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Acid-Sulphate Alteration Type at South
Um Monqul, North Eastern Desert, Egypt

Nagy S. Botros*

Egyptian Geological Survey, Cairo, Egypt

ABsTrRACT. Acid-sulphate alteration comprising of argillic and
advanced argillic alteration is common in South Um Monqul area,
North Eastern Desert, Egypt. The alteration is exclusively hosted by
NE-SW and NW-SE sheared volcanic rocks (dacite and rhyodacite
porphyry) as well as intrusions (sub-porphyritic biotite granite and
granite porphyry). Argillic alteration is dominated by clay minerals
that are usually associated with phyllic alteration. Advanced argillic
alteration, on the other hand, comprises quartz, alunite, clay minerals,
pyrophyllite and specularite. Mineralization linked to advanced argillic
alteration is represented by gold with the high sulphidation minerals
enargite, calcocite and covellite. The high sulphur content of acid
sulfate alteration is further emphasized by the common presence of
barite veins in the examined area.

It is envisaged that volatiles rich in SO, degassed from the
nearsurface intrusions, which were unable to re-equilibrate with the
country rocks along their relatively short path of ascent. As a result,
the SO, produced sulphuric acid in conjunction with meteoric water.
The interaction of the sulphuric acid solution with the wall rock
resulted in the advanced argillic alteration.

The recognition of such alteration in the Eastern Desert is of prime
importance where it can be used, as a shallow level indicator of a
possible deeper porphyry system, in any exploration program.

Intense and extensive rock alteration is a highly visible characteristic of most
Egyptian gold deposits and occurrences. The alterations are either surrounding the
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auriferous quartz veins and/or structurally controlled by tectonic disturbances
(Botros 1991, 1993). In the Egyptian gold deposits and prospects several wall-rock
alterations are recognized. the most common types of which are sericitization (e.g.
Sukkari gold deposit, Hassaan et al. 1990), silicification (e.g. Hamash gold
occurrence, Hilmy and Osman 1989), ferrugination (e.g. Um Hutite gold mine,
Takla et al. 1989), carbonatization (e.g. Barramiya gold deposit, Osman and Dardir
1990), Listwaenitization (e.g. Barramiya gold deposit, Sabet and Bordonosove 1984
Abu Marawat gold occurrence, Botros 1991), chloritization (e.g. Hangalia deposit,
Osman and Dardir 1990) and kaolinitization (e.g. Wadi EL. Urf gold occurrence,
Shalaby 1989).

In the present paper, another type of alteration, acid sulphate alteration, is
studied and as far as the author is aware, the present paper represents the first record
of this type of alteration. The alteration occurs in South Um Monqul gold
occurrence, North Eastern Desert, Egypt.

The present paper describes the characteristic features of this alteration is South
Um Monqul prospect including nature of host rocks, mineralogical composition and
genesis of such alteration.

Geology of South Um Monqul Gold Prospect

The simplified surface geology of South Um Monqul is shown in Fig. (1). The
area consists of a Pan-African assemblage comprising intrusive rocks which are
contemporaneous with their surface manifestation i.e. the volcanic rocks of the
Dokhan type (El Gaby et al. 1988).

Volcanic rocks

The volcanic rocks of Um Monqul area are represented by dacite and rhyodacite
porphyry. These volcanic rocks belong to the Dokhan volcanics which are
calc-alkaline and of Andean-type erupted along active continental margins (Basta
et al. 1980). In the field, these volcanic rocks form moderate to high reliefs of
successive sheets exhibiting crude stratification and are sheared in NE-SW and
NW-SE directions where hydrothermal alterations are dominant. Megascopically,
these volcanics vary in colour from black to grey with various shades of purple and
brown. Microscopically, they exhibit a porphyritic texture where phenocrysts of
plagioclase (oligoclase-andesine) are embedded in a fine-grained groundmass
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composed of feldspars, quartz and biotite (Fig. 2). Opaques are represented by
martitized magnetite and minor amounts of pyrite and chalcopyrite.

Fig. 2. Photomicrograph of
rhyodacite porphyry from
South Um Monqul area
showing  phenocryst  of
plagioclase embedded in
fine - grained groundmass
composed of feldspars,
quartz and biotite. Cross
Nicols. Bar length
represents 1.22 mm.

Intrusive rocks

The intrusive rocks of the study area are typified by hornblende gabbro,
granodiorite, biotite granite and granite porphyry.

Hornblende gabbro forms lands of moderate relief. In hand specimen,
hornblende gabbro is greyish green in colour on weathered surface and sometimes
shows porphyritic texture even in the scope of hand specimen. Microscopically,
hornblende gabbro is composd of plagioclase (An 48-54) and hornblende. The
accessories are opaque minerals (4-6%) which are dominated by martitized magnetite
and to a lesser extent ilmenite and sulphides (chalcopyrite and pyrite).

Granodiorite is the dominant rock type among the intrusive rocks of South Um
Monqul prospect. It is comparable to G-1 granites (subduction-related calc-alkaline
granites) of Hussein er al. (1982) classification for the Egyptian granites. Two sets of
fractures are noticed in this rock variety; NE and NW. Microscopically granodiorite
is composed of plagioclase (An 30-45), quartz, potash feldspar, hornblende and
minor biotite. Sometimes plagioclase and hornblende form the phenocrysts of the
porphyritic varieties of granodiorite (Fig. 3). Sericite, kaolinite, chlorite and calcite
represent the secondary phase minerals. Accessory minerals are represented by
apatite,sphene and opaques .The latter constitute about 2-4% of the rock and are
dominated by martitized magnetite and minor pyrite and chalcopyrite.

Biotite granite occurs as sheet like bodies traversing the grandodiorite (Fig. 4)
and trending in a N-S direction and dipping to east with angles ranging from 15° to
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25°. Microscopically this variety has a sub- porphyritic texture where biotite forms
phenocrysts (Fig. 5) that are embedded in a matrix composed of potash feldspar,
oligoclase, quartz and biotite of relatively smaller size. Sericite, hydrothermal

Fig. 3. Photomicrograph of
granodiorite from S. Um
Monqul area illustrating
porphyritic texture
represented by plagioclase
(P.) and hornblende (Hb.)
phenocrysts embedded in
fine - graincd groundmass.
Cross Nicols. Bar length
represents 0.185 mm.

Fig. 4. Sheet - like body of biotite
granite (Bio. Gr.) traversing
granodiorite (Grano.).
South Um Monqul area.

Fig. S. Photomicrograph of biotite
granite from S. Um Monqul
area showing sub-porphyritic
texture exhibited by biotite.
Notice the presence of the
other constituents in a
relatively  smaller  size.
Cross Nicols. Bar length
represents 0.185 mm.
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biotite, kaolinite, chlorite epidote and carbonates are the alteration products of the
primary minerals. Opaques constitute about 7% of the rock components and are
represented by martitized magnetite hosting specks of gold, pyrite and chalcopyrite.

Granite porphyry occurs as a dyke-like body trending in a N to NNE direction
and dipping to the east with angles varying from 20° to 30°. In hand specimen, the
rock is reddish white in colour, extensively altered and stained along fractures by
malachite. Phenocrysts in the porphyry are repesented by potash feldspar and quartz.
The groundmass is composed of quartz, feldspar, biotite and rarely hornblende. The
granite porphyry is characterized by a high ratio of opaques (up to 10%) that are
dominated by martitized magnetite, pyrite and chalcopyrite. Minor gold, as well as,
bornite are observed in some examined polished surfaces. The granite porphyry and
biotite granite were the sites of old workings carried out by the old prospectors in South
Um Monqul. It is the belief of the author that old prospectors collected and crushed the
auriferous quartz stockworks that are dispersed in these rocks searching for gold.

Later dykes and veins

This suite traverses all the previously mentioned country rocks and is
represented by quartz veins, dolerite, felsite and bimodal dykes.

The previously mentioned rock assemblages correlate excellently with those of
continental margin orogenic belts (El Gaby et al. 1988) which are dominated by
gabbro-diorite-tonalite-granodiorite and granite, as well as, their surface equivalents
in the type locality Andean Cordillera of South America (Wilson 1989).

Wall-Rock Alteration at the South Um Monqul Prospect

South Um Monqul prospect was long known as a district for gold since Pharaonic
times. Recently, the area is subjected to intensive study for the hydrothermal alterations
(Botros and Wetait 1997). The preliminary results indicate that the rocks at South Um
Mongqul are variably altered over an area of about 16 km?2. Studies of hydrothermal
alterations have resulted in the recognition of four main alteration assemblags, viz a
hydrothermal biotite  (potassic), quartz-sericite-pyrite  (phyllic), sericite-clay
(phyllic-argillic) and chlorite-carbonates-epidote (propylitic) assemblages. These
alterations characterize a porphyry-style mineralization (Botros and Wetait 1997). In
addition to the previously mentioned alteration, acid-suiphate alteration was also
recognized. By definition, acid-sulphate alteration is typified by an abundance of
sulphur, both as sulphate and sulphide, distinct suite of ore minerals characterized by a
high sulphidation state, and distinctive alteration mineral assemblages (Ashley 1982,
Bonham and Giles 1983, Bonham 1984, 1989, Walthier and Proano 1985).
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Acid-Sulphate Alteration of South Um Monqul Prospect

Figure 1 shows the locations of acid-sulphate alteration in the investigated area.
In most examined thin sections, acid sulphate alteration is superimposed on the
alteration assemblages characteristic of the porphyry-style mineralization (Botros
and Wetait 1997). This is in agreement with studies carried out by many workers for
classical porphyry copper deposits (e.g. Sillitoe and Gappe 1984, Bonham 1986,
Sillitoe et al. 1990).

Intensive field studies supported by microscopic investigations revealed that
acid-sulfate alteration in the examined area has unique features that include
characteristic host rocks and also ore, gangue and alterations mineral assemblages.
These features are discussed below.

Host-rocks

Acid-sulphate alteration of the examined area is exclusively hosted by dacite
and rhyodacite porphyry, as well as, intrusive biotite granite and granite porphyry.
Thus the host rocks for this alteration essentially display a porphyritic texture (Figs.
2, 3, 5) and it is worth mentioning that the primary host rocks for acid-sulphate
alteration in the type locality (Goldfield in Nevada and Summitvile in Colorado) are
almost exclusively rhyodacite and also commonly porphyritic (Heald et al. 1987). In
general, the alteration in the examined area is facilitated and controlled by minor
fractures (out-side the scale of present mapping) trending in NE-SW and NW-SE
direction.

It should be mentioned that the Egyptian Basement is dominated by two
structural trends; NW-SE to NNW-SSE and NE-SW to ENE-WSW (EL Gaby e al.
1988). The first trend is characterized by the trends of major folds, thrust faults and
geanticlines. The primary NW trend is rotated to become NE-SW and ENE-WSW
(El Gaby ez al. 1988). This trend is believed to mark a major shear along which the
north Eastern Desert (where the examined area is located) and Sinai were uplifted
during the Pan-African orogeny (El Gaby ez al. 1988).

Mineralogy

Acid-sulphate alteration of South Um Monqul consists of argillic and advanced
argillic assemblages. In this paper, it is to be noted that the term clay here is used to
cover several mineral species of the clay group. The very small sizes of these
minerals and the small patches in which they occure make it impossible positively to
distinguish the different species of the clay group. Consequently, X-ray is highly
recommended for the further studies. However, kaolinite and illite were the only
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clay minerals that were identified under high magnification. Optically the kaolinite
was readily identified by its weak birefringence (gray and white interference
colours) and indices of refraction approximating those of quartz. Illite was readily
distinguished, under crossed nicols, from kaolinite by its slightly higher
birefringence (first-order yellow), and indices of refraction above Canada balsam.

Fig. 6. Photomicrograph of
rhyodacite from S. Um
Monqul  area  showing
argillic alteration where
plagioclase is completely
altered to clay minerals
(Clay Min). Plane Polarized.
Bar length represents 0.39
mm.

Most of the feldspars in host rocks are extensively altered to clay minerals (Fig.
6) in such way that original twining is completely obliterated. The argillic alteration
is usually intermixed with phyllic alteration and in most examined outcrops argillic
alteration passes imperceptibly to advanced argillic alteration.

The advanced argillic assemblage comprises various combinations of quartz,
alunite, pyrophyllite, barite and specularite. It is interesting to mention that advanced
argillic alteration in South Um Monqul may contain all the previously mentioned
minerals in one location or only few of them. Which ones develop depends upon
intensity of leaching, total sulphur concentration and concentration of alkalies (Na,
K*) in the hydrothermal solution (Ashely 1982}.

A crude pattern of zonation can be noticed in the advanced argillic alteration.
The width of each zone varies from few centimeters to some meters rarely exceeding
30m. Alunite is usuallv accompanied by silicification. The assemblage i.c.
quartz-alunite assemblage grades to clay-alunite assemblage and usually clay-sericite
assembiage. Prophylitized rocks represented by chlorite-epidote-carbonates
assemblage are located at the outer most part of the altered zones. Pyrophyllite,
barite and specularite are randomly distributed and there is no preferable assemblage
for these minerals.
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Vuggy silica alteration which results from the intense leaching of all the primary
rock-forming minerals except quartz and which commonly occurs in areas affected
by this alteration (Ashley 1982), is not observed in South Um Mongqul prospect. This
may be attributed to the possibility that this alteration was formed and then removed
by erosion.

Generally speaking, alunite occurs either as subparallel veinlets with a
characteristic comb structure traversing all the constituents of the rocks (Fig. 7) or as
bladed or lath like crystals replacing the feldspars. Pyrophyllite occurs either as large
crystals traversing all constituents (Fig. 8) indicating a late stage of alteration or as
small fibrous crystals replacing the plagioclase (Fig. 9). Barite occurs principally in
the form of barite specularite- quartz veins (Fig. 10). Interstitial crystals in host rocks
are not uncommon feature (Fig. i1). Sometimes specularite occurs as rod-like
crystals (Fig. 12) disseminated 1n the quartz veins that are associated with the
advanced argillic alteration.

Fig. 7. Photomicrograph of biotite
granite from S. Um Monqul
area showing sub-paralle
veinlets of aluninte
traversing the rock. Cross
Nicols Bar length
represents 0.39 mm.

Fig. 8. Photomicrograph of
rhyodacite porphyry from
S. Um Monqul area
showing large crystal of
pyrophyllite (P) traversing
the other contituents of the
rock. Cross Nicols. Bar
length represents 0.39 mm.
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Fig. 9. Photomicrograph of dacite
from S. Um Monqul area
showing fibrous crystals
of pyrophyllite replacing
plagioclase. Cross Nicols.
Bar length  represents
0.196 mm.

Fig. 10. Photomicrograph of
barite-specularite-quartz
vein from S. Um Monqul
showing barite  (Bar.),
interstitial specularite
(black) and quartz (white).
Plane  Polarized.  Bar
length represents 1.22 mm.,

Fig. 11. Photomicrograph of dacite
porphyry from S. Um
Monqu!l showing interstitial
barite (Ba) and
hydrothermal biotite (Hy.B.)
Plane Polarized. Bar length
represents .39 mm.
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Fig. 12. Photomicrograph of
quartz  from S. Um
Monqul  area  showing
rod-like crystals of
specularite  disseminated
in quartz. Reflected light.
Bar length  represents
0.196 mm.

Gold mineralization connected with acid-sulphate alteration is typified by some
specks that are disseminated either in the host rocks that are affected by this
alteration (Fig. 13) and/or in quartz veins (Botros 1991). Barite-specularite-quartz
veins are also gold-bearing. In addition to gold mineralization, ore mineralogy
connected with acid-sulphate alteration includes the high sulphidation minerals
enargite (Fig. 14), chalcocite, bornite and covellite.

Fig. 13. Photomicrograph of
altered rhyodacite from S.
Um Monqul area showing
disseminations of  gold
(Go.) and chalcopyrite
(chal.). Reflected Light.
Bar length represents 0.06

Fig. 14. Photomicrograph of
granite porphyry from S,
Um Monqul area showing
dessiminated crystal of
enargite. Reflected Light.
Bar length represents 0.05
mm.
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No data about the age of acid-sulphate alteration and accompained
mineralization is available at the present time. However, Heald et al. (1987) believe
that such alterations and accompanied mineralization in their type locality (e.g.
Goldfield and Summitvile) has followed very closely (< 0.5 m.y.) the emplacement
of the host rocks suggesting a genetic relationship. Taking in consideration that
intrusive biotite granite and granite porphyry, as well as, dacite and rhyodacite
prophyry are the main hosts for this alteration and accompanied mineralization, and
that all these rocks were contemporaneous and members of the pronounced
calc-alkaline magmatic activity that took place at about 680-570 Ma ago (El Gaby
et al. 1988), we believe that acid-sulphate alteration and ore deposition accompanied
with it took place more or less at this interval.

Fluid Chemistry of Acid Sulphate Alteration

Defining the geochemical environment of acid-sulphate alteration in South Um
Monqul is limited by the current lack of fluid inclusion studies and isotope data.
However, a useful tool for limiting the conditions of alteration and mineralization
parameters such as temperature of mineral deposition, chemical composition of the
fluids can be recognized from the mineralogy of the alteration and ore assemblage.
Hydrothermal and ore mineralogy are good indicators of fluid chemistry and
temperature (White and Hedenquist 1990). The presence of alunite, enargite and
usually covellite indicates an environment at relatively high sulphur fugacity (Heald
et al. 1987). On the other hand, the common appearance of pyrophyllite indicates
that temperatures during acid-sulphate alteration exceeded 270° - 300 °C (Hemely
et al. 1980, Ashley 1982). Since ore depositian always occurs late in the evolution of
these alterations, prevailing temperatures may well be less than 270 °C during ore
formation (Ashley 1982).

Genesis of Acid-Sulphate Alteration in South Um Mongqul Prospect

In the light of the field and petrographic investigations, it is clear that a high
level of emplacement of the studied intrusive rocks is favoured by the occurrence of
dacite and rhydodacite porphyry and the dominance of porphyritic texture in the
intrusive rocks.

Volatiles and gases derived from these magmatic bodies generate acidity
(Hedenquist 1987). As a result of the high level of emplacement of these intrusive
bodies, the acid volatiles and gases have no chance to be neutralized by interaction
with country rocks along their relatively short path of ascent. It is believed,
therefore, that SO, is derived from a near-surface magma and is transported upward
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in a vapour plume (Rye et al. 1992) consisting predominantly of water vapour.
Disproportionation of SO, becomes important at temperature below 400 °C in the
presence of water (Holland 1967, Saki and Matsubaya 1977, Rye et al. 1992). SO,
disproportionates into HySO, and H,S according to the reaction:

4 SO, + 4 H,0 < 3H,S04 + H,S

This equation indicates that meteoric water is necessary for disproportionation
of SO, and formation of H,SO4. This gives rise to the indication that SO4 vapour
plume condenses into and mixes with the surrounding meteoric water or meteoric
water may encroach the country rocks and mix with the vapour plume during its
ascent (Rye et al. 1992).

The interaction of the sulphuric acid solutions with wall rocks produces the
advanced argillic alteration. The deposition of minerals in these conditions is
governed by the relatively prevailing pH conditions e.g. pyrophyllite is formed from
low pH fluids (Leach et al. 1985) where as continuous neutralization of these acidic
fluids-result in the depositions of other minerals of acid-sulphate alteration
assemblage. The author is, thus, inclined to the belief that a vertical change in ore
minerals connected with advanced argillic alteration could exist on the basis that
there is an upward increase in oxidation state and dissolved sulphur content and
upward decrease in temperature (Stoffregen 1987). Accordingly, it is believed that
barite veins in the examined area may represent the topmost level of a mineralization
connected with acid-sulphate alteration.

Conclusions

The results of field mapping and petrographical investigations can be
summarized as follows:

(1) Host rocks are represented by a suite of intrusive rocks, as well as, volcanic
rocks. These rock assemblages correlate strongly with those of active continental
margins typified by Andean Cordillera.

(2) Acid-Sulphate alteration of South Um Monqul area is characterized by the
following:

a) It is facilitated and controlled by minor shear zones trending NE-SW and
NW-SE.
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b) It is exclusively hosted by dacite and rhyodacite porphyry, although intrusive
biotite granite (sub-porphyritic texture) are not uncommon hosts. This
reflects that porphyritic texture is a unique feature to the hosts of the
alteration.

c) Argillic alteration assemblage is composed of different minerals of clay
group, whereas advanced argillic alteration assemblage comprises various
combinations of quartz, alunite, pyrophyllite, barite and specularite. A crude
pattern of zonation for advanced argillic alteration assemblage can be noticed
in the studied area.

d) Mineralization linked to advanced argillic alteration is represented by gold
with the high sulphidation minerals; enargite, chalcocite and covellite. The
high sulphur content of acid-sulphate alteration is further emphasized by the
common presence of barite veins in the examined area.

3) Petrographical studies of alteration minerals dominated in acid-sulphate
alteration at Um Monqul, suggest that this alteration is similar to those
characterizing high sulphur (Bonham 1986), high sulphidation (Hedenquist 1987),
acid-sulphate (Heald ez al. 1987) and kaolinite-alunite (Berger and Henley 1989)
types of epithermal gold deposits.

(4) The proposed genesis for this alteration is that acid volatiles and gases
derived from high-level magmatic bodies have no chance to be neutralized by
interaction with country rocks along their relatively short-path of ascent.

(5) It is obvious from the proposed genesis that fluids were dervied from
intrusive rocks that are emplaced at a relatively high Jevels, accordingly porphyritic
and sub-porphyritic textures are unique features to these intrusives. On the other
hand, porphyry mineralization is also connected with such environment, Le.
near-surface intrusive bodies and their surface equivalents. This relation between
acid-sulphate alteration and porphyry mineralization is well documented in many
prophyry copper deposits (Ashley 1982, Sillitoe and Gapp 1984, Bonham 1986,
Sillitoe e al. 1990), indicating that such alteration may be shallow level indicator of
deeper porphyry systems.

It is highly recommended that explorationsts should take care of such alteration
in the field taking into consideration that acid-sulphate alteration can occur above
and peripheral to some porphyry copper deposits. Moreover, such alteration may be
potentially significant for gold mineralization. On the other hand shallow drilling
and induced polarization survey are highly recommended to achieve a better
understanding about the mineralization in the studied area.




Nagy S. Botros 29

Acknowledgements

I am grateful to my colleagues in the Egyptian Geological Survey. The
manuscript benefitted greatly from the comments of two journal reviewers.




30 Acid-Sulphate Alteration Type at South Um ...

References

Ashley, R.P. (1982) Occurrence model for enargite-gold deposits. United States Geological
Survey, Open File Report 82-795, 144-147 pp.

Basta, E.Z., Kotb, H. and Awadallah, M.F. (1980) Petrochemical and geochemical
characteristics of the Dokhan Formation at the type locality Gbel Dokhan, Eastern Desert,
Egypt. In: El Shanti, A.M.S. (Ed.) Evolution and Mineralziation of the Arabian-Nubian
Shield. App. Geol. (Jeddah), Bull. 3: 121-140.

Berger, B.R. and Henley, R.W. (1989) Advances in the understanding of epithermal gold silver
deposits, with special reference to the western United States. /n: Keay, R.R., Ramsay,
W.R.H. and Groves, D.I. (Eds.) the Geology of Gold Deposits: The Perspective in 1988.
Econ. Geol. Mon. 6: 405-423.

Bonham, H.F. (1984) Three major types of epithermal precious-metal deposits. Geological
Society of America, Abstract with programs, 16: 449.

Bonham, H.F. (1986) Models for volcanic-hosted epithermal precious metal deposits-a review. In
Proceedings 4th International Volcanological Congress, February 1986, Hamilton New
Zealand, 13-17 pp.

Bonham, H.F. (1989) Bulk mineable gold deposits of the Western United States. /n: Keay, R.R.,
Ramsay, W.R.H. and Groves, D.I. (Eds.) the Geology of Gold Deposits: The Perspective in
1988. Econ. Geol. Mon. 6: 193-207.

Bonham, H.F. and Giles, D.L. (1983) Epithermal gold/silver deposits-the geochemical connection
Geothermal Resources Council. Special Report 134, 384 p.

Botros, N.S. (1991) Geological and geochemical studies on some gold occurrences in the north
Eastern Desert, Egypt. Ph.D. Thesis, Zagazig Univ., Zagazig, Egypt, 146 p. (Unpublished).

Botros, N.S. (1993) New prospects for gold mineralization in Egypt. Annals Geol. Surv. Egypt.
19: 47-56.

Botros, N.S. and Wetait, M.A. (1997) Some features suggestive for porphyry copper
mineralziation in South Um Monqul, Eastern Desert, Egypt. Egypt. J. Geol. 41: 175-196.

El Gaby, S., List, F.K. and Tehrani, R. (1988) Geology, evolution and metallogenesis of the
African belt in Egypt. In: El Gaby, S. and Greiling, R.O. (Eds.) The Pan-African Belt of
Northeast Africa and Adjacent Areas. Friedr, Vieweg Sohn, Braunschweig / Wiesbaden,
17-68 pp.

Hassaan, M.M., Soliman, M.M., Azzaz, S.A. and Attawiya, M.Y. (1990) Geological stusies and
gold mineralziation at Sukkari, Um Ud. and Samut, Eastern Desert, Egypt. Annals Geol. Surv.
Egypt. 16: 89-95.

Heald, P., Foley, N.K. and Hayba, D.O. (1987) Comparative anatomy of volcanic-hosted
epithermal deposits: Acid-sulfate and adularia-sericite types. Econ. Geol. 82: 1-26.

Hedenquist, J.W. (1987) Mineralization associated with volcanic-related hydrothermal systems in
the Circum - Pacific basin. /n: Horn, M.K. (Ed.) Transactions of the Fourth Circum - Pacific
Energy and Mineral Resources Conference. American Association Petroleum Geologists,
Singapore, 513-524 pp.

Hemley, J.J., Montoya, J.W., Marinenko, J.W. and Luce, R.W. (1980) Equilibria in the system




Nagy S. Botros 31

AL,03 - SiO,-H,0 and some general implications for alteration / mineralziation processes.
Econ. Geol. 75: 210-228.

Hilmy, M.E. and Osman, A. (1989) Remobilization of gold from a chalcopyrite-pyrite
mineralziation, Hamash gold mine, South Eastern Desert, Egypt. Mineralum Deposita 24:
244-249.

Holland, H.D. (1967) Gangue minerals in hydrothermal deposits. /n: Barnmes, H.L. (Ed.)
Geochemistry of hydrothermal ore deposits. New York, Holt, Rinehart and Winston, 382-436
pp-

Hussein, A.A., Ali, M.M. and EL Ramly, M.F. (1982) A proposed new classification of the
granites of Egypt. /n: Brousse, R. and Lameuer, J. (Eds.) Magmatology. J. of Volcanology
and Geothermal Research 14: 187-198.

Leach, T.M., Umall, D.V. and Del Rosaria, R.C. (1985) Epithermal mineral zonation in an active
island arc; the Bacon Manito geothermal system, Philippines. In 7th New Zealand
Geothermal Workshop, Auckland, 39-44 pp.

Osman, A.M. and Dardir, A.A. (1990) On the mineralogy and geochemistry of some gold -
bearing quartz veins in the central Eastern Desert of Egypt and their altered wall rocks.
Annals Geol. Surv. Egypt. 16: 17-25.

Rye, R.O., Bethke, P.M. and Wasserman, M.D. (1992) The stable isotope geochemistry of acid
sulfate alteration. Econ. Geol. 87: 225-262.

Sabet, A.T. and Bordonosove, V.P. (1984) The gold ore formations in the Eastern Desert of
Egypt. Annals Geol. Surv. Egypt. 14: 35-42.

Saki, H. and Matsubaya, O. (1977) Stable isotope studies of Japanese geothermal system.
Geothermics. 5: 97-124.

Shalaby, I.M. (1989) Gold mineralization at Wadi EL Urf area, north Eastern Desert, Egypt. In
7th Symposium on Precambrian and Development, 1989, Cairo, abstracts.

Sillitoe, R.H. and Gappe, .M. Jr. (1984) Philippine porphyry copper deposits: Geologic setting
and characteristics. United Nations Economic Social Commission Asia-Pacific, Committee
Coordinations Joint Prospecting Mineral Resources Asian Offshore Areas Technical
Publication, Bangkok, 14: 89 p.

Sillitoe, R.H., Angeles, C.A. Jr., Comia, G.M., Antioguia, E.C. and Abeya, R.B. (1990) An
acid-sulfate type lode gold deposit at Nalesbitan, Luzon, Philippines. /n: Hedenquist, J.W.,
White, N.C. and Siddely, G. (Eds.) Epithermal Gold Mineralization of the Circum-Pacific:
Geology. Geochemistry, Origin and Exploration. Geochem. Explor. 35: 387-412.

Stoffregen, R. (1987) Genesis of acid sulfate alteration and Au-Cu-Ag mineralization at
Summitville, Colorado. Econ. Geol. 82: 1575-1591.

Takla, M.A., El-Dougdoug, A.A., Gad, M.A., Rasmy, A.H. and El-Tabbal, H.K. (1989)
Gold-bearing quartz veins in mafic and ultramafic rocks, Hutite and Um Tenedba, South
Eastern Desert, Egypt. In 7th Symposium on Precambrian and Development, 1989, Cairo,
abstracts.

Walthier, T.N. and Proano, J.A. (1985) The EL Indio gold, silver and copper deposit region of
Coquimbo, Chile. In Transactions of the Circum- Pacific Energy Mineral Resource
Conference, Honolulu, Hawaii 1982, 349-355 pp.




32 Acid-Sulphate Alteration Type at South Um ...

White, N.C. and Hedenquist, J.W. (1990) Epithermal environments and styles of mineralziation:
variations and their causes, and guidelines for exploration. /n: Hedenquist, J.W., White,
N.C. and Siddely, G. (Eds.) Epithermal Gold Mineralization of the Circum-Pacific: Geology,
Geochemistry, Origin and Exploration. Geochem. Explor. 36: 445-474.

Wilson, M. (1989) Igneous petrogenesis. Academic Division of Umwin. Hyman Ltd., London 466

p.

(Received 29/09/1997;
in revised form 29/11/1998)




Nagy S. Botros 33

Jgomro ol dibane 3 o oS -l g gl o s
ra.g&,}}..i‘.lhb’ua-“dw.g

¥ B b

pin = B plall = pall £ b ol B2

SEN PO JUEUN PRSI E SR PESCY [P SIS R TR T

ol ) L3S 1 il ab L SO a5y
St 5 5l gl 3 Ll A el (5ol ol
Uty Uas 0 030 pladl e g 501 1n O Lo a5 (6 5551
Jlact ames 20 bl G5 Lol s gl b (ST Cin2l
’ SN P

Ol O3lae 5,5 g0 ey il Sl OT 881 5 2l Al ,adt o gl
52N Gl ) ondall 0slae s slarll el faty Loy dilasd
Ul o Sl 5l 5,1 SN

bl il dalane b padl pall sl oyt oal s
oo N o 580 ile Oslas e las LTI A cadll 38

- an = b U QU 5L = YO NY (g s ) = ad e — ikgBall s JUbT ol gl ¢




34 Acid-Sulphate Alteration Type at South Um ...

b S e Jle (6 gt om0 e b STy oy 5l 5 s SIS
wd&“&\uxw,ﬁ\wgwéfé\mj Dshadl sl Ul
.o)‘)s.ll.\«.da.ug;ew*)u‘djj&oﬁjd\-@\

S Jolis o o5 43 2y SO el sl OF Ll T g
Gl Al gall )5l e Sl ) shll dLall 3Ll dezaldl 5 )Ll
u_ab'}ﬂcoub.ﬂ\«.ﬂaﬂ;rbﬂ)j}w@mf.s)ﬂ\v.ﬁjuﬂ)ﬂﬂ
JGJ)JJJ%‘&chhm)‘JAW‘}‘)M‘JLUJJUL)L«&Y‘
slzell e eluy. ubw‘jO)L:la.”b\}\o.&@_‘w&\%ﬂ‘ﬂwwjﬁ
sy s 3 Loy oy oS ST U 5L 0T (6 I35 0L Gl
oael Jelan s e gyl dn 8 ey e Sl sl U kel
PEREEVES NNPPRICC WU EERT PN [ BYERVE IO IRy
o dd Y1 Jalas 555 L oS5 o Somy (g U1 Al ST
o S i s ST D55 A Sl s sl s el d J glnald
Lt sl

2 m oslmet Bt Kol b e pal e g gidl s el w55
kel e alall by Grondl (55l el ol Tndans

‘



http:0).,,5.ll
http:J'j.l.;._.NI

