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ABSTRACT
The present work studied the lithological features, structural lineaments, mineralogical
petrographic features, ore mineral constituents and geochemical approaches to interpret probable
inter-genetic affiliations of both iron ore deposits of Timsah Formation and iron mineralization of
Gebel Agib Ring complex intersecting quartz (silicified) monzonite, AbuAggag (OrdovicianCarboniferous), Timsah (Coniacian-Santonian), and Um-Barmil (Campanian) formations cropping
out in Bir Um-Hibal area, Southeast Aswan, Egypt. The contributed structural lineaments and
ferruginous index maps recorded ferruginous faint red coloration of the outcrops of the three
formations and more dark red of structural lineament zones trending NNW-SSE, NW-SE, and
NE-SW intersecting the Timsah Formation outcrops. The iron mineralization of Agib ring complex
and silisified granites filling the interstitial spaces and rock fractures consists of hematite, goethite,
magnetite and ilmenite. Bir Um Hibal iron ore minerals are hematite, specularite, goethite, minor
magnetite, martite after magnetite and black calcite. Hematite textures and types are crypto-,
micro-, mega-crystalline and lamellar hematite (specularite.(Spheroidal occasionally slightly
elongated concentric oolites cemented with amorphous iron oxide material and massive
ironstone are the chief textures. The ironstone samples fall in the hydrothermal field of FeAl-Mn and (MnO/TiO2)– (Fe2O3/TiO2) diagrams. These criteria point to action of acidic
hydrothermal solutions which leached iron deposits hosted in Ordovician- Carboniferous Abu-Aggag
Formation. These fluids re-deposited iron in concentrated alternating massive ironstone, oolitic
ironstone and oolitic horizons with the Timsah Formation sediments in successive ransgressiveregressive agitated shallow alkaline marine environment. The GARC mineralization was deposited
from associating hydrothermal fluids enriched with iron leached from these iron deposits.
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Introduction
The present study concerns the probable genetic interrelationship between both the iron
mineralization of Gebel Agib ring complex (GARC) - granites and the iron ore deposits located in Bir
Um–Hibal area (BUH). The area is located between Lat. 23º 28'- 23 55 N and Long. 33º 10'-33º 30' E
which is a part of the district of southeast Aswan iron ore deposits sited between Lat. 23º42'18'' 23º43'43''N and Long.33º16'31'- 33º18'37''E. The studied Bir Um Hibal area (BUH) is occupied by
outcrops of granites, and sandstones of the Nubia Facies hosting iron ore deposits, all are intruded by
Gebel Agib Ring Complex (GARC).
The granites have been studied by Hilmy et al. (1979) and Agib ring complex (GARC) by
Hashad and El-Reedy (1979). The stratigraphy of the sandstones of the Nubia Facies have been
investigated by Attia (1955); Faris (1960); Faris and Abu Zeid (1963); El-Naggar(1970); ElSharkawai et al. (1996); El-Aref et al. (1999) and El Nadeem et al. (2004) considering its age either
pre-Senonian, or Turonian, Coniacian- Santonian and Santonian- Campanian. However, Zaghloul et
al.(1978) recorded Devonian trace fossils, Bifangites, and Issawi and Jux (1982), identified DevonianCarboniferous echino-faunal assemblage in the lower part of Wadi Abu-Aggag sandstone section. The
iron ore deposits in east and southeast Aswan district considered of shallow marine origin by Attia
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(1955); Gheith(1955); Faris(1960); ADMCO (1999); Hassaan et al. (2004) and El Nadeem et al.
(2004). These iron ore deposits considered by Abdel Nasser (1961) of hydrothermal origin, and
considered by Tosson (1961) originated probably by local extrusive siliceous solutions that have been
poured directly in shallow sea water. El-Afandy et.al. (2003) and Hassaan et al. (2006) studied the
rock units of GARC. Hassaan et al. (2006) mentioned that the iron ore- mineral constituents and mode
of occurrence point to hydrothermal origin of its iron mineralization.
The present work aims at studying lithological- structural features, mineralogical
characterization, mode of occurrence, ore mineral constituents and geochemical approach to interpret
probable genetic affiliations of iron ore deposits of Bir Um-Hibal area (UHIO), the iron
mineralization of Gebel Agib Ring complex (IMARC), and the ferruginous quartz (silisified)
monzonite, Southeast Aswan district, Egypt.
Methodologies
1-The Landsat 8 data covering the study area have been used in the lithological discrimination,
lineament-structural features and iron exploration. The Image processing approaches such as FCC
Landsat 8 bands 7,4,2 image had been used to show the general view and main features of the area.
The Principal Component Analysis (PCA,Table1) band ratios and Spectral Angular Mapper
(SAM) has been processed for contributing in the lithology, structure, and ferruginous units
identification. Lineaments (zones of deformation and fracturing) extraction from ASTER imagery
have been detected effectively by auto- detection for producing a lineament map using the most
widely LINE module of the PCI Geomatica package computer software (default parameters with
adjustment of the Edge gradient threshold to 40 pixels) and algorithms of extraction (edge
detection, threshold and linear extraction steps).
2- A total of 65 representative samples were collected of which, 40 samples represent Bir Um Hibal
Upper Cretaceous Abu-Aggag, Timsah and Um-Barmil sedimentary formations cut by Gabal Agib
ring complex bearing iron mineralization and 25 samples from the Timsah Formation hosting UmHibal iron ore deposits.
3- A total of 35 thin-polished sections were studied to identify the mineralogical composition, textures
and iron ore minerals. Of these, seven samples were examined by microprobe scanning in
EGSMA Centeral Laboratories. The mineralogical composition of iron ore deposits and the
country rocks in Bir Um-Hibal area have been studied using both X-ray diffraction (XRD) and
scanning electron microscope (SEM) techniques. Qualitative analysis was performed on hematite,
ilmenite, goethite and magnetite using a SEM with EDS Link AN 10000 System. These analyses
were carried out in the Central Laboratories of the Nuclear Materials Authority (NMA).
4- Geochemical analysis of the collected samples to interpret probable genetic interrelationship
between both Agib ring complex- granite iron mineralization and Bir Um -Hibal iron ore deposits.
The analysis for each of total iron and ferrous iron contents were carried out using the wet
chemical method separately then ferric iron content was calculated.
Table 1: Eigenvector matrix and loadings of principal component analysis on Landsat 8 image of the area
Eigenvectors
PC 1
PC 2
PC 3
PC 4
PC 5
PC 6
PC 7
Band 1
0.191112
0.193359
0.249115
0.359815
0.446567
0.551944
0.480103
Band 2
0.647034
0.549797
0.345272
0.045266
0.128944
0.274213
0.256886
Band 3
0.214588
0.10435
0.149516
0.425464
0.619294
0.563109
0.197665
Band 4
0.015302
0.041856
0.011378
0.048496
0.192905
0.544849
0.813302
Band 5
0.449458
0.001984
0.629486
0.370997
0.505837
0.07818
0.045934
Band 6
0.331594
0.258015
0.448583
0.717931
0.325876
0.004999
0.024518
Band 7
0.431943
0.762312
0.445831
0.179019
0.03389
0.008707
0.016398
----------------- = The highest PC loadings (more informative PC bands)
From the analysis of the eigenvector matrix, the more informative bands (shaded in the matrix table) are PC1,
2, 3, 5 and 6.
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Results
1-Interpretation of the Remote Sensing
The general view and the main topographic features of Bir Um-Hibal area within the district
of southeast Aswan iron deposits shown in the FCC image bands 7, 5, 3 (Fig.1). It discriminates the
basement rocks of the Nubian shield from the sandstones of Nubia Facies; all are intruded by Agib
ring complex. The sedimentary outcrops are topographic flats cut by drainage pattern reflecting
structural features most probably fault system.
Bir Um Hibal- Gebel Agib district is covered by the Pan-African late Proterozoic basement complex.
These rocks are overlain with non-conformity by Cretaceous sandstones of the Nubia Facies at the
boundaries of the district. The Um Hibal area is occupied by granites of various types, ironmineralized Agib ring complex and the sandstones of the Nubia Facies bearing the southeast Aswan
iron ore deposits.
The analysis of the eigenvector matrix indicated that the more informative bands (shaded in
the matrix table) are PC1, 2, 3, 5 and 6. Therefore these bands were selected for combination and
showed to be effective in lithological discrimination. The PC6, PC5 and PC2 images of varied bands
(Table 1) discriminate the lithological units (Fig.2). The rock types of GARC and sandstone
formations of the Nubia Facies, the chronological sequence of which, following Hassaan et al., (2004,
2006) arranged from the oldest are Bir Um Hibal (BUH) quartz(silicified) monzonite, the sandstones
of the Nubia facies comprising; Abu-Aggag, Timsah and Um Barmil formations, Agib Ring Complex,
rhyolite, its pyroclastic, and post-orogenic granitic dykes.
The manual Principal Components PC1, PC2 and PC3 with varied bands exhibited lineaments
trending NNW-SSE, NW-SE and NE-SW (Fig.3), while Fig. (4) shows the automatic extracted
lineament and structural features from the ASTER image using PCI geomatica software.
The Band ratios7/5, 4/2, 3 image (Fig. 5) recorded the ferruginous grade with red coloration changed
eastward to be more dark red within the lineament zones. The spectral signatures of the ferruginous
sites by SAM technique illustrated on the Landsat 8 from the image pixels measurements (Fig. 6)
exhibit high density red coloration reflecting higher density level of fracturing zones expressing a
relation to the degree of the subsurface iron mineralization that have been subjected to action of, or
deposited from hydrothermal fluids. The geologic map of the district is shown in Fig. (7).

Fig.1: FCC Landsat 8 bands 7,4,2 image showing the general view and main topographic features.
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2- Geologic and Petrographic Features
2. a. BUH quartz monzonite
Bir Um Hibal quartz monzonite, the emplacement age of which is 223 ± 9 Ma (Hashad and ElReedy,1979) consists of coarse-grained quartz and mafic constituents, highly dissected by many joints
and fractures of different trends still open or filled with alteration products, chiefly iron and
manganese oxides.
2. b. Rock Types of Agib Ring Complex
The Agib Ring complex is emplaced intruding both the Bir Um Hibal batholith and the three
sandstone formations; Abu-Aggag, Timsah, Um-Barmil (Hassaan et al. 2006). The chief part of Agib
ring complex occurs as lava flows at the northern boundaries of Gebel Agib. It is distinguished from
its country rocks by its lighter colors. The margin of this ring complex consists of albitized silicified
leucocratic medium-to coarse-grained quartz monzonite.

Fig. 2: The Principal Components PC6, PC5 and PC2 image discriminates the rock types of GARC and the
three sandstone formations

The surrounding dark red, quartz monzonite is overlain, with disconformity, by the Abu-Aggag,
Timsah and Um Barmil formations. Abu-Aggag Formation is cropping out surrounding the southern
part of the ring complex and both the Timsah and Um-Barmil exposures on its northern and chiefly
western parts (Fig. 2). The studied Agib Ring Complex comprises well developed outer ring of alkali
rhyolite porphyry and quartz syenite core. Trachyte and pyroclastic equivalents forming roof pendants
and rafts represent the remnants of volcanic cone. The rocks of Agib ring complex were derived from
per-alkaline magma emplaced in within plate tectonic setting (Hassaan et al., 2006).

22

Middle East J. Appl. Sci., 8(1): 19-36, 2018
ISSN 2077-4613

Fig. 3: Manual Principal Components PC1, PC2 and PC3 with varied bands showing lineaments trending
NNW-SSE, NW-SE and NE-SW.

Fig. 4: Automatic extracted lineaments from the ASTER image using PCI geomatica software.
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Fig. 5: Band ratios7/5, 4/2, 3 image showing red ferruginous color, more dark within the lineament zones.

Fig. 6: SAM classification on the image bands 7, 5, 3 showing the ferruginous units in red color.
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Fig. 7: Geologic map of Um Hibal area (from El-Nadeem et al. 2004).
The quartz syenite is coarse-grained highly ferruginous, jointed, highly fractured affected by
alteration, tourmalinization, albitization and hematization processes. Hematite disseminated crystals
and skeletal- like crystals occur occasionally as small bodies of limited distribution and of variable
extension. The quartz syenite, trachyte andesite and the thick incomplete ring-dyke of porphyritic
rhyolite are dissecting the quartz syenite with sharp contact; all are totally ferruginous with iron oxide
minerals (Hassaan et al., 2006). All the mafic minerals are altered to brown and black iron oxides
occurring in aggregates of medium to coarse-grained anhedral to subhedral crystals enclosed within
quartz and alkali feldspar crystals. The recorded iron ore minerals are hematite, goethite, magnetite
and ilmenite constituting the iron mineralization in the Agib ring complex and the post- orogenic
alkali feldspar granite dykes. These iron ore minerals are filling the interstitial spaces, fractures, open
fillings, and replacing quartz, biotite and silicate minerals characterized by spotted and maculose
textures with developed hematite. These features reflect action of hydrothermal solutions. The
petrographic and iron ore mineral constituents are given in Hassaan et al. (2006).
2. c. Alkali Feldspar Granite Dykes
These granites are in the form of dykes, sheets and irregular elongated masses cutting the
porphyritic rhyolite and the older rocks. They are composed of antiperthitic plagioclase, perthitic
orthoclase, hornblende, arfvedsonite, aegirine, quartz, accessory apatite enclosed in amphiboles and
iron oxides.
2. d. The Sandstones of Nubia Facies
These lithosomes are almost flat and generally reddish to deep red in color recorded using the
Ferruginous Index (Figs.4,5,6).The stratigraphic sequence of these sandstones comprises from base to
top Abu-Aggag, Timsah and Um Barmil formations; of Turonian, Coniacian-Santonian, and
Campanian age respectively (from El-Nadeem, 2004). In this respect, such Turonian age needs further
studies on taking into consideration that Issawi and Jux, (1982) suggested Devonian-Carboniferous
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age for the lower part of Abu-Aggag Formation at its type locality Gebel Abu-Aggag sited east
Aswan city, while its upper part is the Cretaceous Nubia Formation. The sandstones of Nubia facies
with conglomerate base bed in the study area are overlying with non-conformity the quartz monzonite
with metasomatic alteration features.
The Timsah Formation hosting the iron ore deposits in Bir Um Hibal area is 10m to 4m thick
(Hassaan et al., 2004). The second stratigraphic horizon is the chief iron ore deposit consisting of
alternating massive and oolitic bands of iron oxides. The oolitic type is distinguished by high iron
content (40-58 % total Fe) and workable thickness up to 3m (Hassaan et al., 2004).
The Timsah Formation is one of the major iron ore deposits. This formation occupies the
middle part of the scrap face of the sandstones of Nubia facies. It overlies Abu Aggag Formation with
nonconformity marked by cross-bedding sandstone beds, occasionally conglomeratic contact. The
thickness of this unit ranges from few meters to about 50 meters. This rock unit consists of chamositeclayey sandstone alternating with refractory clay, sandstone, siltstone, ironstone and iron ore horizons.
The clays are compact and fragmental, ferruginous in parts, mainly grey to green but occasionally
reddish grey to reddish green. The refractory clay is banded chiefly with one massive ironstone or
oolitic ironstone horizon. The sandstone is compact, greenish white, grey, reddish grey, very fine to
coarse-grained, cross-bedded, and ripple marked. The cross-bedded sandstone is mainly capping the
iron ore while the ripple marked by jointed and fractured sandstone represents the base of the iron ore
deposits. The Timsah iron ore exists in form of four horizons each one consists of alternative beds of
oolitic iron ore and massive ironstone.
The Timsah Formation comprises four cycles (El Nadeem et al., 2004). The first cycle
represents the lower beds overlying the Abu Aggag Formation with erosional surface. This cycle is
subdivided into clayey fine sandstone, chamosite-hematite and ripple-marked sandstone sub-cycles.
The chamositic- hematitic sub-cycle is mainly greenish red and occasionally limonitic red. This
subcycle represents the first iron ore horizon which is chiefly muddy in parts; slightly oolitic
intercalated with ferruginous fine sandstone, and ferruginous siltstone. This type is high grade iron
ore, about 2.5m thick at the southeastern part of Bir Um Hibal area.
The second cycle hosts the important economic workable oolitic iron ore beds. This cycle
comprises refractory clay, siltstone, iron ore, and cross bedded sandstone sub-cycles. The Iron ore
beds sub-cycle is oolitic- alternating with massive- ironstone. Occasionally, the iron ore is completely
of the oolitic hematitic type especially when overlaying the basement rocks. The thickness of the iron
ore beds ranges from 5 cm to 4 cm at east Um Hibal nearby the basement rocks. This sub-cycle is
mainly oolitic iron ore, fine to coarse-grained, of dark red color. The massive ironstone iron ore
alternated with the oolitic type is of reddish green to red color with clay to silt grain size. The oolitic
iron ore at east Um Hibal is occasionally separated by chamositic–hematitic sandstone (highly
ferruginous sandstone) and is covered by ferruginous sandstone or claystone. The cross- bedded
sandstone sub-cycle is fine- to coarse-grained, reddish grey to reddish white, very compact of
thickness up to 2 meters that protected the chief iron ore horizon from erosion.
The third cycle in the studied area is well developed reaching 7m thick. This cycle comprises
clayey siltstone, hematite ironstone, and bedded sandstone sub-cycles. The hematite ironstone subcycle represents the low grade massive hematite ironstone laterally changed into oolitic hematite
ironstone 5 - 40 cm thick.
The fourth cycle is well- developed comprising ferruginous mudstone, ferruginous laminated
sandstone and pisolitic iron ore sub-cycles alternate with, silty mudstone, siltstone and bedded
sandstone sub-cycles. The ferruginous mudstone of thickness up to 10 m at its southern extension is of
pale red to reddish brown color. The pisolitic iron ore ranges in thickness from 50 cm to 2 meters,
dark brown, well - developed at its central part, dissected, traced and occasionally missed, fine to
course - grained with gravel in parts. This indicates its marine disposition under agitated water. The
ferruginous laminated sandstone is pale red to reddish brown clayey in parts and very fine to finegrained occasionally highly ferruginous and missed in parts. The ferruginous sandstone compact beds
are directly overlying the workable iron ore beds of the Timsah Formation.
The chief texture of this iron ore is the oolites cemented with amorphous iron oxide material.
The oolites are usually spheroidal in shape, but occasionally they are slightly elongated. The oolites
range in size from 2mm to 0.1mm in diameter. The small sizes are recorded in some thin sections
(Figs. 8& 9). The oolitic ironstone ore is composed microscopically of quartz and iron oxides. The
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oolitic ironstone deposit is dark red to reddish brown in color, dense and generally compact. The
oolites show clear concentric shells but few are deformed. The oolite pockets are scattered as well, in
some sandstone and siltstone beds which are in particular in contact with the iron ore.

Fig. 8: Photomicrograph showing oolitic texture and
magnetite crystals altered to hematite (martite) along
the rims and cleavage planes. R. P. L. X. 320.

Fig. 9: Photomicrograph showing oolitic texture and
magnetite crystals altered to hematite (martite) along
the rims and cleavage planes. R. P. L. X. 320.

3. Iron Ore Mineralogy
3. a. The Timsah Formation
The X-ray diffraction of bulk iron ore samples shows the presence of hematite, goethite
pseudomorph after magnetite, quartz, kaolinite, halite, calcite and gismondine (CaAl2Si2O8·4(H2O), a
zeolite or hydrated alumino-silicate, alteration product of plagioclase.).
Crypto-, micro-, and mega-crystalline hematite, as well as martite pseudomorph after magnetite
are the chief ore mineral constituents. Cryptocrystalline hematite occurs as dusty, anhedral inclusions
(<1 μm) in crystalline quartz and as minute euhedral platy specular hematite (specularite crystals). A
distinct second generation of massive cryptocrystalline hematite is present formed as dehydration
product. Microcrystalline hematite includes micro-platy hematite (Fig.10), which is similar in form to
crypto-platy hematite but distinctly coarser. The microcrystalline intergrowths of euhedral to anhedral
hematite occur with fine-grained quartz in the sandstones in association with partially altered iron
oxides (Fig.11). The mega-crystalline hematite is represented by thin, platy specural hematite,
specularite (Fig.12).
Chamosite is recorded in the outer shells of the oolites, in the groundmass and also in the
cementing material of the sand in the oolitic ironstone type. Hematite is filling the interstitial spaces
between oolites (Fig. 13). It also occurs with chamosite and occasionally limonite zones in chamositic
sandstone forming the massive ironstone (Figs.14, 15 & 16).
The ore microscopic studies recorded that hematite is the main component of the oolitic iron ore
and the cementing material and occasionally within chamosite in the massive ironstone. Hematite and
limonite are also recorded in the massive low grade iron ore. The chamosite under ore microscope is
colorless and of brownish blue to brownish green color in the massive iron ore. Occasionally hematite
occurs after chamosite, which could be of hydrothermal origin as mentioned by Rivas-Sanchez, et.al.,
(2006). Hematite has been also developed along preferred crystallographic planes in the martitized
magnetite (Figs.17 &18).
Goethite occurs as dark brown cryptocrystalline or coarse aggregates (Fig.22) close to the surface
of chamosite, crystalline aggregates, oolites and pisolites (Figs.22 &23). Goethite occurs also
pseudomorph after magnetite and pyrite exhibiting different crystal forms pointing to action of
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alteration processes (Fig.23). Its mammilly and kidney shaped-forms favor its deposition from low
temperature hydrothermal solutions. Under reflected light, goethite shows anisotropic oolitic and
pisolitic varieties.

Fig. 10: Photomicrograph showing the yellowish red
hematite between ill-sorted sandstones. P.P.L X 10.

Fig. 11: Photomicrograph showing the dark brown
hematite between the detrital quartz grains. P.P.L X
10.

Fig. 12: Photomicrograph showing very fine-grained
hematite and as disseminations. R.P.L X 320

Fig. 13: Photomicrograph showing interstitial
hematite between typical oolites. R.P.L X 320

.
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Fig. 14: Photomicrograph showing the chamosite in
the oolites. R.P.L X 320.

Fig. 15: Photomicrograph showing the chamosite in
outer shells of oolites and in groundmass. R.P.L X
320.

Fig. 16: Photomicrograph showing hematite also
forms zones with chamosite. R.P.L X 320.

Fig. 17: Scan image showing hematite also forms
zones with chamosite.

Fig. 18: Photomicrograph showing hematite (martite)
after magnetite. R.P.L X 320

Fig.19: Photomicrograph showing hematite (martite)
after magnetite. R.P.L X 320.
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Fig. 20: Photomicrograph showing the interstitial
green chamosite between the detrital quartz grains.
R.P.L X 320

Fig. 21: Photomicrograph showing the interstitial
chamosite changed to hematite. R.P.L X 320.

The detected gangue minerals are chiefly quartz, phosphate, carbonates, clay minerals, gypsum and
rare pyrite (Figs.24). The carbonate minerals and halite are the third gangue minerals in abundance. It
is present as nuclei mixed with phosphates and silica. Subhedral calcite and in patches with halite are
also present in the cementing material. It also occurs in veinlets and lenses recorded in the banded and
massive iron ores. It is also occurs as an interstitial gangue material cementing the fragments of
massive hematite forming microscopic veinlets.

Fig. 22: Photomicrograph showing pisolitic goethite
inter- and outer-layering. R.P.L.X 320.

Fig. 23: Photomicrograph shows magnetite altered to
goethite replaced boundries of quartz grains. R.P.L.X
320.

The clay minerals are recorded in the matrix and cementing materials in the low grade massive
ore, especially in the first iron horizon. These clay minerals are also present as ferruginous
intercalation beds in workable oolitic iron ore beds of the second horizon. Gypsum fragments
represent minor gangue mineral in the studied iron ore deposit. It is found in the cement. Pyrite
partially to highly altered to goethite is very rare but occasionally occurs scattered in the cement.
3. b. Agib Ring Complex and Alkali Feldspar Granite Dykes
The iron mineralization in the quartz monzonite , Agib ring complex and the alkali feldspar post
orogenic dykes granite filling the interstitial spaces and rock fractures consists according to Hassaan
et al., (2006) chiefly of hematite that may be associated with goethite, magnetite and
ilmenite.Hematite is coarse-grained subhedral crystals in quartz syenite, trachyte, rhyolite (filling
microfissures), lithic tuffs (fibrous elongated crystals and network texture) with ilmenite filling
microstructures, as inclusion in hematite lamellae in rhyolite and with magnetite crystal as inclusions
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in its crystals in trachyte. Goethite is massive, aggregates, stock of veinlets network filling microfractures. Colloform texture is common. Magnetite veinlets and martitized cubes are filling
microfractures in quartz syenite.

1

2

3

4

Fig. 24: X-ray spectrum analyses (EDX) of quartz and calcite;
a) cement of oolitic iron stone; b) high peak of Si, Ca and scan images.
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4. Genesis of the Iron Ore Deposits
The iron ore minerals of various size, grade and origin hosted by sediments are accumulated by
processes controlled by physicochemical properties inherent in iron itself. Deltaic and shallow marine
deposits from terrestrial weathering processes and continental runoff formations are the source of iron
deposits including oolitic ironstones. James (1966) favoring weathering and deposition in a restricted
basin noted that volcanic and weathering hypothesis are not really contradictory and that each may
provide an explanation for some iron ore deposits and general mechanism of concentration. Williams
et al. (1982) believed that iron bearing minerals are sensitive to conditions fostering oxidation or
reduction of iron, so that variation in oxidation–reduction potential (Eh) and alkalinity (pH) in the
depositional environments are responsible for striking different mineralogical facies in iron rich
deposits. The intimate interlayering of hematite and chamosite (ferric, ferrous respectively), in some
ooides suggested that this hematite is not simply a result of oxidation of an earlier chamosite.
Moreover, they investigated hematite ooides containing nuclei of detrital quartz scattered through
hematite- rich matrix of sand or silt, and considered such hematite-rich deposits generally
interstratified with other shallow marine deposits.
Van Houton and Arthur, (1989) stated that the Phanerozoic ironstones were formed during the
Ordovician through Devonian and during Jurassic and Cretaceous. These periods are of greenhouse
conditions, whereas the global climate was warm.
Hassaan et al, (2004) and El Nadeem et al., (2004) et al, recorded in the southeast Aswan iron
deposits two types of replacement. The first type includes hematite, goethite, and limonite replacing
each other (dehydrated and hydrated phenomena) under suitable physicochemical conditions
prevailed after deposition. The diagenetic texture resulting from this process is deformed cortex. The
second replacement type is that hematite replaced chamosite in some samples of massive ironstone
ore and low grade ironstone.
However, the results of using remote sensing topographic, lithological, lineament, ferruginous
index images, ore mineralogical and geochemical studies in the present study recorded criteria support
successive hydrothermal- sedimentary origin of the massive ironstone- oolitic iron ore deposits in
east- southeast Bir Um-Hibal area. Acidic hydrothermal solutions associated the GARC emplacement
leaching in its pathway iron from the Ordovician- Carboniferous sediments hosting iron deposits have
been poured in transgressive-regressive alkaline shallow marine sedimentation basins. These poured
iron rich hydrothermal fluids deposited the successive oolitic- massive ironstone horizons as well as
GARC iron mineralization. These criteria are presented as follows:1-The image processing of Principal Component Analysis (PCA) band ratios and Spectral Angular
Mapper (SAM) contributing structural lineaments and ferruginous index maps (Figs. 3- 6) recorded
ferruginous red coloration of the outcrops of the three formations and more dark red of the
structural lineaments trending NNW-SSE, NW-SE, and NE-SW exposed in the areas of the
Timsah Formation. These arguments point to the action of the hydrothermal solutions by leaching
pre-existing iron deposits and its re-deposition in more concentrated phase; the oolitic and the
massive ironstone beds. In this respect, Faris and Abu Zeid (1963) mentioned that the age of the
iron ore of Aswan is Pre-Senonian. Consequently, iron ore deposits in Ordovician-Carboniferous
sediments (the lower part of Abu- Aggag Formation, Issawi and Jux, 1982) supposed to be the
source from which iron was leached by hydrothermal solutions, then re-deposited in the upper part
of Abu- Aggag Cretaceous Formation and in the agitative shallow marine Coniacian- Santonian
sediments forming the oolitic, ironstone and ferruginous sandstone horizons of Timsah Formation.
2-The iron mineralization in the Agib ring complex and the alkali feldspar granite dykes and bodies
filling the interstitial spaces and rock fractures (Figs. 25-28) consists according to Hassaan et al.,
(2006) chiefly of hematite in association with goethite, magnetite and ilmenite. Um Hibal iron ores
are basically composed of hematite, chamosite, goethite, minor amounts of magnetite, martite after
magnetite and quartz. Four textural and paragenetic types of iron oxides exist: crypto-, micro-,
mega-crystalline hematite (Fig.19). The mega-crystalline one is thin platy lamellar specular
hematite; the specularite (Fig. 23). The EDX of the oolite concentric shells of the ironstone
consists of alternating chamosite, magnetite, martite after magnetite and hematite. Halite and
calcite partially replaced by iron oxides are recorded. The chamosite is occasionally replaced by
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hematite. Hematite is also interlayered with chamosite and goethite occasionally pseudomorph
after pyrite recorded with ferruginous calcite. In this respect, the intimate interlayering of hematite
and chamosite (ferric, ferrous respectively), in some ooides suggest that its hematite is not simply
as William, et al., (1982) stated a result of oxidation of an earlier mineral such as chamosite.
Chamosite could be deposited by hydrothermal fluids (Rivas-Sanchez, et al., 2006).
3- Adachi et al., (1986) recorded formation of Fe, Mn, Ti and Al by hydrothermal processes. In the
present study, the plotted samples of Um- Hibal ironstone in the Fe-Al-Mn ternary diagram (Fig.
29) fall in the hydrothermal field. In the (MnO/TiO2)–(Fe2O3/TiO2) binary diagram (Fig. 30) the
samples fall in the field of hydrothermal iron deposits.

Fig. 25: Photomicrograph showing hornblende stained
by hematite in quartz syenite. PPL.10 X 4.

Fig. 26: Photomicrograph showing microfractures
filled by hematite in perthitic texture in quartz syenite.
CN.10 X 4.

Fig. 27: Photomicrograph showing hornblende stained
by hematite in andesite. PPL.10 X 4.

Fig. 28: Photomicrograph showing fractured
plagioclase crystal in porphyritic texture filled by
hematite in andesite. CN.10 X 4.
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Fig. 29: (MnO/TiO2)-(Fe2O3/TiO2)diagram, (Adachi et al.,1986) for Um Hibal iron ore

Fig. 30: Al-Fe-Mn ternary diagram of Adachi et al. (1986) were used for Um Hibal iron ore.

4-The hematite is sometimes partly transformed into the platy lamellar specular form "specularite".
Hydrothermal alteration is played an important role in forming the ironstone deposit, producing
both martite after magnetite, and calcite partially replaced by iron oxides (Fig. 24). However,
relatively coarse specularite is also recorded. Magnetite forms sub-idiomorphic fine- to coarsegrained crystals which are internally corroded and fragmented indicating tectonic deformation.
However, martite after magnetite crystals are recorded along the rims and cleavage planes
(Figs.8,9).
5-The microanalyses of the iron ore recorded hematite, goethite, cohabite, and martite after magnetite
and ore fabric. The martite grains indicate that they are pseudomorph after magnetite. Hematite
also forms zones with chamosite and limonite and occasionally chamositic sandstone to form
massive ironstone (Figs.14,15,16).
6- Occasionally, hematite replaces chamosite in the massive ironstone. This replacement took place
by oxidation of chamosite (Fig.27), which could be deposited by hydrothermal fluids (RivasSanchez, et al., op. cite.).7-Goethite crystals formed after magnetite and pyrite are in the form of
crystalline aggregates, oolites and pisolites (Figs.27, 28&18).
8-The plotted samples of Um- Hibal ironstone fall in the hydrothermal field of the binary
diagram MnO2/TiO2 – Fe2O3/ TiO2 and fall in both hydrothermal and non- hydrothermal fields in
the Fe-AlMn ternary diagram
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Conclusion
The action of the hydrothermal solutions by leaching pre-existing source, supposed to be iron
ore deposits in the lower part of Abu-Aggag Formation of Devonian – Carboniferous age and its redeposition in more concentrated phase; the ironstone horizons, the oolitic and massive iron ore beds in
agitative transgression- regression Coniacian- Santonian shallow marine water, and ferruginous
sandstones of Timsah Formation, the iron mineralization of GARC and the quartz(silicified)
monzonite are supported by the following criteria:1-The stratigraphic thick ferruginous sandstone and conglomerate unconformity beds separating the
formations of Abu-Aggag and Timsah
2-The geologic emplacement of Gebel Agib ring complex intersecting the quartz(silisified)
monzonite and the three formations of the sandstones of Nubia facies from the oldest; Abu-Aggag,
Timsah, Um-Barmil as well as their lithological features.
3-The iron mineralization of GARC,, the iron deposits of the three formations, and the ferruginous
granites and granite dykes are filling the interstitial spaces and rock fractures as well as filling the
structural lineaments trending NNW-SSE, and NW-SE cutting the outcrops of the Timsah
Formation. These mineralized structural lineaments are exposed on its surface by dark red color.
4-The ore mineral assemblages of both mineralization; hematite, goethite, magnetite and ilmenite in
GARC and hematite, chamosite, goethite, minor amounts of magnetite, martite after magnetite and
quartz in Um Hibal iron ores) are similar except that hematite recorded in Timsah Formation is
sometimes partly transformed into platy lamellar specularite, martite after magnetite, goethite after
pyrite and partial replacing of calcite as well as its interlayering with hydrothermal chamosite in
some ooides point to an important role of hydrothermal activity in forming the ironstone horizons.
5- Occasional replacement of hematite in the massive ironstone to chamosite deposited from
hydrothermal fluids.
6- The geochemical relationships Fe-Al-Mn, and MnO2/TiO2 – Fe2O3/ TiO2 support the hydrothermal
origin of the Um- Hibal massive ironstone horizons.
In conclusion, these criteria point to action of acidic hydrothermal solutions which leached iron
deposits hosted in Ordovician- Carboniferous Abu-Aggag Formation. These fluids re-deposited
iron in concentrated alternating massive ironstone, oolitic ironstone and oolitic horizons with the
Timsah Formation sediments in successive transgressive-regressive agitated shallow alkaline
marine environment. The GARC mineralization was deposited from associating hydrothermal
fluids enriched with iron leached from these iron deposits.
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