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ABSTRACT

Abu Marw area is located in the southeastern part of the Eastern Desert, about 150km south east of
Aswan. The Abu Marw area is mainly covered by late Proterozoic igneous and metamorphic rocks. These
basement rocks are unconformably overlain by late Cretaceous Nubian sandstones in the western and
northern parts of the area. Abu Marw granitoid batholiths comprises a co-magmatic calc alkaline I type
peraluminous suite of rocks ranging in composition from tonalite, granodiorite, monzogranite, syenogranite
to alkali feldspar granite. The variations of some major and trace elements with SiO, suggest a crystal
fractionation model.The tonalite rocks probably had evolved within a continental arc/continental collision
environment, while the granodiorite, monzogranite, syenogranite and alkali feldspar granite rocks had
evolved in within plat environment.

The studied tonalite and granodiorite samples have ZREE lower than the average REE values (250ppm)
of granitic rocks, while the monzogranite, syenogranite and alkali feldspar granite samples have XREE
above the average REE values of granitic rocks. Chondrite-normalized REE patterns of the considered
granites display a gull-wing shape, characterized by large to moderately fractionated patterns and high
LREE relative to the MREE and HREE contents. Furthermore, the studied rocks have a steadily decreasing
Eu/Eu* values from the tonalite to the alkali feldspar granite with simultaneous increase in the XREE
contents.

The average contents of U and Th in the different granitic rocks resemble the average contents of some
international equivalent rocks. The average of U contents increases with differentiation. The uranium and
thorium contents in the studied granitic rocks are present in the accessory minerals particularly monazite,
zircon, allanite, sphene, apatite and iron oxides, The radioactive minerals in the pegmatite anomalies are
mainly zircon, uranothorite and fluorite, while in the sheared granites uranophane as secondary minerals
and zircon, allanite, xenotime and uranothorite which are known as U and Th bearing minerals.

INTRODUCTION

Different schemes for classifying

ily on chemical composition (El Gaby 1975,
and Hussein et al., 1982).

the granites were proposed depending on
different objects of view. One scheme gave
weight to relative ages (e.g. Hume 1935, El
Ramly & Akaad 1660), another emphasized
type localities (e.g. Schurmann 1957), a third
considered the relation to orogeneses (e.g. El
Shazly 1964), and a fourth depended primar-

Other classifications of interest were also
proposed for example, Sabet et al., (1976) and
El Shatoury et al., (1984). Also, Greenberg
(1981), Kabesh et al., (1987), Noweir et al.,
(1990) and El Sayed (1998) suggested classi-
fications for the younger granites only. El Sha-
zly et al., (1965, 1973, 1975) studied the geol-
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ogy of Abu Swayel area including the studied
area and published a regional geological map
covering 1270 km?. Furthermore, the studied
area is also included within Gabal Nasiya
geological sheet (scale 1:100,000) mapped
by Geological Survey of Egypt (Armani-
ous et al., 1977). Also, Abdel Monem et al.,
(1991, 1996) and El Afandy (1994), Noweir
et al., (1996) and Masoud (2012) studied the
geology and geochemistry of Abu Marw-Um
Arka area.

Abu Marw area is situated in the South
Eastern Desert of Egypt, at about 150km
south east of Aswan It is located between lati-
tudes 22° 59" and 23° 11°N and longtitude 33°
24" and 33° 34" E at Wadi Abu Marw-Wadi
Um Arka area. The geological, geochemical
and tectonic settings as well as radioactivity
of the granitoid rocks in Abu Marw area are
discussed.

The present study is an attempt to clarify
the genetic relation between the granitic rocks
in an area covering about 650 km?,

GENERAL GEOLOGY

The Abu Marw area is mainly covered by
Late Proterozoic igneous and metamorphic
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rocks. These basement rocks are unconform-
ably overlain by upper Cretaceous Nubian
sandstone in the western and northern parts
of the area. From field investigations and pe-
trographic description, the granitoid rocks in
the studied area can be divided from the oldest
to youngest into tonalite, granodiorite, mon-
zogranite, syenogranite and alkali feldspar
granite.

The tonalite rocks form the peripheral
phase are exposed in curvilinear ridges along
the northeastern and eastern part of batholith,
(Fig. 1). They are typically foliated contain-
ing screens of the metamorphosed and foli-
ated country rocks indicating forceful mode of
intrusion characteristic of orogenic belt near
active plate boundaries. The contacts between
the tonalite and the surrounding metavolca-
nics, granodiorites, syenogranites and alkali
feldspar granites are sharp contacts. The tonal-
ites are invaded by quartz feldspar porphyrite
dykes and some of them intersect each other.

Petrographically, these rocks are generally
light greyish green in colour speckled with
milky plagioclase feldspars. They are medium
to coarse grain in size, and porphyritic texture
with plagioclase phenocrysts. Microscopi-
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Fig.1: Geological map of Abu Marw area (Modified after El-Afandy,1994)
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cally, they are composed mainly of plagio-
clases, hornblende, biotite, quartz and subor-
dinate microcline. The accessory minerals are
sphene, epidote, apatite and iron oxides.

The granodiorite rocks form low relief hill-
ocks occupying the eastern central part of the
batholith due to the rapid weathering of these
coarse grained rocks and the north western
part of the mapped area, (Fig.1). These rocks
are oriented in ENE, N-S and NW directions.
These rocks are fractured to large exfoliated
spheroidal boulders. They contain many to-
nalitic xenoliths especially near the contacts
with the tonalites. The contacts between the
granodiorites and the surrounding rocks are
sharp contacts. These rocks are partially cov-
ered by Nubian sandstones especially in the
northwestern part of the mapped area. They
are invaded in the central part of the mapped
area by a nearly paralled swarm dykes trend-
ing E-W and extending for about 12Km, these
dykes are mostly of quartz feldspar porphery
type ranging in thickness from 3-10m.

These rocks are generally light greyish
green in colour speckled with milky plagio-
clase feldspars. They are medium to coarse
grain in size, and porphyritic texture with pla-
gioclase phenocrysts. These rocks are hypid-
iomorphic, having myrmekitic and rapakivi
textures. Microscopically, they are mainly
composed of plagioclases, hornblende, bio-
tite, quartz and subordinate microcline. The
accessory minerals are zircon, sphene, apatite,
allanite, muscovite and iron oxide.

The monzogranites are encountered at the
central part of the granitic batholith. They sur-
round the tonalites and granodiorites, (Fig. 1).
These rocks are coarse grained and porphy-
ritic. They cut by NNW, NW, E-W and ENE
faults. The contact between the monzogranites
and the surrounding tonalites, granodiorites
and syenogranites are intrusive and structural
contacts. They form continuous curvilinear
mountains range trending E-W and scattered
group of circular or oval shaped hills in the
northwestern part of the mapped area. These

rocks are invaded by dykes and veins.

Petrographically, these rocks are hypidio-
morphic with myrmekitic texture. The monzo-
granite rocks are generally light pink, medium
to coarse grain in size. Microscopically, they
are essentially composed from quartz, micro-
cline perthite, microcline, plagioclase and bio-
tite, whereas sphene and annite are found as
accessory minerals.

Syenogranites constitute the southern part
of the mapped area (Fig. 1). They are cut by
wadi Um Arka and Wadi Um Ashara. These
rocks are cut by NW and E-W faults. These
rocks form a continuous mountain trending E-
W and a scattered group of oval shape in the
southwestern part of the mapped area. These
rocks are fractured and invaded by many dykes
ranging in composition from microgranites,
basalts as well as pegmatite and quartz veins.
The contacts between these rocks and the sur-
rounding rocks are sharp contacts.

Petrographically, these granites are coarse
grained and pink in colour. they are essentially
composed of K-feldspar, quartz, plagioclase
and biotite with minor amount of hornblende,
the accessory minerals are sphene, zircon, ap-
atite, muscovite and iron oxides, while epidote
and chlorite are secondary minerals.

Alkali feldspar granites constitute a small
area encountered in the central part of the
mapped area (Fig.1). These rocks are pink to
red in colour, equigranular and scarce in maf-
ic minerals. They have curve linear isolated
masses. The alkali feldspar granites have low
to moderate elevated mountains cut by wadi
Abu Marw. They occupy an area of about
9km?. The contacts between these rocks and
the surrounding older rocks are sharp.

Petrographically, this granite is medium
grained with pink to red colour and displays
hypidiomorphic equigranular texture. It is
mainly composed of potash feldspar and
quartz with subordinate plagioclase crystals
and biotite as essential minerals. Muscovite,
zircon, monazite and iron oxides as accesso-
ries, while chlorite and sericite are secondary
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minerals. The mafic minerals are scarce giving
rise to the leucogranite type.

GEOCHEMISTRY

Thirty six samples including seven tonalite
samples, five granodiorite samples, five mon-
zogranite samples, eleven syenogranite sam-
ples and eight alkali feldspar granite samples
were chemically analyzed for major oxides,
some trace elements and rare earth elements.
The analyses were carried out at the ACME
Analytical Laboratories Ltd, Canada. The ana-
lytical results are given in Tables (1& 2).

The variations between the SiO, and the
major oxides (Figs.2-9), indicate that there is
a negative correlation between TiO,, Al O,,
Fe,0,, CaO, MnO and MgO with increasing
Si0,, while K,0 and Na,O show positive cor-
relation with increasing SiO,. It is also clear
that the series tonalite, granodiorite, monzo-
granite, syenogranite and alkali feldspar gran-
ite which mostly show straight line variations
could represent a differentiated co-magmatic
series. Also, the distribution and variation of
trace elements during igneous processes can
be shown by plotting their contents against
SiO, (Figs.10-16). Y, Zr, Ga, Rb and Nb ex-
hibit an increasing trend with the increase in
SiO, from tonalite to alkali feldspar granite.
The Sr and Ba show a decreasing trend from
tonalite to alkali feldspar granite. The data

=
-

@ |
=}

TiO,
[

< | [\

S %FF .
o | | >
° 65 70 75

SO,

Fig. 2: Variation diagram between SiO, and TiO,

Al,O,

ADEL H. EL-AFANDY et al.

| u
A ]
ef ma® 'Y
. 'y
2 oA
+
A
A
+
2 A ++‘
+
to
[qVi|
- .
(3
; 65 70 75
SiO,

Fig.3: Variation diagram between SiO, and Al O,

Fe,04

|
| "I |
L |
®
®
n
AA
oA\ T+ .
*
*
+ *
~ *
65 70 75
SiO,

Fig.4: Variation diagram between SiO, and Fe O,

CaO

L
L L
[ ]
®
[ |
ok b
A
o
T e
65 70 75
SiO,

Fig.5 : Variation diagram between SiO, andCaO




MnO

GEOLOGY, GEOCHEMISTRY AND RADIOACTIVITY OF GRANITOID

1.0

0.6
Il

0.4

0.2

wEEy" o

0.0

65

%%++FM
70 75

SiO,

Fig.6 : Variation diagram between SiO, and MnO

MgO

L 0 n
o | n
N ™
[ |

0 | n

@
o |
A A

[ ]
w |
S ‘é%
=B e
o T T T

65 70 75
Sio,

Fig.7 : Variation diagram between SiO, and MgO

KsO

+ o
T %
[Tl + + Py
+ %
< A
45
LN
o
. ®
n
o A n ®
gt
—1m
o T T T
65 70 75
S0,

Fig.8 : Variation diagram between SiO, and K,O

65
S A
i 4 —+ 4+ .
‘+“f¢ -+ .
e
- A +
n
Q « &
3 i
£ola .
| .
o
S . . .
65 70 75

SiO,

Fig. 9: Variation diagram between SiO, and Na,O

points show some scattering but the studied
rock types occupy separate fields. The trends
may indicate that the distribution of the trace
elements was controlled by the crystallization
sequence of the major minerals by magmatic
processes through crystal fractionation of the
tonalite-alkali feldspar granite differentiation
series.

Classification and Nomenclatures

The plotting of the present granitic rocks
on the Ab-An-Or normative diagram (Streck-
eisen, 1976) (Fig.17), shows that the analyzed
data are plotted in the corresponding fields ex-
cept one tonalite sample plot on the boundary
between the tonalite and granodiorite field and
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Table 1: Major oxides, some CIPW and trace elements analyses of the studied granitoid rocks
Rock Tonalite ! Granodiorite ! Monzogranite
P e e m L e e a2 e mem e a o
S. No. 1 2 3 5 6 748 4 47 48 9 u!oosl 53 5 56
Si0, 6286 6517 6362 6419 6194 6215 6491, 6641 6653 6928 6955 6947, 7006 7079 6972 7032 70.66
Ti0, 067 073 07 065 077 076 067 056 052 046 046 034 033 03 045 03 034
ALO; 1609 1532 1607 1623 1686 1676 17291 1682 1689 1554 1594 14931 144 1411 1508 1408 1394
Fe,0, 579 649 62 568 62 616 346! 39 418 43 498 226 28 29 26 217 22
MO 0I 012 0 01 02 0IL 012, 009 01l 01 012 01, 009 008 009 008 006
Mg0 193 214 204 184 219 213 153, 12 062 056 056 056, 09 045 055 044 035
Ca0 512 455 519 5575 562 3951 484 381 42 28 251 221 264 255 244 256
Na,0 318 298 32 329 32 3 3wl o3s; 3 35 36 4150 467 441 431 407 494
K,0 152 201 142 149 106 129 231 : 24 24 263 33 33 : 385 361 33 42 3T
P05 019 022 02 019 02 02 01, 007 008 01 009 007, 009 01 006 007 007
T T CIPWooms T T T TTTTTTTTTTTmmmmmmmmm s s A mmmEEmmmmm T
Q 2523 2782 2586 26429 2297 2342 2356' 2491 2900 2958 2962 2667' 2308 2623 2617 2566 2337
Or 8983 1188 8392 8805 6264 7.623 13.65: 418 1265 1554 19.09 19.09: 075 233 1909 2494 2216
Ab 26908 2522 2725 27.839 2894 27.839 3207, 2079 2979 2962 3046 3512, 3952 3732 3647 34439 41801
An 16 214 444 23565 2722 26575 189431 23.006 18379 18924 13403 119461 6958  8.043 12259 7685 4786
B 7 3
Ba 87 960 94 983 9T 95 85, 85 866 M2 M5 59, M5 M5 59 57 sl
Rb 395 499 385 395 26 RS 60 6l 63 78 9 152 105 126 143 141 156
Sr 029 2374 296 2936 390 384 1551 149 158 134 133 1481 190 124 144 142 136
Ga 16 1 16 16 “ 16 v s u 3 7o %' 8 /R T B
Nb 4 49 639 38 34 15 : 3 2 7 KIN : 1 415 0w %3 0B
7r 07 ¥ 139 132 m 105 9%, 91 81 76 9 180, ™ 7156 186 181
Y 04 48 21 208 184 189 v k7] 34 7 9130 3% R 0B
Cr 113 34 7347 3291 4! 4 4 5 6 6 6 6 6 6 6
Ph 6 6 57 56 65 59 2 : 2% 2% 8 9 16 : 7019 L U]
Rock Syenogranite : Alkali-feldspar granite
e o2 ko o e e e o e e
S. No. 27 724 25 28 29 3 34 44 18 20 210 11 13 14 16 9 T B T4
Si0, 7028 7173 718 7231 7161 7344 74.19 7385 7217 7177 7205|7554 7542 7508 7514 7623 75.66 7642 76.05
TiO, 034 023 029 029 028 02 015 015 027 023 034, 005 005 006 006 004 003 01 005
ALO, 1457 145 1378 1355 1384 13.06 13.04 127 1406 1436 1437, 127 1254 1298 1279 1235 1185 1164 1186
Fe;0; 22 134 229 227 227 217 16 185 166 157 178! 114 11 12 116 096 2 14 189
MnO 005 004 005 005 005 002 003 003 005 004 005, 003 004 003 004 004 003 001 003
MgO 053 029 034 035 036 01 008 012 042 034 045, 003 002 002 005 003 01 01 008
Ca0 L5 124 141 144 135 074 058 065 139 136 1471 058 064 06 073 054 053 05 0.63
Na;0 446 454 439 445 397 458 464 447 42 485 375! 491 478 488 479 473 452 434 464
K;0 462 527 474 455 491 483 512 557 464 51 485, 541 536 556 526 511 526 516 49
P,0; 01 006 006 006 006 002 001 002 007 006 009, 0.0 001 001 001 001 002 001 0.02
""" CIPW.norms TS TToToToTTTTmTmTmoTTTTTTTmmTmmmmTTT
Q 2308 2270 2535 2626 2665 2723 27.04 2649 2671 21.65 28.11'27.97 2848 2655 2730 30.30 30.06 3237 30.81
Or 2730 3L14 2801 2689 29.02 2854 3026 3292 2742 30.14 28.66,3197 3168 32.86 3109 3020 3109 3049 28.96
Ab 3774 3842 3715 37.66 3359 38.76 3857 3431 3554 41.04 317313520 34.66 3581 3650 35.07 3167 3L14 3372
An 609 362 389 356 544 081 0.00 000 581 235 671! 000 000 000 000 000 000 000 0.00
"7 777 Trace Elements T TTTTTTTTTo fTTTTTTTTTTTTTTTTTTTTTTTT
Ba 356 325 277 295 282 153 209 191 214 216 244, 45 36 54 47 59 233 246 219
Rb 1434 1532 1612 1529 1613 1562 1657 135 1418 145 143111705 184 166 158.1 1614 159 155 178
Sr 2106 2242 1502 1432 1535 334 533 458 1628 1531 21871 7.1 52 59 87 64 33 3 27
Ga 3 37 38 37 40 37 38 33 34 35 351 43 44 39 38 45 40 41 49
Nb 218 182 197 194 198 239 253 556 203 17.6 214 441 504 518 413 50 634 398 509
Zr 179 120 191 193 194 260 279 163 140 143 153' 208 315 297 303 306 272 198 244
Y 431 407 486 48 486 48.1 513 30 415 402 43.2: 704 649 63 643 726 752 4 70
Cr 162 8 129 23 10 76 175 4 42 114 52 71 34 104 06 3 3 3 3
Pb 275 268 17 179 18 128 137 16 259 271 255, 332 38 327 3.7 331 19 15 14
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Table 2: Rare earth elements analyses of the studied granitoid rocks

___________________________________________________________________________________ Rare Earth Elements
S.No
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Tonalites
1 21.9 45.24 5.5 22.8 4.7 1.3 3.9 0.6 33 0.5 1.9 0.3 2.5 0.4
3 21 46.87 6 24.9 5.6 1.2 44 0.5 3 0.5 1.5 0.2 22 0.4
5 42.6 74.39 8.5 33 4.9 1 35 04 23 0.3 0.9 0.1 1.2 0.2
7 355 78.73 10.4 45.1 8.4 1.8 6.3 0.7 4.1 0.6 1.5 0.3 2.5 04
LAV _ 285 555 667 269 507 069 _ 393 055 287 047 _ 143 02 207 _033_
Granodiorites
45 29.8 59.23 73 27.7 5.8 1 5.5 0.8 55 1 3 0.4 33 0.4
46 28.1 57.77 6.9 27.1 53 1 5.6 0.8 55 1.1 3 04 34 0.5
47 24.5 47.3 5.7 21.6 4.6 1.2 43 0.6 4 0.7 2.1 0.3 24 0.3
49 28.6 56.96 6.7 25.6 5.1 1.1 4.5 0.6 33 0.6 1.7 0.3 2.1 0.3
54 31.8 63.06 7.8 30.7 6.5 1.1 6.7 0.9 6.2 1.2 34 0.5 35 0.5
JAv_ _ 285 _ 5686 _688_ 2654_ 546 108 _ 532 074 _49 092 _ 264 038 294 _ 04_
Monzogranites
51 50 89.09 9.8 33.8 59 0.9 4.8 0.6 4.1 0.7 2.3 0.3 2.8 04
52 57.9 97.6 10.5 36.5 5.7 1 43 0.7 4 0.7 2.3 0.3 2.7 04
53 39.7 71.5 9.4 34.7 6.3 1 5.6 0.7 44 0.9 2.8 0.4 3.1 0.4
54 44.9 93.14 11.6 44.6 9.3 0.9 8.2 1.2 8.2 14 4.1 0.6 4.2 0.5
55 50.1 103.9 12.6 48.4 9.5 0.9 7.8 1.2 72 14 3.7 0.5 39 0.6
56 48.5 98.72 12 46.4 8.7 1 73 1.1 6.7 1.2 3.2 0.5 38 0.5
57 47 96.96 12.2 45.6 9.2 1 7.8 1.2 75 1.3 38 0.6 4 0.6
58 46.4 92.43 11.2 4.3 8.8 0.9 75 1 6.4 1.2 3.1 04 32 0.5
AV _ 4806 _ 9367 1116 4154_ 793 095 _ 666 096 606 _ L1 _ 316 045 346 _049_
Syenogranites
22 93.2 207.3 25.9 85.6 16.8 0.9 10.2 15 6.4 1.2 3 0.4 24 0.4
24 98.8 229.6 29.8 101.4 194 0.8 12.8 2.1 85 1.6 3.7 0.5 2.8 04
28 61.3 156.9 20 72.2 15.6 0.6 9 1.3 6.3 1 2 04 2 0.3
29 82.5 234.8 28 96 20.7 0.7 11.7 1.6 8.1 14 34 0.5 29 0.4
34 80 194.8 25.1 95.8 18.8 0.7 14.7 15 8.1 1.2 2.8 04 24 0.3
_Av 8316 _204.68 25.76_ _90.2 1826 0.79 _11.68 1.6 748 _128 298 044 _ 2.5 _0.63_
Alkali Feldspar Granites
11 205 499.8 62.8 274 57 49 42.9 58 335 5.1 12.1 1.6 105 1.2
13 183.5 422.8 54.6 229.1 48.1 39 38.2 4.6 277 4.1 9.9 1.3 8.4 1
14 224.7 499.7 57.9 218.8 37.8 4 24.7 34 20 32 8.6 1.2 7.6 1
16 175.6 398.5 49.1 191.6 353 4.1 25.1 33 201 33 9.1 1.2 7.8 1
41 204.6 485.4 59.5 230.7 43.6 44 30.2 4 242 4.1 10.5 14 9.6 1.2

Av 198.68 461.24 56.78 228.84 4436 4.26 3222 422 251 396 10.04 134 8.78 1.08
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two syenogranite samples plot in the alkali
feldspar field. The same results are given from
the discrimination K O+Na,O-SiO, binary
diagram of Middlemost (1994), (Fig.18).

Magma Type

The plotting of Abu Marw granitoids on
the Ca0-K,0-Na,O ternary variation diagram
of Condie, (1973) and Condie and Hunter,
(1976) shows that the studied granitoid rocks
plot within the calc-alkaline field of Hunter
£1979), (Fig.19).

The AFM variation diagram of Irvine
and Baragar, (1971), shows that the studied

7 1-Alkali feldspar granite
2-Syenogranite
3-Monzogranite
4-Granodiorites
5-Tonalite

Fig.17: Ab-An-Or normative diagram of the studied
granitoid rocks (According to Streckeisen, 1976)
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Fig.18: (Na20+K,0)-SiO, binary variation

diagram of the studied granitoid rocks( According

to Middlemost, 1994)

K20

Callc-alkdlingifidld

NaO CaO

Fig.19: K,0-Na,0-CaO ternary diagram of the
studied granitoid rocks (According to Condie,
1973)

granitoid rocks plot within the calc-alkaline
field, (Fig.20). The alumina saturation ternary
diagram (Al,0,-K,0+Na,0-CaO) of Shand
(1951), (Fig.21) shows that all the data points
of the granitoid rocks of the studied area plot
in the peraluminous field. By using the binary
relation between K,O and Na,O to discrimi-
nate between I- and S-type granites by Hine et
al. (1978), the concerned granites plot mainly
in the I-type granite field (Fig.22).

Tectonic Setting

A number of major as well trace elements
variation diagrams have been used for the dis-
crimination and tectonic settings of the gra-
nitic rocks.

Figures (23&24) show the ternary dia-
grams of normative Qz-Ab-Or system illus-
trating the temperature isotherms and pressure
isobars respectively. All the granitoids samples
plot near the cotectic minima at pH,0>5 kb
except for the tonalites and granodiorites plot
=5 kb, (Tuttle and Bowen, 1958). Also, the
figures indicate that the magmas of the batho-
liths crystallized under temperature ranging
between 800°C and 840°C for the different

granitic rocks.

The Nb-Y discrimination diagram of Pearce
et al., (1984) as shown in (Fig.25) clears that
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the tonalite samples plot in the VAG+Syn-
COLG field while, the rest of studied samples
plot in the WPG field. The authets used the
binary Rb-Y+Nb diagram to separate the
VAG filed from the Syn-COLG granite field
(Fig.26). The studied granitic rock samples
plotted in the WPG except the tonalite sam-
ples plotted in VAG field. According to Pearce
(1996), all the studied rock samples plotted in
Post-COLG field.

1000 —

Syn-COLG
500 — WPG
100 -1
a Post-COLG
50— -
10 —
5 VAG ORG
1 v T T T T T
1 5 10 50 100 500 1000
Y+Nb

Fig. 26: Rb-Y+Nb binary diagram (According to
Pearce, 1996).

Petrogenesis

The variations and inter-element relation-
ships between K, Rb, Sr, and Ba can be used
to identify the nature of the magmatic liquids
from which the studied rock types originated
as well as the magmatic processes involved in
magma generation.

Gast (1965) and Heier (1973), showed that
the K/Rb ratios in the igneous rocks derived
from lower crustal or upper mantle materials
are very high (700-1500). On the other hand,
Taylor (1965) reported that the average K/Rb
ratios are 253.52 for tonalite and granodiorite
and 202.78 for monzogranite and syenogran-
1te.

Figure (27) shows the variations between
K and Rb in the studied tonalite, granodio-
rite, monzogranite and syenogranite. The data
plotting of the studied samples are mostly
scattered between the K/Rb lines of 100 and
350.
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Fig.27: K-Rb binary diagram (According to Heier,
1973)

Figure (28) shows the K-Ba variation dia-
gram. Mason (1966) reported that the average
K/Ba ratio for the crust is 65. The plotting
shows that the studied syenogranite and alkali-
feldspar granite samples are plotted above K/
Ba ratio line >65 declaring that they have K/
Ba ratios more than the average crustal ratio,
whereas the monzogranite samples plot be-
tween K/Ba ratio line 28-49.The tonalite and
granodiorite samples plot around K/Ba ratio
line less than 30. The average crustal Ba/Rb
value given by Mason (1966) is 4.4 for tonal-
ite and granodiorite and 4.1 for monzogranite
and syenogranite. The Ba/Rb variation dia-
gram (Fig.29), shows that the studied tonalite,
granodiorite and monzogranites plot around
the Ba/Rb ratio line more than 4 indicating
Rb depletion while the studied syenogranite
and alkali feldspar granite samples occupy a
separate field which plot between Ba/Rb ratio
lines 0.1 and 1 indicating Rb enrichment. It is
evident of figure (29) that Abu Marw granitic
varieties follow the fractional crystallization
trend of Nedelec et al., (1995).

The Rb/Sr ratio increases in the granitic
liquid by the presence of feldspars, and de-
creases by the presence of biotite in the resi-
due, (Hanson, 1978). The Rb/Sr variation
diagram, (Fig.30), shows a slightly decreasing
trend from the alkali feldspar granites towards
tonalite indicating that variation of Rb and Sr



72 ADEL H. EL-AFANDY et al.

50

20

05

02

T T T T T T

L]
10 20 50 100 200 500 1000 2000

Ba

Fig.28: K-Ba binary diagram (According to
Mason,(1966)

500 1000 2000

Ba
100 200

50

20

10

10 20 50 100 200 500 1000

Fig.29: Ba-Rb binary diagram (According to
Mason, 1966)

500 1000

50 100

Rb

05 10

01

50 100
Sr

500 1000

Fig.30: Sr-Rb binary diagram (According to
Mason,1966)

was controlled by magmatic processes. The
studied tonalite, granodiorite, monzogranite
and syenogranite samples plot between the
Rb/Sr ratio lines 0.1 and 1 except two samples
of syenogranite are plotted above the Rb/Sr ra-
tio line 1 whereas the alkali feldspar granite
samples are plotted above the Rb/Sr ratio line
1 except five samples which plot above the
Rb/Sr ratio line 20.

The Rb-Sr variation diagram also shows
that the crustal depths at which the studied to-
nalite, granodiorite, monzogranite, syenogran-
ite and alkali feldspar granite were formed,
(Condie, 1973), (Fig.31). From the figure, the
studied tonalite, granodiorite and monzogran-
ites were formed at depths on the border of
30 km or more, while the studied syenogran-
ite and alkali feldspar granite were formed at
depths more than 30 kilometers.

RARE EARTH ELEMENTS

The average rare earth element concentra-
tions with normalized ratios and parameters
(Anders and Grevesse, 1989) of G. Abu Marw
granites are presented in Table (3). The stud-
ied tonalite and granodiorite samples have
>REE lower than the average REE values
(250ppm) of granitic rocks as given by Her-
rmann (1970), while the monzogranite, sy-
enogranite and alkali feldspar granite samples
have XREE above the average REE values

Fig.31: Rb-Sr of the studied granitoid rocks
(According to Condie, 1973)
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of granitic rocks. The relative abundances of
some accessory minerals such as monazite and
allanite (LREEs) hornblende (Sm, Gd-Lu),
apatite (all REEs), zircon and fluorite (Er—Lu)
explains the increasing of REE contents in
the syenogranite (average= 453.44ppm) and
the alkali feldspar granite (1079.9).

The (La/Yb)  ratio, which describes
LREE/HREE fractionation, ranges from 7.75
to 15.29. The LREE fractionation ratios, ex-
pressed as (La/Sm)_, are between 3.51 and
2.81, and the (Gd/Yb), ratio, which represents
HREE fractionation, varies from 1.29 to 2.97
(Table 3).

Chondrite-normalized REE patterns (Sun
and McDonough, 1989) of the considered

Table 3: The average contents or the REE analysis
(ppm), in the different granitoid rocks of the studied
area

Allali
?Od‘ Tonalite granodiorite Monzogtanite syenogranite feldspar
e granite
La 85 3135 483 8316 198.68
Ce 55 56.86 93.67 0468 46124
Pr 6.67 6.8 1116 576 5678
Nd 269 26.54 4154 02 2884
Sm 501 546 193 1826 4436
Eu 0.69 1.08 095 0.79 426
Gd 393 53 6.66 168 322
Tb 0.55 0.74 096 16 42
Dy 281 49 6.06 748 nl
Ho 083 098 L1 1.8 296
Er 143 164 316 298 10K
Tm 02 0.38 045 0.4 134
Yb 7 194 346 43 878
Lu 033 04 049 0.63 108
TREE 135.94 15347 22589 45344 10799
TREE+Y 15595 18647 25989 914 11489
LREE 12264 134,09 2026 42206 9899
HREE 8.04 12.04 14.63 21,55 65.8
MREE 5.26 134 8.66 9.83 82
(La/Yb)y 7754847  8.814621 9.433148 12.48785 15.29133
(La/Sm)y 3519026  3.420981 3.833715 2866551 2.819087
(GdYb)y 1289513 1.466542 1.560014 2103588 2.974139
(Tb/Yb)y 0952115 1076237 1.186366 1520307 2055141
(SmHo)y 2250336 2.052505 2655817 5.255432  5.520996
LREEMRRE 2331559 18.26839 2339492 42.93591 40.90496
(La/Y)y 8689024 5343541 8.709328 11.58719 1765312

granites (Figs.32-36) display a gull-wing
shape, characterized by large to moderately
fractionated patterns and high LREE rela-
tive to the MREE and HREE contents. Fur-
thermore, the studied rocks have a steadily
decreasing Eu/Eu* values from the tonalite
(0.56, on average) to the alkali feldspar gran-
ite (0.29, on average) with simultaneous in-
crease in the ZREE contents (Table 3).

The syenogranite and alkali feld-
spar granite have high REE abundances
(ZREE=453.44-1079.9 ppm). The average
LREE concentrations of the syenogranites
(422.06ppm) were usually higher than the
average concentrations of both the MREE
(9.83 ppm) and HREE (24.2 ppm; Table 3).
The syenogranite exhibits REE pattern char-
acterized by a steep negative slope from Ce
to Eu, a partially or nearly flat HREE signa-

na
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3

Fig.32:Chondrite-normalized REE patterns of to-
nalite (According to Sun and McDonough, 1989)
Symbols as in Fig. (2).
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Fig.33:Chondrite-normalized REE patterns of
granodiorite (According to Sun and McDonough,
1989) Symbols as in Fig. (2).
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Sample/REE chondrite

Fig.34:Chondrite-normalized REE patterns of

monzogranite (According to Sun and McDonough,

1989) Symbols as in Fig. (2).

ture, a high negative Eu anomaly (0.37-0.81)
and a negative to slightly positive Ce anomaly
(0.78-1.10). The syenogranite has an average
(La/Yb), ratio 12.49 and (La/Sm) ratio 2.87
with (Gd/Yb) average ratio 2.11 (Table 3,
Fig. 35).

The average XREE value the alkali feld-
spar granite is 1079.9 ppm. It displays enrich-
ment in LREE (989.9 ppm) with depletion in
MREE (24.2 ppm) and HREE (65.8 ppm).
The alkali feldspar granite have REE patterns
which remarkably show more or less closely
similar behavior to that of the most primitive
granite of the syenogranite but with strong
Eu anomaly (0.11-0.46) and slightly positive
Ce anomaly (0.97-1.21). The normalized aver-
age ratio show (La/Yb)_ 15.29 and (La/Sm),
average ratio 2.82 with (Gd/Yb), average ratio
2.97 (Table 3, Fig. 36).

In order to investigate the relative content
and the fractionation trends of the REEs in
the studied granites (Table 3), their contents
and averages are normalized to chondrite,
(Boynton, 1984), (Fig.37). In general terms,
the REEs content averages and normalized
patterns are quite similar and display paral-
lel fractionated common features. They all
show continuous slop with developed enrich-
ment trend of LREEs (range from 90 to 600 x
chondrite in tonalite-alkali feldspar granite, La
section) relative to HREEs (range from 10 to

Bl
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Sample/REE chondrite

Fig.35:Chondrite-normalized REE patterns of sy-
enogranite (According to Sun and McDonough,
1989) Symbols as in Fig. (2).
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Fig.36:Chondrite-normalized REE patterns of al-
kali feldspar granite (According to Sun and Mc-
Donough, 1989) Symbols as in Fig. (2).
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Fig.37: normalized to chondrite (According to
Boynton, 1984)
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30 x chondrite, Lu section). The patterns show
positive to negative Eu anomalies ranging
from +1.65 to -0.64 in tonalite and syenogran-
ite, respectively. The tonalite-alkali feldspar
granite system have REEs content showing
constructive enrichment (3 REEs range from
135.9 ppm in tonalite to 1079.9 ppm in alkali
feldspar granite) with differentiation trend
generally presented in approximately chon-
dritic proportions .

There are some constraints concerning the
peterogenetic processes responsible for the
evolution of the studied rocks. This demands
the prediction of whether the whole granitic
rock sequences of Gabal Abu-Marw had
evolved from tonalites to alkali feldspar gran-
ites from chemically similar magma source re-
gions. The application of Al,O,/TiO,-TiO, dia-
gram (Fig.38) as suggested by Sun and Nesbitt
(1978) indicates that the studied granitic rocks
resulted from a continuity of magma evolu-
tion, whereas syenogranites and the alkali
feldspar granites follow a relatively different
evolution trend. The high TiO, content charac-
ters the least fractionated varieties (tonalites),
while the lower TiO, content represents the
more fractionated varieties (syenogranites and
alkali feldspar granites).

The correlations among major and trace el-
ements (Fig.2) refer to the strong associations
of strongly incompatible elements such as the
HFSE, Y, Ga and Rb with SiO,. The negative
correlation between Sr and SiO, suggests that
the various rock units are controlled by mag-
matic differentiation processes.

The REEs indices of the investigated five
granitic rock units are plotted against the dif-
ferentiation index of the magmatic system
(e.g. Si0,). The petrogenetic significance of
the REEs content, degree of fractionation and
trends and the pattern anomalies throughout
the system is illustrated in the following con-
cluded remarks:

1- The variation in Y REEs and fraction-
ation trends as measured by the ratios (La/Yb),
(La/Sm)_ and (Gd/Yb),, (Fig.39) provide evi-
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dences for telescoping into single comagmatic
differentiated series. The REEs content shows
progressive constructive enrichment reaching
highest content in syenogranites and alkali
feldspar granites (Fig.39a). The least differ-
entiated rock type, tonalite, has fair degree of
fractionation trend [’r’ ratio< 1;(La/Yb),<1,
(Fig.39b). These points to limited crustal
contamination of mantle melt source having
MORB proportions composition. The progres-
sive uniform fractionation trends throughout
the series (Fig.39b) refer to normal magmatic
fractional crystallization processes controlling
their petrogenetic history. The modal involves
distinctive feldspar fractionation signatures
throughout the series such as LREEs content
and fractionation trend (Fig.39); Eu/Eu*, Ca*
and Sr?* systematic inter-element relation
(Fig.39c¢). In addition, the systematic of REEs
geochemical behavior (Fig.39) rule out exten-
sive alteration and large scale crustal contami-
nation and/or magma mixing, since dramatic
variation changes is not evident throughout
the petrogenetic history of the rock unit series.
Moreover, each rock unit of the series carries
its own REEs geochemical signature inven-
tory referring to mantle melt source of a co-
magmatic REEs patterns molded by fractional
processes.

2- The MREEs content and fractionation
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Fig.39: The REEs variation pattern of the studied
granitoid rocks

trends (Sm/Ho) show consistent variation
with neighboring subgroups (Fig.39a&b).
Such conformable geochemical behavior
subgroups refer to their coherent behavior in
magmatic differentiation sequence and neces-
sitate two requirements: (I) subordinate role of

amphibole fractionation, which has preference
incorporation of MREEs with convex upward
fractionation trend (maximum at Ho) in tonal-
ite- alkali feldspar granite system (Hilyard et
al., 2000), and (II) Absence of amphibolized
peridotites contaminant in tonalite or amphi-
bole-bearing cumulate xenoliths throughout
the genetic history of the series. Such effects
are generally abundant in oceanic arc, conti-
nental crust and the partial melting products of
these rocks (Rapp, 1995).

3- In igneous environments (relative re-
ducing conditions) europium is almost entire-
ly present as divalent state (Eu*"). So, unlike
the rest of the REEs (Ln*"), which are mainly
associated with accessory minerals (Panahi, et
al., 2000), Eu?* partitions 20 to 100 times more
efficiently in plagioclase (Condie and Hunter,
1976; Wilke and Behrens, 1999) replacing
Ca%, Sr*and Na' (Henderson, 1996). This
anomalous behavior is of particular interest
and makes “’Eu” acts as a sensitive indicator
for destruction of plagioclase structure (since
it does not reside in saussurite, sericite or illite
structure), Panahi et al., (Op.Cit.). The regular
uniform concomitant relationship of Eu/Eu*
and Ca?*and Sr** during the differentiation se-
quence of the system (Fig.39c) clearly refers
to the limited alteration effect of plagioclase.
Otherwise, the effect will yield to dramatic
negativeve Eu anomaly associated with simi-
lar behavior of Ca, Sr, K and Na. Furthermore,
Nagasawa and Schnetzler, (1971) measured
Eu and Sr distribution in coexisting Ca and
K-feldspars and concluded that Eu** behaves
very similar much like Sr?*. The reported simi-
lar uniform geochemical behavior of Eu*" and
Sr?* during magmatic differentiation sequence
(Fig.39c, Table 3) confirm the limited trans-
formation (chemical weathering and/or altera-
tion) of the rock forming Ca and K-feldspars
into accessory phases throughout the tonalite-
alkali feldspar granite system.

4- The linear variations of “’r” ratios (La/
Yb),, >LREEs, > MREEs and } HREEs dur-
ing differentiation sequence (Figs.39a&b)
refer to the absence of intensive effect of ac-
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cessory minerals characterized by appreciable
preference incorporation of certain REEs
subgroup such as allanite, xenotime, sphene,
monazite and zircon (Henderson, 1984, Han-
son, 1989 and Evans and Hanson, 1993). The
variations of REEs indices indicate that they
were ordered according to magma fraction-
ation processes.

5- The REEs patterns show that the ele-
ments maintain their geochemical coherent
behavior during the whole differentiation se-
quence of the system {viz., parallelism of the
patterns and straight forward behavior of the
indices, Fig.39a}. So, such systematic can be
modeled according to the coherent geochemi-
cal behavior of the rare earth elements and not
to the stability constants of their complexes.
The latter have different geochemical system-
atic, depending upon the legend varieties that
yield different fractionation trend of the REEs
patterns throughout the system. So, the sys-
tem was deficient in metal legend free radicals
suchas O*,OH ,F, CI', CO.>,SO>, PO}
etc.. and hence the system is non-mineralized.
Since such metal legend volatile agents act the
main role in ore genesis (via, mobilization,
concentration and transportation of metallo-
genic metals and ore deposition as result of
degassing (decomplexing) of the ore-bearing
hydrothermal precipitation system).

Distribution of U and Th in Different
Granite Rocks

A total number of 28 rock samples rep-
resenting the different rock type described
before, as well as 8 from the sites of radio-
active anomalies were collected, to study the
distribution of uranium and thorium, Tables
(4&S5). These samples include tonalite 5 sam-
ples, granodiorite 5 samples, monzogranite 5
samples syenogranites 8 samples, and alkali
feldspar granites 5 samples, Table (4). The U
and Th contents were determine using ICP-
MS techniques in Acma Lab., Canada for the
different granitoid rocks in the studied area
and the radioactive sites samples. The iden-
tification of the radioactive minerals causing

the high radioactivity in the anomalous sites in
the syenogranites was carried out using X-ray
diffraction techniques.

Uranium and thorium trend to concentrate
in the residual phases and enter the accessory
minerals such as zircon, monazite, xenotime,
allanite, apatite and sphene. Also, they may
form minerals of their own such as uraninite,
thorite and uranothorite (Rogers and Adams,
1969). It has been shown that the accessory
minerals and their sequence of crystallization
play a major role in controlling the geochemi-
cal behavior of U and Th in silicate melts,
(Simpson, et al., 1979). The early crystalliza-
tion of thorite and / or monazite would lead
to significant U-enrichment in residual fluids.
On the other hand, the early crystallization of
zircon and / or apatite would lead to Th-en-
richment in the residual fluids; Pagel (1982)
showed that U, Th and Hf are zoned in zircon
from many granitic rocks. The crystallization
of uranothorite does not have any fractionation
effect on U and Th. The presence of second-
ary supergene uranium minerals indicates that
such granitic rocks were subjected to active
hydrothermal convective cells and the acces-
sory minerals controlled the fractionation of U
and Th in the granitoid rocks of the studied
area. It is evident that zircon and apatite crys-
tallized earlier and led to the enrichment of Th
in the residual fluids. This probably created
the abnormal concentrations of Th-bearing
minerals in the radioactive sites.

The Anomalous Radioactive Sites

Two sites with anomalous high radioactiv-
ity were discovered associated with Um Arka
syenogranites; one in the pegmatite veins and
the other in sheared zone within the granite
itself, Table (5). The pegmatites associated
with the syenogranites in Um Arka occur in
the northwest periphery of Gabal Um Arka as
small four dyke-like bodies striking mainly
in the E-W direction and range from 20-50
meter in length and from 0.3-0.5m in width.
The radioactive anomalies in Gabal Um Arka
itself are mainly associated with the sheared
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Table 4: The U and Th contents in the different granites.

Sample No. Rock Type U(ppm) Th(ppm)
1 Tonalite 0.5 2
2 Tonalite 1.6 2.5
3 Tonalite 1.7 3.3
6 Tonalite 1 3.8
7 Tonalite 2.5 3.5
Average Tonalite 1.4 3
46 Granodiorite 1.7 8.3
a7 Granodiorite 2.1 8.7
48 Granodiorite 1.4 5.4
49 Granodiorite 1.5 7.8
54 Granodiorite 23 8.5
Average Granodiorite 1.8 7.7
51 Monzogranite 2 15.4
52 Monzogranite 1.8 13.6
53 Monzogranite 2 16.5
55 Monzogranite 23 15.3
56 Monzogranite 2.6 14.4
Average Monzogranite 2.14 15.04
27 Syenogranite 6.2 22.7
28 Syenogranite 8.1 24.8
29 Syenogranite 9.6 34.6
31 Syenogranite 4.4 18.5
32 Syenogranite 4.6 21.6
33 Syenogranite 3.7 17.7
34 Syenogranite 4.2 20.7
35 Syenogranite 4.5 19.1
Average Syenogranite 5.6 22.46
Av. Low Ca- granite after Turekian and
‘Wadepohl(1961) 3 17
Av.high Ca- granite after Turekian and
Wadepohl(1961) 3 8-5
Av. Granite after Clark et. al., (1966);
Rogers and Adams (1969) 5 18-20
Alk.feld.
9 granite 2.7
11 Alk.feld. granite 23
13 Alk.feld. granite 1.4
14 Alk.feld. granite 25
16 AlKk.feld. granite 1.7
Average Alk.feld. granite 2.12
Alkali granite after Roger and Adams
(1969) 0.1-30

Table 5: U and Th contents and Th/U ratios at the
radioactive sites

Sample No. Rocktype U Th ThU
1 Pegmatite 10 29 29
2 Pegmatite 16 32 2
3 Pegmatite 19 75 395
4 Sheared pink granites 10 1200 120
5 Sheared pink granites 16 210 13.13
6 Sheared pink granites 34 80 235
7 Sheared pink granites 418 360  0.86
8 Sheared pink granites 705 417 0.59

zone, aligned along E-W direction. The high-
est two radioactive anomalies are located
in the intersection of three major fractures
striking N50°E,E-W and N60°W.Hydrother-
mal alteration products are observed in these
anomalies especially hematite, limonite and
manganese oxides. The secondary uranium
minerals (uranophane) are observed in this
anomaly.

The heavy minerals fraction was sepa-
rated from pegmatite samples and from the
radioactive syenogranites in Gabal Um Arka.
The radioactive minerals were identified by
using XRD-techniques. The results show
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that the radioactive minerals in the pegma-
tites are mainly zircon and fluorite, while in
the sheared granites uranophane as secondary
minerals and zircon, allanite, xenotime and
uranothorite which are known as U and Th
bearing minerals.

SUMMARY AND CONCLUSIONS

The Abu Marw area is mainly covered by
Late Proterozoic igneous and metamorphic
rocks. These basement rocks are unconform-
ably overlain by upper Cretaceous Nubian
sandstone in the western and northern parts
of the area. From the field investigations and
petrographic description, the granitoid rocks
in the studied area can be divided from the
oldest to tonalite, granodiorite, monzogranite,
syenogranite and alkali feldspar granite.

The tonalite rocks form peripheral phase
exposed in curvilinear ridges along the north-
eastern and eastern part of batholiths. The
tonalites are invaded by quartz feldspar por-
pherite dykes and some of them intersect each
other. The granodiorite rocks form low relief
hillocks occupying the eastern central part
of the batholith and the north western part of
the mapped area. These rocks are oriented in
ENE, N-S and NW directions. The monzo-
granites encountered in the central part of the
granitic batholith. They surround the tonal-
ites and granodiorites. They cutted by NNW,
NW, E-W and ENE faults. The monzogran-
ites form a continuous curvilinear mountains
range trending E-W and scattered group of
circular or oval shaped hills in the northwest-
ern part of the mapped area. Syenogranites
constitute the southern part of the mapped
area. They cutted by wadi Um Arka and Wadi
Um Ashara.These rocks cutted by NW and
E-W faults. These rocks form a continuous
mountain trending E-W and a scattered group
of oval shape in the southwestern part of the
mapped area. Alkali feldspar granites consti-
tute a small area encountered in the central
part of the mapped area. They have curse lin-
ear isolated masses. The alkali feldspar gran-

ites have low to moderate elevated mountains
cutted by wadi Abu Marw.

Abu Marw granitoid batholith com-

prises a co-magmatic calc alkaline I-type
peraluminous suite of rocks. The variations
of some major and trace elements with SiO,
suggest a crystal fractionation model.
The tonalite and granodiorite, rocks probably
evolved within a continental arc/continental
collision environment, while the monzogran-
ite, syenogranite and alkali feldspar granite
rocks evolved in within plat environment.

The studied tonalite and granodiorite rocks
have ZREE lower than the average REE values
(250ppm) of granitic rocks, while the monzo-
granite, syenogranite and alkali feldspar gran-
ite rocks have XREE above the average REE
values of granitic rocks. Chondrite-normal-
ized REE patterns of the considered granites
display a gull-wing shape, characterized by
large to moderately fractionated patterns and
high LREE relative to the MREE and HREE
contents. Furthermore, the studied rocks have
a steadily decreasing Eu/Eu* values from the
tonalite to the alkali feldspar granite with si-
multaneous increase in the XREE contents.

The average contents of U and Th in the
different granitic rocks resemble the aver-
age contents of some international equivalent
rocks. The average of U contents increases
with differentiation. The uranium and tho-
rium contents in the studied granitic rocks are
present in the accessory minerals particularly
monazite, zircon, allanite, sphene, apatite and
iron oxides, The radioactive minerals in the
pegmatite anomalies are mainly zircon, ura-
nothorite and fluorite, while in the sheared
granites are uranophane as secondary miner-
als and zircon, allanite, xenotime and urano-
thorite which are known as U and Th bearing
minerals.
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