Egyptian Geophysical Society
EGS Journal, Vol. 19, No. 1, 175-188 (2021)

STATISTICAL ANALYSIS OF AIRBORNE GAMMA RAY SPECTROMETRIC DATA
OF G. UMM NAGGAT AREA, CENTRAL EASTERN DESERT, EGYPT

S.0. BOURGIEAA, S.H. ABD EL NABI and K.S. FARAG

Geophysics Department — Faculty of Science Ain Shams University — Cairo — Egypt
salembourgieaa@gmial.com, samihamed60@gmail.com, karamsamir@gmx.net

saa ,ddpal) slaaal) dag cBlad of Jua Ahial dysall Aubdl Lals Aadl @il Slasy) Jalatl)

Aadladd) (o ¢ yemn A80 ehaall g alai o Jon Ailaial Ton Algenall 83gaY) alatials Lals ZadY ilal) (ulall st bl sAuadAl)
s i) o3a calaal aal aal it ) o gyl By Mt paat 8 Bude Boudll dsslgall Clasgll (sl Lead Lkl s3¢) slias)
Lyhal) S . auilysal) 585 8Ll adlse aaai] Gyl S ¢ L) &3 G o(alteration mineral) Saead) ssiall e QWS L) 5lay) (Ko
i) b Apbaal) Aedll bausie @lies Aibiaall Ljdaall clasgl) g sang IS asihsll ad haugie s (3 Slhaty) saail V)
15 dacsie Lo el S of ding oaaiall dis el o s s of 235 s asaibsll 8 Bhlie o siall (53um g5 IS dun )
)l Glea e 3Ly 53LEN 5yl drbaie aaa Lals L sl e ppm 5.37, ppm 4.89, ppm 4.89 duaeall jsial Lkl dadll e
casailyol) Glubial (X+25) & (X+3S) qusenall olenl) Tavssll a8 e caluna cuihad) GBI e jolaws o (gl Al dagdl) ALl 53LAD
EM Gl s oflll Gl Galt vie 4l Cum LKA asahsll B85 @il Ghlie EOE aaaT S5 i Basy IS G saaly Al
Blas ol s Jled tdads ally Susall culigall Cushay Aatiyall dxiiyell (€U/ETh | €U/K) ad we il lls (@U) J dpmssi) Sile gana
psisd) By shlial 5lide ()l Jaghdl deane clelad ) BIE L oanis¥) din 5 S ol Jia ¢(albitization) oéssll dlee
b2 a3 a8y L Ahe sulall sLl ) dSLaYl Adbaall daal) culgial e 53l laliall dlatial delie dsedtl bl (yinlalls e sall
e e Ay cagnysill o AKAT agnlysll o 8Sa dacig casuilsll 58S g o] leUadl) aline el Cua 1hds gl fae (e cile Uil
ey e sdle . dua)¥) dibeSpally 4bidsally daglpal)l dabiall Y1 dugle) @iy Ghlial s3a fady ddle asaubisll asil)sal
b Cnanll cuhal) slual of paldts ddaill 138 g . asihsl) B Slly dabial) 3 daadaud) porial) (Sll o day ADle o gial

saclgll Ghabial) ST oo asahysll e gl Jlas

ABSTRACT: The analysis of airborne gamma ray spectrometric measurement for G. Umm Naggat area, Central
Eastern Desert, Egypt, has shown that statistical treatment of these data with respect to individual geological units is
useful in outlining the provinces of uranium enchainment that may be indicated for alteration processes. Three ways were
followed to outline and locate the uraniferous provinces. First way is to compare the average of each rock unit with
published crustal average value. Second way construct by uranium anomaly map where the position and the quantity of
deviations in units equal to the standard deviation from the mean for eU, eU/eTh and eU/K could be outlined. These two
ways demonstrate three major groups of high eU values, which coincide with high eU/eTh and eU/K values, related to
biotite younger granites of the three pluton, north of Umm Naggat pluton due to albitization process, Umm Bisilla pluton
and El Unayji pluton. While the third way is confirmed by examining the profiling across these anomalous zones of (eU,
eU/eTh and eU/K) values. Furthermore a close relationship was found between the surface fault traces in the area and the
spatial distribution of the identified spectrometric abnormalities. The younger granites plutons for uranium prospecting
which are considered the most promising according this analysis.

1. Geological Setting of the Study area

The region of G. Umm Naggat is situated in
Central Eastern Desert of Egypt, which is basically part
of the Nubian shield of the Pre-Cambrian period and
mostly covered by basement rocks. Granite hills in the
study region have a less rounded shape with sharp
incisions regulated by joints and fault patterns. The
metasediments are differentiated by the development of
low land and strong dissection into low hills. Their
distribution is uneven and their relief and slope is
relatively low. Metavolcanics typically form scattered
conical peaks and separated ridges, the serpentinites

have a fairly soft and massive appearance with steep
slopes. Post-granite dykes are more resistant than
intruded country rocks and tend to be pronounced ridges
that cut through the intruded rocks disconcordantly
(Sabet,  1961). Lithostratigraphic ~ rocks  are
metavolcanics, metagabbros, granodiorites, biotite
granites and albite granites, which have been
documented in the G. Um Naggat area (Fig. 1).

The granite contacts steeply dip into the country
rocks (60°-80°). On the northern side, many dome-
shaped projections of up to 1 km in diameter complicate
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the shape of the granite, creating favorable structures for
extensive metasomatic alteration of the original granite
and the development of ore mineralization (Sabet et al.,
1976). Albitized granite is defined by a strongly altered
zone, which extends in width between 50 and 250 m
and length up to 7 km. There are a lot of alteration
processes like albitization, greisenization, kaolinization
and fluoritization associated with the albitized granite,
especially along major sinistral faults striking in NW-—
SE direction (Gaafar, 2015).

2. Gamma Ray Spectrometry Technique

The Eastern Desert of Egypt, was surveyed by
airborne spectrometric and magnetic gamma rays in
1984. The survey used a high-resolution 256-channel

gamma ray spectrometer system (50.31) with sodium
iodide (Na 1) crystal detectors, obtained with a 1km
flight line interval and a 120m terrain clearance. The
survey was acquired by the Aero Service Division of the
Western Geophysical Company of America.

3. Data Analysis and Interpretation

According to Saunders and Potts (1976),
significant eU anomalies were defined in three ways as
follows:

e Compare average of eU value of each rock unit
with the crustal published average of it is type.

e  Point Anomaly map.
e Stacked Profile cross anomalous zones.
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Fig. 1: Geologic map of Umm Naggat, Central Eastern Desert, Egypt
(modified after Conoco, 1987).
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3.1. Qualitative Analysis
3.1.1. Total Count

Total count contour map (Fig. 2) shows a wide
variation of the measurements from one type of rock to
another, and to more or less extent between the units of
the same rock type. This wide variation reflects the fact
that the mapped area is covered by rocks of various
compositions. The investigation of this map displays a
wide range of radioactivity values varying from about
0.1 to less than 75 (Ur). Generally, the TC map could be
divided into four distinct zones according to the TC
values, with overlapping Radioactivity levels. The
highest radioactive zone has value ranged from 18.3 to
75 (Ur) and associated with three localities albite
granite of G. Umm Naggat, G. Umm Bisilla and G. El
Unayji. The second zone is associated with younger
granite and values ranging between 11.6 to 18.3 (Ur).
This level represented by many localities lying to the
north of G. Umm Bisilla, G. El Hidilawi, scattered parts
around G. El Jundi, W. Ghadir, G. Abu Diab, W. Umm
Gheig and south of G. Umm Naggat.
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Fig. 2: Filled Color Total Count (TC) Contour Map
of G. Umm Naggat, Central Eastern Desert, Egypt
(After Aero Service, 1984).

All of these localities associated mainly with grey
granite, coarse-grained biotite granite, and muscovite
granite. It is noticeable that the contours or closures
which formed this zones are aligned in a nearly NW- SE
direction. The third zone values ranges from 5.8 to 11.6
(Ur). This level extends all over the southwestern and
northeastern parts of the study area. Besides, it is
represented by separate localities lying to the around G.

El Jundi and G. Umm Gheig and north of G. El
Hidilawi, as well as some other places of limited areal
extent at the extreme southeastern portion of the study
area. All of these localities are associated mainly with
acidic metavolcanics, wadi sediments, metagabbro-
diorite complex and grey granites. The forth zone values
ranges from 0.3 to 5.8 (Ur). This level represents the
lowest radioactivity level recorded in the study area. It
extends over the northwestern and central parts of the
study area up to the south of G. El Maiyit (Fig. 2). The
range of radioactivity of this level is decreasing toward
the center near W. EI Miyah and It is associated mainly
with  serpentinites, basic  metavolcanics and
Metasediments.

3D visualization of total count map (Fig. 3)
emphasize the anomalous zones of albite granite of
Umm Naggat , G. Umm Bisilla, and G. El Unayji
plutons.
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Fig. 3: 3D View of Total Count Map , of G. Umm
Naggat, Central Eastern Desert, Egypt
(After Aero Service, 1984).

3.1.2. Equivalent Uranium (eU) contour map.

Equivalent uranium colored contour map (Fig. 4)
shows three uranium concentration levels according to
their uranium contents. The first zone possess the most
higher concentration where it is values ranges from 3 to
38.1 ppm (eU), and it is associated with north border of
Umm Naggat pluton, the most of medium grained
younger grnite in the area such as G. Umm Bisilla, G.
Umm Bakra, G. El Unayji, the south of G. Umm
Naggat. Second zone has moderate conecetration level
with values ranges from 1.5 to 3 ppm (eU). This level
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extends over the southwestern and northeastern parts of
the study area. Besides, it is represented by separate
localities lying around G. El Jundi and G. Umm Gheig
and north of G. El Hidilawi, as well as some other
places of limited areal extent at the extreme
southwestern portion of the study area at G. Umm
Salatit, W. Abu Quraiya and north of G. EI Rukham.
All of these localities are associated mainly with acidic
metavolcanics, W. sediments, metagabbro-diorite
complex and grey granites. The third zone has low
conecetration level with values ranges from 0.1 to 1.5
ppm (eU). It extends over the northwestern and central
parts of the study area up to the south of G. El Maiyit.
The range of radioactivity of this level is decreasing
toward the center of the mapped area near W. El Miyah.
and It is associated mainly with serpentinites, basic
metavolcanics and Metasediments.
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Fig. 4: Filled Color Equivalent Uranium (eU)
Contour Map of G. Umm Naggat Central Eastern
Desert, Egypt. (After Aero Service, 1984).

3.1.3. Potassium (K%) Contour Map.

The careful examination of the K % colored
contour map (Fig. 5), reflects three levels of potassium
concentrations. The highest K values constituting the
first level from 2.6 to 3.81 % and associated mainly
with the younger granite of Umm Naggat pluton zone as
well as associated with coarse to medium grained
biotite granites of G. Umm Bakra, G. El Unayji, and
most of G. Abu Diab, G. El Hidilawi and G. Umm
Bisilla, while the second zone values ranges from 1.2 to
2.6 and it is associated with the most of G. El Jundi in
the western north, alluvial sediment around G. El
Hidilawi, G. Umm Samra in the middle of the study

area and G. Umm Gheig in the north east. Third zone
values ranges from 0.2 to 1.2. It is occupied the middle
of the mapped area extended NW- SE direction and
associated with serpentinites, basic metavolcanics and
Metasediments.
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Fig. 5: Filled Color Potassium (K%) Contour Map of
G. Umm Naggat Area, Central Eastern Desert,
Egypt (after Aero Service 1984).

3.1.4. Equivalent Thorium (eTh) contour map.

Equivalent thorium colored contour map (Fig. 6)
shows four thorium concentration levels depending on
their thorium contents. The first zone has the most
higher concentration level where it is values ranges
from 13 to 56 ppm (eTh) associated with north of
granitic pluton of Umm Naggat as Albite granite, and to
the most of medium grained younger granite in the area
such as G. Umm Bisilla pluton, G. Umm Bakra pluton,
G. El Unayji pluton, the biotite granite of G. Umm
Naggat pluton. Second zone has moderate conecetration
level with values ranging from 7 to 13 (ppm). This level
extends over the southwestern and northeastern parts of
the study area at G. Abu Diab, G. El Jundi and El
Hidilawi. Besides, it is associated with separate
localities lying to the northwest of G. Umm Naggat. All
of these localities are associated mainly with grey
granite, coarse-grained biotite granite, wadi sediments,
and metagabbro-diorite complex. The third zone values
ranging from 4 to 7.0 (ppm). This level extends over the
southwestern and northeastern parts of the study area.
In the southwestern part where W. Abu Quraiya and
south and east of G. Umm Bisilla and northeastern
parts of the study area where G. and W. Umm Gheig,
and part of G. Atwani. Besides, it is represented by
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separate localities lying to the north of G. El Maiyit and
W. El Miyah. All of these localities are associated
mainly with acidic metavolcanics, wadi sediments,
metagabbro-diorite complex and grey granites. The
forth zone has values ranges from 0.1 to 4 (ppm) and
represents the lowest radioactivity level recorded in the
study area. It extends over the northwestern and central
parts of the study area up to the south of G. El Maiyit
(Fig. 6). The range of radioactivity of this level is
decreasing toward the center near of the mapped area at
W. El Miyah. and It associated mainly with
serpentinites, basic metavolcanics and metasediments.
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Fig. 6: Filled Color Equivalent Thorium (eTh)
Contour Map of G. Umm Naggat Area, Central
Eastern Desert, Egypt (after Aero Service 1984).

3.1.5. Equivalent Uranium/Thorium (eU/eTh) Ratio
Contour Map:

The careful examination of equivalent uranium /
equivalent thorium (eU/eTh) map (Fig. 7) shows that,
the distribution of the eU/eTh values are spread over
most geologic units, in the form of dispersed anomalies
scattered in intermediate eU/eTh background. The
lowest value which less than 0.38 (blue to green) as
recorded in the study area are associated with
metavolcanics, metasediments, ophiolitic metagabbro,
metavolcanic, older granitic rocks and small parts of
younger granitic rocks found as scattered spots in all
area. Meanwhile, the highest value which reached to 3.4
(magenta color) are associated with albite granite
alteration zone small parts of basic metavolcanic and
intrusive metagabbro-diorite.
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Fig. 7: Filled Color (eU/eTh) ratio Contour Map of
G. Umm Naggat Central Eastern Desert of Egypt.
(After Aero Service, 1984).

34°00’ 34°05' 34°10" 34°15'
920000E 930000E 940000E
S = OB S AT S

[

25°30'
06,52

25°25"
NO000OE
52,52

25°20'
02,52

N00006Z
TR

25°15'

».

« "HAPPRL (g V&
920000E 930000E
34°00' 34°05' 34°10" 34°15' 'f
5000_ _0 5000 10000 15000 — N
(meters)
Egypt 1907 / Red Belt =
N [ 0 j |
0.1 09 1.0 1.2 1.3 14 15 1.7 20 16.7
eU/K

Fig. 8: Filled Color (eU/k) ratio Contour Map
of G. Umm Naggat Area, Central Eastern Desert,
Egypt (after Aero Service 1984).

3.1.6. Equivalent Uranium/Potassium (eU/K) Ratio
Contour Map:

Equivalent uranium /potassium (eU/K) ratio
contour map (Fig. 8) shows three levels of the ratios, the
most higher ratio where associated with albite granite of
G. Umm Naggat which it is values ranges from 7.3 to
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16.73. While the middle values ratio ranges (2 - 7.3)
associated with biotite granite of G. Umm Naggat, G.
Umm Bakra, metavolcanic and metasediment of north
of W. El Miyah up to the upper north of the study area.

Finally, the low values of eU/K are confined
between (0.13-2) associated with most of the mapped
area in the form dispersed spots of ophiolitic basic
metavolcanics, metavolcanics, metasediments,
ophiolitic metagabbro and granitic rocks.

3.2. Quantitave analysis.

The main objective of interpreting airborne
gamma spectrometer data is to define the probable
boundaries of the promised uraniferous anomalous
provinces in which rocks and soils are preferably
enriched with uranium (Saunders and Potts, 1976). This
description could be based on groupings, considerable
uranium anomalies or areas where the statistical
characteristics of the data show that geochemical
processes have selectively concentrated uranium in
possible economic deposits (Abd EI-Nabi,1995). The
statistical treatment of gamma ray spectrometric data
with respect to individual geological units was
performed on digitized profiles along the traverse lines
(Abd El-Nabi,1995).

According to Saunders and Potts (1976),
significant eU anomalies were defined in three ways as
follows:

e Compare the background mean of each rock unit
with the published crustal average value for each
rock type involved to find uranium-enriched units.

e By searching the uranium point anomaly map for
grouping the statistically high points.

e By examining the stacked profiles for the regions of
high eU, eU/eTh and eU/K values.

The first way of defining anomalies is by
measuring the average uranium values for each of the
various rock units and comparing them with the
published crustal average value for each rock type
involved to find uranium-enriched units. (Table 1)
shows the mean eU, eTh and K values calculated for
the prevailed rock units. Uranium values of 4.5, 2.3 and
1.0 ppm are typical average values for acidic,
intermediate and basic igneous rocks, respectively
(IAEA, 1979). A comparison of the calculated uranium
average for each rock unit with its corresponding crustal
average (Tablel) shows that the younger granites of the
three plutons Umm Naggat , Umm Bisilla and El
Unayji have uranium values 5.37, 4.96 and 4.89 ppm
respectively, exceed the crustal average of acidic rocks.

(Fig. 6) shows representative graph of K (%), eU
(ppm) and eTh (ppm) with blue , red , and green color
graph respectively. The peak of three graphs of K (%) ,
eU (ppm) and eTh (ppm) are associated with younger
granites of G. Umm Naggat , G. El Unayji and G. Umm
Bisilla

The second way to define significant eU
anomalies is to classify certain areas where the eU
values are more than three standard deviations above the
mean for single-point, along with the local enrichment
of eU over eTh and K (statistically high eU/eTh and
eU/K ratio values). The deviations are expressed in
units equal to the standard deviation of the appropriate
data set for each of the prevailing rock units in G. Umm
Naggat area (Table 2) & (Fig. 7).

Table 1: Calculated background mean (X) of radioelements, for the different rock
units of G. Umm Naggat area, Central Eastern Desert, Egypt.

Rock Unit

eU (ppm) eTh (ppm) K%

Hammamat Sediment

Volcanic Group

MetaSediment

1.8 3.49 1.33
111 2.92 0.71
1.6 3.68 0.96

Umm Naggat younger granite

5.37 11.91 2.51

El Unayji younger granite

4.89 12.23 2.63

Umm Bisilla younger granite

4.96 13.53 2.74

El Hidilawi younger granite

granite

umm Samra Umm Bakra younger

Umm Gheig younger granite

Abu Diab younger granite

Abu Quraiya older granite

Al Ghadir older granite

El Hadid older granite

Umm Naggat older granite

Mafic MetaGabbro Group

Ultramafic Serpentinite

2.34 7.38 1.93
3.68 9.56 2.93
1.58 4.48 1.48
3.44 7.43 2.36
1.81 4.97 13
3.26 7.44 2.27
1.28 3.43 1.18
2.2 6.35 1.85
1.47 3.51 1.03
1.4 3.11 0.84
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Table (2): Statistical analysis of the variables in different geologic rock unit
of G. Umm Naggat Area, Central Eastern Desert, Egypt.

Rock Unit Variable Count | Min | Max | Mean | Std. Dev. | (X+1S) [ (X+2S) | (X+3S)
TC (U 243 |1897| 758 | 291 | 1049 | 1340 | 16.31

eU (ppm) 029 | 756 | 1.66 | 081 | 248 | 329 | 4.10

Older granite eTh (ppm) 119 |13.71] 452 | 193 | 645 | 838 | 10.31
phee k% 616 | 0.44 | 2.86 | 1.36 | 050 | 187 | 237 | 2.88
eU/eTh 014 | 089 | 038 | o010 | 048 | 058 | 068

eU/k 038 | 325 | 1.24 | 042 | 166 | 208 | 249

eThik 137 | 694 | 333 | 079 | 412 | 491 | 5.70

TC (Un 449 |16.12] 901 | 335 | 1236 | 15.70 | 19.05

eU (ppm) 046 | 502 | 215 | 100 | 315 | 415 | 515

Weathered plder eTh (ppm) 2.51 ]10.56] 5.56 1.90 7.46 9.36 | 11.26
granite k% 261 | 065 | 307 | 1.56 | 066 | 222 | 287 | 353
(gaW) eU/eTh 012 | 0.71 | 0.38 0.11 049 | 060 [ 0.70
eU/k 042 | 291 | 140 | 041 | 1.80 | 221 | 261

eThik 239 | 704 | 371 | 070 | 441 | 511 | 582

TC (U 197 6204|1544 7.07 | 2251 | 2958 | 36.65

eU (ppm) 037 |32.72| 437 | 345 | 782 | 11.27 | 14.72

Younger granite | —&1(20) 097 |49.21| 9.87 | 625 | 16.11 | 22.36 | 28.61
k% 1007 [ 028 [ 385 | 244 | 074 | 318 | 392 | 466

(eh) eU/eTh 018 | 087 | 043 | 009 | 052 | 061 | 0.70
eU/k 038 |12.77| 1.74 | 128 | 301 | 429 | 557

eThik 126 |1962| 396 | 215 | 611 | 826 | 10.40

TC (Un 161 |2634|1334| 581 | 19.14 | 2495 | 30.75

eU (ppm) 059 | 822 | 334 | 183 | 517 | 700 | 883

Younger granite |21 (2o) 068 |2241| 857 | 452 | 13.09 | 17.62 | 22.14
o k% 174 [ 028 | 360 | 219 | 082 | 301 | 383 | 466
eUleTh 025 | 088 | 040 | 008 | 047 | 055 | 062

eU/k 064 | 268 | 148 | 042 | 190 | 231 | 273

eThik 208 | 669 | 375 | 091 | 466 | 557 | 648

TC (U 394 |3043|1203| 538 | 1741 | 22.78 | 28.16

eU (ppm) 046 | 966 | 278 | 172 | 449 | 621 | 7.93

Younger granite | —&1(20) 195 |2398| 7.88 | 449 | 1237 | 1686 | 21.35
k% 508 | 0.74 | 358 | 1.99 | 065 | 2.64 | 328 | 393

(&) eUleTh 014 | 064 | 036 | 007 | 043 | 050 | 058
eU/k 042 | 347 | 133 | 044 | 177 | 222 | 266

eThik 202 | 770 | 377 | 106 | 482 | 588 | 693

TC (Un) 410 |1091] 7.99 | 167 | 966 | 11.33 | 13.00

eU (ppm) 060 | 290 | 1.90 | 063 | 254 | 317 | 3.80

Hammamat Clastics |E11 (22 218 | 837 | 512 | 134 | 646 | 7.79 | 913
(ha) k% 48 [080 | 177 | 135 | 024 | 160 | 184 | 208
eU/eTh 022 | 055 | 037 | 008 | 045 | 054 | 062

eU/k 066 | 198 | 137 | 030 | 168 | 198 | 228

eThik 273 | 552 | 375 | 057 | 431 | 488 | 544

TC (Un) 066 |1954| 604 | 272 | 876 | 1147 | 14.19

eU (ppm) 021 | 717 | 147 | o084 | 231 | 315 | 3.99

_ ["eTh (ppm) 021 |16.28| 343 | 176 | 519 | 695 | 8.70
Metagaggrg‘;'d'o“te K% 546 | 010 | 325 | 1.07 | 048 | 155 | 202 | 250
eUleTh 015 | 352 | 047 | 026 | 072 | 098 | 1.24

eU/k 053 | 500 | 143 | 056 | 199 | 255 | 3.10

eThik 050 |11.20] 325 | 090 | 416 | 506 | 596
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Rock Unit Variable Count Min | Max | Mean | Std. Dev. | (X+1S) | (X+2S) | (X+3S)
TC (Ur) 055 [2331] 6.21 | 3.21 943 | 12.64 | 15.86

eU (ppm) 0.24 | 850 | 1.58 1.22 279 | 401 | 5.22

Intrusive eTh (ppm) 0.90 |20.15]| 3.98 2.64 6.63 | 9.27 | 11.91
Metagabbro-diorite k% 282 013 | 249 | 1.05 | 0.43 147 | 1.90 | 2.32
(mgi) eU/eTh 0.15 | 0.90 | 0.41 0.14 055 | 069 | 0.84
eU/k 054 | 6.27 | 1.56 | 0.85 241 | 326 | 411

eTh/k 1.75 |10.11] 3.83 1.30 513 | 6.42 | 7.72

TC (Ur) 1.85 |23.49[ 579 | 3.27 906 | 12.33 | 1561

eU (ppm) 1.00 | 9.63 | 156 1.21 277 | 397 | 518

Metasediments eTh (ppm) 0.96 |18.61]| 3.62 2.63 6.25 | 8.87 | 1150
(ms) k% 447 025 | 283 | 096 | 0.45 141 | 1.87 | 2.32
eU/eTh 007 | 164 | 047 | 0.21 067 | 0.88 | 1.08

eU/k 020 | 842|169 | 0.96 265 | 3.60 | 456

eTh/k 1.17 |11.42] 3.70 1.42 512 | 654 | 7.97

TC (Ur) 1.36 | 2157 | 3.47 1.81 528 | 7.09 | 8.90

eU (ppm) 0.01 [11.95| 0.80 | 0.61 150 | 210 | 2.71

Metavolcanics eTh (ppm) 0.63 |17.40]| 2.33 1.28 361 | 489 | 6.18
(mv) k% 1355 | 0.15 | 2.40 | 054 | 0.30 084 | 1.14 | 1.44
eU/eTh 004 | 131040 | 017 057 | 074 | 091

eU/k 019 [11.95] 1.83 1.01 285 | 3.86 | 4.88

eTh/k 158 [1754]| 4.66 1.51 6.17 | 7.68 | 9.19

TC (Ur) 197 |22.78] 6.05 | 3.46 951 | 12.97 | 16.42

. eU (ppm) 008 | 687 | 1.45 | 0.86 232 | 3.18 | 4.05
'”terme.d(;ate eTh (ppm) 079 |1748] 395 | 233 | 628 | 862 | 10.95
. et;?/glcéa ics k% 581 [ 016 | 3.24 | 1.01 | 058 159 | 2.18 | 2.76
(mva) eU/eTh 008 | 1.26 | 0.39 | 0.3 051 | 064 | 0.77
eU/k 029 [593 162 078 240 | 3.18 | 3.96

eTh/k 1.78 |10.31| 4.23 1.31 554 | 6.85 | 8.16

TC (Ur) 2.06 |16.45| 581 | 3.21 901 | 12.22 | 15.43

eU (ppm) 003 | 502 | 1.49 | 0.6 235 | 321 | 4.07

Basic eTh (ppm) 0.83 |11.02| 3.60 2.12 572 | 7.85 | 9.97
metavolcanics k% 214 0.28 | 2.43 | 0.97 0.52 1.49 2.01 2.52
(mvb) eU/eTh 016 | 1.13 [ 045 [ 0.19 064 | 0.83 | 1.01
eU/k 027 | 354 | 1.64 | 0.63 227 | 290 | 353

eTh/k 161 | 7.75 | 3.79 1.17 496 | 6.13 | 7.30

TC (Ur) 234 |2877] 976 | 4.65 14.41 | 19.06 | 23.70

eU (ppm) 0.20 |11.10| 2.24 1.45 369 | 514 | 659

eTh (ppm) 140 |2329] 583 | 3.30 913 | 12.43 | 15.73

Quaternary k% 619 030 | 361 | 1.73| 0.73 246 | 320 | 3.93
eU/eTh 008 [ 095 [ 039 | 0.11 049 | 060 | 0.71

eU/k 037 | 420 | 1.31 | 055 1.86 | 240 | 2.95

eTh/k 165 | 8.86 | 3.42 | 0.97 439 | 5.36 | 6.32

TC (Ur) 1.18 |16.64| 5.00 2.67 776 | 10.43 | 13.10

eU (ppm) 008 | 480 | 1.35 | 0.75 210 | 2.85 | 359

serpentinite eTh (ppm) 021 |12.14] 3.13 1.65 478 | 6.43 | 8.09
<n) k% 404 011 | 274 | 0.85 | 0.47 132 | 1.79 | 2.27
eU/eTh 0.06 | 347 | 048 | 0.28 076 | 1.05 | 1.33

eU/k 032 | 667 | 1.81 | 0.86 267 | 353 | 4.39

eTh/k 1.61 |13.35] 3.93 1.18 511 | 6.29 | 7.47

TC (Ur) 856 |22.39|1655| 4.82 21.36 | 26.18 | 31.00

eU (ppm) 1.87 | 5.69 | 3.92 1.42 534 | 6.76 | 8.18

Trachyte eTh (ppm) 8.98 [18.80[14.30| 3.86 18.16 | 22.02 | 25.88
(TR) k% 7 1.14 | 257 | 200 | 0.49 249 | 298 | 3.47
eU/eTh 021 | 030 | 027 | 0.03 030 | 0.33 | 0.36

eU/k 153 | 222 | 1.91 | 0.29 220 | 249 | 278

eTh/k 589 | 813 | 7.17 | 0.87 804 | 891 | 9.78

No., number of observations; Min., minimum value; Max., maximum value; X, arithmetic mean;
S, standard deviation.
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In the uranium anomaly maps (Figs. 7 & 8), the
position and magnitude of the deviation from the mean
for eU, eU/eTh and eU/K are presented. The absence of
a symbol in (Figs. 7 & 8), usually means that one
standard deviation of the mean was within the mapped
gamma ray parameter. As for economic potential, a high
eU abundance coinciding with high eU/eTh and eU/K
ratios could have the most promising anomalies (red
circle-like symbol in the three variables in (Figs. 7 & 8).
Three areas of large groupings of elevated eU values
coinciding with elevated eU/eTh and eU/K values are
clearly shown in (Figs. 7 & 8).

Fig (8) clarifies the detected anomalous zone of
G. Umm Naggat pluton with travers lines : 2580 and
2570, where have elevated eU, eU/eTh and eU/K (Red
circles in all variables) associated with the albite granite
of the northern border of the Umm Naggat pluton .

Figs. (2-8) shows that these three significant
anomalies correspond for the most part with the coarse-
to-medium-grained biotite-granites. With regard to the
Umm Naggat pluton (Fig. 6), the albitized granite is
represented by a strongly altered zone varying in width
from 50 m to 250 m and in length from up to 7 km
(Gaafar, 2015). There are several alteration processes
related to the albitized granite, such as albitization,
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greisenization, kaolinization and fluoritization (Gaafar,
2015). EL-AFANDY et al., 2000 concluded that the
metasomatic zonal pattern is developed at the northern
endocontacts of the alkali feldspar granite resulting into
a gross enrichment in the elements of Zr, Hf, Nb, Ta, U
and Th towards the roof albitized and greisenized
apogranitic zones. While The Umm Bisilla area ranked
in second order intems of significant of uranium
enrichment, it was originated by small mineralization
of quartz  veins break through muscovite-albite
apogranite  which intruded into the hammamat
sediments and volcanics (EI Ramly et al. 1970). The
third enrichment uranium zone is associated with G. El
Unayji pluton (25°13' 30" N,34°7' 48"E).

The third way of defining anomalies is by
examining the stacked profiles for regions of high eU,
eU/eTh and eU/K wvalues, indicating uranium
enrichment over the other natural radioelements.
Examination of the stacked profile (Figs. 9-14) for flight
line 2570, 2580 ,2600 2610, 2390, and 2400 assigned
in (Fig. 7, 8), shows high concentrations of eU,
associated with a slight increase in eU/eTh and an
appreciable increase in eU/K and eTh/K ratios
corresponding to coarse- to medium grained biotite-
granites.
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Fig. 9: Calculated background mean (X) of radioelements, for the different rock units
of G. Umm Naggat area, Central Eastern Desert, Egypt.
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Fig. 13: Stacked Profile taken along flight line
2580(After Aero Service, 1984). ga= older granite;
dgBW=Weathered younger granite; gB=younger

granite; mgi=intrusive metagabbro-diorite;
ms=metasedements; sp=serpentinite;
Q=Quaternay ;mv: metavolcanics; mva: acedic

metavolcanics; mvb: basic metavolcan
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Fig.14:Stacked Profile taken along flight line
2600(After Aero Service, 1984). ga= older granite;
gBW=Weathered younger granite; gB=younger
granite;gy: coarse-grained biotite granite ;
ms=metasedements; sp=serpentinite;
Q=Quaternay ;mv: metavolcanics; mva: acedic
metavolcanics; mvb: basic metavolcanics.
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mg=metagabbro-diorite; ms=metasedements;
sp=serpentinite; Q=Quaternay.
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Fig. 16: Stacked Profile taken along flight line 2390
(After Aero Service, 1984).. ga= Older Granite;
gBW=Weathered younger Granite; gB=younger

granite; mg=Metagabbro-diorite;
ms=metasedements; sp=serpentinite;
Q=Quaternay ;mvb:basic metavolcanics.
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Fig. 17: Stacked profile taken along flight line 2400
(After Aero Service, 1984).. ga= Older Granite;
gaW=Weathered Older Granite; gB=younger
granite; mg=Metagabbro-diorite;
ms=metasedements; sp=serpentinite;
Q=Quaternay;mvb:basic metavolcanics.

4. CONCLUSIONS

From the current study, several point can be
concluded :

(1) An exploration of gamma ray spectrometric surveys
over broad regions, like the Eastern Desert of Egypt,
help to outline uraniferous provinces. So, it is
possible to apply more detailed methods of
prospecting to the most promising areas.

(2) The statistical treatment of spectrometric gamma ray
data broad regions reveals three locations of
abnormally elevated points found on the uranium
anomaly map. They are associated with medium-
grained granites and represent the most promising
gamma ray spectrometric anomalies in the Umm
Naggat area . Generally, it can be concluded from
similar cases that attention can be restricted to these
localities and that the area to be ground searched can
be reduced substantially.
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