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ABSTRACT
Late Proterozoic, Pan-African rocks exposed at Wadi Hammad area are

represented by metamorphosed and unmetamorphosed sediments and volcanics,

in addition to different types of intrusive rocks. Systematic radiometric survey

was conducted at Wadi Hammad area to study the distribution of its

radioactivity and its uranium potentialities. Statistical analyses of the collected

field data indicate that, the high levels of y-radioactivity are linked to the

younger granites compared with the other rock types. The three types of younger

granites recorded in the area namely: porphyritc granites, biotite granites and

perthitic leucogranites differ among each other in their ground radioactivity. The

increase in ground y-radioactivity from the porphyritic to biotite granites to

perthitic leucogranites is mainly corresponding to the increase in their uranium

contents.

Four radioactive anomalies were discovered in the younger granites of the

area of Wadi Hammad. The genetic relation between certain sets of fractures

and the distribution of y-radioactivity in Gabal El Guluf granites indicate that

the locations of anomalous radioactivity are structurally controlled by joint sets

mostly trending N-S, NNE-SSW and NNW-SSE. The presence of intensive

hematitization, episyenitization, red and milky silica veins, aplites and pegmatite

veins reveal the presence of hydrothermal activities along these fractures. It is

worth to mention that, the presence of episyenitized zone associated with one of

the radioactive anomaly, represents a good indication for the possibility of

hosting uranium deposits in deeper horizons. Moreover, the presence of high

background of uranium in the perthitic leucogranites increases the possibility of

concentration of this uranium by leaching from these enriched granites.
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INTRODUCTION

Wadi Hammad area represents the southern part of W. Abu Guluf topographic

sheet in the north Eastern Desert. It is delimited by latitudes 26°58' and 27° 10' N , and

longitudes 32°50' and 33°02'E and lies to the west of both G. Gattar and G. Dokhan

massives. The area is occupied by Late Proterozoic to Early Paleozoic basement rocks

and overlain from the west by sandstones of Nubian facies of Phanerozoic age (Fig. 1).

The area is known by its famous lead mineralization encountered at the eastern side of

W. Hammad, at the contact between Dokhan volcanics and the porphyritic pink

granites''). Recently, the area was studied(2) geologically, structurally and

radiometrically in details^).

The study area includes the following rock units, arranged from the older to the

younger, according to the classification of El RamlyW

(younger) Phanerozoic Nubia Sandstones

„ unconformity

Post granitic dykes

600 m.y or less Younger Granites (G2)

Hammamat sediments

unconformity

Dokhan Volcanics

unconformity —~—-—

Older Granitoids (Gi)

Metagabbro- diorite complex

(Older) Metasediments-metavolcanics association.

The present work is the result of the radiometric survey that have been

conducted by the authors as a trial to evaluate the potentialities of the area from the

radiometric point of view. It also throws some lights on the distribution of uranium in

the different types of younger granites present in the area as well as to deduce the

relation between the various structural trends and the distribution of radioactivity in the

area of study.
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FIELD PROCEDURES
The radiometric survey of the rocks of W. Hammad area was carried out by

means of portable GR-110 y-ray Scintillation Detector S. No. 24163. Before the

performance of the field measurements the portable y-detector was calibrated by using

the calibration pads and the Gad-6 spectral y-detector for comparison. By this

calibration, all the measurements recorded in the field in terms of counts per second

(C.PS) were converted to the International Unit of measurements known as "Unit of

Radioelement Content", simply denoted as Ur(^ anc* 6) Field measurements were

^ collected along more or less regular grid pattern. The grid points spacing is about 400 m

apart through out the hole area which is convenient to the scale of the aerial photos and

the geological map, in order to make an easily matching between the geologic features

and the radioactivity distribution. During the radiometric survey of the granitic rocks,

which is an interesting target for localization of radioactive anomalies, a grid pattern of

about 50-100 m apart is used especially at the highly altered zones. This survey ended

with the discovery of four radioactive anomalies recorded in the younger granites.

RADIOACTIVITY OF VVADI HAMMAD ROCK UNITS
The most favourable environment for the discovery of new uranium provinces

and major uranium deposits are considered to be the intracratonic sediments,

intermountaneous basins in uranium provinces, particulary if these are associated with

acid igneous intrusive or eruptive rocks(^). The measurements of y-radioactivity over

these rocks show that there is a coherent relation between the lithology and their

y-radioactivity even if the variation in lithology is insensible. This is generally due to the

variation in radioelement content of these rocks (U, Th and K).

The radioactivity distribution, as shown in the radiometric map of Wadi

Hammad area Fig. (2), shows variations according to the type and composition of the

exposed rock units. The ranges of the normal radioactivity of the different rock types

are summarized in Table (1) and graphically represented in Fig. (3) for comparison. The

histogram showing the distribution of normal radioactivity of the dyke rocks is shown in

Fig. (4).

Statistical analysis of the collected data is carried out to determine the mean

value (X) ( Fig. 5).
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Table ( 1 ): Ranges of normal radioactivity of the different rock units,
W.Hammad area.

Rock types;

1- Metasediment-metavolcanic

association

2- Metagabbro-diorite complex

3- Older Granitoids

4- Dokhan Volcanics

5- Hammamat Sediments

6- Younger Granites:

a) Porphyritic granites

b) Biotite granites

c) Pcrthitic leucogranites

7- Dyke Rocks:

a) Acidic dykes

b) Intermediate dykes

c) Basic dykes

8- Pegmatites

9- Aplites

10- Quartz veins

11- Nubia Sandstones

^'''':':0^'iJ:3lta^ibactivity:;iri;IJr-

8.00

6.20

9.30

9.50

9.50

13.50

15.60

28.00

11.00

9.30

7.30

75.10

24.30

7.10

4.20

^Maximtun i;

24.80

31.10

34.20

37.30

31.00

39.10

46.60

108.70

55.90

34.20

28.50

59.10

75.10

25.20

13.95

Arithmetic mean

12.70

15.60

19.50

18.40

17.50

28.60

30.40

68.20

31.40

18.30

14.20

30.90

48.10

13.30

8.70

1*1*1
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Fig. (3): Histogram showing the distribution of normal ground Y-radioactivity in
different rock types at Wadi Hammad area.
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Fig. (4): Histogram showing the distribution of normal ground y-radioctivity in
veins and dykes at W. Hammad area.
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RADIOACTIVE ANOMALIES IN THE AREA

The ground radiometric survey conducted at W. Hammad area resulted in the

discovery of four radioactive occurrences in the younger granites. The first one is

associated with the biotite granites, while the other three are connected to the perthitic

leucogranites of G. El Guluf mass. The following is the detailed description of these

anomalies:

Anomaly No.(l)

This radioactive anomaly is located along a small tributary branched from Wadi

Hammad at its junction with Wadi Umm Guruf, Fig. (1). The anomalous zone is

•situated in the granites 20 m north of the contact zone between the metamorphosed

sediments and the biotite granites and associated with the granite itself. The

radioactivity background of the granites near this location is 36 Ur, while at the

radioactive parts it reaches 175 Ur. The granites at this location is medium grained, red

to reddish brown in colour, highly episyenitized and sheared. The episyenite is of the

kaolinized type, where the voids formed by the dissolution of quartz are filled with

kaolin.

The radioactive spot is about 2m. x 2.5m and extends in NE-SW direction. A

basaltic dyke trending N45°E is present to the east of the radioactive zone, while the

sheared and anomalous fractures are directed in N25°-35°E and dipping 83°NW. The

radioactivity measurements, detailed geology and structure are shown in Figs.(6 and 7).

The radioactivity shows a slight increase after digging few centimeters to reach 190 Ur.

The analyzed grab sample collected from this location has U-content 84 ppm and

Th-content 16 ppm, while the ratio Th/U is 0.19. The uranium background of the biotite

granites in fresh samples ranges between 3-6 ppm and the thorium is from 11-16 ppm.

This indicates a sort of uranium enrichment in this location by hydrothermal solutions

near the contact with the metasediments country rocks. The extensive hematitization

may help in the adsorption of uranium from the circulating solutions. The presence of

episyenite is also an indication of the leaching carried out by those hydrothermal

solutions to the original quartz of the granites and the conversion of the feldspars into
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kaolin. The heat transferred from the intrusion of the basic dykes may help as a heat

source to increase the mobility of uranium ions until their capturing.

The analyzed samples have K content up 6.04 %, which is higher than in the

normal granites. This may be due to the ion exchange between biotite from the schists

of the metasediments and the granite magma.

This occurrence can be correlated, in its geological situation and controls, with

that of northern G. Gattar at Wadi Bali. ShalabyW discussed the presence of

episyenites associated with the uranium mineralization along Wadi Bali at the northern

part of Gabal Gattar. He attributed the uranium mineralization to hydrothermal

solutions acting along the contact between the Hammamat sediments and the Gattarian

pink granites, and considered the episyenitization process to be coeval with the

mineralization.

Anomaly No.(II)

This anomaly is located at the southern part of G. El Gulufperthitic granites

along the only accessible narrow wadi traversing this granitic pluton. The anomalous

radioactive zone is restricted to small red jasperoid and microgranitic veins of 15-35 cm

in thickness. The red silica is in the form of a rim of 10 cm thick around a pegmatite

body of lm x 1.5m composed of K-feldspars quartz and muscovite (Fig.8). The silica

veins and the microgranites are trending N30°W, 75° NE. A set of highly hematitized

joints,trending N10°E, 90°, enclose the pegmatite body and its jasperoid rim. The

hematitized joints and silica veins are truncated southward by a N50°E, 84° NW dextral

strike-slip fault running through the main wadi.

The radioactivity background of the normal granites at this location is 45 Ur, but

at the anomalous part it reaches up to 450 Ur, (Fig. 9). The uranium content of the

analyzed sample of this location is 116 ppm and the thorium content is 76 ppm and the

Th/U ratio is 0.65, while the U- background in the fresh granites is about 13 ppm and

thorium content reaches 33 ppm. Generally, the granites at this location are

characterized by their reddish pink colour, medium grained, massive and are blocky

jointed.
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Anomaly No.(Ill)

This anomaly is located some 1.5 to 2 Km east of anomaly no.II and is restricted

along hematitized aplite dyke of about 50 cm thickness. The dyke strikes N65° E and

dips 77° NW. This dyke is associated with a pegmatite body at its hanging wall. The

pegmatite body is enclosed between two master joints N10°E, 15° WNW and N25°W,

47° NE. The background radioactivity of the granites is 40 Ur and the aplite dyke 190

Ur (Figs. 10 and 11).

Anomaly No.(lV)

This anomaly is located at the central peripheral part of G. El Guluf pluton. The

anomalous radioactive zone lies at the southern wall of a major dextral fault striking

N60°E. The anomaly is confined to a highly hematitized granite zone and is enclosed

between a jasper vein of about 30-50 cm in thickness directed N20°E, dips 75°WNW,

and a major fracture striking N5°W, 65° WSW. Near this location, numerous quartz

veins, directed N-S and dipping 78°W, occupy a zone of 1 m thickness and run to a

length of about 45 m (Fig. 12). The y-radioactivity in the normal granites at this location

is 49 Ur, while the radioactive zone gave 175 Ur (Fig. 13).

DISCUSSION AND CONCLUSIONS

From the field radiometric survey measurements, the statistical treatments of the

data and the distribution of radioactivity values shown on the radiometric map (Fig.4), it

is clear that the granitic rocks possess the highest level of y-radioactivity among the

various rock types cropping out in the study area.

It is worth to mention that the y-radioactivity of the basement rocks increases

with the increase of differentiation of their magma, i.e. their acidity, and consequently

with decreasing ages. This is well demonstrated by the increase of the level of

y-radioactivity from the older rocks such as metamorphosed sediments and volcanics to
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reach its maximum in the younger granitic rocks. This is accompanied by the change of

the rock composition from mafic to felsic, i.e. continentalization of the shield.

Among the various types of the younger granites, the U and Th content

increases from the (older) porphyritic granites to biotite granites and the (youngest)

perthitic leucogranites. The increase in the y-radioactivity and the U and Th content is

parallel to the line of differentiation of these granites. This is to be expected because

both U and Th are trace elements incompatible with the major rock-forming minerals.

The same conclusion was reached by Hassan and Hale(^) from their y-spectrometric

determination of eU, eTh and K in the uraniferous granites and rhyolites of Devonian-

Carboniferous age of southern New Brunswick in Canada.

The favourability of the radioelements to be present in these granites is a fact

controlled by the composition and fractionation of their magmas. This is expressed by

their higher radioactivity background or in uranium content. In the illustrated

radiometric map of W. Hammad area (Fig.4), by noting the distribution of contour

values, it is possible to delineate the boundary of the granitic plutons as the

radioactivity shows a sudden increase in values. The enrichment of uranium by

secondary processes than magmatic crystallization is usually controlled by structural

elements. In the granitic rocks, faults, fractures and joints play an important role as

they act as pathways or channels for the ascending hydrothermal solutions. Finally,

when a suitable structural trap location is reached the solution deposit its load of

mineralization. By these processes, the most important and famous vein-type uranium

deposits are formed.

In G. El Guluf granitic mass, several trends of fractures and faults were recorded

namely: NE-SW and E-W which are considered as a conjugate set of major faults

prevailing in the study area. The zones of these faults are relatively wide and

characterized by shearing and cataclases of the granites. From the radioactivity point of

view, these faults and fractures do not show any significant increase of radioactivity

over the background values of the granites. The other trends are the NW-SE, NNW-

SSE, N-S and NNE-SSW, which are considered as major fractures and master joints

usually parallel or subparallel to the long axis of the pluton. They are generally termed

as longitudinal fractures and field checking proved that they are older than the E-W and

NE-SW conjugate faults. These fractures are extensively invaded by hydrothermal

solutions and the alteration effects are represented by hematitization, silicification, with



red and milky silica veins and Mn-oxides. These fractures are also intruded with aplites

as dykes and sills, in addition to pegmatite pockets and veins. All these features give a

clue in proving that these fractures were opened during or before the hydrothermal

stage of the pluton. The y-radioactivity measurements along these fractures are usually

higher twice, or more, than the background of the granites.

One of the striking features, in the distribution of y-radioactivity in G. El Guluf

perthitic leucogranite mass is the increase of y-radioactivity from the core parts towards

the outer rims of the pluton. The width of this relatively high radioactive outer rim is

estimate as 1 to 1.5 km.

The geological and structural interpretation of these radiometric subunits (the

outer and the inner parts) is that the outer rim represents the chilled margin of G. El

Guluf perthitic granite pluton and does not represent a separate phase. The fracture

density in this outer parts of the pluton is high and acts as channels for the circulating

solution to pass and concentrate. Moreover, these parts are characterized by the

abundant presence of aplite and pegmatite dykes and bosses along the peripheral zones

of the pluton.

The fine grain size of the granite itself, abundance of aplites and the

presence of hydrothermal alterations of iron oxides are the main reasons of the

increase in the y-radioactivity in this outer rim. The same is also noticed in the

longitudinal fractures of the granites in general. The radiometric map constructed from

ground survey and the detailed maps of the anomalous radioactive locations may clarify

these concepts.

The presence of intensive hematitization, episyenitization, red and milky silica

veins, aplites and pegmatite veins reveaJ the presence of hydrothermal activities along

these fractures. It is worth to mention that, the presence of episyenitized zone

associated with one of the radioactive anomaly, represents a good indication for the

possibility of hosting uranium deposits in deeper horizons. Moreover, the presence of

high background of uranium in the perthitic leucogranites increases the possibility of

concentration of this uranium by leaching from these enriched granite.s.
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