h e r  c o n c e n t r a t e  
g o l d  i n  area h a s  con f i rmed  commercial v i a b i l i t y  of  site,  I f  
grclundwater is not found,  ser ious  c o n s i d e r a t i o n  w i l l  b e  g i v e n  t o  
i n v e s t i n g  i n  an a l t e r n a t i v e  s u p p l y .  T h i s  area is c u r r e n t l y  
1 i c e n s e d  to t h e  Sudanese-Fr ench  jt . v e n t u r e  between the State 
Mining Ccwp~=lr a t  i o n ,  BRGM and Tot  a1 . Hydrogeol ogi sts are a c t i v e l y  
lcloking Pc~r g rc~undwater  r e s e r v e s  as a n  a l t e r n a t i v e  t o  p i p i n g  i n  
w a t e r  f r ~=lm Atbar a car Ni 1 e r i v e r  . 
8. Mscsa ArakaLyai-ayes~ Between tat i t u d e  20 d e g r e e s  t o  20 
degrees 15 m i n u t e s  and Longitude 37 d e g r e e s  G m i n u t e s  t a  37 
d e g r e e s  12 minu te s ,  ablr,ut 70 km. N ~ r t h  olf P a r t  Sudan. Huge 
L i m e s t l ~ n e  d e p o s i t s ,  A d e t a i l e d  f e a s i b i  b i t y  s t u d y  w a s  conduc ted  
by a jc l in t  Sudanese  American p r i v a t e  v e n t u r e  b u t  w a s  s h e l v e d  due 
t o  l a c k  *ZIP w a t e r  %?nd f i n a n c i n g .  P o t e n t i a l  t c ~  r e v i v e  i n t e r e s t  
gi ven wate r  . 
9. Sggg&t-arga; L a t i t u d e  18 d e g r e e s  47 m i n u t e s  and l o n g i t u d e  36 
d e g r e e s  4 5  minutes ,  f s , ~ r  km, W e s t  of Sum~mit Rai lway S t a t i o n .  
C o l  c ~ u r  ed marbL e s u i  t a b 1  e for d e c o r  at  i v e  bu i  l d i  ng use. 

10. Tot~amyiam area: 10 kn. South-West of  Tohamyiam Rai lway 
s t a t i o n  and 2 km. away f r o m  the Khartoum,-Port Sudan road .  White- 
p i n k  g r a n t i t e .  

A l s o  i n  Tohamyi am area, 15 km. South-East of Tohamyiarn Rai lway 
s t a t i o n  is a d e p o s i t  o f  good q u a l i t y  q u a r t z  s u i t a b l e  for glass. 
D e p n s i t  is l e a s e d .  

1 .  gk~r-&ktbaa~p 34 km. North-West of  P o r t  Sudan and a f e w  Km 
Nor th  of  Khor Arbaa t ,  there  e x i s t s  s la te  of ccrrnrnercial p o t e n t i a l . .  
Q u a l i t y  and q u a n t i t y  n o t  t e s t e d .  

A l s l = *  i n  K t ~ ~ z l r  Arbaat  t h e r e  is p c l t e n t i a l  f o r  a g r i c u l t u r a l  
development  as  t h e r e  are 4'3,000 f e d d a n s  cef area with soils 
s u i t a b l e  few hart i c u l t u r a l  s r  c r o p  prciducticrn. There a l r e a d y  
e x i s t  s ~ z ~ r n e  a t t e m p t s  at w a t e r  c a t chmen t  schemes i n  the area, 

12. Shinaab:  L a t i t u d e  21 d e g r e e s  4 m i n u t e s  and  l o n g i t u d e  37 

I 



d e g r e e s  2 minutes, W e s t  a f  Dunguoab Bay. Unexplored gypsum 
d e p a s i  t . 
13. gabsai 200 km. N o r t h e a s t  af Abu Hamad town. R e m l ~ t e  c l u s t e r  
I:I~ g ~ l d  o c c u r e n c e s  n o t  w e 1  1 e x p l o r e d .  

14. T'pT'gyl The T o k a r  d e l t a  4rc1m t h e  E a r a k a  r i v e r  o f f e r s  abaut 
2 5 0 , O O O  f eddans  o f  f e r t i l e  a g r i c u l t u r a l  l a n d ,  o f  which o n l y  abou t  
40% is p r e s e n t l y  c u l t i v a t e d  u s i n g  f l o o d  i r r i g a t i o n .  If a 
permanent g r  sundwat er s u p p l y  w e r e  found t h e  a v a i  1 a b l e  s ~ i  P s and 
i n f r a s t r u c t u r e  wnuld p e r m i t  p romis ing  h o r t i c u l t u r a k  and c r o p  
p roduc t  ilz~n. 

15. Lastani te: L a t i t u d e  19 d e g r e e s  53 minu tes  and Zclngi tude 
36 d e g r e e s  31 minutes ,  65 km. Northwest  o f  P o r t  Sudan. 
W o l l a s t a n i t e  d e p o s i t s  o f  h i g h  q u a l i t y  e s t i m a t e d  at 475,000 MT. 

16, Trink&tca&; L a t i t u d e  1% d e g r e e s  30 minu tes  and l o n g i t u d e  37 
d e g r e e s  54 minutes ,  a b a u t  142 km. South  cf  P o r t  Sudan and 30 km. 
North Nlz~rtheast c ~ f  Tokar ,  p romis ing  d e p o s i t  I = I ~  b l a c k  sands 
c i ~ n t a i n i n g  t i t a n i u m  m i n e r a l s  t r a c e d  f c ~ r  abuut  25 km. a l o n g  t h e  
c o a s t .  P a r t i a l l y  e x p l c ~ r e d .  

17. Fc~dikwan area: L a t i t u d e  21 d e g r e e s  44 minu tes  and l o n g i t u d e  
36 d e g r e e s  43 minutes .  A l s ~ l  nea rby  at l a t i t u d e  21 d e g r e e s  48 
m i n u t e s  and l o n g i t u d e  36 d e g r e e s  43 minutes .  Four d e p o s i t s  b 2 f  

i r o n  ore e s t i m a t e d  a t  abou t  f c ~ u r  m i l l i c ~ n  t o n s .  F u l l y  e x p l o r e d ,  
p r e v i ~ : ~ u s l y  mined. R e m o t e .  

18. Sc~fayg-grr~i~g A g r ~ z ~ u p  ef six i r o n  d e p o s i t s  c~ccuring 260 km.  
Ncwthwest of  Pcart Sudan. L a t i t u d e s  21 d e g r e e s  25 m i c u t e s  t o  21 
d e g r e e s  40 minu tes  and l a n g i t u d e s  36 d e g r e e s  21 m i n u t e s  t o  36 
d e g r e e s  57 minutes .  

19. b y q y a - g r q y ~ ~  A group  of t h r e e  i r o n  ore d e p o s i t s  between 
l a t i t u d e s  17 d e g r e e s  42 m i n u t e s  to 17 d e g r e e s  50 m i n u t e s  and 
l o n g i t u d e s  38 d e g r e e s  17 m i n u t e s  t o  38 d e g r e e s  23 minutes ,  about 
250 km South ~f P o r t  Sudan, Explored ,  good p o t e n t i a l  r e c o v e r y  
rate bu t  remote. 

A l s c ~  i n  t h i s  l o c a t i o n  w h i t e  and c s l o u r e d  marb le  o c c u r s  i n  huge 
m a s s e s .  Lar g e l  y unexpl or ed  . 
20. Mgggc-gygag L a t i t u d e  16 d e g r e e s  20 minu tes  and Long i tude  36 
d e g r e e s  25 minu tes  abclut 60 km. Eas t  ctf Erba Railway S t a t i o n .  
White marb le  s u i t a b l e  for cement p roduc t ion .  

21. Gadamai : Fcaur km. East of  Gadamai Railway Station, g r e e n ,  
p ink ,  ye l lnw and w h i t e  marb le  s u i t a b l e  f o r  d e c o r a t i v e  use .  

22. IghLllsl L a t i t u d e  17 d e g r e e s  44 minu tes  and l o n g i t u d e  36 
degrees 3 minutes ,  Ncirth o f  Derudeb. Large  q u a n t i t i e s  of whi te -  



g r e y  marb le  s u i t a b l e  f u r  d e c o r a t i c ~ n .  Mainly unexplored .  

23. &&,SP%EL L a t i t u d e  17 d e g r e e s  58 m i n u t e s  and l o n g i t u d e  36 
d e g r e e s  16 minu te s .  Z inc ,  l e a d ,  coppe r ,  s i l v e r  ores. P r e v i o u s l y  
e x p l o r e d  b u t  abandoned d u e  to d i f f i c u l t y  i n  mining.  

CONCLUS P ON YILZ,,,,,,,,,,,, 

During p h a s e  I 1  w e  w i l l  r e f i n e  clur p i c t u r e  ctf t h e  p o t e n t i a l  for  

w a t e r - a s s i s t e d  b u s i n e s s e s  i n  the Red Sea H i l l s  P r o v i n c e .  

Feedback frl=lm the F c ~ u n d e r s  Group and t h e  g e a l o g i c a l  t e a m  wi 11 

cause us t o  r e v i e w  our universe of  p o t e n t i a l  e x p l o r a t i e n  sites, 

Legal a s p e c t s  a f f e c t  i ng underground water devekupment and mining 

r i g l ~ t s i  w i l l  be looked i n t o .  C l i e n t  p o t e n t i a l  w i l l  be f a l l o w e d  up 

on and a p r e l i m i n a r y  a n a l y s i s  1z1f pca ten t ia l  e x p o r t  m a r k e t s  w i l l  b e  

c~z~nduc ted .  A t  t h e  c o n c l u ~ i ~ ~ n  of t h i s  phase t h e r e  a p p e a r s  t o  be 

c o n s i d e r a b l e  c a u s e  few opt imism by the Sudanese  Company for W a t  e v  

and Economi c Devel ~zlpment. 



MINERAL POTENTIALITIES AND DEVELOPMENT 
O F  MINING INDUSTRY I N  THE 

RED SEA PROVINCE 

INTRODUCTION: 

S i n c e  a p r i n c i p l e  goa l  is development of  economic mine ra l  
s~ :~ur~zes ,  t h e  Red Sea H i l l s  Region,  h a s  been t h e  main f o c u s  OF 
w o r k s  d u e  t o  its l a x a t i c ~ n  and knctwn m i n e r a l  d e p o s i t s .  The Red 
Sea H i l l s  Region p r o p a b l y  o f f e r s  as many g e ~ ~ l o g i c a l  envirc~nment  
f a r  m i n e r a l i r a t i l = ~ n  of  d i f f e r e n t  t y p e s  as any  o t h e r  r e g i o n  af 
comparab le  s i z e  i n  t h e  wcwld. The a n c i e n t  p recambr i an  
s t r a t a  hav ing  been i n t r u d e d  by maf ic  and s i l i c i c  p l u t o n s  and 
l o c a l l y  abundant  dykes  coup led  w i t h  metamorphism and 
later b u r i a l  by c c ~ n t i n e n t a l  s e d i m e n t s ,  p r o v i d e  an abundance o f  
p re -  Cenozoic  env i ronments .  F r a c t u r i n g ,  i n t r u s i o n  and  vo lcan ism 
r e l a t e d  to T e r t i a r y  r i f t i n g  caused  emplacement of maf ic  and 
u l t r a m a f  i c  p l u t s n s ,  d y k e s  and v12 lcan1~es  ma in ly  a l o n g  N-S t r e n d i n g  
f r a c t u r e  z o n e s ,  f u r t h e r  m~:~bi l i z ing  meta l l ic  e l e m e n t s  and 
i n c r e a s e s  t h e  tzhances f s r  l o c a l  c ~ m c e n t r a t i s n s .  A l t h o u q t ~ ,  t h e  
r e g i o n a l  geclPiqy is  st i l 1 r e l a t i v e l y  unknuwn, t h e s e  b a s i c  
p a r a m e t e r s  i n d i c a t e  e n v i r ~ z ~ n m e n t s  favc turab le  far a wide v a r i e t y  of 
Mine ra l s .  

The e o n t r i b u t i t z ~ n  of t h e  mine ra l  s e c t o r  % I ~ I  t h e  develtz~pmen6 of 
t h e  Red Sea Pr13vince c a n  b e  immeasurable  f a r  the whale  Sudan. 
The d e v e l  c~pment lz~f t h e  known mine ra l  d e p s s i  ts and  i n d u s t r i a l  
rclcks and t h e  discsz~very nf  new eccmomic d e p t z ~ s i t s  w i l l  have  a 
m a  j o v  impact  a n  t h e  i n d u s t  r  i a l  grawth  and c8ztnsurnpt i an .  
S u b s t a n t i a l  b e n e f i t s  c a n  a c c r u e  t v = ~  t h e  Red Sea P r o v i n c e  frnm a 
p r c ~ p e r  1 y  s t r  uc t uved  and a d m i n i s t e r e d  m i n e r a l  i n d u s t r y .  I n  
additilzm t o  p r o v i d i n g  f s r e i g n  exchange  e a r n i n g s ,  mining a c t i v i t y  
may p roduce  a d d i  t i o n a l  r e v e n u e  tl lrcrugl~ t a x e s  and r o y a l i t i e s ,  
s t i m u l a t e  develcpment  o f  t h i s  d e p r e s s e d  r e g i o n ,  improve t h e  
p r o f e s s i o n a l  and t e c h n i c a l  s k i l l s  o f  n a t i : m a l s ,  

The p r i n c i p a l  p rob lems  and c h a l l e n g e s  f a c i n g  the development 
of t h e  m i n e r a l  d e p o s i t s  i n  t h e  Red Sea P r o v i n c e  from t h e i r  v e r y  
p r o s p e c t i v e  p h a s e  t o  . t h e i r  promst i~=ln  t c ~  i n d u s t r y  is w a t e r  amsng 
#=&her i n f r a s t r u c t u r ~ s .  

F u t u r e  d i s c o v e r i e s  of  major i m p o r t a n t  ares s u r e  tl3 o c c u r ,  
p a r t i c u l a r l y  i f  w e  c o n s i d e r  t h e  r e l a t i v e l y  l a r g e  areas which 
remain v i r t u a l  1 y unexpl  w e d  and t h e  p r o g r e s s  b e i n g  made w i t h  new 
e x p l s r a t  i o n  t e c t i n i q u e s  arid t h e  i n c r e a s i n g  a w a r e n e s s  of the 
Sudanese  to prcimote expl1zwatic~n i n  t h e  Wed Sea Hills. 

XNDUSTRIAL MINERALS & ROCKS _-------------------------- 
The m o s t  i mpclr t a n t  a v a i  l a b l  e i n d u s t r i a l  minerals and r o c k s  

t h e  Red Sea P r o v i c e  which c a n  be used  f o r  the manufac tu r ing  0 6  
i l d i n g  and c o n s t r u c t i s n  materials as w e l l  as t h e  manufac tu r ing  

g l a s s ,  f i l l e r s ,  r e f r a c t o r i e s ,  f e r t i l i z e r s  and  chemicals are:- 

1. Limestcmes and Marble 



2, Dimensional stc~nes ( g r a n i t e ,  dolomite, slake3. 
3. Gypsum 
4. Salt 
5, Quartz 
G Wollastonite 
7 ,  Magnesi te 
8. Black sands 

All these materials are f~ztund in sufficient quantities and 
sttitable quality t;cs sbnpp12rt any size of  industry. Same ~f them 
have been investigated in detail t o  the stage of  feasibility 
studies C l  imestclries and gypsum? and same in semi detail 
fwollastonite, m a g n ~ s i t e  and salt]. The others were only 
preliminarily investigated. Finance and water are the main 
pr~z~blems facing the evaluation and promc~tisn of the mineral 
deposits t13 their industries. If  these praziblems are solved, a 
wide range o f  industries based an limestones, marbles, gypsum and 
salt will immediately start and can gradually lead t o  the 
devel ctpment elf the &her mineral deposits, 

Erief descripticm lrif the known industrial minerals and rc*cl::s 
occcirrences in the Red Sea P r s v i c e .  (Map No 2:). 

1. L IFlESTONES & MARBLES: 

Limestones and mat-bl es CCal c i um Carbonate) are used as 
building st~x-ies, in the manufacturing of cementpin the prtz~ductican 
ctf lime which has several industrial applications egg. tanning, 
fluxing material in metallurgical operations, filler, white wash 
a s  well a s  in the manufacturing af calcium carbide, sodium 
carbcanate and sugar and paper industries. Ccll12ured marbles are 
used a s  dec car at i ve st c~nes. 

All the ab~zlve industries can well be develctped in the Red 
Sea Frt3vince. Abundant 1 imestones are outcropping a1 P along the 
c ~ ~ a s t a l  area of  the R e d  Sea especially Worth of Port Sudan Town. 
O f  particular interest, are those caralline limestone reefs 
extending for 16 km frclrn Marsa Arus t o  Marsa Arakaiyai i.e. 
between latitudes 20 degrees to 20 degrees 15 minutes 
and lc~ngitudes 37 degrees 6 minutes t o  37 degrees 12 minutes, 

about 70 km North of Part Sudan. This area has been the Facus of  
active studies for the erection of a cement plant during the 
period 1'378-1380. This project which was crowned with a 
feasibility study is abandaned mainly because sf finance and 
water problems. 

Gc:od qua1 ity white marbles are located 20 kms East of 
Derudeb railway stat i s m  represent the second r a w  material for 
cement industry in the Red Sea. Attempts to erect a cement plant 
on *his site are still going on; Problem of water supply has yet 
t o  be solved. Uol~z~ured marblles, pink, brown, black, grey, white 
occur at many places. H~ziwever, ~zinly one marble guarry is under 
limited pr13ductinn. 

Apart fram the above ment ianed localities the 1 imesdanes and 
marbles at the other sites in t h e  Red Sea Hill s have not received 
any study. The fcillctwing is a brief descripti~zm of the 



l i m e s t  o n e s  and marbl es. 

A. Marsa Avakai y a i  L i  m e s t  o n e s  

L o c a t i ~ z ~ n :  70 kms Nuzwth of P o u t  Sudan Town, at lstitude 20 
d e g r e e s  1 5  m i n u t e s  and l c ~ n g i t u d e  37 d e g r e e s  i2 m i n u t e s .  

Quality: Average chemical compos i t ion  
CaO 47.7 - 49.0% NaZO 0.72-0.65% 
MgQ 3.6 - 2.4% K20 0,11-0,08% 
A 1 2 0 3  0.96-0.60% LOX 41,55-42.70X 
Si02 3.86 - 2.30% S 0.31-0.20% 
T i 0 2  0.10 - 0.10% C1 @,G1-0,51% 
FeZO 0.43 - 0.35% 

Q u a n t i t y :  f r c ~ v e d  r e s e r v e s  at  Marsa Arakaiyai GO m i l l i i m  
tons. Expected r e s e r v e s  at the immediate v i c i n i t y  m a r e  than fOO 
m i l l i o n s  t o n .  E x p e c t e d  r e s e r v e s  i n  t h e  whole area from H a u s a  
Arus to Marsa Arakakya i  exceeds 206 m i l l i ~ ~ n .  

Status O f  Explcsratican: 1 8  b o r e  h o P e s  were d r i l l e d ,  20 p i t s  
w e r e  dug , 136 c l x e  samples a n a l  y-sed , Tapgraphic map li : 25. SbCKI 
and c ~ z f n t o u r  map 1:1000 were p r e p a r e d ,  Plant site located. 

Feasibility study is r s a d y  and need t c ~  be updated. 
T h e  p r c s j e c t  is; abandc~ned  for finance and w a t e r  pr~~lbleernrs. 

E x i s t i n g  Exp lcwat  ion and Mining Rights:  The 1 imestones are 
leased %a Sharaf Cement C o . ,  a subsidiary of Shavaf Inte~national 
Khar t o u m  

P r o c e s s i n g  O f  Raw Hster ial s: The primary r a w  r n a t e u i a l s ,  
limestones and clays m i x e d  w i t h  water are burnt at h i g h  
t e m p e r a t u r e  ts prl=aduce a secondary product, C3 i n k e r  . Gypsum i s 
t h e n  ground w i t h  the c l i n k e r  to prcaduce P o r t l a n d  cement,  Gypsum 
l ies  abl:~ut 5 k m s  West c4f %he propused s i te  of the plank w h i  Se 
good clays c~ccur 17 k m s  West *z&f i t  , 

Water R e q u i r e m e n t = =  The magnitude o f  water used i n  the industry 
is large. T h e  d a i  ky r e q u i r e m e n t s  sf t h e  cement, plant for 
dc~mes t  i c use and i n d u s t r i a l  p u r p o s e s  s u m  up to s:Drn= 1800 cubic 
metre p e r  day or 360,OCO c u b i c  metre per y e a r .  

Ehur E i t  d r a i n a g e  system may be c ~ n s i d e r e d  as &he m a s t  
prazmising w s t e r  u e s ~ 2 u r c 9 .  It s t a r t s  f r o m  t h e  h i f l y  g r o u n d  t o  %he 
W e s t  and drains t o  t h e  Ssa a t  Mar sa A w e i  t ier and Marsa A r  a k a i  yai , 
I t  r u n s  for a d i s t a n c e  o f  SQ k m s  and has a catchment area 1 ~ 8 f  

apprl=tximately li3OC.. s q u a r e  k m s .  

F i v e  wells exist u p s t r e a m  and s i x  downstream, The quality 
of the w a t e r  is generally good f o r  t h e  d o m e s t i r  use. Near the - sea, w e  the w a t e r  is coriltaaninated with the sea water, ~ t ~ e  
p a = & e n t i a l i l i e s  a f  K h w  E i t  may b e  w e l l  r a i s e d  by cons%ruction s f  
small d a m s  st c o n s t r i c t  ions i n  t h e  Khor . However, d e k a i  led 
Mydu~z~ge~z-l ogi ~ z a l  w ~ z ~ r  k s  should be cavr i ed out to prove the 
a v a i  lab1 1 i ty of enc~ugh  ~ a t e r  needed far the plant. Desal i w a t  ion 
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i s ' a l s o  thought  of  as a l t e r n a t i v e  w a t e r  supply.  

Harbour S i t u a t i o n :  The p l a n t  s i te  w i l l  b e  a t  Marsa Arakaiya i ,  a 
n a t u r a l  harbour ,  which is used now by the Navy, I t  is q u i t e  
f e a s i b l e  to p u t  i t  t s 3  b e s t  use .  Any c o n s t r u c t i o n  w i l l  b e  e a s y  
and cheap due  to t h e  e x t e n s i o n  o f  t h e  competent c o r a l  r e e f  for 
c ~ n s i d e r a b l e  d i s t a n c e  i n  t h e  sea. Bui ld ing  materials i n c l u d i n g  
g r a v e l s ,  sands and dimeris isnal  s t o n e s  are abundant i n  the area. 
The proposed s i te  is r e l a t i v e l y  popula ted  and s e v e r a l  s m a l  k 
v i  !- l a g e s  e x  i st s around. 

Bus iness  Context : Sudan h a s  a v i t a l  need for c o n t i n u e l  y 
i n c r e a s i n g  va=~lume of cement. P r e s e n t  f a c i l i t i e s  are i n a d e q u a t e  
t o  s u p p l y  t h e s e  needs.  Impor ta t ion  of cement is not a s o l u t i o n  
to S u d a n 9 s  problem because  of s h o r t a g e  of f o r e i g n  cur rency .  
Cement i n  s u b s t a n t i a l  q u a n t i t i e s  is r e q u i r e d  for the development6 
of t h e  b a s i c  i n f r s s t r u c t u r e s  such  as  harbours ,  roads ,  r a i l w a y s ,  
dams, power stat i on ,  hous ing  p l a n s  e t c ,  

Frctrn t h e  d a t a  a v a i l a b l e ,  c~z~nsumptic~n o f  cement has been 
growing ccmsiderably .  F'rsductilz,n of .zemen% a t  the only t w o  
falztl=*ries i n  t h e  Sudan, Atbara  and Eabak, has proven ts have been 
considerably f a l l e n  s h o r t  o f  t h e  a c t u a l  demand. A s  a r e s u l t ,  the 
c o u n t r y  has been r e s t c ~ r i n g  t o  cover  p a r t  o f  t h i s  s h o r t a g e  by 
i mp.lor t . 

F o r e c a s t s  of f u t u r e  demand o f  cement have been t h e  s u b j e c t  
of v a r i o u s  e f f o r t s  under t aken  by d i f f e r e n t  o r g a n i z a t i o n s .  I t  is 
knc~wn t h a t  the p r o d u c t i c ~ n  frl=m t h e  two p l a n t s  has never  exceebed- 
250,080 t ~ m s / y n a r .  The p r o j e c t  ion of t h e  demand and domest ic  
supply as f c ~ r e c a s t e d  by t h e  six y e a r s  economic p l a n  1977 - 1983, 
shewed rhctr t aqe - f 500,000 t o n s  of cement woul d have  been at  ai ned 
by 1983. According to t h i s  fc t rescas t ,  t h e  s h o r t a g e  of cement i n  
t h e  Sudan w i  11 exceed one  m i l l  i n n  t o n s  by 1989, 

From t h e  above, i t  can b e  concluded t h a t ,  e r e c t i o n  of cement 
p l a n t  at  Marsa Arakaiya i  of c a p a c i t y  h a l f  a m i l i o n  t o  one  million 
tons per  year w i l l  c o n s i d e r a b l y  overcome the prob lem af cemene i n  
t h i s  count ry .  N o t  o n l y  t h a t ,  b u t  i f  a second plant at Derudeb is 
e r e c t e d ,  p a r t  of the cement at Marsa Arakaiyai  can  b e  exported, 

6 ,  W h i t e  Marbles  A t  Derudeb : 
Locat ion:  20 kms E a s t  Of Berudeb r a i l w a y  s t a t i o n  at 

l a t i t u d e  1 7  d e g r e e s  33 minu tes  and l o n g i t u d e  2G d e g r e e s  14 
m i  nut es. 

Q u a l i t y :  Good q u a l i t y  marble  sf 98% Calcium Carbc~nate ,  
Magnesium Oxide is t r a c e .  

Q u a n t i t y  : C a l c u l a t e d  r e s e r v e s  exceed 30 Mil. l ion Tons. 
S t a t u s  O f  Esp1:zwation: 10 bcwe holes w e r e  d r i l l e d ,  m o r e  

t h a n  100 sampl es a n a l  ysed  geo l  i g g i  cal and t o p o g r a p h i c a l  mapping 
c a r r i e d  out, S u i t a b l e  c l a y s  f u r  t h e  i n d u s t r y  w e r t s  t e s t e d  by p i t s  
i n  tho v a l l e y  lying between the marble  d e p o s i t s  a.nd Derudeb 
r a i l w a y  s t a t i o n .  

Explcwat ion  R i g h t s :  The marble was l i c m c e d  to the Arab 



Cement C o .  1376. NOW 1 i c e n s e d  ta f e w  Sudanese  I n d i v i d u a l s .  

T h i s  good q u a l i t y  marb le  a t  Derudeb c a n  support a cement 
i n d u s t r y  f o r  more t h a n  50 y e a r s  w i t h  annua l  p v a d u c t i n n  of  400,000 
tcans p r o v i d e  t h a t  s u i t a b l e  water s u p p l y  c a n  be saved .  The o n l y  
w a t e r  s u p p l y  comes f r o m  t h e  open w e l l s  a t  Kkor Derudeb which is 
n o t  even s u f f i c i e n t  enough tl:~ supply the d a m e s t i c  use of the town 
o f  Derudeb. The i rcm used  as a n  a d d i t i v e  i n  t h e '  i n d u s t r y  can be 
o b t a i n e d  f r o m  t h e  s.nall i r o n  d e p o s i t  t o  t h e  n e a r  South a t  Badamai 
r a i l w a y  s t a t i o n .  

Water Supply:  L a r g e  amount a f  w a t e r  is r e q u i r e d  f o r  t h e  
i n d u s t r y  . E x t e n s i v e  hydr  c~gel:&li:~gi *=a1 wclr k s  s h o u l d  b e  under t a k e n  
to l o c a t e  goad w a t e r  s u p p l y  i n  t h e  a d j a c e n t  areas, A n  
a l t e r n a t i v e  w i l l  b e  t h e  pumping o f  w a t e r  from A t b a r a  Rivet- a t  QQZ 

Ragab a l o n g  a p i p e  l i n e  t n  Ungwat i r i  r z l i lway  station t h e n  f o l l o w  
the r a i l w a y  l i n e  tl3 Derudeb. 

C .  tI:~ztl~:~~tred Marble  Far  Decorat i~rsn A t  E;nmmit :  
L ~ t z a t  i on :  4 k m  Sou th  West t:~f Sumnii t R a i  lway Stat i o n  a t  

L a t i t u d e  18 degrees 47 m i n u t e s  and I lz~ngii t~tde 35 d e g r e e s  46 
minutes .  

B u a l i  ty: Bood qctal i  t y  collzlured mz.rbles,  w h i t e ,  p ink ,  grey, 
ye l low,  brc~wn, s u i t a b l e  for d e c o r a t i o n  p u r p a s e s .  The Calcium 
C a r b o n a t e  c c ~ n t e n t  c ~ f  t h e  c o l o u r e d  marb le  v a r i e s  b e t w ~ ~ n  75 - 35% 
w i t h  magnesium o x i d e  uptct 12%. The w h i t e  marbles  c o n t a i n  uptts 
'39% Calcium C a r b o n a t e  and t r a c e s  o f  Magnesium Oxide . 

Q u a n t i t y :  The marb le  d e p o s i t s  are not e x p l o r e d .  They are 
under  limited e x p l ~ = ~ l t a t i c m  s i n r e  t h e  f i f t i e s .  E s t i m a t e d  
reserves above  the s u r f a c e  fou r  m i l i * ~ n  t o n s ,  to a d e p t h  of 50 
metres 36 m i l l i ~ z ~ n  tons and t o  a depth of 100 m e t r e s  97 m i l l i a n  
t c8n.s. 

Mining Rights: P a r t  of t h i s  m a u b l ~ ?  d e p i z ~ s i t  is l i c e n c e d  t o  
M r .  O m e r  Abu Amna F . O .  EQX 1 Bebei t . 

Marble  is c u t  as p r i m a r y  raw material i n t o  blacks of  v a r i o u s  
sizes. The amount o f  w a t e r  needed depends  on t h e  scale o f  
Mining. For large scale prctduct ion l a r g e  amount af water is 
needed f a r  t h e  domes t i c  u s e  as w e 1  l as c n s l  i n g  agent f o r  the 
d r i l l i n g  and  sawing  machines.  

T h i s  m a r b l e  c a n  f i n d  its way to %he I n t e r n a t i o n a l  markets 
e s p e c i a l l y  the 13ul f  Area. I f  t h e  f i n a n c e  and w a t e r  p rob lems  are 
s n l v e d ,  large q u a n t i t i e s  of  t h e  marb le  can b e  e x p o r t e d .  The o n l y  
s o u r c e  sf water i n  t h e  area is t h e  ground water. 

Other  Impor t an t  Marble L a c a l i t i e s :  
I. Maman area at l a t i t u d e  16 d e g r e e s  20 minutes and  L a n g i t u d e  
36 d e g r e e s  25 minu te s .  Huge h i l l s  c ~ f  c a l t x w e d  banded m a r b l e s  
g ~ ~ t d  far d e c c ~ r a t i . c ~ n  and a l m o s t  w h i t e  p u r e  m a r b l e  for cement 
occu r .  The area is absz~ut €0 k n s  E a s t  of Erba r a i l w a y  s t a t i o n .  
N*:t s t u d i e s  have y e t  been made. S u i t a b l e  alluvial c l a y s  of the 
t y p e  used i n  t h e  cement industry are e x p e c t e d  t o  c o v e r  t h e  f l a t  
area w e s t  sf these marble deposits. Small h i g h  grade iron 
d e p a s i t  lies n e a r  by. Water supply for t h e  Mining and for t h e  



I n d u s t r y  c a n  e i t h e r  b e  f r o m  l o c a l  gvc~und w a t e r  or from R i v e r  
A t b a r a  a l o n g  a p i p e  l i n e .  

2. Gadamai Col o u r e d  Mar b l  es: 
B e a u t i f u l l y  c l ~ l o u r e d  m a r b l e s ,  g r e e n ,  p i n k ,  y e l l a w ,  w h i t e ,  

a n d  p a g e  are o u t - c r o p p i n g  i n  t h e  f l a t  area a b o u t  4 km east o f  
Gadamai b-ai 2 way s t a t  i s n .  T h e i r  q u a 1  i t a t  i v e  p r o p e r t i e s  and t h e i r  
q u a n t  i t i es are not known. 

3. T e h i l l a  Marble:  
L a r g e  q u a n t i t i e s  o f  w h i t e  - g r e y  banded m a r b l e s  s u i t a b l e  fear 

d e c o r a t i o n  ~ x c u r  a t  T e h i l l a  n o r t h  of Derudeb at  l a t i t u d e  17 
d e g r e e s  44 m i n u t e s  a n d  Pongi  t u d e  36 d e g r e e s  3 m i n u t e s .  The 
q u a l i t y  a n d  t h e  q u a n t i t y  are n o t  known, 

4. Karora Marble:  
W h i t e  a n d  c c d o u r e d  m a r b l e s  o c c u r  i n  h u g e  m a s s e s  i n  Karsra 

area i n  t h e  e x t r e m e  S o u t h  o f  t h e  Red Sea H i l l s  at  l a t i t u d e  17 
d e g r e e s  40 m i n u t e s  and l cmgi  t u d e  38 d e g r e e s  17 m i n u t e s ,  They are 
n o t  i n v e s t  i g a t  ed .  
A l l  t h e  m a r b l e s  at  t h e  a b o v e  l o c a l i t i e s  are n o t  l i c e n s e d .  

2. DIMENSIONAL STONES, GRANITE, DOLOMITE AND SLATE: 

Dimensi  811nal s t o n e s  are c ~ = ~ n s i d e r e d  b y  many t h e  premium 
materials for b e a u t y  a n d  d u r a b i l i t y  i n  i n s t i t u t i o n a l  a n d  
rnc~ncrment,al c c ~ n s t r u r t  i o n .  They are als13 u s e d  i n  f l a g g i n g ,  
c u v b i n g ,  p a v i n g ,  r o o f i n g ,  s late l a b o r a t ~ ~ r y  f u r n i t u r e  a n d  
r e f ~ a c t c * r y  b r i c k s .  J 3 r a n i t e s  a n d  g h i t e  m a r b l e s  are t h e  p r e f e r r e d  
s t o n e s  f c ~ r  manumental use. Slate is u s e d  i n  f l a g g i n g ,  r o o f i n g ,  
e l e c t r i c  s w i t c h b o a r d ,  p a n e l s ,  b i l l i a r d  t a b l e s ,  b l a c k b o a r d ,  e tc .  
G r a n i t e s  i n  l a r g e  q u a n t i t i e s  are used i n  c u r b i n g  a n d  p a v i n g  
b e c a u s e  o f  t h e i r  s u p e r  ictr r e s i s t a n c e  t o  a b r a s i o n  a n d  w e a t h e r i n g .  

T h e  i n d u s t r y  of t h e  d i m e n s i o n a l  s t o n e s  is n o t  w e l l  known to 
t h e  S u d a n e s e .  Sudan e n  j o y s  a- weaf t h  of  d i m e s i  o n a l  stones 
e s p e c i - a l l  y i n  t h e  Red Sea H i 1  1s. B e c a u s e  of t h e i r  blandness of  
p a t t e r n  a n d  u n i  f u r m i t y  o f  c o l o u r ,  t h e  S u d a n e s e  s t o n e s  can 
c o m p e t a t i v e l y  b e  i n t r o d u c e d  t o  t h e  I n t e r n a t i o n a l  Markets provide 
t h a t  medium amounts  o f  water are a v a i l a b l e  a t  t h e  d i f f e r e n t  sites 
o f  s t o n e s ,  Water w i l l  b e  m a i n l y  used f u r  the d o m e s t i c  p u r p o s e s  
as w e l l  as F o r  c o o l i n g  t h e  s a w i n g  a n d  c u t t i n g  machines .  

U n f s r t u n a t e l y ,  t h e r e  is n o  a n y  e f f ~ z ~ r t  made t a  assess t h e  
q u a l i t y  and  q u a n t i t y  o f  t h i s  s t t ~ n e s .  Of t h e  p r o m i s i n g  
o c c u r r e n c e s ,  t h e  flz~llctwing are b r i e f l y  d e s c r i b e d .  

I. The G r a n i t e s :  
G r a n i  t e s  are v e r y  ccmmsn i n  t h e  Red Sea H i  lls Region.  The 

m o s t  i n t e r e s t i n g  commercial o c c u r r e n c e  l ies about 10 kms South 
West o f  Tohamyiam r a i l  way s t a t i o n  and 2 kms away from Khartoum - 
Port Sudan road. The Granites are white pink  in cslsur,  coarse 
t o  medium t e x t u r e ,  f r e s h  and make up several m o d e r a t e  to high 



h i l l s .  They have  t h r e e  wide s p a c e d  sets ~f j o i n t s ,  t w o  v e r t i c a l  
and 111ne h o r i z o n t a l .  Blocks of up ~ I = I  3 x 2 ~ 2  c u b i c  , n e t y e s  c a n  be 
c u t .  The o u t c r o p p i n g  r e s e r v e  are b i g  enough ta s u p p o r t  any  l a r g e  
s i r e  of o p e r a t i o n .  

I n  o r d e r  t o  p rope r  1 y e v a l u a t e  a p o t e n t  i a1 d imens i~=?na l  s t c m e  
d e p ~ ~ s i t ,  o n e  must d e t e r m i n e  t h e  m a r k e t a b i l i t y  o f  t h e  s t l ~ n e ,  its 
soundness ,  its s i z e  and s h a p e ,  t h e  overburden ,  t h e  d i s t a n c e  t o  
the market, t h e  k ind  o f  t r a n s p m r t a t i ~ z % n  a v a i l a b l e ,  t h e  
a v a i l a b i l i t y  of s u f f i c i e n t  w a t e r ,  l a b o u r ,  t h e  a v a i l a b i l i t y  elf 
power and ~ t h e r  u t i l i t i e s .  S m a l l  amount o f  w a t e r  is needed i f  
t h e  stones are s h i p p e d  d i r e c t  t o  t h e  m a r k e t  b u t  i f  t h e  s t o n e  are 
tcl be p r e p a r e d  a t  t h e  s i te  i.e. r u t t i n g ,  sawing,  s h a p i n g ,  
g r i n d i n g  and p o l i s h i n g ,  l a r g e  amount of w a t e r  must b e  saved .  

1% is recommended t h a t  a g e n e r a l  s u r v e y  and e v a l u a t i o n  o f  
a l l  t y p e s  o f  g r a n i t e  i n c l u d i n g  what is c a l l e d  Black G r a n i t e s ,  
i.e. d i a b a s e s  and b a s a l t s  t h a t  lie c l o s e  to t h e  r a i l w a y  or the 
a s p h a l t i c  r-oad or n e a r  t o  t h e  Red Sea S h o r e  s h o u l d  b e  unde r t aken .  
T h i s  will f l s u r i s h  t h e  i n d u s t r y  o f  t h e  d i m e n s i a n a l  s t c tnes  i n  t h e  
Red Sea H2 11s and w i  11 encciuuage t h e  Sudanese  to i n v e s t  i n  t h i s  
f i e l d .  

2. Sf ate: 
Commercial s late is d e f i n e d  as a mi~zvaz~granular metamc~rphic 

r o c k s  d e r i v e d  fr8:arn a r g i l l a c e o u s  s e d i m e n t s  and is c h a r a c t e r i s e d  by 
e x c e l l e n t  p a r a l l e l  c l e a v a g e .  Slate  s l a b s  c a n  be used i n  r o o f i n g ,  
f l o o r i n g  and f l a g g i n g ,  Slates are r e p a r t e d  ta occur at s e v e r a l  
p l a c e s  i n  the Eed Sea  H i l l s  b u t  t h e  p r tan i s ing  slate is l o c a t e d  
a b o u t  3G k m s  N o r  th-West o f  P~ztrt Sudan and few k i  lometers N ~ ~ r t h  o f  
Kh~:ar Arbaat .  U n f o r t u n a t e l y ,  the  q u a l  i t y  and q u a n t i t y  are n o t  
t e s t e d  t o  sh~z~w t h e  s u i t a b i l i t y  c t f  t h i s  slate for t h e  b u i l d i n g  as  
w e l l  as f o r  o t h e r  i n d u s t r i e s  . I t  is t h e r e f o r e  i m p o r t a n t  t o  
e v a l u a t e  t h e  slates a t  this site for t h e i r  i n d u s t r i a l  
u t i l  i z a t i ~ n .  Pleditrrn amc~ctnt ;f w a t e r  w i l l  b e  needed i f  t h e  slates 
are t o  b e  p r e p a r e d  as f i n i s h e d  p r o d u c k s  at  t h e  site. 
Hydregec4ogica l  w o r k s  s h c ~ u l d  be u n d e r t a k e n  t o  l o c a t e  ground w a t e r  
r e s o u r c e s ,  The a l t e r n a t i v e  w i l l  b e  t h e  pumping o f  w a t e r  along a 
p i p e  l i n e  Frlztrn Klror Arbaa t  few k i l l l t m e t e u s  t o  t h e  South af t h e  
area. 

3. Dc#l~:~mi t i c Limestones:  
Huge d e p o s i t s  of  Dl14 s m i t i  c 1 i mestones  occur as modera te  t o  

h i g h  s e r i e s  12f h i l l s ,  70 kms Nor th  o f  P w t  Sudan. They e x t e n d  
f o r  20 k n s  from E i r  Ei t t a  J. Saghum a l o n g  t h e  Red Sea Coast, 
T h e  D I Z I ~ I X ~ I ~  te c o n t e n t  v a r i e s  from 1'3% t o  30% magnesium c a r b o n a t e ,  
These d e p o s i t s  are ntz~t i n v e s t i g a t e d .  They are good s t o n e s  f o r  
d e c o r  at  i on as  w e 1  1 a s  f o r  d i mensi anal st ones. 

3. GYPSUM: 
The huge gypsum d e p o s i t s  on t h e  coastal area o f  t h e  Red Sea 

N J Z E T ~ ~  o f  P o r t  Sudan c a n  s u p p o r t  wide  r a n g e  o f  i n d u s t r i e s  f u r  100 
of years. O f  t h e  f i v e  m a j o r  o c c u r r e n c e s ,  o n l y  B i r  E i t  deposit, 
70 kms North P c ~ r t  Sudan was explored and evaluated in detail. 
The proved reserves exceed 200 million tans of  high quality 
gypsum. The p r e s e n t  a n n u a l  p r o d u c t  i o n  d o e s  n o t  exceed  25,000 



t o n s  which are mainly cc~nsumed by t h e  t w o  cement f a c t o r i e s  at 
Atba ra  and Rabak. . 

A f e a s i b i l i t y  s t u d y  an  t h e  c a l c i n a t i o n  s f  gypsum i n t o  
p l a s t e r s  w a s  cl=lmpleted i n  1978 and updated  i n  t383. The prajelz t  
is based on t h e  c a l c i n a t i o n  of about  42,000 t o n s  of  gypsum t o  
produce  p l a s t e r  b locks ,  w a l l  p l a s t e r  and p l a s t e r  cement. 
AP thc8ugh the f a c t o r y  h a s  been imported i n  t h e  Sudan, it is not 
y e t  e r e c t e d  at  its site a t  P o r t  Sudan. 

Gypsum can be u t i l i z e d  i n  t h e  i n d u s t r y  of p l a s t e r s ,  p l a s t e r  
board ,  p l a s t e r  w a l l ,  s u l p h u r i c  a c i d  e t c ,  R a w  gypsum and its 
manufactured p r o d u c t s  can  f i n d  t h e i r  way t o  t h e  l o c a l  and 
i n t e r n a t i o n a l  m a r k e t s  e s p e c i a l l y  i n  t h e  Gulf A r e a ,  

The m o s t  impor tan t  impor tan t  l o c a l i t i e s  of gypsum are: 

1. Khor E i t  Gypsum Deposit :  
Locat ion:  about  75 k m s  North caf P a r t  Sudan and 5 kms West of  t h e  
Red Sea Shore  at  l a t i t u d e  20 d e g r e e s  22 minu tes  a l a n g i t u d e  36 
d e g r e e s  53 minutes.  

Qua1 i t  y: H i  gh qua1 i t  y gypsum - the a v e r a g e  chemi caP composition 
CaO 32.2% Si02 -:< 2 . O X  
SO3 45,6% Fez03 53.2% 
H20 18.6% MnO 8.5X 
MgS04 0 , 2 l %  Na20 0 . 05% 
t<20 0.03% 
S p e c i f i c  g r a v i t y  - 2.32. 

Q u a n t i t y :  Proved r e s e r v e s  t o  50 m e t r e s  dep th ,  224 m i l l i o n  t o n s  . 
S t a t u s  O f  E x p l a r a t i o n  And Mining: 

D e t a i  l e d  g e o l o g i c a l ,  con tour  and topographic ,  
d r i l l i n g  o f  20 b a r e  holes t13 d e p t h  of  50 m e t r e s ,  589 samples  
a n a l  ysed w e r e  compl et ed  . 
E x i s t i n g  Rights :  T h i s  area is l e a s e d  t o  the Sudanese Mining 
Corpora t  i o n  and t o  s e v e r a l  i n d i v i d u a l s ,  

P r o c e s s i n g  Of Gypsum: Pr imary  r a w  gypsum is used as cement 
r e t a r d a r  and is shipped  as lumpy ore t o  the cement f a c t o r i e s  or 
ground r a w  gypsum as a f e r t i l i z e r  for c e r t a i n  c r o p s  such  as 
p e a n u t s  and tomatoes  which r e q u i r e  l a r g e  amount of soluble 
calcium. I t  is used d i r e c t  r a t h e r  t h a n  a component o f  mixed 
f e r t i l i z e r .  Second p r ~ d u c t s  o f  gypsum are man~p.factured by t h e  
p r o c e s s  caf c a l c i n a t i o n  i,e. b u r n i n g  t o  get a l l  types of p l a s t e r s ,  
cement etc.  Large amount of water is needed f o r  the d i f f e r e n t  
i n d u s t r i e s  o f  gypsum. Ground water will be t h e  o n l y  s o l u t i o n  for 
t h e s e  i n d u s t r i e s .  

- The produc t ion  sf l a r g e  q u a n t i t i e s  of p l a s t e r s  f r o m  gypsum 
w i l l  d e f i n i t e l y  s o l v e  t h e  problem of t h e  b u i l d i n g  material i n  the 
Sudan e s p e c i a l  1 y the s e v e r e  shcartage of cement. The p l a s t e r  
cement is much cheaper  t h a n  t h e  P o r t l a n d  cement, F u r t h e r  more, 
t h e  prslducticm o f  p l a s t e r  wall, plaster board  and plaster bll~ll~isks 
w i l l  pra2duce new s t y l e  of b u i l d i n g  materials e s p e c i a l l y  i n  Port 



Sudan and o t h e r  major towns i n  t h e  Red Sea Prov ince  where t h e  
e x p e n s i v e  cement b r i c k s  are i n  u s e  now, Again, t h e  d i f f e r e n t  
p l a s t e r  p r o d u c t s  as w e l l  as r a w  gypsum can b e  expor ted  to the 
I n t e r n a t i o n a l  M a r k e t .  

2. Tabonam: L i e s  5 kms of Khor E i t  Gypsum, The d e p o s i t  is n o t  
exp lo red .  I t  is l i c e n s e d  t o  t h e  C h a l k  I n d u s t r y  Co. of  Sudan 
where i t  is used for t h e  manufac tur ing  of cha lk .  

3, Saghumz 1'3 kms North of  Khor E i t  Gypsum d e p o s i t .  The gypsum 
a: t h i s  l o c a l i t y  is not  e x p l o r e d  and not  l i c e n s e d .  I t  s e e m s  t o  
be a big d e p o s i t .  

4. Shinaab: West of  Dungunab Bay at l a t i t u d e  2% d e g r e e s  4 
minu tes  and l o n g i t u d e  37 d e g r e e s  2 minutes.  The gypsum is n o t  
expl  cared and not  l i censed.  

5. Ha'laib: Few k i l o m e t r e s  South  of  Ha la ib  v i l l a g e  a t  l a t i t u d e  
22 d e g r e e s  13 minutes and l ~ z ~ n g i t u d e  36 d e g r e e s  38 minutes ,  The 
gypsum is not  explcfved and n c ~ t  l i c e n s e d .  

4. SALT: 
There are n o  s t a t i s t i c s  a v a i l a b l e  about  the Sudanese Salt 

demand and supply.  The g r e a t e r  p a r t  of  s a l t  demand is s a t i s f i e d  
wi th  solar salt f r ~ z m  the Red Sea C e a s t .  I n  addition, an  unknown 
q u a n t i t y  of  s a l t  is s u p p l i e d  by numerous s m a l l  scale o p e r a t i o n s  
i n l a n d  which are s c a t t e r e d  over  many p a r t s  o f  the c o u n t r y  and 
produce m o r e  o r  less p u r e  s a l t  f r o m  a v a r i e t y  of s o u r c e s  and far- 
di f f e r e n t  a p p l i c a t i o n s .  

The  average prcfducticm and cctnsumptia3n of the Red Sea SaP t 
for the p s r i s d  1'3813-86 can  be e s t i m a t e d  as follows:- 

Y e a r  f st al Product  i sn f ndust r i al 
Consumption 

[The above f i g u r e s  are i n  t a m s  p e r  yea r  > . 
T h e  a n n u a l  rate of t h e  i n c r e a s e  i n  the total consumption can 

be assumed as 3.2%. One w o u l d  t h e r e f o r e  expec t  that t h e  t o t a l  
consumption of the salt i n  the Sudan w i l l  i n c r e a s e  i n  the year 
1990 to about  145,7*30tuns. However, the a c t u a l  total salt 
cv-sumpt  i o n  of the Sudan canno t  b e  properly e s t i m a t e d  unless 
c o n c i s e  e s t i m a t i o n  0 4  t h e  u n o f f i c i a l  e x p o r t  and import  sf salt Is 



known . 
Location: Sol ar saf t ponds 1 i e al;mg the Red Sea coast 

mainl y between P m t  Sudan and Suakin and few 
in the North o f  Port Sudan. 

Quality: The average chemical ctmpt>sitit~n : 
Na 3G. 13% 
C1 56.6% 
K 0.18% 
Mn 0.43% 
i Z 0 2  0.22% 
Insol (3.12% 
NaCl 91.85% (salt) 

The salt is not further washed and purified because of lack af 
sufficient water. 

Existing Rights: The main producers of salt are: 
1. Sudan Salt Co.  
2. Mustafa Satti & Sons 
3. Shams EE Din Abdel Earim 
4. Pr i st=tn Dept of Port Sudan, 
5. P r i s a n  Dept of Suakin. 

The average annual consumption of industrial salt is about 40,000 
t~z~ns;. 41.9% af this amount is clmsumedl by ttre simp industry, 
41-3% by bakeries, 3.6% for aninal foodl, 2.4% by tanneries, 2-1% 
by textile industry, 1.5% for fishing, 0.9% used as fertilizers 
and 0.3% by canned food and ice factories. 

The Red Sea represents an ideal climatic environment for %he 
producticm of  large scale industrial sctlar salt, The imprsvemenk 
o f  the present ope-  e k i n g  salt ponds and construction of 
additional ponds will put salt as one of the leading economic 
commsdity in the locaP and international markets, Phis will 
successfully be realized if sait is used in the manufacturing nf 
caustic soda, chlorine and soda ash. Furtkrermore, the 
pri fication of the Sudanese salt t13 more than 98% Mack will 
help greatly in its marketability. Large quantity ef water will 
be needed for the above industries of the salt. 

5.  QUARTZ - G l a s s  Raw Plater ial's. 
The glass industry as the  major user of many industrial 

minerals in the manr-tfacturing of its product, Soda-lime-silica 
glass represents the largest prop~rtion sf glass manufactured for 
cnmmercial use. It is produced by the fluxing and melting of  
pure silica sandsCquartzj in the glass melting furnace together 
with the soda ash, Pimestnne, d~=llsmite, felspar, gypsum and salt. 
A l ) .  these materials are present in the Red Sea Prnvince, 

Buar t n  is very common almost everywhere in the Red Sea Hills 
and ~ x ~ z u v s  as veins and dykes. G m d  quality quartz of the type 
used for the glass industry is at present known t o  occur at two 



local i t ies ,  The f i r s t  l o c a l i t y  l i e s  about i 5 k m  s o u t h - e a s t  of  
T~z~hamyiam railway s t a t i o n ,  The p u r i t y  of t h e  q u a r t z  r e a c h e s  u p t o  
99% SiOZ with i r o n  c o n t e n t  of  less t h a n  I%, I t  is not e x p l o r e d  
i n  d e t a i l  b u t  t h e  v i s u a l  r e s e r v e s  may exceed 2 m i l l i o n  tcms.  The 
d e p o s i t  is l e a s e d  t o  M r .  Omer  Abu Amna. P. 0. Box No. 1, B e b e i t .  

The secund  o c c u r r e n c e  of  comrnerci al q u a r t z  1 ies abou t  22km 
east of  Derudeb r a i l w a y  s t a t i o n  and o n l y  few k i l o m e t e r s  east of  
Derudeb marb le  d e p o s i t .  The a n a l y s i s  o f  t h e  sample t a k e n  f r o m  
t h e  d e p o s i t  showed a c o n t e n t  o f  '39% SiQ2. T h i s  q u a r t z  d e p o s i t  is 
n o t  e x p l o r e d  and n o t  l i c e n s e d .  

Large  q u a n t i t y  of water w i l l  be needed for t h e  i n d u s t r y  of  
g l a s s .  Q u a r t z  a s  raw-material c a n  be e x p o r t e d  t o  t h e  
i n t e r n a t i o n a l  m a r k e t  , 

6. WOLLASTONITE Calcium S i l i c a t e .  

Wnl l a s t~z ln i t e  is a n  i m p o r t a n t  i n d u s t r i a l  m i n e r a l  used  as 
f i l l e r  i n  the c e r a m i c ,  t i l e ,  marine w a l l  board ,  p a i n t ,  p l a s t i c r ,  
and r e f r a c t o r y  l i n e r  i n  steel mills and as a partial r ep l acemen t  
f o r  s h ~ z ~ r t - f i b r e  a s b e s t o s  i n  c e r t a i n  a p p l i c a t i o n  such a s  brake 
l i n i n g .  

I n  t h e  Red Sea W i l l s ,  i m p o r t a n t  d e p o s i t s  o f  wallastonite 
occur  G5 km nor th -wes t  o f  P o r t  Sudan at  l a t i t u d e  12 d e g r e e s  53 
m i n u t e s  and l o n g i t ~ i d e  36 degrees 31 minutes, at D i r b a t  well. 

Q u a l i t y  : - )-iigt~ q u a l i t y  o f  w l ~ l l a s t o n i t e  of  average c o n t e n t  o f  
98% Calcium Si f i c a t e .  
Si 02 50.72% 
CaO 4 7 . 6 4 X  
HgO (3.16% 

FeZ038tA1203 1.08% 

Q u a n t i t y :  The r e s e r v e s  are e s t i m a t e d  at 475,000 MT. 

S t a t u s  of E x p l o r a t i o n :  G e o l o g i c a l  and t o p o g r a p h i c a l  mapping and 
d r i l l i n g  sf t w o  b o r e  holes w e r e  

comple ted .  

E x i s t i n g  Rights:  The d e p o s i t s  are no t  l e a s e d .  

W s l l a s t c * n i t e  is e x t r a c t e d  and used as p r i m a r y  ore. Medium 
q u a n t i t y  o f  water w i l l  b e  needed f o r  t h e  mining o p e r a t i o n .  
W o l l a s t o n i t e  w i l l  b e  m a i n l y  mined for export  as lumpy or as 
crushed packed m a t  er i a1 . 
7 .  MAGNESITE - Magnesium Carbonate 

Magnasite is m a i n l y  used in the r e f r a c t o r y  i n d u s t r y ,  as a 
b a s i c  material fctr  h i g h  t e m p e r a t u r e  r e f r a c t c a r y  b r i c k s  which are 
used for t h e  ~ x t r a c t i o n  of magnesium metal, i n  alloys, i n  
chemica l  i n d u s t r y  and i n  an imal  f e e d ,  



In  t h e  Red Sea H i l l s ,  m a g n e s i t e  o c c u r s  at Khar Ekwan, 3 0 k m  
nor th-west  o f  H a l a i b  v i l l a g e  and a b o u t  15 km w e s t  of t h e  Red Sea 
s h a r e  a t  l a t i t u d e  2 2 d e g r e e s  14 m i n u t e s  and l o g i t u d e  3 6 d e g r e e s  33 
minu te s ,  

Q u a n t i t y :  E s t i m a t e d  r e s e r v e  - 1-6 m i l l i o n  MT. 

Qua1 t iy :  The a v e r a g e  magnesium carbc lna te  c o n t e n t  s f  t h e  
magnesi t e  e x c e e d s  DO% or a b o u t  37% MgO. 

S t a t u s  o f  E x p l o r a t i o n :  Magnes i t e  w a s  o n l y  e x p l o r e d  by s u r f a c e  
t r e n c h i n g  . No a t h e r  e x p l o r a t i o n  w o r k s  
has been done. 

E x i s t i n g  R igh t s :  The d e p o s i t  i s  n o t  l i c e n s e d .  

P r o c e s s i n g  and C m - t c e n t r a t i l ~ n  of  Magnesi te: Magnesi te c a n  b e  used 
as c r u d e ,  dead burned or c a u s t i c  c a l c i n e d .  The dead burned  
p r o d u c t  is a d e n s e  w e a t h e r e d s t a b l e  g r a n u l e s  s u i t a b l e  f o r  u s e  as 
r e f r a c t c w y .  Fur t h e  l a t t e r  prcsducticln, c r u s h i n g ,  c c ~ n c e n t r a t i r m  
by f  1 c ~ t a t  i o n  a re  needed, 

Medium amc~unt s f  w a t e r  are needed f o r  t h e  p r o c e s s i n g  of 
rnagnes i te  wh ich  s h o u l d  b e  saved l c ~ c a l l y .  Magnes i t e  can o n l y  b e  
u t i l i z e d  f o r  e x p c ~ r t  f rcm Marsa Abu Ramad on t h e  Red Sea, 

8. BLACK SANDS: 
Prumis ing  d e p c ~ s i  ts of  b l a c k  s a n d s  c o n t a i n i n g  t h e  t i t a n i u m  

m i n e r a l s  i l m e n i t e  and r u t i l e  t o g e t h e r  w i t h  m a g n e t i t e  and z i r c ~ n ,  
a c c u r  a l c ~ n g  T r i n k i t a t  s h ~ z ~ r e  can t h e  Red Sea. I t  is a b o u t  192 k m s  
S ~ z ~ u t  h * ~ g f  P o r t  Sudan and  30 k m s  Nctrth North E a s t  o f  Tokar  , at 
l a t i t u d e  I 8  d e g r e e s  30 m i n u t e s  and  l c ~ n g i t u d e  37 d e g r e e s  54 
minu te s .  The black s a n d s  c a n  b e  t r a c e d  f o r  a b o u t  25 k m s  along 
t h e  c o a s t .  

Pr el i m i  n a r y  i n v e s t  i g a t  i a n 5  were car r i e d  out  where s e v e r  a1 
t e n s  of s h a l l o w  auge r  h o l e s  w e r e  d r i l l e d ,  The  a v e r a g e  
m i n e r a l o g i c a l  c o m p o s i t i o n  sf b l a c k  s a n d s  as  r e f l e c t e d  by t h e  
samples is a b c u t  70% i l r n e n i t e ,  2% r u t i l e ,  2% z i r c o n ,  12% 
m a g n e t i t e  and 3% g a r n e t .  

The r e s e r v e s  af i l m e n i t e  r u t i l e  and z i r c o n  i n  t h e  s t u d i e d  
sector s f  the area are e s t i m a t e d  as f a l l o w s :  

Hlmeni te  t i t a n i u m  o x i d e  600,000 t o n s  
R u t i l e  t i t a n i u m  o x i d e  45,000 t o n s  
Z i r c ctn r i rc t=~nium o x i d e  118,OQO t o n s  

T h i s  m e t a l s  have  s i g n i f i c a n t  i n d u s t r i a l  a p p l i c a t i ~ n  i n  the 
manufac tu r ing  caf steel, a i r c r a f t ,  p igmen t s  e t c .  Z i r c o n  is used 
as a abrasive m a t  er i a1 . The b l a c k  s a n d s  are f i r s t  ta b e  
separated from t h e  mixed w h i t e  sands fo l lowed  by t h e  s e p a r a t i o n  
a n d  c w - t c e n t r a t i c ~ n  of  t h e  i n d i v i d u a l  compl~nents. A l l  these 
a p e r a t i o n s  c a n  be c a r r i e d  ~ ~ u t  at t h e  site of the d e p o s i t ,  Large 
q u a n t i t i e s  of fresh water w i l l  b e  needed.  The f i n i s h  products 
s h o u l d  be packed %car expazgr t t g z l  t h e  i n t e r n a t i o n a l  marke t s .  



IRON AND BASE METALS ORE BEPOSXTS 

The i r o n  and b a s e  m e t a l s  ore d e p a s i t s  r e c o r d e d  up t o  d a t e  i n  
t h e  Red Sea H i l l s  Region are: 

1. I r o n  
2. Mangnese 
3. Chr o m i  urn 
4. T ~ t n g s t e n  
C 
J .  Copper - z i n c  - l e a d  

1. The I r o n  D e p o s i t s  

8 3  f  
exp 

About 28 i r o n  ore o c c u r r e n c e s  have  been known i n  the r e g i o n  
he Red Sea H i l l s .  O f  t h e s e  d e p o s i t s ,  o n l y  o n e  m i n e  had been  
o i t e d  and sclme 90,000 t o n s  o f  h i g h  g r a d e  ore were e-xpor ted  t a  

Yugos l av i a  s in lze  1'364. The mine w a s  c l o s e d  dawn i n  1967 b e c a u s e  
of  the Middle East w a r .  Because m o s t  o f  t h e  i r o n  d e p o s i t s  lie 
close t o  e a c h  o t h e r ,  they grouped i n t o  t h r e e  g r o u p s ,  i.e. t h e  
Fctdi kwan, S c ~ f a y a  and K a r c ~ r a  g roups .  A l l  t h e  i r o n  d e p o s i t s  are  of 
s m a l l  s i z e  r a n g i n g  frczm few h u n d r e d s  of  tams t o  a b o u t  7 m i l l i o n  
t c ~ n s  and of  11=1w t c ~  h i g h  g r a d e  q u a l i t y  and m o s t  of  them o c c u r  i n  
remote areas w i t h  nQ i n f r a s t r u c t u r e  f a c i l i t i e s .  

THE FODIKWAN GROUP: 

Th i s gr c~up  ccmpr i ses f s u r  depos i  t s name1 y,  Fadi kwan, 
Naakuri ,Feak,  and  T i k r a n i t .  

Lc*cat i~=~n:  Fsdikwan: 2 8 2 k m  n o r t h  of Pcwt Sudan and  15 km w e s t  o f  
Marsa O s i e f  on the Eed Sea at l a t i t u d e  2 1  

d e g r e e s  44 m i n u t e s  and l o n g i t u d e  315 d e g r e e s  
43 minutes .  

Naakur i : A t  l a t i t u d e  21 d e g r e e s  4G minuees  and  long-  
i t u d e  36 d e g r e e s  43 m i n u t e s  30 seconds, 
a b o u t  0 . 8 k m  n o r t h  of Fodi kwan. 

Peak : 0.8km n o r t h  o f  Naakuri .  
Ti k r a n i t :  2km w e s t  of  Naakuri .  

QUALITY: The a v e r a g e  chemica l  c ~ z ~ m p o s i t i ~ ~ n  af this group: 
F e  55-60% 
Si 0 2 + A 1 2 0 3  7.8-11.6% 
Wn 5.0-6.5% 
T i  3% 
F 0.61-1.03% 
S 0.16-0.7% 
Naakuri  are is of  l o w e r  g r a d e ,  38% Fe 

QUANTITY: A b ~ u t  fou r  m i  1 l i on tons. 

Status O f  Explclraticln & Mining : The d e p o s i t s  have been studied 
i n  c o n s i d e r a b l e  d e t a i l  by t r e n c h i n g  d r i l l i n g .  Mining s t a r t e d  i n  



1464 and abandnned i n  1967. 30,000 t o n s  w e r e  e x p o r t e d  t o  
Y u g ~ ~ ~ s l  a v i  a . 
Mining Righ t :  T h i s  g roup  c ~ f  i r o n  d e p o s i t s  are l i c e n s e d  tct t h e  
Fodikwan Ca. L td .  

Mining & P r o c e s s i n g :  The h i g h  g r a d e  ore is mined d i r e c t l y  as 
lumpy ore and t h e  l o w  g r a d e  ares have  t o  b e  c o n c e n t r a t e d  l a x a l l y  
by magne t ic  s e p a r a t i o n .  La rge  amc~unt c ~ f  water are r e q u i r e d  and 
s h o u l d  b e  s a v e d  a t  t h e  sites. 

THE SOFAYA GROUP: 
S s f a y a  g r c ~ u p  ctf s i x  i r o n  d e p o s i t s  clccur to t h e  South  W e s t  of 

Fodi kwan g r ~ u p ,  abou t  260 k m s  North  W e s t  o f  P a r t  Sudan. The 
d i s t a n c e  between t h e  d e p o s i t s  and Marsa Abu Irnamaa an t h e  Red Sea 
Coas t  v a r i e s  from 60 t o  120 kms.  They Lie at l a t i t u d e s  21 
d e g r e e s  25 m i n u t e s  & 21 d e g r e e s  40 m i n u t e s  and l o n g i t u d e s  36 
d e g r e e s  21 m i n u t e s  & 36 d e g r e e s  57 m i n u t e s  . 
Q u a l i t y  and Q u a n t i t y :  

Depitsi t 

Ankur 
Ader a w e i  b 
Yact kur ar 
Aqcti ssan 
Mafdeib 
Adarei  m 

Q u a n t i t y  

7.3 MT 
1 .2  1s 

4 .1 I' 

0.22 WT 
0.088 MT 
0.446 MT 

A 1  1 the a b ~ z ~ v e  d a p o s i  ts w e r e  e x p l ~ ~ r e d  i n  d e t a i  1 Cgeolog ica l  , 
g e c ~ p h y s i c a l  , t o p o g r a p h i c a l  , d r i  11 i n g  and t r e n c h i n g ) .  

N C ~  i n f r a s t r u c t u r e s  e x i s t  i n  t h e  area ta  h e l p  i n  the 
e x p l n i t a t i c m  of  t h e s e  d e p o s i t .  Most of  t h e  ores are to b e  
upgraded by c o n c e n t r a t  i o n  where l a r g e  a r n ~ ~ u n t  of w a t e r  w i l l  b e  
needed. The S o f a y a  i r o n  d e p o s i t s  are n o t  licensed. 

KARORA GROUP: 
T h i s  is a group  o f  t h r e e  d e p c ~ s i t s  l ie  n e a r  t h e  F r o n t e i r  w i t h  

E t h i o p i a ,  a b o u t  250 krns South  o f  P o r t  Sudan, between l a t i t u d e s  
17 d e g r e e s  42 m i n u t e s  & 17 d e g r e e s  50 m i n u t e s  and l o n g i t u d e s  38 
d e g r e e s  17 m i n u t e s  & 38 d e g r e e s  23 minutes .  

Z u a l i t y  & Q u a n t i t y :  
L o c a l i t y  9: r e s e r v e s  6 .5  MT w i t h  41% Fe  
Local i t y  2&3: r e s e r v e s  1O MT w i t h  40% F e  

The r e s u l t s  of b e n e f i c i a t i o n  tests carried out i n  a 20 kg 
c c ~ m p o s i t e  s ample  p r e p a r e d  fucmt c o r e s  o f  10 b o r e  holes at  1 1 3 c a l i t y  
no. 1 nay b e  summarized as f e l l o w s :  

- The ore c a n  b e  e a s i l y  upgraded by c r u s h i n g  t o  minus E5 
mesh t h e n  magne t i c  s e p a r a t i o n .  

- A c o n c e n t r a t e  of h i g h  i r o n  c o n t e n t  (+GO%> can be o b t a i n e d  



w i t h  a n  i r o n  r eccwery  r a te  of '33% or more. 
- An are w i t h  an  a v e r a g e  c o n t e n t  c ~ f  40% c a n  be concent ra ted l  

w i t h  a n  i r o n  r e c a v e r y  r a te  of  55%. 
- impurities such  a s  phosphorus  and  s u l p h u r  can  b e  

e l i m i n a t e d  w i t h  t h e  t a i l i n g s  a t  minus 65 mesh. 

S t a t u s  c f  Expl i t ra t  ion:  
Detai l e d  e x p l o r a t i o n  works i n c l u d i n g  g e o l a g i c a l  , 

g e s p h y s i c a l  , t o p o g r a p h i c a l  , t r e n c h i n g  and d r i  11 i n g  have  been 
comple ted  i n  Karora area e x c e p t  t h a t  no d r i l l i n g  h a s  been 
u n d e r t a k e n  a t  l ~ z ~ c a l i t y  3 as i t  is u n a c c e s s i b l e .  T h e r e f a r e  t h e i r  
e s t i m a t e d  r e s e r v e s  are  g e o l o g i c a l  and n o t  mining r e s e r v e s .  

Tke d e p o s i t s  are n o t  l i c e n s e d .  L a r g e  amaunt 13f w a t e r  w i l l  
b e  r e q u i r e d  for t h e  b e n e f i c i a t i s n  p r o c e s s .  The c o n c e n t r a t e d  ores 
c a n  b e  e x p o r t e d  ta t h e  steel f a c t o r i e s  i n  t h e  Gulf Area. 

O t  hep I r a n  Deposi t Occurrences :  
Of t h e  o t h e r  i r o n  d e p o s i t s  which c o u l d  b e  of  economic v a l u e  

but h a s  n o t  been e x p l o r e d  is t h a t  c ~ n e  a t  Khor Tenabar i  a t  
l a t i t u d e  17 d e g r e e s  6 mint t tes  and l o n g i t u d e  36 d e g r e e s  30 
minutes .  T h r e e  su t c r r sps  of t h e  deplz~si t  have  been found. The 
m o s t  s i g n i f i c a n t  is the ctne forming a h i l l  which rises 200 metres 
abctve t h e  v a l l e y  l e v e l  w i t h  a I e n g h t  of n o t  less t h a n  200 metres 
and a wid th  caf 150 metres. The a n a l y s i s  o f  the f e w  c ~ ~ l l e c t e d  
s a m p l e s  skc~wed an i r o n  c o n t e n t  of  50 - 6 O X  . 
An a c c e s s  across l o w  ' h i l l y  area csf 20 k m ~ s  l o n g  f rom K a s s a f a  - 
Derudeb r o a d  w i l l  g r e a t l y  assis t  i n  t h e  e x p l c l r a t i a n  and 
e v a l u a t i o n  o f  t h i s  d e p c ~ s i  t . F u r t h e r  more the a v a i l a b i l i t y  of 
l a r g e  amount o f  water a t  this p l a c e  w i l l  be o f  v i t a l  imps r t ance .  
A l l  t h e  o t h e r  ~ x c u r r e n c e s  s f  i r o n  are nalt o f  s i g n i f i c a n t  va lue .  

2. MANGANESE DEPOSITS 

Manganese is p r i n c i p a l l y  u sed  i n  t h e  f e r a u s  m e t a l l u r g i c a l  
i n d u s t r y  to p roduce  manganese m e t a l ,  f e r romanganese  aP l e y s  and 
steel i n g o t  and c a s t i n g .  I t  is also used i n  t h e  p r e p a r a t i o n  of 
nttmernus manganese c h e m i c a l s ,  i n  d r y  ce l l  manufaceur ing  f n 
weld ing  r o d  c o a t i n g  e t c .  

M o r e  t h a n  t w e n t y  manganese d e p o s i t s  w e r e  l o c a t e d  a round  
H a l  i a b  v i  1 l a g e  abctut 320 kms North  of P o r t  Sudan, The manganese 
mining i n d u s t r y  s t a r t e d  t o w a r d s  t h e  end of 1955 by few companies  
and i n d i v i d u a l s  and i t  d iminshed  d r a s t i c a l l y  d u r i n g  2957 due t o  
t h e  l a c k  o f  n e c e s s a r y  t e c h n i c a l  kn~zlwledge among the m i n e r s  
t hemsel ves. 

D e t  ai l ed s y s t  e m a t  i c i n v e s t  i g a t  i u n s  i n c l u d i n g  g e a l  a g i  cal & 
g e o p h y s i c a l  s u r v e y s ,  t r e n c h i n g  and  d r i l l i n g  w e r e  c a r r i e d  o u t  
d u r i n g  1376-1978 a t  s e l e c t e d  loca l i t i e s .  The m o s t  i m p o r t a n t  
manganese l oca l i t i e s  l i e  between l a t i t u d e s  22 d e g r e e s  5 m i n u t e s  & 
22 d e g r e e s  30 m i n u t e s  and l o n g i t u d e s  36 d e g r e e s  22 m i n u t e s  f!! 36 
d e g r e e s  35 minutes .  

The q u a l i t y  o f  t h e  n r e  r a n g e s  f r o m  t h e  l o w  g r a d e  20% MnO to 
t h e  h i g h  grade ~f 0 3 %  MnO w i t h  less t h a n  1% sulphur and 
p h ~ = ~ s p h s r u s .  The r e s e r v e s  are s m a l l  r a n g i n g  f r o m  few t housand  
t o n s  t o  26,000 t ~ z ~ n s .  



Ab1=aut 7,000 t c ~ n s  had haen  mined d u r i n g  the l a t e  ffi f t P e s  and 
the p r o d u c t i ~ w  is abandoned since t h a t  time. T h e r e  a v e  no  
e x p l o r a t i o n  and mining r i g h t s  e x i s t  for t h e  a l l  manganese 
d e p o s i  its. 

The C o a s t a l  A v e a  of H a l a i b  is very prc t spec t ive  for possible 
economic d e p ~ ~ s i  t c ~ f  manganese, I t  is recommended that e x t e n s i v e  
e x p l o r a t i o n  sBi~xtPd b e  u n d e r t a k e n  f o r  possible l o c z t i a n  o f  large 
b u r i e d  b o d i e s  of  manganese which may be present a l o n g  fault 
l i n e s .  L a r g e  q u a n t i t i e s  o f  w a t e r  will b e  required for t h e  
u p g r a d i n g  and p r o c e s s i n g  a f  manganese ores f o r  export  . 
3. CHROMITE BEPOSITS 

Chromium m e t a l  has a wide r a n g e  c f  uses i n  t h r e e  p r imary  
consumer- g roups ,  In  t h e  m e t a l 1  u r g i c a l  i n d u s t r y ,  its principle 
use is i n  s t a i n l e s s  siteel, i n  f e r r a l l o y s  and i n  s u p e r a l l o y s .  For 
the r e f r a c t o r y  i n d u s t r y  , c h r ~ m t i t e  is used t o  make r e f r a c t o r y  
b r i c k s ,  t o  l i n e  m e t a l l u r g i c a l  . furnaces.  The chemica l  i n d u s t r i e s  
consume c + - r r a m i  t e  for t h e  manubactur  i n g  of chromates ,  chromic acid 
and p igments .  S*=adP urn a n d  p o t a s s i  urn chrszlrnate and bi ch roma te  are 
the materials frl:m which a wide  r a n g e  of ctarc~mium tzhemi~zalls are 
made . 

No ecc~nomic chrtzrrnite bepcs s i t s  have a s  y e t  beem found i n  the 
Red Sea H i l l s  , h~:*wever, t w ~ : ~  ~ ~ c c u u r e n c e s  have  been r e p o r t e d .  T h e  
f i r  st me is a smaf 1 bepc5si t a5 5131 Hami d  at  Eat i Cude 22 degrees 
12 m i n u t e s  and longitude 36 d e g r e e s  5 m i n u t e s  at a d i s t a n c e  sf 35 
k m s  North  West of H a l a i b  v i l l a g e .  D e t a i l e d  geoXsgicaP had been 
c a r r i e d  out but t h e  accurrence w a s  d e s c r i b e d  as of no  eszanomic 
val 1 e y  and n c ~  f u r t h e r  weer ks w e r e  r es~~mmended . 

The second  o c c u r r e n c p  1 1 ~ 2 2  a L  l a t i t u d e  21 degrees 30 minutes 
? i  21 d e g r e e s  36 m i n u t e s  and l o n g i t u d e  35 degrees. 

Oetaiied ge lz~ i sg i ca l  s u r v e y  and t r e n c h i n q  - w e r e  c a r r i e d  ~ u t .  
The m o s t  i mpor t ant  chr omi t e b e a r  i ng hlzar i ran e x t  end5 
d i s c o n t i n u o u s l y  a v e r  a d i s t a n c e  #=sf 10 kms. Nine c h r o m i t e  bodies 
have been located, They v a r y  i n  l e n g t h  from 1,8 t o  35 m e t r e s  and 
i t  wid th  0.5 to 5 m e t r e s .  8ne body e x t e n d s  for 250 m e t r e s  and  a 
w i d t h  o f  2 to 5 metres. The a v e r a g e  c h u ~ m i u m  oxide c o n e e n t  
v a r i e s  P r o m  t2.3 t o  47,2%, F e O  9.26-17% A 1 2 0 3  7.0 - 9 , $ 7 X ,  MgQ 16- 
32% and Si02 5.33-27.S"J.. The c o n t e n t  o f  chrumium oxide i n  the 
main bndy is 40% 

I t  is r e p o r t e d  t h a t  t h e  analytical r e s u l t s  on the c h r o m i t e  
c o n c e n t r a t e s  are s a t i s f a c t o r y  and seem t a  p l a c e  t h e s e  
c a n c e n t r a t e s  i n  a c a t e g o r y  of good q u a l i t y .  

IF  t h e  e x p l o r a t i o n  w o r k s  r e v e a l  large r e s e r v e s  o f  c h r ~ ~ r n i t e  
a t  t h i s  area, ampie amounts  cef w a t e r  w i l l  b e  r e q u i r e d  t o  
c o n c e n t r a t e  the n r e s  by f l o t a t i ~ z ~ n  f a r  export. The chrsmite at 
t h i s  area is not l i c e n s e s .  

4, TUNGSTEN 
The pr imary  use of t u n g s t e n  i n  t h e  form s f  t u n g s t e n  c a r b i d e  

is as c u t t i n g  and w e a r - r e s i s t a n t  m a t e r i a l -  I t  is also used i n  the 
m a n u f a c t u r i n g  c ~ f  e s p e c i a l  steel, m i l l  p r o d u c t ,  we ld ing  and hard 
facing rods, c h e m i c a l s  and ceramics. 

A t  p r e s e n t ,  t w o  o c c u r r e n c e s  ~f t u n g s t e n  are known i n  the Red 
Sea W i l l s .  The f i r s t  me is at J, Gash Amir 30 kms, North CJest 



o f  H a l a i b  v i l l a g e  a t  l a t i t u d e  22 d e g r e e s  15 m i n u t e s  a n d  l o n g i t u d e  
36 d e g r e e s  7 m i n u t e s ,  I t  is found i n  quartz v e i n s  i n t r u d i n g  t h e  
g r a n i t e  as w e l l  as i m p r e g n a t i n g  t h e  c o u n t r y  rock a d j a c e n t  t o  t h e  
v e i n s .  

Apart  from t h e  g e o l o g i c a l  mapping, e x p l ~ z t r a t i o n  w o r k s  h a v e  
b e e n  c a r r i e d  ~ s u t .  The  t u n g s t e n  c a n t e n t  #sf t i l e  r i c t - t e s t  v e i n s  
r a n g e s  frcm 28.1% ts 33% a n d  t h a t  of t h e  a d j a c e n t  ilrlrcrntry r o c k  is 
a b c u %  0.08%. The main t u n g s t e n  m i n e r a l  is W u b n e r i t e  h a v r n g  a 
c h e m i c a l  cl=mpc~si t i o n  o f  48.7% t u n g s t e n  arrd 48.2% manganese,  I t s  
rnearur ed s p e c  i f i c g r a v i t y  is 6.95G. The r e s e r v e s  are n o t  known. 

The seccmd m c u r r e n c e  &as d i s c c ~ v e r e d  i n  1478 and w a s  
s u r v e y e d  i n  d e t a i l  by t t ~ e  Sudatnese-French J o i n t  V e n t u r e ,  It l i e s  
i n  J. E y ~ b  a b o u t  20 k m s  E a s t  of Imasa  r a i l w a y  s t a t i o n  at  l a t i t u d e  
17 d e g r e e s  52 m i n u t e s  a n d  l c ~ n g i t u d e  36 degrees 1'3 m i n u t e s .  
D e t a i l e d  geo lcag ica l  mapping,  d r i l l i n g ,  t r e n c h i n g  a n d  p i t t i n g  h a v e  
b e e n  u n d e r t a k e n .  T u n g s t e n  ~z lccurs  as H u b n e r i t e  i n  the quartz 
v e i n s  and  a s  f i n e  g r a i n e d  S c h c e l i t e  CCafcium Tungstate) i n  t h e  
g r e i s e n  p a r t s  of  Shp g r a n i t i c  c~zw- i t ry  r a c k .  The  total e s t i m a t e d  
r e s e r v e s  amount t n  1.5 WT c c ~ n t a i n i n g  a n  s v e r a g e  o f  (3.12% 
t u n g s t a t e  T W 0 3 T e  I t  is believe t h a t  i f  hand s o r t i n g  is b e  
a p p l i e d ,  t h i s  w i l l  upgrade t h e  t u n g s t e n  c o n t e n t  tc~ 0.32%. 
Upgrad ing  by f l n t a t i c ~ n  n i i l  r e q u i r e  l a r g e  amount 13f w a t e r .  The 
area is n o t  l i c e n s e d .  

5. THE BASE METALS: COPPER - Z I N C  - LEAD1 
Ccpper  m i  neuaf  i z a t  i s ~ n  is a common phenc~rnenizsn a t  many p l a c e s  

i n  the Red Sea H i l l s  r e g i o n .  The m a j o r i t y  @:sf t h e s e  o c c u r r e n c e s  
may b e  d e s z r i b e d  as i n s i g a i  f i r a n t .  However, p o t e n t i a l  c o p p e r  
*:rues e c i u r  t o g e t h e r  w i t h  z i n c ,  l e a d ,  s i l v e r  and gc*ld at t w o  
l o c a l i t i e s .  

The f i r s t  l l r t c a i i t y ,  Abcr S a m r ,  lie5 absert 25 k m s  East 1=11f the 
r a i l w a y  l i n e  and  15 k : m s  N o r t h  E a s t  of J. Eyob t u n g s t e n  d e p o s i t  a t  
l a t i t u d e  17 degrees 58 m i n u t e s  and l c m g l t u d e  36 d e g r e e s  16 
m i n u t e s .  E e t a i  1 e d  e x p l o r a t i a x i  w l s r k s  i n c l u d i n g  ge:=~f ogicah, 
g e t = ~ p t ~ y s i c a l ,  t r e n c h i n g  a n d  d r  i 1 l i n g  w e r e  c a r r i e d  out, The 
e s t i m a t e d  r e s e r v e s  amount t n  2.5 MT c o n t a i n i n g  an a v e r a g e  o f  7.3% 
Z i n c ,  2.1 % l e a d ,  0,6% cizapper, 115 gram per t o n  silver a n d  s o m e  
go1 d.  

I t  is s a i d  t h a t  t h e  d e p c l s i t  is d i f f i c u l t  t c ~  m i n e  and t h e  
a c t i v i t y  o f  t h e  J o i n t  Ventuwe is abandoned.  The  area 6 5  nat 
l i c e n s e d .  

Tt>e s e c o n d  l o c a l i t y ,  k r i a b ,  is o f  commerc ia l  interest. Pt 
1 ies a b o u t  80 kms Plorth l l i f  Musmar r a i l w a y  s ta t  i o n ,  Ttla area is 
bc~und by l a t i t u d e s  18 d e g r e e s  40 m i n u t e s  & 18 d e g r e e s  44 minutes 
a n d  l c ~ n g i t u d e s  35 d e g r e e s  1G m i n u t e s  & 35 d e g r e e s  36 m i n u t e s ,  

About 10 s i g n i  f  i c a n t  d e p o s i t s  w e r e  d i s c ~ z ~ v e r e d  w i t h  
c*z~mmerci a l  g a l  d i n  t h e i r  u p p e r  GO metres g o s s a n i c  c o v e r s  a n d  
m a s s i v e  s u l p h i d e s  of  c o p p e r ,  z i n c  and s i l v e r ,  100 metres b e n e a t h  
them. E x t e n s i v e  e x p l o r a t i o n  w o r k s  Cgeolrsgical  , g e o p h y s i c a l ,  
t c ~ p a g r a p h i c a l ,  t r e n c h i n g  a n d  d r i l l i n g )  are going on since 2381. 
Based on  t h e  f e w  b o r e  h c ~ l e s  d r i l l e d  down t o  a d e p t h  of  more than 
P O 0  m e t r e s ,  r e s e r v e s  c ~ f  m o r e  t h a n  1 0  MT n f  ore , are e s t i m a t e d  
c o n t a i n i n g  a n d  a v e r a g e  of  2.5 % copper, 3% z i n c ,  and m o r e  than 10 
grams p e r  ton s i l v e r  with some qold. - 



The area is l i c e n s e d  tl3 t h e  Sudanese  - French  Joint Venture 
Fro j e c t  Water i r r  v e r y  l a r g e  amctunt is needed fat t h e  mining and  
benf i c i a t i o n  p r o c e s s i n g  of t h e s e  ores, The l o c a l  groundwater  is 
%oo s m a l l  to s u p p a r t  t h i s  l a r g e  s c a l e  i n d u s t r y *  I t  is p lanned  by 
t h e  p r a j e c t  t o  pump t h e  N i l e  Water a l o n g  a p i p e  s y s t e m  for a 
d i s t a n c e  of n o t  less than 170 kms .  I f  e v e n t u a l l y  t h e  ores are 
proved t o  be ec:z~nc*rnically e x p l o i t a b l e ,  t h e i r  main b u l k  w i l l  be 
f ~r export; . 

THE NOBLE METALS 
GOLD ?< SILVER: 

Gold has been worked i n  t h e  Red Sea Hi1 1s from a v e r y  e a r l y  
p e r i o d .  The E g y p t i a n s  83d t h e  midd le  and new Empires ,  p e r h a ~ s  
abou t  2003 y e a r s  B w C  and  I400 B.C s e n t  e x p e d i t i o n s  t o  the c o u n t r y  
between tho M i l =  and t h e  Red Sea and t h e s e  w e r e  f o l l owed  i n  Eater 
t i m e s  by Arab l e a d e r s ,  Dur ing t h e  e a r l y  y e a r s  o f  last  century, 
g ~ l d  w a s  o n e  of t h e  t h i n g s  w h i c h  a t t r a c t e d  a t t e n t i o n  to t h e  Sudan 
and an impe=:rtant expedi t ican lead by Ib rah im basha r e a c h e d  t h e  
c o ~ f i n e s  o f  t h e  Eeni Shangul r e g i c ~ n  i n  t h e  v a l l e y  of  t h o  B lue  
N i l e .  The c c u n t r y  w a s  cPused t a  p r a s p s c t e r s  d u r i n g  t h e  Mahdi 
r e v o l  ut i on. 

From f 909-1950, s o m e  o f  t h e  el d mines  w e r e  extensi v e l y  
explcai ted  by E n g l i s h  Oompanies and i n d i v i d u a l s .  Several tens of 
tons of g o l d  had been extracted from scme o f  the mines, Umm 
Mabardi at l a t i t u d e  20 degrees 7 m i n u t e s  & l c ~ n g i t u d e  30 degrees 
44 minutes, Bebeit at  latitude 21 d e g r e e s  3 1 / 2  minutes and 
Lax-tgitude 36 d e g r e e s  13 minu te s ,  Onib at l a t i t u d e  21 d e g r e e s  29 
minutes and l o g i t u d e  35 degrees 16  minu te s ,  Oyo at l a t i t u d e  21 
degrees 55 m i n u t e s  and  l o n g i t u d e s  36 degrees 7 minutes and Uar 
m i n e  at latitude 21 degrees 42 m i n u t e s  and l c ~ n g i t u d e  35 degrees  8 
minute<:. A f t e r  1330, the a c t i v i t i e s  on g o l d  min ing  have been 
g r e a f l y  d e c l i n e d .  

TI-re r e s u l t s  c.f t h e  e x t e n s i v e  g e o i o g i c a l  and  m i n e r a l  
e x p l o r a t i o n  w o r k s  c a r r i e d  o u t  by t h e  Sudan Government t h rough  t h e  
t e c h n i c a l  a s s i s t a n c e  o f  t h e  S o v e i t  Union d u r i n g  1370-6976 have 
enc _  raged I n t e r n a t i c m a l  P i n i n g  Companies t o  :- ~ s h  back f o r  g o l d  
i n  the Red Sea H i l l s .  f u r t h e r  more , t h e  recent highly 
espec  f al i 5ed  r e r n ~ t ~  s e n z i n g  t e c h n i q u e s  have indicated t h a t  t h e  
Red Sea Hills still e n j o y  g r e a t  p c e t e n t i a l s  of g o l d  which have y e t  
tu be w e 1  l e x p l o r e d ,  eva'iuated and deve loped  for p r o d u c t  i on .  

P r e s e n t  Activities On G o l d  Mining: 
4- Sudan - Mines g o l d  venture at & b e i t  

Gebei  t g o l d  m i n e  lies abau* 255 k m s  Nor th  West of Port-Sudan 
and abcaut 70 kms West of t h e  Red Sea , at l a t i t u d e  2 2  degrees 
3 2/22 m i n u t e s  and l o n g i t u d e  36 d e g r e e s  19 minu te s .  A Joint 
Venture Agreement w a s  signed i n  1382 by the Sudan Government 
and the E n g l i s h  Mines Ccmpany (a subsidiary sf Greenwich 
Resources London3 , T h e  Sudan Government h o l d s  51% of the s h a r e s  
and M i n e x  49%. The d e t a i  l e d  e x p l o r a t i o n  w a r  k s  including 
g e s l o g I c a 1  and t a p o g r a p h i c a i  mapping, t r e n c h i n g  and extensive 
d r i l l i n g  s t a r t e d  e a r l y  1'38cfi where reserves of  2 ~ ~ 7 ~ e ~ o  tons of  



ores s c ~ n t a i n i n g  a n  a v e r a g e  o f  1 3  gram p e r  t o n  g a l d  w e r e  
a s s e s s e d .  I n  November 1987, c o m m e v c  i a1 p r o d u c t  i on s t a r t e d  at  an 
a n n u a l l  rate  o f  p r o d u c t i ~ ~ n  o f  ~ z ~ n e  c ~ f  g o l d .  Expl13ra t ion  t o  
i n c r e a s e  t h e  r e s e r v e s  is positively p r o g r e s s i n g .  

Gold is e x t r a c t e d  and c o n c e n t r a t e d  by t h e  c y a n i d e  l e a c h i n g  
p r o c e s s .  Water is s u p p l i e d  f r o m  l o c a l  grclund r e s o u r c e  a t  t h e  
mine site. I t  is t o  be  mentioned h e r e  t h a t  t h e  amount o f  w a t e x  
used i n  the g o l d  p r o c e s s i n g  is v e r y  v a r i a b l e ,  depending  a n  the 
f i n e n e s s  t3f c r u s t l i n g  and t h e  p t ~ y s i c a l  c o n d i t i o n  of  t h e  ore. Three  
t c ~  t e n  times a s  much water as cl?e may b e  r e q u i r e d .  Coarse 
g r i n d i n g  c ~ r  t h e  g r i n d i n g  o f  a x i d i s e d  ewe, cansumes more water 
t h a n  f i n e  g r i n d i n g .  

G e b e i t  gcgld mine a r e a  is l i c e n s e d  t o  the Sudan-Minix J s i n t  
V e n t u r e  Pr l3 jec t .  The Sudanese  Mining Corpnx-at i o n ,  P, om box: 1034 
k:hart~zlum r e p r e s e n t s  t h e  Sudan Gsvernment i w t h i s  p r o j e c t  . 
E- Sudan - French  Bold Ven tu re  A t  A r f  ab: 

A r i a b  g~=*ld depcas i t s  l i e  abou t  $0 kms Nor th  o f  Musmar r a i l w a y  
s t a t i c ~ n  and a b o u t  170 kms eat lzif t h e  N i l e ,  at l a t i t u d e s  18 
d e g r e e s  40 m i n u t e s  b 18 d e g r e e s  44 m i n u t e s  and l o n g i t u d e s  35 
d e g r e e s  16 m i n u t e s  %. 35 d e g r e e s  3G minutes .  Ten gi~*Ld d e p c ~ s i t s  --. C were d i s c o v e r e d  i n  an  area c ~ f  25 x s q u a r e  k m s .  A J o i n t  
V e n t u r e  Agreement was s i g n e d  bed ween t h e  Sudan Gcsve-rnment <60%f 
and the French  EEGM a n d  Tc8tal Minera l  Co. t40%1 i n  1982 f a r  t h e  
e : f ;p lora t ion and  e x p l o i t a t i o n  o f  gold at t h i s  area, 

Ext e n s i  v e  e x p l  or at i 32n and d e v e l  opment w s r  ks are b e i n g  
c a r r i e d  o u t  s i n c e  1982 i n c l u d i n g  g e s l o g i c a l ,  t o p o g r a p h i c a l ,  
q e ~ ~ ~ p k y s i c a l ,  - geochemica l ,  t r e n c h i n g  and dr i 1 l i ng. A total  of  
more t h a n  4 M i l l i o n  Tons o f  ares r ~ z ~ n t a i n i n g  an  a v e r a g e  of 7 gram-. 
p e r  t o n  g o l d  are e x p e c t e d  t o  occu r .  Expe r imen ta l  p r o d u c t i o n  of  
g ~ l d  by heap l e a c h i n g  p r o c e s s  f r a m  one site s t a r t e d  a y e a r  a g a  
wh i 1 e t h e  e x t  e n s i  ve e x p l  o r  a t  i on t I:I devel J Z I ~  t h e  o t h e r  g o l d  
d e p 1 2 s i t s  is gcsing 1x3.  

L~zacal grc*undwater i s  o n l y  s u f f i c i e n t  t o  prcrcess  300 kg of 
s o l d  - p e r  y e a r .  For t h i s  r e a s o n  and as i t  is p lanned  to e x t r a c t  
2-4 t o n s  o f  g o l d  a n n u a l l y ,  water has tl3 be  pumped a l a n g  a 170 k m s  
l o n g  p i p e  l i n e  sys t em from t h e  N i l e .  

A r i a b  area is l i c e n s e d  t o  t h e  Sudanese Mining Cezwporatic~n a n  
b e h a l f  Of the Jcaint Venture .  

C .  Sudan - Kenmare Cci. ( I r e l a n d )  N e w  J o i n t  V e n t u r e  I n  Serakoit 
A r e a .  

Head cif a n  agreement  l e a d i n g  t l z ~  a J o i n t  V e n t u r e  w a s  s i g n e d  
i n  1987 between t h e  Sudan government C60%5 and  t h e  I r i s h  Kenmare 
Co. C40X) i n  S e r a k o i t  area just North o f  t h e  Sudan-French Jsint 
V e n t u r e  area o f  Ar iab.  Subject  t ~ s  t h e  s i g n i n g  13f t h e  f i n a l  
Agreement, Kenmare w i  11 s t a r t  g e n e r a l  p r o s p e r t i e n  works and i f 
s u z c e s s f u l l y  locate p r o m i s i n g  d e p o s i t s ,  d e t a i l e d  e x p l o r a t i o n  w i l l  
b e  c a r r i e d  out t a z ~  d e v e l o p  t h e  cctmmercial d i s c c i v e r i e s  t n  
pr sduc t i on. 

Hydrogec~l  o g i  cal  research for water s h o u l d  be u n d e r t a k e n  ta 
liz~cate ample q u a n t i t i e s  o f  water t h a t  w i l l  be r e q u i r e d  f a r  the 
p r o c e s s i n g  o f  gold .  

A g e n e r a l  pr1:~spe~zting l i c e n c e  w i l l  b e  issued f o r  t h e  J o i n t  



Venture .  The Sudanese  Mining Carp.  w i  11 r e p r e s e n t  t h e  Sudan 
gc~vernment . 
O. Kenmare E e s a u r c e s  P l c  - C e n t r a l  D e s e r t  Mining Co. GclId 
V e n t u r e  A t  Abir-Kateib.  

Kenmare also s i g n e d  a J o i n t  Ven tu re  Agreement w i t h  t h e  
Sudanese  C e n t r a l  Desert Mining Co. (1987:) 137 share b a s i s  a t  4 '3X  
and 51% r e s p e c t i v e l y  to d e v e l c ~ p  and ex t rac t  gold from Abir-Kateib 
g o l d  mine. The mine is a b o u t  250 k m s  North W e s t  aC P e r t  Sudan at 
l a t i t u d e  20 d e g r e e s  34 m i n u t e s  20 seconds  and l o n g i t u d e  34 
d e g r e e s  55 m i n u t e s  40 s e c o n d s ,  Tke m i n e  is a p e r a t i n g  s i n c e  30 
y e a r s  ago i n  a v e r y  p r i m i t i v e  way and w i t h  l i m i t e d  p r o d u c t i o n .  
Kenmare h a s  unde r t aken  a ~z~z~rnperhensive  s ampl ing  programme over 
t h e  ta i  1 i n g  d e p o s i t  and t h e  unde rg racnd  w a r  k i n g .  A p r a c e s s i n g  
p l a n t  has been pu rchased  and w i l l  be e r e c t e d  sc*on a t  t h e  s i te  
f i r s t  ts p r o c e s s  t h e  28,120 Tans  of t a i l i n g s  c o n t a i n i n g  an 
a v e r a g e  o f  7.4 gm/ton g o l d  where  Kenmare e x p e c t  to produce  
a p p r o x i m a t e l y  5000 ~ z ~ u n c e s  o f  g o l d .  F u r t h e r  e x p l c ~ r a t i o n  of t h e  
v e i n  s y s t e m s  w i l i  b e  c a r r i e d  o u t  i n  o r d e r  to e v a l u a t e  t h e  
r e s e r v e s .  Fur t h e r  e:.:plc~r at i un by s y s t e m a t i c  d r  i 11 i ng w i l l  be 
c a r r i e d  o u t  allzing the s t r i k e  ~ z ~ f  t h e  g o l d  ' v e i n s  and at d e p t h  
beyc~nd t h e  e x i s t i n g  workings .  The a v e r a g e  t=~:antent of g o l d  as 
c a l c u l a t e d  from t h e  a c t u a l  p r o d u c t i a n  is 10.7 grn/ton b u t  t h e  
r e s e r v e s  are n n t  known. 

L a r g e  q u a n t i t i e s  sf w a t e r  are r e q u i r e d  from t h e  local ground  
s o u r c e s .  Water f o r  t h e  p r e s e n t  o p e r a t i o n  is s u p p l i e d  from t h e  
v a l l e y  5 kms away from t h e  mine, 

The m i n e  i s  licensed LIZ$ the C e n t r a l  Desert Mining Co. s i n c e  
1453. 
Other  Pr  13spect i v e  A r e a s  F J = ~  13131 d : 

The whi=+le area between t h e  N i l e  and the Eed Sea S n o r e  s h o u l d  
be s u b j e c t  t o  e x t e n s i v e  p r o s p e c t i o n .  A s  i t  c a n  b e  seen from the 
a t t a c h e d  m a p ,  mnre t h a n  POO g o l d  sites h a v e  been lmza ted  i n  this 
area. O f  p a r t i c u l a r  i m p c ~ r t a n c e ,  are t h e  c l u s t e r  o f  g o l d  
o c c u r r e n c e s  at Nabaa, 200 krns Nor th  East o f  A b u  H a m a d  town. The 
S o u t h e r n  p a r t  o f  t h e  Red Sea has neve r  been w e 1  1 p r o s p e c t e d  for 
g c ~ l d  where  good e n v i r o n m e n t s  exist for g13ld occurrences, 

Groundwater s u p p l y  is o b v i o u s l y  a d e t e r m i n i n g  f aetar f o r  any  
f u t u r e  mining c lpera t ion .  A v a i l a b i l i t y  of groundwater  i n  ample  
q u a n t i t i e s  w i l l  d e f i n i t e l y  e n c o u r a g e  m o r e  i n t e r n a t i o n a l  as w e l l  
as local companies  t t 3  e k p l o r e  and d e v e l o p  a l l  t h e  g o l d  d e p o s i t s  
i n  t h i s  p r ~ z ~ m i s i n g  area. T h i s  w i l l  b e  of  g r e a t  ec~=~nomic benefit 
f o r  t h e  Sudan ec~ztn~ztmic. 

Si 1 v e r  : 
S i l v e r  is found as  a byproduc t  w i t h  g o l d  and  t h e  m a s s i v e  

s u l p h i d e ,  The mnst i m p o r t a n t  l ~ x a l i t i e s  are at A b u  S a m r  and  
A r i a b  areas. ment i~z~ned a b a v e  t c ~ g e t h e r  with t h e  copper  - z i n c  - 
1 e a d  . 

OIL AND GAS 

The Red Sea is the most prospective area f o r  hydrocarbons in 
t h e  Sudan. Extensive expfouati t=*n for oil started in the early 



s e v e n t i e s .  Chevron O i l  Co. o f  Sudan w a s  granted a large 
c o n c e s s i o n  a r e a  o v e r  t h e  S o u t h e r n  of  f - sho re  area of the Red Sea, 
The company c a r r i e d  o u t  e x t e n s i v e  seismic s u r v e y  which resulted 
i n  t h e  d e l i n e a t i o n  of  gorid s t r u c t u r a l  basins. The f i r s t  w e l l  was 
d r i l l e d  10 kms o f f - s h o r e  i n  t h e  extreme South of  t h e  concession 
area, N a t u r a l  gas w a s  o n l y  d i s c o v e r e d ,  The second  w e l l  w a s  
d r i l l e d  S ~ u t h  of Suak in ,  40 kms of  f -share .  The w e l l  produced 
abtz~ut 7 m i l l i o n  c u b i c  f e e t  o f  g a s  and I158 s t a n d a r d  b a r r e l  of  
cctndensat es p e r  day. 

I n  i985, t h e  World Bank f i n a n c e d  a promot ion project for o i l  
s e c t o r  i n  t h e  Sudan w e r e  Rober t  s o n  Research  I n t e r n a t i  o n a l  as 
c o n s u l t a n t s  compi led a l l  a v a i l a b l e  data  an the Red Sea and c a m e  
up w i t h  new i n t e r p r e t a t i o n  * ~ f  t h e  p r ~ ~ s p e c k i v i t y  of the R e d  Sea 
f o r  a i l  and gas .  S u a k i n  s t r u c t u r e  is promoted to be  a 
si g n i  f i c a n t  prospect t h a t  d e s e r v e s  further a t t e n t  ion .  A s  result 
of t h i s  t h e  Government o f  the Sudan has signed a Production 
S h a r i n g  Agreement w i t h  PANOCO, a company f r o m  S w i t h e r l a n d ,  to 
e x p l l = ~ r e  and deve lop  the oil and gas at  t h i s  l o c a l i t y  i f bound in 
elzImmercia1 q u a n t i t i e s .  

Adly Abdel Mageed Ahmed 
ilielzll ogi st 



REVIEW OF POTENTIAL FOR ----------------------,---------------------- 

YAIEB,z,PEPEHQENI,BGB1.CU_kIeJII4kS=flEUELO_F"BE~I 
IN RED SEA PROVINCE .......................................... 

- Total area of Red Sea province is 212,490 sq. kilo, and this 
amounts t o  approx. 50 millions feddans, The province area 
represents 62% of the total area of the eastern region o f  
sudan . 

- Total area suitable for agricultural crop production, 
horticultural production and livestock grazing, amounts 
t o  approx, 27.5 million feddans and this figure is about 56% 
of the total area, Approximately 44% is desert and 
mountainous areas with high salinity along the Red Sea Coast - Total area suitable for agricultural production (crops and 
horticultural products) amounts te 8 million feddans CAOAD 
report, April 19833, this figure includes all suitable 
land in the valleys and Tokar Delta. - Three factors need more and serious attention i f 
agricultural land is tc ~  be utilized effectively:- 
I. band is owned by tribes and means should be developed 

to convince the pec~ple to accept the investment 
spp~rtunities either through renting of land ar campans- 
ation in a d d i t i m  t o  emphasizing work opportunities, 
satisfaction of needs and higher Bevel of living. 

2. Effective ciantrc*l of rain and flood on the valleys, 
3. ut i 1 izing underground water 

- The climate of the province indicates the urgent need for 

water as a development teal, The prowince can be divided 
into 3 cliamtice zcanes. 

1. THE NORTHERN ZONE: 
T h i  s i nc 1 udes the semi -desert area that stretches af ong 
the Red Sea. It is characterized by scanty rains that; 
amount t o  75 mm, and hence has a poor vegetation cover, 

2. THE MIDDLE ZONE: 
This is characterized by rains of 200-300 mm and a gocad 
veget at i on cover. 

3. THE SOUTHERN ZONE: 
This is characterized by rains more than 300 mm, She 
vegetation cover is denser than the Middle Zone, 
The mast suitable agricultural land lies in the Middle 
zone and southern zone. 
The maximum temperature is 26 degree in January and 
starts t o  rise up to 40 degrees in July. The province 
is also characterized by two peaks of rainfall : winter 
and summer rains with an annual average of 200 mm, 
The relative humidity is maximum during the months of 
June - August (17 mm.S and drops to C 8  mml  during October 
Febr etar y . 

- IRRIGATION SYSTEMS: 
3 Irrigation Systems: 
- By Rain (Traditional and mechanized rain farming is 



practiced). 
- By Flood Cfn Takar Delta), 
- By Bumps CIn some valleys for hsrticuEtura$ Developmeme 

but still limited at this pcint  aF time), - Attempts t o  utilize rain waters by building dams and heaps 
of sands t o  spread water proved t o  be r t o c  effective mainly 
due lack of high technology (Tab le  1 belawlz 

................................................................. 
Site Tstaf Land 

Available Utilized Area 
CFeddans) CFeddans) 

Khour Arab 
Adr crus 
M*=ru~Lli r i 
Makaban 
Arbat 
Nub i e e n  -- 500 

- SOIL 
3 types of soils: - Clay and Sandy 
- Sandy 
- Mount a i n C~L!S 

(See table 2 fur sites proposed for agricultural 
prt~ductictn>. 

- AGR I CULTURAL PRDDUCT I OM 
Tokar Agr i 8Zul tural Scheme 

It was established as a livelihood scheme for statement of 
the Nomadic tribes in the area by providence of sorghum 
CDura) crop which is used as the main food crop by the 
people and cotton crop is cultivated for export. The 
Delta is a triangular in shape stretching from South to 
North for about 45 kilometers. It Pies between longitudes 
33,39 and latitudes 75 North of the equator. It is a result 
of  a big khaur Cvalley) called Baraka coming from Eritrea. 
The Delta is very fertile land. Its total area is 406600 
feddans but the land suitable for agricultural production is 
estimated t o  be apprl=lx. 250,000 feddans. The land of the 
Delta is owned by the tribes araund the Delta and about 
60 % of the land is not utilized for production because 
of the problem sf water. Agriculture in the Delta depends 
can flood irrigation. A t  best only 40% of the suitable land 

i s  utilized. The Delta can be divided into 3 areas:- . Mid-Delta (The most fertile land) 
2. Eastern Delta (less fertile than mid-delta and with 

some sandy areas). 
3. Western Delta Psr long time not irrigated by the 

floods and also large ar@as are of sandy soil. Generally 



t h e  soi l  is c h a r a c t e r i z e d  as sandy clay loam or l o a m  
so i l  and i t  is composed of 44.E% sand and 53.5% clay 
< U n i v e r s i t y  of Khartoum, F a c u l t y  af Agricul. ;ure 
s o i l  su rvey .  l S 1 .  Crappxng i n  t h e  Delta ccheme f a l l o w s  
a ra-2a t iona i  system where c o t t o n  is a l l o t t e d  80% of t h e  
land and Dura/Dukhan 20% of & h e  farmer Ian3 (total %and  
under e ul -;i v a t  i ern atnoun* s on aver  age t cr 80000 
feddans l .  Vege tab les  are also grown i n  October and 
t h e i r  p roduc t ion  c y c l e  g o e s  up t c  Mayaba 1200 feddanl .  
Zotton cro? is p l a n t e d  d u r i n g  September ,picking s ta r t s  
i n  mid February and c o n t i n u e s  up t a  May. 

- AGR HCULTWPAL CROPS I N  THE '3R9V I NCE: 
- Cot ton  CAcala and B a r a k a r t  long  s t a p l e ,  T h i s  crop is 

grswn i rr Tokar ago. i r uk t ~ r u  al scheme). 
- Durra CSarghum13 These two c r o p s  are 
- Dukhan { m i l l e t )  3 grown hy t r a d i t i o n a l  a g r i c u l t u r e  

mechanized ra in - fed  farming and 
B o k a r  scheme where f lood  i r r i g a t i o n  
is p r a c t i c e d .  The a v e r a g e  yield is 
h i g h e r  than i n  Western Sudan. (See 
T a b l e s  3-4-5 and 61, 

- H o r s e  Beans 83/84 y i e l d  w a s  200 kglfeddan and i n  
i r r i g a t e d  areas yield w a s  523 kgffeddan,  

- Cow Peas 83/84 yield w a s  655 kg/feddan and i n  
i r r i g a t e d  areas w a s  771 kg/feddan. 

- Harr icot  Beans 3 A l l  t h e s e  are grswn on t h e  pump 
- Lupines t  Termis) schemes by p r i v a t e  farms. The famous 
- Feat: 2 area is ODHQUS v a l l e y ,  The i r  yield - 
- G a r l i c  3 is c o n s i d e r e d  r e a s c ~ n a b l  e i f compared 

3 w i t h  Northern  p r o v i n c e  or Kassafa 
> prov ince ,  N o  r e l i a b l e  d a t a  is found, 

- EXPERIMENTED CROPS: 
- Groundnut 
- Soya Beans 
- Fodder 
These w e r e  sugges ted  by Arab Organ iza t ion  for A g r i c u l t u r a l  
Development (Apr i l  19833, 

- OTHER CROPS THAT COULD BE SUCCESSFUL AND TO BE EXPERPHEMTED- 
- C a s t o r  ( s u c c e s s f u l  in Gash D e l t a  in Kassala p r o v i n c e  and 

can  be experimented w i t h  h i g h  p r o b a b i l  ity of success, 
(see Table  3 for y i e l d s  i n  Kassala pr~3v ince ) .  

- 13um Arabic C e s p e c i d l y  i n  t h e  Northern zone: semi - 
d e s e r t  3 

- Sesame i n  the clay sai ls  o f  the Southern  and mid - 
zones. 

- Wheat C for a n  idea sf y i e l d  sea tabla 3 for K a s s a l a  
prov ince ) .  

- Sugar cane Cbut t h i s  requires much water). 

HORTICULTURAL PRODUCTION 
The existing f a r m s  under pumps and f l o o d  i r r i g a t i o n  provide 



about  20% a4 t h e  need of  t h e  province .  Vege tab les  and 
f r u i t s  are prov ided  to the population mainly from K a s s a l a  
and Knartwdm provinces. 

Vege tab les  U t i l i z i n g  Flood I r r i g a t i o n  
Yield:  

Red Sea Prov ince  
Yield/Feddans 

Veget abl es: 
I. Okra 
2. Egg P l a n t  
3, Green Pepper 
4. Water Melon 
5. Canta loupe  
6 . Snake-cucumber 
7 .  Cucumber 
8. Rocket 
9. Tsmatoes 
10. Hot Pepper 
11. Onion 
62. Put  atoes 

13. Beets 
14. C a r r o t  

2 
3 
1.5 

4 - 
10 

4 
3 

2 - 2.5 - 
1 - 1.5 
1 - 8  

Cbig v a r i a t i o n 3  
- 

Proved S u c c e s s f u l  

Massal a Y e i  l d 
Fedclans ------------ 

- F r u i t s  : 
1, Lemon - - 
2. G r a p e f r u i t  - 7 
3. Orange - 3-5 
4. Mandarin - 2-3 
5. Mango - 4 
6. Gaffe - 5 
7. bananas - 1 0  
8 ,  Grapes <7 t y p e s  w e r e  experimented i n  Erkwiet  - 

e x p e r i m e n t s )  and t h e  e x p e c t a t i o n  w a s  t h a t  it  
could also be successful in all places with 
t h e  sane e l e v a t i o n  l i k e  S i n k a t  area and 
Odorous v a l l e y ) ,  The s o u r c e  af i n f o r m a t i o n  is 
r e g i o n a l  o f f i c e  o f  the Ministry of 
A g r i c u l t u r e  i n  Red Sea Province - r e p o r t  
1976 at M i n i s t r y  sf A g r i c u l t u r e  lib~ary. 
No y i e l d  e s t i m a t e s  w e r e  shown i n  the r e p o r t .  

- E x i s t i n g  schemes established by central and regional 
gcwernments for a g ~ i c ~ l t u r a l  development are shown i n  Table 
7. They are r e a l l y  c o n s t r a i n e d  by w a t e r  a v a i l a b i l i t y ,  

- LIVESTOCK PRQDUCTION: 
The p r o v i n c e  has livestock but i f ranked wi th  o t h e r  
p r o v i n c e s  i t  w i l l  c a m e  at t h e  end of  the Pist <see Table 
8 ) .  T h i s  m a y  be  far t h e  following reasons= - Inadequacy of water for 1 ivestack. 
- S h o r t a g e  04 fodder  and pover ty  cf grazing land at 



the existing state of the Arts. 
A strong statement about the future prospect of the Eastern 
region of Sudan including Red Sea province with respect to 
fivestock development is F A 0  report an April 1973 and I 
quote: - 
"Considerable scope exists for irrigated fodder product ion 
in the eastern region mainly in Gezira. The large expansion 
of irrigated fodder production depends upon availability of 
year round water. At present, this is practiced on a 
relatively small scale in the Blue Nile, Khartoum and 
Kassala provinces. The expansion of fodder production in 
f a c t  will play the major role in developing specialized 
lines of livestack enterprises in tho east. The future 
dairy industry which mainly aims at providing m i l k  for 
urban consumption and a large part of the fattening 
operations which will use the feeder stock coming from 
the west, are possible i f the fodder development is 
realized. There are suitable areas in the west and east 
for integrating cattle, sheep ranching with sorghum or 
groundnut enterprises, particularly in the east with 
mechanized sorghum and in the west with groundnut schemes. 
I f  this untapped potential is developed it would provide 
substantial increases in meat production and in its 
quality. It may also be possible ta undertake 
rainfed forage production in relatively higher rainfall 
areas which can be utilized by grazing.In another area, 
the animal feed industry will 
be an essential part of the modern livestock producticm 
system in future. The future psultry and dairy 
industry will largely depend on concentrate feed". 

FOUL TRY FARMS: 
A repart of the regional office of the Ministry of 
Agriculture Cl037E3 pointed out to the felt weed for chicken 
and eggs and for the attention of families for this issue. 
The evidence for this tendencies was reflected in one 
statement of the report where the reporter mentioned 
that the government had approved the establishment 
of 3 farms in 3 areas of Sinka*, SaZoom and Tokar. 
Nothing was mentioned in other reports about the 
execution of these farms or their failure or 
SUC C e55. 

FANKING OF ACTIVITIES: 
1 . Field crops and herticul tural crops Cmedium requirements 

of water for crops high requirement for hsrt. cropsl. 
2. Fodder crop [medium requirements for water). 
3, Meat and Dairy Industry Cmedium requirements for water). 
4. Poultry farms Claw requirements for water). 

Mohammed Osman A/Plageed 
Khartoum, Sudan. 
February lst ,  ds389. 



APPENDIX 2: 

HYDROGEOLOGIC STUDY 



PRELIMINARY SUMMARY OF THE 
HYDROGEOLQGY OF PRINCIPAL AND SECONDARY TARGET AREAS 

RED SEA HILLS PROJECT 
SUDAN 

The hydrogeological descriptions are based on information 
from various reports and from topagraphic and geological maps. 
The principal data reference is the BGR Report of 1989 - 
(Sudanese German Exploration Project). 

INTRODUCTION 

The Red Sea Hills region may be considered to have three 
major morphological zones: coastal plains, mountain ranges, 
and inland plateaux. The variation sf rainfall and topographic 
catchment configuration serve to provide each of the fourteen 
(141 target areas with different hydrogeological 
characteristics. There are three major aquifer types in the 
region, wadi and alluvial fill, coastal deltaic and alluvial 
sediments, and fractured bedrock. The small outcrop and 
elevation of sedimentary Nubian Formations indicate that in 
this region they have little hydrogeological significance. 

From the data reviewed, it is clear that recharge 
concentrated in wadi systems represents the major groundwater 
source for past and current aquifer exphoitation. Coastal 
deltaic systems where continental and marine facies 
interdigitate are seen to have considerable potential but 
with water quality being a problem. The current extxaction 
of 1500 gallons per minute (0.13 m3/sec) from Khor Arbart 
indicates the great potential of wadis emanating from even 
very arid areas. 

The potential of fractured bedrock aquifer systems does 
not appear to have been adequately investigated. While 
recognizing the important hydrogeological connection Between 
wadi concentration of water and fractured bedrock recharge, 
little investigation and no drilling has been reported far - 

targets definsS principally on the basis of bedrock structure 
and fracture systems. The descr Eptions which f sllow indicate 
the importance of further detailed investigation of the 
potential of bedrock aquifers and of the possibility of recharge 
and transmission from beyond topographically defined catchments. 



Project Zone Mmkr 1P 2P 3P 4P SP 6P 7~ 
Zone Number Odib gtlnganeb Oko Pt.Sdaa T O ~ P  TaIJEi Tishell1 

$IP i@ l@ BF id% !a m 
Target Zone )lap Sheet Hu&z 36-8 37-8 37-8 37-13 374 37-5 57-5 - 

t e a  of Topographic catchment W 35970 1550 1197Q 442@ 60640 13840 9688 

Ann aver, precip for catehme~t m 45 40 50 90 250 158 250 

annual average precip niaximun m 80 60 89 100 470 206 2GaQ 

annual average prccip minimum mm 

annual surface discharge rate m3 sec 0.57 0.12 6.69 0.34 7.9 1.3 L.3 
average 

Surface discharge rate m3 sec 0.2% 0.06 0.34 0.14 5,07 0,59 0.59 
8/10 yrs (loud 

Surtace discharge rate m3 see 1.01 0.22 1.1 0.82 U.7 2-2 2.2 
2/10 yrs Ihighd 

Surface dischz rate calc a3 sec 0.51 8.02 
as I t  of m.a.p. 



TABLE OF HYDROLOGICAL INDICES SECONDARY TARGETS 

Project Zone Huinber 1s 2s 35 4s 5s 65 7s' 
Zone Number Diib Addrib Hebikwn W a l a  Agwitirf Wya Sitarab 

NF HF NP Ng BE 8% Hi3 - 
Target Xane Nap Sheet Number 37-5 37-5 36-16 37-1 37-5 3?-8 37-9 

Area of Topagraphic catchment Km2 34500 32805 

8 of catchment with I s r  runoff. 
I -  

% 10 40 
I 

Ann aver. preclp for catchment 1111[~ 4 1  5 45 

annual average precip minimuw mm -40 -40 

annual surface df schiarge rate m3 scc 8.5 0.5 
average L 

Surface discharge rate m3 sec 0.25 0.25 
8/10 FS IIOVI, 

Surf ace, d ischa~ge rate m3 sec I 1 
2/18 yrs [high) 

Surface dischr rate ca lc  m3 sec 0.4'9 0.46 
as Pt of m.a.p. 

* 
nc {Not Calculated) 



PRINCIPAL TARGET AREAS 

Project Zone Number 1P Qbib Map NF 37-5 

Large catchment area of 36,000 km2 contributing to target 
zone. 

Climatic classification, True Desert, with seasonal 
precipitation in the northern part, August - November. Very 
low average precipitation Q£ 45 mm/year. Rainfall events of 
high spatial and temporal variability. Effective recharge to 
groundwater only associated with infrequent high intensity, 
short duration events. 

Based on average surface discharge calculations of 0.57 
m(3)sec the aquifer recharge potential to this target zone is 
good, although only a proportion of t b e  discharge Is likely 
to produce aquifer recharge- The catchment has 40 percent of 
its area with low runoff potential, The gradient of the 
principal stream axis is 1/590. 

The orientation of the major Wadi Diib-Qdib drainage 
channel from south to north appears structurally contnolled. 
The large alluvial fan deposited northeast of the rivem's 
exit from the moantains indicates considerable deposition 
(coastline configuration is affected), That there is no 
definable channel to the sea confirms the suxface water recharge 
potential of the project target zone. 

Hydrogeological potential is likely to be related to two 
aquifer systems: alluvial and deltaic deposits and bedrock 
fracture systems. The aquifer systems will exhibit different 
hydrodynamic and hydrochemical properties, There is likely 
to be interstitial salts associated with the deltaic sediments 
because of evaporation concentration o f  recharge and because 
of Pleistocene inundation of the coastal zones. The dispersal 
of salts from the saturated zone will depend on the quality 
of recharge water and its rate of movement. there is likely 
to be vertical variation of quality and of yield associated 
with Lhe complexes of Pithostratigraphy in the coastal zone. 

It is possible that groundwater movement through bedrock 
fractures will be more dynamic and, if rechaqed from flood 
events, will be of a better quality than from the unconsolidated 
coastal Formations. Drilling target zones will probably be 
most effective inland of tkz major de l ta  area. 
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Project Zone Number 2P Dungunab Map NF 37-9 

Catchment area of 1550 Km2 contributing to target zone. 

Climatic classification of True Desert with precipitation 
events most likely between August and November. Average 
precipitation of 40 mm year. Rainfall events of high spatial 
and temporal variability. 

Average maximum recharge potential to target zone is a 
proportion of the meac discharge of 0.12 m3/sec. Only the 
lowest part of the catchment has low runoff potential. Gradient 
of principal stream axis is high at f/126. Discharge 
calculation of 0.22 m3/sec in wet years indicates high runoff 
potential. 

Target zone aquifers of two types related to basement 
fractures and to overlying alluvial and deltaic sediments. 

Major recharge is most likely related to topographic 
contrcl with concentrated infiltration as streams traverse 
zone of coastal sediments. The intersection of two presumed 
fracture systems, eastwest and northwest, likely to be most 
effective target. Drilling to intersect bedrock fractures in 
aquifer systems of secondary permeability is recommended. 
Shallow alluvial aquifers could be variable in hydrochemical 
characteristics depending on presence of evapsrites and the 
litkological controls of flow dynamics. The rapid runoff 
likely from a steep catchme~t zone could result in better 
quality recharge water than from areas where there is more 
time for concentration of salts to occur. 

The extrusive rocks within the bedrock complex could 
provide for additional storage of groundwater. Their 
intersection by fracture systems could be a component of target 
definition. 

The target zone has been submerged beneath the sea on 
many occasions in the last lOO,OOO years. The existence of 
saline connate water is a real possibility unless aquifer hydro- 
dynamics have resulted in flushing of interstitial salts. 

Project Zone Number 3P Oko Map NF 36-16 

The catchment area above the target zone is 15,000 km2. 
Zone 3P is part of the same catcllment system as IP, IS, and 2S, 
the Obib system. 



The climatic classification is True Desert with no definite 
season of rainfall. The average annual precipitation is 50 
mm with slightly more received in the south. Precipitation 
events are most infrequent and random in both occurrence and 
magnitude. 

The average surface water discharse at this zone is 
calculated as 0.69 m3/sec. the calculation is based on total 
runoff, much of which occurs as high magnitude, low frequency, 
flash floods. The target zone is at the junction of two wadi 
systems. the stream course gradients in the target area are 
1 in 600, a low gradient, which provides for recharge potential 
if alluvial layers greater than 3 meters overlie permeable 
fracture systems in bedrock. 

Apart from the possibility of primary permeability in 
sandstone lithologies in the Nubian Formatian, the aquifer 
potential is in fractures of the bedrock. The Nubian Formations 
appear to be at an elevation too high to be saturated. If 
the valley alluvials are of an adequate depth, then a shallow 
aquifer potential could exist at the target zone. Wadi Oko 
appears to follow a north-south trending zone of probable 
fracture and initial drilling targets should be at the 
intersection of fault systems. 

The dynamics of flow within any fracture system will be 
important in determining quality of associated groundwater. 
Unless fracture systems have suitable topographic orientation, 
they are more likely to bear high salinity water and be less 
permeable. Fractures intersecting gneiss or Nubian Formations 
should be favored in drilling target definiti-on, 

Project Zone Number 4P Port Sudan Map NE 37-1 

The project zone is north of Port Sudan. The catchment 
area contributing to the zone is 4400 km2. The characteristics 
are broadly similar to those of Zone 2P. 

The climatic classification is Semi Desert with a 
precipitation season of July and August -- October to February 
for the target zone, and a pr:ecfpitation season of the main 
catchment area from July to September. 

Average annual surface discharge to the target zone is 
calculated as 0.34 m3/sec. The high catchment gradient of 
1/182 and the high runoff potential of 95 percent suggests 
effective recharge to the target zone, probably with water of 
a reasonable quality. 



The c h a r a c t e r i s t i c s  l i s t e d  f o r  2P a r e  a p p l i c a b l e  t o  t h e  
a q u i f e r  p o t e n t i a l  o f  t h i s  z o n e .  

P r o j e c t  Zone Number 5P Tokar  Map NE 37-5 

The t o p ~ g r a p h i c  c a t c h m e n t  area o f  t h e  Tokar  t a r g e t  z o n e  
is o v e r  60,000 km2. 

The c l imatic  c l a s s i f i c a t i o n  o f  t h e  lower  p o r t i o n  o f  t h e  
c a t c h m e n t  is Semi Desert w i t h  t h e  r a i n f a l l  s e a s o n  f rom J u l y  
a n d  August ,  and  O c t o b e r  t o  F e b r u a r y .  t h e  u p p e r  s o u t h e r n  p o r t i o n  
o f  t h e  c a t c h m e n t  i n  E t h i o p i a  is s e m i - a r i d  t o  a r i d  w i t h  a 
p r e c i p i t a t i o n  maximum be tween  A p r i l  a n d  Sep tember .  

The a v e r a g e  p r e c i p i t a t i o n  f o r  t h e  c a t c h m e n t  is 250  mm 
w i t h  v a r i a t i o n s  be tween  a n  a v e r a g e  maximum of  470 a t  A s m a r a  
a n d  a n  a v e r a g e  minimum o f  70  mm a t  Tokar  . 

The a v e r a g e  s u r f a c e  w a t e r  d i s c h a r g e  a t  t h e  t a r g e t  z o n e  
is c a l c u l a t e d  a s  7 . 9  m3/sec. The main stream o f  t h e  c a t c h m e n t  
is r e p o r t e d  t o  be p e r e n n i a l  i n  p l a c e s  a n d  it is l i k e l y  t h a t  
t h e  combined d i s c h a r g e  o f  r i v e r s  i n  t h e  Baraka system p r o v i d e  
c o n s i d e r a b l e  g r o u n d w a t e r  r e c h a r g e  t o  t h e  a l l u v i a l  s e d i m e n t s  
of t h e  t a r g e t  zone .  The low r u n o f f  area of  t h e  Baraka  s y s t e m  
is e s t i m a t e d  as  8 p e r c e n t  a n d  t h e  v a l l e y  f i l l  o f  t h e  l o w e r  
p o r i o n  o f  t h e  Baraka is l i k e l y  t o  be p e r m a n e n t l y  s a t u r a t e d .  

The a l l u v i a l  f a n  a n d  d e l t a i c  s e d i m e n t s  n o r t h w e s t  of t h e  
main c o a s t a l  f a u l t  c o n t a i n  s e d i m e n t s  o f  v a r y i n g  l i t h o l o g i e s  
w i t h  a s h a l l o w  g r o u n d w a t e r  system. The r e p o r t s  o f  water 
c h e m i s t r y  f rom t h e  d e l t a  i n d i c a t e  h i g h  s a l i n i t y  i n  p l a c e s .  
The comments made w i t h  r e f e r e n c e  t o  Zone 2P a p p l y  t o  t h e  t a r g e t  
z o n e .  

Bedrock f r a c t u r e s  a t ,  o r  w e s t  o f  t h e  ma jo r  f a u l t  l i n e  
are  l i k e l y  t o  p r o d u c e  waters u n a f f e c t e d  by p o s s i b l e  r e s i d u a l  
f o r m a t i o n  s a l t s .  The p r e s e n c e  o f  e x t r u s i v e  r o c k s ,  f r a c t u r e  
s y s t e m s ,  a n d  h i g h  r e c h a r g e  p o t e n t i a l  f rom t h e  Baraka  c o u l d  
p r o v i d e  a b a s i s  f o r  d e f i n i n g  t a r g e t  z o n e s  f o r  d r i l l i n g .  

P r o j e c t  Zone Number 6P Tamh i 

The c a t c h m e n t  of  t h e  t a r g e t  area is 14,800 kmz a n d  f o r m s  
p a r t  o f  t h e  Baraka system which  d i s c h a r g e s  a t  t h e  Tokar  Delta. 

The c l imat ic  c l a s s 3 . f i c a t i a n  o f  t h e  c a t c h m e n t  a r e a  is 
Semi Desert w i t h  t h e  r a i n f a l l  s e a s o n  be tween J u l y  a n d  S e p t e m b e r .  



The average annual precipitation for the catchment is 150 mm. 
The principal drainage system is Khor Langeb. 

An estimation of stream discharge is 1.3 m3/sec with 
considerable variation related to flash floods and prolonged 
rainless periods. The catchment has 20% of its area with low 
runoff potential and the recharge characteristics are likely 
to be similar for those described in area 3P (Oko). The target 
area has a low gradient of 1/350 characteristic for the 
catchment as a whole. The anastomising nature of the stream 
suggests the presence of a considerable extent of alluvial 
sediment in the wadi floor. 

An orientation of a fracture zone northeast, similar to 
that of the river system could provide potential for both 
recharge and dynamic flow conditions (see 3P). 

Project Zone 7P Tishelli Map NE 37-9 

Catchment area of 9500 km2 contributing to the target 
zone. The Khor Langeb river system contributes to the Baraka 
discharge at the Tokar delta (5P). The target area, 7P, is 
upstream from 6P (Tamhi). 

The climatic characterization and the recharge potential 
are similar to those described for Zone 6P. 

The structural aspects of this zone could be a major 
influence on hydrogeological potential. A dominant northeast 
trending fault boundary influences the river course and 
intersects with north-south oriented structures. The 
juxtaposition of basalts within the tectonic framework could 
be important in terms of storage of ground water. Southwest 
of the target area within the catchment is a flat zone with a 
low surface runaf f potential. The zone may serve as an area 
of water concentration to facilitate recharge, but there is a 
chance tkat evaporation may produce saline concentrations. 

Secondary Tarqet Areas 

Project Zone number D i i b  Map NF 36-8 

A catchment area of 34500 km(2) contributes to the target 
zone. Climatic classification is True Desert with precipitation 
in the north, August to November. 

The catchment discharge claculations are as for area 1P and 
the target zone is only 40 km south of the Obib delta area. 
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The Wadi d i s c h a r g e  is c o n c e n t r a t e d  a t  t h e  t a rge t  area a n d  t h e  
c h a n n e l  o r i e n t a t i o n  para l le l s  t h a t  o f  Oko s h e a r  z o n e .  

D e s p i t e  t h e  g r e a t  a r i d i t y  o f  t h e  c a t c h m e n t  system d r y  w e a t h e r  
d i s c h a r g e  c a l c u l a t i o n s  o f  0 .25  m ( 3 ) / s e c  g i v e  a n  i n d e x  o f  
c o n s i d e r a b l e  r e c h a r g e  p o t e n t i a l ,  p r o v i d e d  t h e  s a t u r a t e d  wadi 
f l o o r  is i n  h y d r a u l i c  c o n t a c t  w i t h  i n t e r c o n n e c t e d  f r a c t u r e  
systems ( S e e  d e s c r i p t i o n  o f  1 P )  

P r o j e c t  Zone number 2S A d d r i b  Map N F  37-9 

T a r g e t  zone  2 s  is 4 0  km up s t r e a m  f rom 1s a n d  h a s  a c o n t r i  
c a t c h m e n t  a r e a  of 32800 k m ( 2 ) .  

C h a r a c t e r i s t i c s  o f  d i s c h a r g e  a n d  r e c h a r g e  a re  as descr 
f o r  1s ( D i i b ) .  

The area of  t a r g e t  z o n e  2S is s t r u c t u r a l l y  more complex  t 
a t  1S and hence  p e r h a p s  o f  g r e a t e r  p o t e n t i a l .  Apparen 
w e s t  a n d  n o r t h e a s t - s o u t h w e s t  l i n e a t i o n s  ( f a u l t s )  t r a v e  
wadi. 

P r o j e c t  Zone Number 3S Hebikwan Map NF 37-9 

Area  o f  t o p o g r a p h i c  c a t c h m e n t  is 810 km(2) 

C l i m a t i c  c l a s s i f i c a t i o n  is T r u e  Desert w i t h  s e a s o n a l  
p r e c i p i t a t i o n  Augus t  t o  November. Mean a n n u a l  r a i n f  
v e r y  low a t  4 0  rnrn. 

The g r a d i e n t  o f  t h e  c a t c h m e n t  is s teep  a t  1:65 a n d  
a b o v e  t h e  c o a s t a l  z o n e  is a l l  o f  a h i g h  r u n o f f  c h a  
The r u n o f f  d i s c h a r g e  is h i g h  i n  r e l a t i o n  t o  t h e  l o  
a n  i n d i c a t i o n  t h a t  r u n o f f  is r a p i d  and  hence  e v a p o  
l e s s .  The q u a l i t y  o f  r e c h a r g e  water t o  t h e  c o a s t a  
s e d i m e n t s  is l i k e l y  t o  be o f  r e s o n a b l e  q u a l i t y .  

The t a r g e t  area is assumed  t o  be  a t  t h e  o u t l e t  o f  Khar Hebikwan 
b u t  r e c h a r g e  p o t e n t i a l  a l s o  e x i s t s  f rom Khor T a h a m i d  t o  t h e  
s o u t h .  

The m a j o r  s t r u c t u r a l  component  is t h e  N S  f a u l t  o f  assumed Red 
S e a  R i f t  p h a s e  o r i g i n .  O f  much g r e a t e r  h y d r o g e o l o g i c a l  i n t e r e s t  
a r e  t h e  WE t r e n d i n g  f a u l t s  p a r a l l e d  b y  r i v e r  c o u r s e s  s u c h  as  
Khor Tahamid. 
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Project Zone Number Salala Map NF 37-13 

Catchment area is 2170 km(2) and the target zone is the junction 
of Wadi Haieit and Khar Agwitiri. Both are tributaries of 
Wadi Odib and zones 4s and 5s are part of the same catchment 
system as lP, 2s and 3s. 

The climatic classification is True Desert with an average 
precipitation of 6 0 m  per year. Principal rainfall contribution 
will be from the eastern tributaries of Wadi Haieit. 

The EW fault probably influences the orientation of Wadi Haieit 
and if intersected at the target zone by a NS fault could 
present a bedrock well drilling target. At a relatively short 
distance from the mountains the wadi in the target zone is 
likely to be permanently saturated (if t h e  sediments are thick). 
Groundwater associated with wadi sediments more distant from 
the mountain recharge areas is likely to be more saline because 
of evaportion. 

Project zone number Aswitiri 

Most of the description for 4s applies to Agwithri. 

The catchment area is 730 km(2) and rainfall inputs ar 
to be less than for those at Wadi Haieit. 

Project zone number 6S H a i ~ a  FIE 37- 

Area of catchment 2860 km(2). The only one of the 16 target 
areas which is part of ':he Nile drainage system- 

Climatic classification, west, True Desert, east, Semi-Desert- 
Average precipitation of 60 mrn with greater probability of 
rain between July and September. 

The complex structure suggest potential for bedrock aquifer 
systems. Recharge could be saline because of high evaporation, 
but with 40% of the catchment producing low runoff there is 
recharge potential from sediments to bedrock fractures. 



Project zone number 7s Sitarab -* Map NE 37-5 

The catchment area is 1100 km (2) and the target area is assumed 
to include the catchments of Khor Ashat and Khor Sitarab. 

Climatic classification is Semi Desert with rainfall seasons 
July, August and October-February. Average rainfall 100mm. 

The catchment gradients are very steep at 1/55 and the recharge 
characteristics are similar to those described fo 3 S  and 2P. 



RED SEA HILLS PROJECT -- ECONOMIC TARGETS 
DENTIFI- 
EAT I ON NAME 

PRIORITY MAP DESCRIPTI( 
RANK I NG SHEET REFERENCE 

Halaib (gypsum) 
Halaib (magnesite) 
Halaib (manganese) 
Fodikwan (iron ore) 
Fodikwan (iron ore) 
S~faya (6 iron deposits) 
Shinaab (gypsum) 
Giebeit (gold) 
Abir Kateib (gold) 

G - Bir Eit 
H Marsa Arakaiyai (limestone) 
I Tilkwan (woliastoni te) 
J Khor Arbaat (slate) (crops) 
K Serakoit (gold) 
L Ariab (gold & Suplphides) 
M Summit (decorative marble) 
N Trinkitat (titanium sands) 
0 Tokar (crops) 
P Tohamyiam (decorative granite ) 
Q Tohamyian (quartz (glass)) 
R Abu Samir (zinc lead copper) 
S Karora (oron ore) 
T Tehilla (decorative marble) 
U Derudeb (marble cement) 
V Gadauri (decorative marble) 

6a NF 37-5 ETA . 
6b NF 37-5 ETA 
6c NF37-5 ETA 

17a NF 37-9 3s 
17b NF 37-9 3s 
18 NF 37-9 3s 
12 NF 37-9 2P 
4 NF 37-9 ETE 
3 NF 36-16 ETF 
2 NF 37-13 ETG 
8 NF 37-13 ETH ( 4P ) 

15 NE 37-1 ETI 
11 NE 37-1 4P 

5 NE 36-8 ETK 
7 NE 36-8 ETL 
9 NE 37-5 ETM 

16 NE 37-6 5P 
14 NE 37-5 5P 
IOa NE 37-5 6s 
IOb NE 37-5 6s 
2 3 NE 37-9 ETR 
19 NE 37-1.0 ETS 
22 NE 37-9 ETT 
I NE 37-9 ETU 
21 NE 37-9 ETV 

Maman (marble cement 20 S OF MAP 
Nabaa Cgsld) 13 W OF MAP 

Best Available Copy 
. . 
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DESCRIPTIONS O F  ECONOMIC TARGETS (ET) NOT INCLUDED I N  PRIMAR,- 
TARGET AND SECONDARY TARGET DESCRIPTIONS 
-* 

Economic Targets 6 4 3 2 8 1 5 5 7 9 2 3 1 9 2 2  

ETA 1 2 3 -- p r i o r i t y  6a6b6c  H a h  i b 

Wadi S e r i m a t a i  d r a i n  
i n  t h e  climatic zone  
a n n u a l  8 /10  y e a r  min 

D i s c h a r g e  c a l c u l a t i o n s  f o r  Wadi S e r i m t a i  are,  a 
d r y  0.016 m ( 3 ) / s e c  a n d  we t  years 0 .063  m ( 3 ) / s e  

Ca tchment  area is 380 km(2)  w i t h  1 0 %  of t h e  a 
s u r f a c e  r u n o f f .  Runoff  is l i k e l y  t o  be  r a p i d  
q u a l i t y  r e c h a r g e .  

Wadi S e r i m t a i  is c l o s e  t o  t a r g e t  A2, 30 km f r  
z o n e  A 3 .  

Groundwater  d e v e l  

ETE -- P r i o r i t y  4 G i e b i e t  

T a r g e t  is 600m above  sea l e v e l  a t  u p p e r  p s r t i o n  
Wadi G i e b i e t .  The t a r g e t  is a t  t h e  i n t e r f l u v e  
s o u t h  w e s t  d r a i n a g e  c h a n n e l  s y s t e m s .  

C l i m a t e  z o n e  is T 
years 2 5 )  ( w e t  ye 
d e v e l o p m e n t .  

ETF -- P r i o r i t y  3 A b i r  Kateib 

T a r g e t  a r e a  750m a b o v e  sea l e v e l .  C l o s e s t  Wadi is Kh 
N i l e  t r i b u t a r y .  Area is T r u e  Desert w i t h  a v e r a g e  p r e  
t h a n  40mm y e a r .  G r a d i e n t s  i t a r g e t  area a re  low, 1 : 6  
f l a t  s a b k h a  areas o c c u r  t o  t h e  west be tween  600 a n d  6 
p o t e n t i a l  f o r  l o w  

ETG - - P r i o r i t y  2 B i r  E i t  

E x a c t  p o s i t i o n  o f  t a r g e t  s i t e  n o t  c lear  f rom economic  t a rge t  
i n f o r m a t i o n .  The s h o r t  east  f l o w i n g  Khor Hadadar is n o t  lik 
p r o d u c e  r e c h a r g e  of a m a g n i t u d e  a d e q u a t e  f o r  a q u i f e r  p o t e n t i  
c o a s t a l  s e d i m e n t s .  



Average annual precipitation is 5 
more favorable at Khor Eit to the south of ETG. (des 

ETH -- Priority 8 Marsa Arakaiyai 

(See also, description 4P). Target zone is traverse 
(Khor Garar from mountains) with a catchment area of 
Gradients are steep with a high r 
rainfall is 60mm (30mrn dr 
Wadi Eira are average 0.19m(3)/se 
0.28m(3)/sec. The description of 4 
influencing groundwater potential i 
Hills. 

ETI -- Priority 15 

Target is at SOOm above se 
Haieil which is part of the Odib syst 
straight low gradient water course an 
there may exist small potential for a 
source. 

Average -rainfall is 80mm per year. 

ETK - - Priority 5 Serakoit 
ETL - - Priority 7 

The target areas are 600m above se 
and Abu Kurum (south) Khors of the 
classified as True Desert and receiv 
rain per year. Gradients 
extensive wadi fill. Ther 
water if there is an adequ 

TEM - - Priority 9 Summi t 

Target area is at lOOOm a 
drainage. (Close to town 
of potential for either re 
annual precipitation is 10 
area described in 6s. 
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Criteria for the Selection csf Groundwater Exploraticin Areas in the 
Red Sea Hills Region of the Sudan: 

The phase one investigation of groundwater resources in the Red 
Sea Hills, Sudan resulted in the selection of fourteen preliminary 
exploration areas targeted for a further analysis. Due to the 
preliminary nature of the sites selected, future feasibility criteria 
may alter their location or preclude their use entirely. 

TRe first effort toward selection of exploration areas was a 
comprehensivz review of available geologic literature, in order to 
gain an overview of the geologic and tectonic history of the region. 
Next, the Geological Map of the Sudan, printed in 198i, was enlarged 
to a scale of 1 : 1,000,000 and used in conjunction with a 
topographic map (scale 1 : 1,080,000) to evaluate the geology and 
geomorphology of the major drainage basins in the region. The 
trends of major faults and shear zones from the geological map were 
also evaluated with respect to the orientation of drainage systems. 

Regional bedrock fracture systems on the geologic map were 
located. Each was evaluated for its potential to yield high quantities 
of groundwater. Specific exploration areas located along favorable 
fracture systems were selected using the following guidelines. 

1) Larger drainage basins should be considered as more productive - 

exploration areas due to greater recharge potential (especially in the 
northern areas of the region). 
2) Larger fracture systems (especially those enhanced by wall rock 
solution) may provide regional subsurface channelways through 
which water can migrate over great distances. The intersection of 
two major fracture systems may provide additional water yield. The 
contribution of groundwater, within subsurface fracture zones under 
confined conditions, from surrounding basins may be significant. 
3)  The superposition of major drainage systems over large 
fault/fracture zones provide a means of recharging the fractured 
systems. 
4) Lithologic units with high primary and/or secondary permeability 
which are cut by major faults and are hydraulically connected with a 
large drainage system may provide significant gaoundwater storage 
capacity. 
5 )  The distal end of large basins may contain the maximum amount 
of available groundwater. Areas where the distal end of large 
drainage basins are topographically confined will reduce the size of 
the exploration area. 



Fourteen groundw~ter exploration areas were selected using the 
above criteria. These areas were further classified as primary or 
secondary exploration areas depending on their groundwater 
potential. The bedrock litholog j r ,  structure, and drainage 
characteristics of each area are describsd in part one of this 
appendix. The exploration zreas are contained on the accompanying 
topographic base exploration area map. Part two of this appendix 
contains a tectono-stratigraphic table and accompanying text which 
briefly outlines the geologic history of the region. A geological map 
and legend of the Red Sea Hills region of the Sudan, from the 
Geo!ogical Map of the Sudan is included for reference. 





Geologic Descriptions of Favorable Zones for Groundwater Exploration 
in the Red Sea Mills, Sudan 

Lithologic and structural information for this summary was 
extracted from The Geological Map of the Sudan, a geologic map of 
the Red Sea Hills compiled by G.R.A.S.S., and a structural geologic map 
of the Red Sea Hills compiled by Falkov. 

All exploration areas are classified as primary or secondary 
depending on their relative potential to produce high yields of 
groundwater. These areas are numbered from north to south. These 
descriptions are depicted on Plate 1  of this appendix. 

- 
Primary exploration area #1 

This area is not mapped by the larger scale geologic maps. The 
bedrock lithology is taken from the Geological Map of Sudan. 

Bedrock lithology (oldest to youngest): 
1 )  Kashebib Series gneisses 
2) Nafirdeib series metavolcanics and metasediments 
3) gabbroic intrusions 
4) Mesozoic-Tertiary basalts. 
5) Tertiary coastal sediments 
6) Quaternary alluvial wadi fills and fan deposits. 

Structure: 
A major fault mapped as the Oko shear zone is interpreted to 
underlie the 
Wadi Oko-Wadi diib Odib drainage system. The area is centered over 
the distal end of this fault and drainage system. 

Drainage: 
Wadi Oko-Wadi diib Odib drainage system 

Primary exploration area #2 

Bedrock lithology (oldest to youngest): 
1 )  grey and pink biotite granite 
2) amphibolitic granites and gneiss 
3) Nafirdeib series metavolcanics and metasediments 
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4) Acidic lavas 
5) Tertiary-Quaternary coastal sediments 

Structure: 
A large E-W trending fault juxtaposes the grey and pink granites 
with Nafirdeib series metavolcanics and metasediments west of the 
area. The Falkov map has this fault as a major structural boundary 
between large blocks. This fault is mapped through the exploration 
area. Khor Gomatyawa may overlie the large E-W trending fault. 
The roadway from Mohommad Qol to Gabet a1 Ma adin also follows 
the fault and the khor. A large coast-parallel fault intersects the E-W 
trending fault within the area. 

Drainage: 
Khor Gomatyawa 

Primary exploration area #3 

Bedrock Lithology: 
1) Kashebib Series grey granites and gneiss 
2) foliated gabbroic rocks 
3) Nafirdeib Series metasediments and metavolcanics 
4) batholithic granites 
5) post tectonic granites 
6) Nubian Formation sediments 
7) Quaternary zlluvium and wadi fills 



Primary exploration area #4 

Bedrock lithology: 
1) amphibolitic gneisses, west central part of the area 
2) foliated gabbroic rocks, SE corner of the area 
3) Nafirdeib Series metasediments and metavolcanics 
4) post orogenic acidic lavas and tuffs 
5) post orogenic granites 
6) Nubian Formation (sparse) 
7) Tertiary coastal sediments 
8) Quaternary alluvium, wadi fills and fan deposits 

Structure: 
A NE trending structural grain is especially dominant as foliation in 
the Nafirdeib Series. This structural grain may also be ductile fabric 
associated with the Nakasib shear zone. Khor Adaia follows this trend 
and in some areas shows evidence of structural control. The Falkov 
map has a major fault block boundary through this area. 

Drainage: 
Khor Adaia 

Primary exploration area #5 

Bedrock Lithology: 
1) Kashebib Series biotite gneiss, SE corner 
2) Nafirdeib Series metasediments and rnetavolcanics, SE corner 
3) Tertiary acidic volcanics and basalts, SE corner 
4) Tertiary-Quaternary deltaic deposits, alluvium, and wadi fills of 
the Tokar Delta, occupy most of the area 

Structure: 
A large N-S trending fault mapped on the Geol. Map of Sudan and the 
Falkov map bounds the western edge of the Tokar delta. Several NE 
trending uncertain faults are mapped within the delta. The fault 
may be associated with the Baraka shear zone. Inland of the delta 
the shear zone related structure may have controlled the intrusion of 
the Tertiary volcanics and basalts. The orientation of the drainage 
systems of Khor Baraka and Khor Langeb also show evidence of 
structural control. 



Drainage: 
Khor Baraka and Khor Langeb 

Primary exploration area #6 

Bedrock Lithology: 
1) Kashebib Series grey granites 
2) Nafirdeib metasediment s and metavolcanics 
3) gabbroic intrusives 
4) Tertiary acidic volcanics and basalts 
5 )  Quaternary alluvium and khor fills 

Structure: 
Several closely spaced NE trending faults cut the Tertiary acidic 
volcanics and basalts. An uncertain NE trending fault is mapped 
under Khor Langeb. 
The Falkov map contains a N-S trending fault which cuts all lithology 
in the area. 

Drainage: 
Khor Langcb and its tributaries 

Primary exploration area #7 

Bedrock lithology: 
1) Nafirdeib metasediments and metavolcanics 
2) batholithic granites and granosyenites 
3) post orogenic acidic lavas 
4) basalts, trachites, and basonites 
5) Nubian Formation 
6) Quaternary alluvium and khor fills 

Structure: 
A NE trending fault is interpreted to underlie Khor Langeb within the 
area. On the Falkov map this same feature is mapped as a major 
fault block boundary which juxtaposes basalts with Nafirdeib series 
rocks. The fault may have controlled the extrusion of the basalts. 
Nubian Formation sediments skirt the basalts. 

Drainage: 
Khor Langeb and Khor Kinabanuideb 

- 108 -- 



Secondary exploration area #1 (Mapped on the Geol map of Sudan 
only) 

Bedrock Lithology (oldest to youngest): 
1) Kashebib series granitic gneiss 
2) Nafirdeib series metavolcanics and metasediments 
3) batholithic granites 
4) basic intrusives (gabbroic) 
5) Tertiary-Quaternary coastal sediments. 

Structure: 
NNE tending fault associated with Wadi Odib. 

Drainage: 
Wadi Oko-Wadi diib Odib 

This area is centered over Wadi Odib and the 
shear zone (Oko shear zone) which is mapped 
deformational feature. The geology is mapped on 
the Geological Map of the Sudan. Most of the tar 
which is covered by the wadi alluvium. 

Secondary exploration area 

Bedrock Lithology (oldest to youngest): 
1) gabbroic gneiss occupies the southern part of the 
2 )  Nafirdeib series metasediments and metavolcanics 
the area 
3) batholithic granites in the NE of the area 
4) quaternary alluvium 

Structure: 
The exploration area is transected by two mapped uncertain E-W 
trending faults and is bisected by an E-W trending quaternary 
alluvium deposit associated with the intersection of Wadi Addi ib 
(Onib) and Khor Shindeb. In this area Wadi Addi ib takes a right 
stepping jog and may be structurally controlled by the E-W system 
of faults. The faults also may control the E-W drainage orientation of 
Khor S hindeb. 



Drainage: 
Wadi Addib (Odib) and its tributary Khor Shindeb. 

Secondary exploration area #3 

Bedrock Lithology (oldest to youngest): 
1) Nafirdeib series metasediments and metavolcarlics bounds the 
western side sf the area 
2) Nubian Formation sediments may fill thin down-dropped blocks 
between a system of NE trending faults 
3) Coastal sediments and quaternary khor fills 

Structure: 
The area is traversed by several short NE trending faults which cut 
the Nubian strata. A large coast-parallel uncertain fault of probable 
Red Sea rift phase origin also traverses the area. The Falkov map 
places a major ENE trending block fault in this area which intersects 
a major coast-parallel fault. 

Drainage: 
The major water-course in the area is Khor Haiet and Khor Hebikwan 

Secondary exploration area #4 

Bedrock lithology: 
1) Awat series sediments on the western edge of the area. 
2) Quaternary sediments over post orogenic granite underlies most 
of the area 

Structure: 
An extensive E-W trending fault is mapped in this area and may 
underlie and structurally control the drainage of Khor Haiet. 

Drainage: 
Khor Haie t 



Secondary exploration area #5 

Bedrock Lithology: 
1) Nafirdeib series metasediments and metavolcanics surround and 
probably underlie most of the region 
2) Red granite intrusions of diorite and some arnphibolidc 
intrusions 
3) Acidic lavas in a small central zone 
4) Nubian sediments overlie bedrock in the eastern part of the area 

Structure: 
This area is bisected by an E-W trending fault which may underlie 
and structurally control a major tributary to Wadi Oko. A NW 
trending fault is mapped in the SW corner of the area. 

Drainage: 
Large tributary to Wadi Oko 

Secondary exploration area #6 

Bedrock Lithology: 
1) Kashebib Series amphibolitic gneisses and foliated gabbros 
2 )  Nafirdeib Series rnatasediments and metavolcanics 
3) chloritic schists 
4) batholithic granites 
5) Awat Series sediments 
6) acidic granites and biotite granites 
7) quaternary khor fills 

Structure: 
This large area is structurally and lithologically complex. On the 
Geological Map of Sudan the area is complexly faulted with many 
fault intersections and offsets. several NNE and NNW inferred faults 
(G.R.A.S.S. map) occupy and possibly control the drainage basins in 
the area. 

Drainage: 
Proximal end of a large Nile River directed wadi/khor drainage 
system. The Khartoum-Port Sudan roadway and the railroad follow 
the drainage system. 





Appendix 3: Geologic Study 



Tectono-Stratigraphic Collumn for the Red Sea Hills, Sudan 

P ~ I I O -  286-208 m.y. 
Triassic I 

1 1 Carboniferous I 

Age (m.y.) 
2-0 m.y. 

) Periods 
' 

Proterozoic 2500-570 m.y 
Eon 

700-600 m.y. 

715-630 m.y. 

Quaternary 

Cambrian to 
Carboniferous 

Lit holo 
AUuviu:Ladi fiis, deltaic 

570-300 m.y. 

deposits 
- 

Reef deposits, clastic sediments, 
evaporites, acidic and basic 
volcanics, basalt flows 

Erosion of Nubian sediments 
from uplifted blocks 

Nu bim. Formation, fluvatile 
sandstones,siltstones, 
mudstones, and conglomerates 

Acidic volcanics and basaltic 
flows 

Anororrenic intrusives and 

Deposition of continental and 
m&e clasdcs into the large 
grabens 

Awat Series: conglomerates, 
mudstones,andesites, rhyolites, 
and tuffs 

Tectonic events [ 

1 

1 

as a precusor to Red Sea 
rifting 

Break-up of Pangea 

Collision of Gondwana 
with Europe 1 

Pull apart basins form due 
to shearing on 70' faults. 
Then formation of NNW 
trending grabens 

@. 
I 
volcanism 

the eastern part of the 
Nubian Shield 



t hmugh alkalin e granite 

to greenschist facies.Basic to 
intermediate volcanics, schists, 
marbles, and quartzites 



Tectono-Stratigraphic History for the Red Sea Hills, Sudan 

Quaternary: 2 m.y. 

Tectonic events: 

Weathering and erosion of Red Sea Hills with clastic deposition into 
numerous wadis and khors. Deltaic deposits mantle the coastal 
Tertiary sediments where major drainage systems intersect the 
coast. 

Lithology: 

Tertiary -Quaternar y Coastal sediments : 
Pliocene-early Pleistocene; Intense faulting in coastal Red Sea 
sediments associated with continued uplift of the rift shoulders. 
Troughs received sedimentation and horsts hosted reefs. 
Post Miocene; Intense rift-border uplift and deposition of thick 
clastic sequent:. 
Miocene; Marine transgression from the north (to 22'N lat.). 
Oligocene; Clastics deposited during a highly erosional tectonic regime 
associated with rifting related uplift. Clast angularity indicates a 
short transport distance. 

Tertiary: 65 m.y. 

Lithology: 

A significant period of volcanic activity occurred during the Tertiary 
which resulted in widely distributed alkaline basalt flows, plugs, and 
volcanic centers. Related dike and sill swarms mainly trend N-S and 
E-W. These events are related to crustal thinning and the onset of 
Red Ses rifting. Erosion from the rift shoulders resulted in a clastic 
and evaporite sequence with reef deposits. 

Tectonic events: 

Red Sea Rifting: A NW directed maximum compressive stress 
reactivated the N-S pre-existing Precambrian sutures in NE Sudan, 
Saudi Arabia, and Egypt with the onset of Red Sea Rifting. The Red 
Sea Rift progressed with approx. 105 km of sinistral motion on the 
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Dead Sea-Gulf of Aqaba Fault. The rift margin sustained uplift while 
associated fault block subsidence occurred within the rift. Erosion 
from the Red Sea Hills escarpment resulted in sedimentation on the 
coastal regions of the Red Sea. 

Late Cretaceous: 100 m.y. 

Tectonic events: 

Uplift of S. Egypt and NE. Sudan associated with crustal thin~ing 
(beginning of the Red Sea Rift) caused extensive erosion of the 
Nubian Formation from the uplifted areas. 

Late Jurassic to mid Cretaceous: 150-100 m.y. 

Lithology: 

Cretaceous Nubian Formation: Continental clastics of Sandstone, 
siltstone, mudstone, and conglomerates were deposited over most of 
northern Sudan. 

Tectonic events: 

The disintegration of Pangea with continued epeirogenic crustal 
warping resulted in mild crustal deformation, dominated by vertical 
tectonics, with sparse volcanism in the Red Sea Hills. Volcanic activity 
consisted mainly of acidic volcanics and some basalt flows. 

Permo-Triassic: 260-220 m.y. 

Lithology: 

Mesozoic anorogenic intrusives: A N-S aligned group of anorogenic 
alkaline plutons intruded the country rock along the Precambrian 
Oko shear structure (possibly Pan-African). They are composed of 
alkali syenites, alkali amphiboles, barkevikite, biotite, and aegirine- 
augite. Ages for two groups are: 235-220, 173-130 



Tectonic events: 

Gentle epeirogenic crustal warping which occurred along pre-existing 
ENE trending faults resulted in the removal sf Paleozoic stratigraphy 
from uplifted blocks to expose Precambrian basement. 

Mid-Carboniferous: 320 m.y. 

Tectonic events: 

The collision of Gondwana (the African shields) with Europe (forming 
Pangea) resulted in the reactivation of pre-existing faults, especially 
the 070" trending fabric element, in NE Sudan. Thermal activity 
related to this collision caused the uplift and magmatism which 
extended through the early Mesozoic as a precursor to the Red Sea 
rifting. 

Cambrian to Carboniferous: 570-300 m.y. 

Tectonic Events: 

Graben formation, strong during the Cambrian, began to subside by 
the Sulurian. Several marine transgressions, southward into the 
large gabens, (None east of uweinat-Howar uplift of western Sudan) 
resulted in pervasive sedimentation into the grabens. Transgressions 
continued into the Carboniferous. 

Cambrian: 570 m y .  

Tectonic Events: 

Early Cambrian pull apart basins formed along pre-existing 070° 
trending dextral shear faults during the latest phases of Pan-African 
tectonics in northeastern Sudan. 
Then, in the mid-Cambrian, NNW tending grabens were 
superimposed on the pull-apart basins resulting in a complex system 
of NNW trending grabens. Sedimentation into tha grabens followed as 
a result of epeirogenic forces in the Pan-African crust. 



I 

Proterozoic 570-2,500 m.y. 

Awat Series: Weakly metamorphosed sedimentary-volcanic units 
600 m.y. 

Lithology: The Awat Series is composed of conglomerates, 
mudstones, andesites, rhyolites, rraehyrhyolites and tuffs. The 
generally flat lying, undeformed unit is 1-2 km thick. The Awat 
series is cut by post-orogenic basic and alkali intrusions. This 
sequence was deposited during periods of uplift and erosion 
accompanied by mild volcanism in the latest Precambrian. 

Tectonic events: 

630-7 15 m.y. Island arcs accreted, in a series of collisions, to form 
eastern part of Nubian Shield. 

Pan-African event 650 m.y. Several microplates converged to form 
the African continental land mass. Meta volcanic/ meta- 
sedimentary/ ophiolitic/volcanic rocks of the Nubian shield accreted, 
as island arcs, onto the E. Saharan craton 

A complex structural fault fabric developed during Pan-African 
event: 
-Formation of trans-African lineament trending 070' and similar 
trending structural grain across northeastern Sudan. 
-N to ENE trending structural fabric consisting of foliation and fold 
axes. 
-1 50" trending faulting. 

720 m.y. +- Sinistral shearing along N-S Oko shear zone, within the 
Serikoit Batholith, resulted in an offset to the Nakasib zone. The 
Nakasib sustained some component of dextral motion during the 
iectonism. 

Proterozoic intrusive rocks: 720-800 m.y. 

Lithology : Injection Granites formed batholiths which are elongated 
N-S. The granites are composed of Quartz, oligoclase, orthoclase, 
green hornblende, and biotite. The units are medium grained, well 
jointed, and often have lineated contacts. 



Individual intrusions range from gabbro through alkaline granite. 
Some older units are strongly gneissme, this deformation occurring 
during syn-tectonic batholith emplacement. 720-800 m.y. 

Tectonic Events: 
800-900 m.y. Two major island arcs collide along a subduction zone 
to form the Nakasib shear zone. Later shearing dismembers the 
ophiolite sequence. 
950 m.y. Volcanic arcs begin to grow to maturity 

Homogar Series: Metavolcanic rocks, 980 m.y. 

Lithology: The metavolcanic complex comprising the basic to acidic 
effusive rocks of the Homogar Series are confined to the boundaries 
of the major tectonic blocks?. The series is greater than 1000 m 
thick. The rocks are weakly deformed with gentle folds. Dips to fold 
limbs range from 20" to 30" 

Unconformity : 

Nafirdeib & Odi Series: metasedimentary rocks 1193 m.y. 
(age of metamorphism?) 

Lithology: The metasedimentary volcanic rocks of the Nafirdeib and 
Odi Series are of greenschist facies with basie and ultrabasic 
intrusions, and calc-alkali batholith granitoids. The Nafirdeib Series 
is mainly composed of basie to intermediate altered effusive rocks 
and tuffs with intercalating silicious schists, marbles, and 
greywackes. In the upper part of the series, sedimentary rocks are 
more common with intercalations of tuffs and effusive greenstone 
altered rocks. The Odi Series is composed of a variety of 
metamorphic schists, marbles, quartzites, with rare intercalations of 
amphibolites and greenstone effusive rocks. Both series are cut by 
intrusions of ultramafic gabbro, diorite, and batholithic granite 
complex rocks. Odi series is much more intensely deformed and 
contains tight isoclinal to overturned westward verging folds. 
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Tectonic events: Some view this series to represent cover over the 
Kashebib basement series. Thus, basement rocks are believed to 
underlie most of the meta-sedimentary units. However, the 
gneissose and meta-sedimentary rocks have also been found to be of 
similar age. The meta-sediments are interpreted to be of island arc 
affinity. 

Inferred unconformity: 

Kashebib series: Granitic complex, 1950 m. y. 

Lithology: A granite gneiss complex including rocks of amphibolite 
facies metamorphism and consisting of granite gneisses, crystalline 
schists, quartzites, migmatites, and some associated anatectic. 
granites. Folding in the Series consists of tight to isoclinal eastward 
verging folds. 

Tectonic events: This series may be ancient crystalline basement 
rock and part of the eastern margin of a protero-African micro- 
continent. 


