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Abstract

The studied mineralized lamprophyre dyke in Abu Rusheid area is trending NNW-SSE, and occurs within  
Abu Rusheid mineralized shear zone, measuring 0.2 - 1.0 m in width and 0.5 - 1.0 km in length. It was emplaced  
parallel with the Abu Rusheid shear zone. The dyke is mainly composed of plagioclases, amphiboles, mica (musco - 
vite and biotite), relics of pyroxenes with K-feldspars and quartz derived from surrounding country rocks as  
phenocrysts embedded in fine-grained groundmass. The lamprophyre dyke hosts REE-minerals monazite-(Nd),  
xenotime-(Y), and REE-bearing minerals apatite, fluorite, zircon-(Hf), rutile with inclusions of xenotime and iron  
oxides. The emplacement of lamprophyre dyke caused heating in the mineralized shear zone of Abu Rusheid area. 
The lamprophyre dyke was subsequently affected by hydrothermal alterations (e.g. chlorite-carbonate, musco-
vitization, flu o ritization). The REE were remobilized from the mineralized shear zones by hydrothermal solutions 
and re-preci pitated as REE-minerals xenotime-(Y) and monazite-(Nd) around flourapatite, fluorite, zircon and 
rutile. The solid solutions between monazite-(Nd) and xenotime-(Y) were formed as a product precipitation from 
hydrothermal solutions. Also, the apatite mineral in the lamprophyre dyke was subjected to the heating during 
the emplacement, which lead to its alteration and breakdown with concominant precipitation of xenotime-(Y) 
and monazite-(Nd). The chemistry of monazite-(Nd) and xenotime-(Y) obtained by scanning electron microscopy 
(SEM), and electron probe microanalysis (EPMA), showed that these minerals are enriched in U and Th. The 
monazite-(Nd) associated with fluorapatite in the studied dyke is poor in Th (0.02 ≤ Th ≤ 0.81 wt%), but usually 
rich in U (0.92 ≤ U ≤ 2.91 wt%), which indicates that monazite formed as a result of flourapatite metasomatism.

Introduction

The Abu Rusheid area is one of the most impor-
tant areas in the South Eastern Desert of Egypt, 
especially in rare-metal mineralization and is  
included in wadi Sikait and wadi El Gemal area. 
It lies about 97 km southwest of Marsa Alam town 
and is accessible from the Red Sea through wadi 
El-Gemal desert track (Fig. 1). 

The area is located in the huge fault systems of 
Sikait-Nugrus environ. The age of the leucograni-
tes in the Sikaite-Nugrus (Abu Rusheid granites) 
area is 610 ± 20 Ma determined by Rb-Sr me t-
hod (Moghazi et al., 2004). The Abu Rusheid area 
lies to the NE of the major shear zone known as 
the Nugrus thrust fault (greiling et al., 1988) or 
Nugrus strike-slip fault (Fritz et al., 2002). This 
shear zone separates high-temperature meta-
morphic rocks of the Hafafit complex in the SW 
from mainly low grade ophiolitic and arc volcanic  
assemblages to the NE (Bennett & Mosley, 1987). 
Shear zones are known to form important me-
chanical weaknesses that affect the geology of the 
continental lithosphere as a kinematic response 
to deformation (Butler et al., 1995). greiling 

et al. (1993) believe that shear zones in the Pan 
African basement of the Eastern Desert may be 
related to compressional, as well as extensio-
nal stresses; however, both types of deformation 
led to antiformal structures on a regional scale.  
aBdel-MoneM & hurely (1979) estimated the 
age date of psammitic gneisses by zircon detrital 
age, which ranges between 1120 Ma and possibly  
2060 Ma suggesting that this basement may be 
the so called Nile Craton.

hassan (1964) studied geology and petro-
graphy of the radioactive minerals and rocks in 
wadi Sikait and wadi El Gemal area. Also, has-
san (1973) and hilMy et al. (1990) studied geo logy, 
geochemistry and mineralization of radioactive 
columbite-bearing psammitic gneisses of wadi 
Abu Rusheid. el-geMMizi (1984), saleh (1997) 
and iBrahiM et al. (2004) studied the Abu Rusheid 
area and recorded several types of mi neralization, 
such as Ta-Nb minerals, zircon, thorite, and se-
condary uranium minerals. raslan (2005) identi-
fied columbite, Hf-rich zircon and dark Li-mica 
(zinnwaldite) in Abu Rusheid mi neralized gneiss. 
The latter author has further been able to iden-
tify mineral ishikawaite in Abu Rusheid minera-
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lized gneiss (raslan, 2008). dawood 
(2010) studied the mineral chemi-
stry and genesis of uranyl minerals 
associated with psammitic gneisses 
of Abu Rusheid area, and conclu ded 
that the composition and genesis  
of uranyl mineralization provide 
additional information about the 
behavior of radionuclides in arid 
environments and at very oxidi zing 
conditions. ali et al. (2011) stu-
died the mineralogy and geochemi-
stry of Nb-, Ta-, Sn-, U-, Th-, and  
Zr-bearing granitic rocks in Abu 
Rusheid shear zones, and proved, 
on the basis of field evidence, tex-
tural relations, and compositions  
of the ore minerals, that the main 
mineralizing event was magma-
tic (629 ± 5 Ma, CHIME monazite), 
with later hydrothermal alteration 
and local remobilization of high-
field-strength elements.

iBrahiM et al. (2007a) recorded 
the occurrence of REE up to (1.5 %) 
in the studied lamprophyre dykes. 
Also, iBrahiM et al. (2007b) studied 
the base-metal mineralization ho-
sting uranium and geochemistry of 
the lamprophyres within the shear 
zones of Abu Rusheid area. 

The present study shows the de-
tailed mine ral chemistry of REE-
minerals (monazite-(Nd), xenoti-
me-(Y)) and REE-bearing minerals 
(apatite, fluorite, and zircon) within 
mineralized lamprophyre dyke, and 
also discusses the genesis of these 
minerals.

Fig. 1. Geological map of Abu Rusheid area showing the stu died altered 
lamprophyre dyke, cutting mineralized shear zone (modified after iBrahiM 
et al. 2004).

Geological setting

The basement rocks sequence of the Precam-
brian rocks at Abu Rusheid area are arranged 
as follows: (1) ophiolitic mélange, consisting of 
ultramafic rocks and layered metagabbros with 
a metasedimentary matrix; (2) cataclastic rocks 
(peralkalic granitic gneisses) in the core of the 
granitic pluton, which are composed of proto-
mylonites, mylonites, ultramylonites, and silici-
fied ultramylonites, (3) mylonitic granites; and 
(4) post-granitic dykes and veins (iBrahiM et al., 
2004). The rare-metal peralkalic granitic gneisses 
and cataclastic to mylonitic rocks (ali et al., 2011) 
are highly foliated and contain primary minerali-
zation of uraninite, thorite and zircon minerals. 
These rocks are intruded by two mica (muscovite-
biotite) granites. The cataclastic rocks are cross-
cut by NNW-SSE trending altered and minerali-
zed shear zone with >1 km in length and 0.5 - 5 m 
in width (Fig.1).

The lamprophyre dyke of 0.2 - 0.5 m in width 
and > 1 km in length was emplaced along the  
altered and mineralized shear zone. Lamprophyre 

dyke is fine-to medium-grained, highly fractured 
parallel to the mineralized shear zone and cha-
racterized by dark grayish to black colors. Iron 
oxides, fluorite and carbonatite are present as  

Fig. 2. Sketch map of the shear zone I shwing the studied  
altered lamprophyre dyke, and sampling locations ( ), (mo-
dified after iBrahiM et al. 2007a).
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Fig. 3 a) Photo of NNW-SSE 
tren ding of lamprophyre dyke 
in the Abu Rusheid area,  
b) detailed photo of the lam-
prophyre dyke cuting the mi-
neralized shear zone in the 
Abu Rusheid area, c) The py - 
roxene is altered to amphi-
boles and iron oxides, no-
tice large zircon crystal 
within lamprophyre dyke,  
d) large apatite crystal in the  
P. L. (Polarized Light), e) and 
under C. N. (Crossed Nichols), 
and f) numerous crystal of 
apati te and zircon associated 
with muscovite and iron oxi-
des (P. L.).

fillings in fracture planes. The studied dyke is 
completely altered and cross-cuts rare-metal per-
alkalic granitic gneisses and cataclastic mylonitic 
rocks in the Abu Rusheid mineralized shear zone 
in the direction of NNW-SSE (Figs. 2, 3b). 

Petrographically, the altered lamprophyre  
dyke is mainly composed of plagioclases, am-
phiboles, relics of pyroxenes and secondary mu-
scovite after biotite. The pyroxene is altered to 
amphiboles and iron oxides (Fig. 3c), while the 
biotite is altered to muscovite and iron oxides. 
K-feldspars and quartz are found in the lam-
prophyre dyke as phenocrysts embedded in the 
fine-grained groundmass. They were formed from  
xenoliths and relics of mineralized shear zone 
(granitic gneisses). Numerous apatite and zir-
con crystals, associated with muscovite and iron  
oxides were found. Apatite, fluorite, monazite, 
xenotime and zircon occur as accessory minerals 
(Fig. 3d to f). Carbonate, chlorite, epidote, seri-
cite, iron oxides and muscovite are secondary 
minerals.

REE-minerals and REE-bearing minerals

Due to their large ionic radii and charge, the 
REE, as well as U and Th, behave incompatibly 
during magmatic processes. The LREE tend to be 
concentrated in highly fractionated basic rocks, 
such as carbonatites (Förster, 2000), whereas 
HREE and especially Y tend be concentrated in 
fractionated acidic rocks, such as alkaline gra-
ni tes and pegmatites. Concerning the heavy REE 
(HREE), hanson (1978) invoked zircon as the  
major source of HREE in granitic rocks, while 
JeFFeries (1984) considered partitioning of HREE 
between zircon, xenotime, and apatite. Mineyev 
(1963) reported that the HREE can easily form 
sodium fluoro-complexes (e.g., Na(REE)F4) under 
hydrothermal conditions. These complexes from 
preferably with HREE of smaller ionic radii 
(huMphris, 1984). 

The crystal structures of many of REE-mi-
nerals are poorly known because the phases are 
metamict in nature (Th and U commonly sub-
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stitute for REE in minerals, as mentioned above). 
The smaller HREE, or Y-group, exhibits irregular 
coordination numbers with oxygen most com-
monly of 8, whereas the larger light REE (LREE), 
or Ce-group, exhibits larger coordination num-
bers, most commonly of 9 (e.g., Miyawaki & na-
kai, 1987). The LREE have relatively large ionic 
radii similar to those of Ca2+ and Th4+. The tri-
valent LREE (Ce-group) are very similar crystal-
chemically to Ca2+, and they commonly substitute 
for Ca in rock-forming minerals. Substitution of 
a trivalent REE cation for divalent Ca is achieved 
by compensation of charge through a coupled 
substitution.

The REE-orthophosphate minerals monazite 
and xenotime are known from a wide range of 
magmatic (Bea, 1996; Förster, 1998a, b; viskupic 
& hodges, 2001) and metamorphic rocks (hein-
rich et al., 1997), especially rocks characterized 
by mildly to strongly peraluminous compositions. 
Monazite (LREE(PO4)) is a monoclinic mineral, 
with the space group P21/n, which is isostructu-
ral to huttonite, the high-P high-T polymorph 
of ThSiO4. The most common of the monazite 
series is monazite-(Ce), which is widespread in 
granites (mainly S-type), alkaline rocks (syeni-
tes, carbona tites), pegmatites, metapelites to 
me tapsammites, hydrothermal veins or occurs 
as authigenic mineral in clastic sediments. Mo-
nazite-(La), monazite-(Nd), and monazite-(Sm)  
occur less frequently (graeser & schwander, 
1987; gaines et al., 1997; anthony et al., 2000; 
Massau et al., 2002). Xenotime (Y, HREE(PO4)) is 
tetragonal, with the space group I41/amd, and is 
isostructural to thorite, which is the low-P low-T 
polymorph of ThSiO4 (paBst & hutton, 1951). 
Both atomic arrangements are based on chains of 
alternating phosphate tetrahedra and REE poly-
hedra along �001� where the REE ions are 8-fold 
coordinated in xenotime and 9-fold in monazite 
(ni et al., 1995). Minor emphasis has been given to 
xenotime, which also incorporates relatively high 
amounts of U and, to a minor extent, also Th. It 
is known from natural assemblages (Franz et al., 
1996) that Th and U are incorporated in mona-
zite and xenotime by two exchange mechanisms. 
In natural rocks, coexisting monazite-xenotime 
pairs suggest that Th is preferentially incorpo-
rated into monazite as brabantite (CaTh(PO4)) 
(rose, 1980) and U into xenotime as coffinite 
(USiO4) component (Franz et al., 1996); however, 
quantitative relationships are unknown. an drehs 
& heinrich (1998) found that the monoclinic 
structure preferentially incorporates the LREE, 
whereas the tetragonal structure incorporates 
preferentially the HREE.

Zircon is an important member of REE-bea-
ring minerals and a common accessory mineral in 
plutonic igneous rocks, especially those of grani-
te group. It is generally present as small early 
formed crystals often enclosed in later minerals, 
but may form large well developed crystals in 
granites and pegmatites (deer et al., 1966). hus-
sein (1978) and aBadalla et al. (2008) stated that 
the radioactive zircons are usually zoned. The  

radioactive zircon is also characterized by meta-
mictization. The explanation for the origin of the 
“Metamict State” is that the internal order of the 
originally crystalline form has been destroyed 
by α-particles bombardment from radionuclides 
within the structure. Zircon may be partially or 
completely modified giving amorphous zircon 
with a more isotropic character. Such minerals 
are called metamict zircon. 

Analytical methods

Four samples of the altered lamprophyre dyke 
were studied in detail using optical microscopy, 
scanning electron microscopy (SEM), and elec-
tron probe microanalysis (EPMA). Polished thin 
sections were studied under reflected and trans-
mitted light of an optical microscope in order to 
determine mineral associations and paragene-
sis. Backscattered electron images (BEI) were 
collected with the scanning electron microscope 
(JEOL 6400) at the Microscopy and Micro-
analyses Facility, University of New Brunswick  
(UNB), New Brunswick, Canada. Chemical com-
positions of minerals were determined on the 
JEOL JXA-733 Super probe at 15 kV, a beam cur - 
rent of 50 nA and peak counting times of 30 
second for all elements. Standards used for the 
EPMA analysis were jadeite, kaersutite, quartz, 
and apatite for Na, Al, Si, and P, and Ca, respec-
tively, SrTiO3 for Ti, CaF2 for F, pure metals were 
used for Fe, Nb, Hf, Ta, Sn, Th, and U, YAG for Y, 
cubic zirconia for Zr, (La, Ce, Nd, Sm, Pr, Er, Gd, 
Eu, Tb, Dy, and Yb)-bearing Al-Si glass for La, 
Ce, Nd, Sm, Pr, Er, Gd, Eu, Tb, Dy, and Yb and 
crocoite for Pb.

Mineralogical investigations

Results of detailed mineralogical examination 
of REE-minerals and REE-bearing minerals in 
altered lamprophyre dyke are briefly presented in 
the following sections. 

REE-minerals

Monazite-Nd ((Nd, Ce, La, Sm, Th)PO4)

Monazite-(Nd) occurs as euhedral to subhe-
dral crystals in mineralized lamprophyre dyke 
in the Abu Rusheid area. The monazite crystals 
are generally light gray in color and range in size 
from 5 to 30 µm (Fig. 4a, c). Monazite was found 
associated with iron oxides and xenotime, rim-
ming apatite and fluorite, as inclusions in the 
zircon, and in the fractures and fissure track in 
the dyke. Monazite in the studied lamprophyre 
dyke is frequently heterogeneous. This means 
that the same crystal of monazite consists of two 
distinct parts; which appear dark gray and light 
gray in SEM (BEI) images (Figs. 5c,d). Chemical 
composition of these distinct parts in monazite,  
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Fig. 4. SEM-BSE images of  
a) monazite and xenotime mi-
ne rals filling fractures and fi s-
sures in the lamprophyre dyke, 
b) fluorite associated with 
monazite and rutile, c) rutile 
with inclusions of xenotime in 
the lamprophyre dyke, d) large 
euhedral apatite rimmed by 
xenotime, and e) and f) zircon 
with inclusions of xenotime 
and monazite.

obtained by the EPMA analysis, are given in  
Table 1 and shown in Figures 6 and 7. The re-
sults showed that contents of the major oxides 
in the darker part of monazite are: P2O5 (22.99 to  
26.11 wt%), Nd2O3 (12.72 to 19.73 wt%), Ce2O3 
(2.31 to 16.37 wt%), La2O3 (3.02 to 4.23 wt%), 
Pr2O3 (5.15 to 6.30 wt%), Sm2O3 (3.75 to 4.59 wt%), 
Gd2O3 (3.82 to 4.75 wt%), Dy2O3 (5.45 to 6.18 wt%), 
ThO2 (0.02 to 0.21 wt%), UO2 (0.71 to 1.18 wt%), 
while the lighter part consists of P2O5 (20.40 to 
24.26 wt%), Nd2O3 (13.01 to 17.12 wt%), Ce2O3 
(10.18 to 16.42 wt%), La2O3 (3.30 to 6.15 wt%), 
Pr2O3 (3.46 to 4.68 wt%), Sm2O3 (0.97 to 2.96 wt%), 
Gd2O3 (2.94 to 4.01 wt%), Dy2O3 (5.05 to 6.16 wt%), 
ThO2 (0.21 to 0.81 wt%), UO2 (0.92 to 2.91 wt%). It 
can be inferred from these results that the darker 
part of monazite-(Nd) is enriched in HREE and 
depleted in LREE, Th, and U; while the lighter 
part is depleted in HREE, Y and Ca, and enriched 
in Th and U. Monazite and xenotime in the Abu 
Rusheid lamprophyre dyke also occur in the mo-

nazite-xenotime solid solution, which indicates 
presence of hydrothermal solutions enriched in 
REE, Y, P, U, F, and Zr. The emplacement of the 
lamprophyre dyke in the mineralized shear zone 
heated the wall rocks of the shear zone, which  
enriched in REE, Y, P, U, F, and Zr. These elements 
were remobilized by hydrothermal solutions and 
re-precipitated in the fractures and fissure tack 
in the lamprophyre dyke as REE-minerals, such 
as monazite-(Nd), xenotime-(Y) and REE-bearing 
minerals, such as apatite, fluorite, zircon, rutile 
with inclusions of xenotime and iron oxides. 

Hydrothermal and igneous monazite can be 
distinguished by the ThO2 content, which is ge-
nerally < 1 wt% for hydrothermal monazite and 
3 to > 5 wt% for igneous monazite (schandl & 
gorton, 2004). Also, monazites formed under 
high-grade metamorphic conditions show a wide 
range of ThO2 concentrations and are strongly 
zoned with respect to Th. The studied monazite 
is relatively heterogeneous and strongly zoned 
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with respect to Th. The Th content in the studied 
monazite is low and is consistent with its hydro-
thermal origin (Table 1).

Xenotime-Y ((Y, HREE)PO4)

Xenotime in lamprophyre dykes occurs as  
euhedral to subhedral crystals associated with 
apatite, monazite, rutile, fluorite, and zircon  
mi nerals. In places, it can also be found as  
anhedral rims around apatite, fluorite and rutile. 
In the altered lamprophyre dykes, however, xe-
notime occurs, in the fractures and fissure track 
and is associated with apatite and rutile. Xeno-

Table 1. Composition of selected monazite from the Abu Rusheid lamprophyre dyke, obtained by EPMA

Sample no. M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 Average Average

Mineral Monazite Monazite Monazite Monazite Monazite Monazite Monazite Monazite Monazite Monazite

Oxides (wt%) dark light dark light dark light dark light dark light

M 1 M 2 M 3 M 4 M 5 M 6 M 7 M 8 N=4 N=4

Al2O3 0.82 0.03 0.13 0.25 0.11 0.22 1.0 0.03 0.51 0.13

SiO2 0.29 0.53 0.24 0.19 0.20 0.17 0.35 0.24 0.27 0.28

CaO 5.19 5.03 5.82 4.58 5.49 4.00 6.22 6.01 6.18 4.91

Y2O3 12.98 9.25 7.30 6.99 9.06 8.72 8.43 7.01 9.94 7.99

P2O5 23.0 20.4 25.3 23.9 25.7 24.3 26.1 23.9 25.5 23.6

La2O3 3.46 5.99 3.02 3.78 3.25 3.30 4.23 6.15 3.49 4.81

Ce2O3 2.31 10.52 15.33 15.42 16.37 14.33 2.82 10.18 9.21 12.86

Pr2O3 5.15 4.58 4.78 4.68 3.97 4.08 6.30 3.46 5.05 4.20

Nd2O3 15.35 16.10 16.73 15.91 13.72 13.01 16.77 17.12 16.14 15.54

Sm2O3 3.75 2.96 0.000 2.106 0.000 0.966 4.59 1.28 2.09 1.58

Eu2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Gd2O3 3.94 3.56 4.75 4.01 3.94 2.91 3.82 3.45 4.11 3.49

Dy2O3 6.16 6.09 5.45 5.05 6.18 6.15 5.54 5.12 5.83 5.60

PbO 0.50 1.1 0.35 0.66 0.29 0.58 0.61 1.28 0.43 0.90

ThO2 0.02 0.42 0.21 0.42 0.09 0.81 0.02 0.30 0.08 0.49

UO2 0.97 0.92 0.86 2.91 0.71 2.54 1.08 1.18 0.93 1.86

Total 83.87 87.48 90.30 90.91 89.06 86.04 87.89 86.68 87.78 87.78

Cation proportions (based on 4 oxygen atoms)

Al 0.026 0.001 0.003 0.007 0.004 0.008 0.031 0.001 0.016 0.004

Si 0.009 0.017 0.006 0.005 0.008 0.006 0.011 0.008 0.009 0.009

Ca 0.130 0.126 0.145 0.100 0.137 0.115 0.156 0.150 0.281 0.223

Y 0.270 0.193 0.189 0.182 0.152 0.146 0.217 0.146 0.207 0.167

P 0.718 0.638 0.792 0.748 0.802 0.811 0.816 0.746 0.912 0.844

La 0.072 0.125 0.068 0.069 0.063 0.079 0.088 0.128 0.073 0.100

Ce 0.048 0.219 0.319 0.299 0.319 0.289 0.059 0.212 0.192 0.268

Pr 0.107 0.095 0.083 0.085 0.100 0.098 0.131 0.072 0.105 0.088

Nd 0.320 0.335 0.348 0.331 0.286 0.271 0.349 0.357 0.336 0.324

Sm 0.078 0.062 0.000 0.020 0.000 0.023 0.096 0.027 0.044 0.033

Gd 0.082 0.074 0.082 0.061 0.099 0.084 0.080 0.072 0.086 0.073

Dy 0.128 0.127 0.129 0.128 0.114 0.105 0.115 0.107 0.122 0.117

Pb 0.005 0.011 0.003 0.006 0.004 0.007 0.006 0.013 0.005 0.009

Th 0.001 0.008 0.004 0.008 0.002 0.026 0.001 0.004 0.030 0.033

U 0.016 0.016 0.015 0.049 0.012 0.015 0.018 0.020 0.016 0.032

∑REE 40.12 49.8 46.43 44.78 53.06 50.96 44.07 46.77 45.92 48.08

∑REE+Y 53.1 59.05 55.49 53.5 60.36 57.95 54.5 53.78 55.86 56.18

∑LREE 30.02 40.15 36.31 34.72 42.86 41.90 34.71 38.19 35.98 38.74

∑HREE 10.1 9.65 10.12 9.09 10.2 9.06 9.36 8.58 9.95 9.10

Th / U 0.02 0.46 0.24 0.07 0.13 0.32 0.02 0.25 0.04 0.28

∑A+B 2.01 2.09 2.16 2.08 2.15 2.04 2.19 2.08 2.13 2.07
N= number of samples

time in the studied mineralized lamprophyre 
dykes is frequently homogeneous. Xenotime 
grains are present in the form of subhedral to an-
hedral crystals and range in size from 2 to 10 µm 
or 5 to 30 µm (Figs. 4a, b). The average contents of 
major oxi des in xenotime (Table 2), obtained by 
the EPMA analysis, are: P2O5 (34.87 wt%), Y2O3  
(34.11 wt%), Yb2O3 (6.21 wt%), Er2O3 (5.30 wt%), 
Dy2O3 (2.31 wt%), Ho2O3 (0.92 wt%), Tm2O3  
(0.7 wt%), Tb2O3 (0.47 wt%), UO2 (1.13 wt%), 
ThO2 (0.79 wt%). The results of EPMA analysis 
showed that the studied xenotime is enriched in 
HREE (especially Yb, Er, Dy, Gd), Y, Th, and U 
(Table 2).
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Table 2. Composition of selected xenotime from the Abu Rusheid lamprophyre dyke,  
obtained by EPMA

Sample no. X 1 X 2 X 3 X 4 X 5 Average

Mineral Xenotime Xenotime Xenotime Xenotime Xenotime Xenotime

Oxides (wt%) N=5

Al2O3 0.42 0.68 0.000 0.000 0.000 0.22

SiO2 1.33 1.32 2.22 2.98 1.01 1.77

As2O3 0.05 0.19 0.00 0.00 0.00 0.04

CaO 0.16 0.64 0.01 0.05 0.05 0.18

Y2O3 30.92 41.24 33.99 31.72 32.67 34.87

P2O5 31.36 41.41 34.35 33.12 34.12 34.11

ZrO2 0.04 0.16 0.00 0.35 0.36 0.18

Nb2O5 0.48 0.93 0.00 0.00 0.00 0.28

Nd2O3 0.10 0.38 0.31 0.13 0.13 0.19

Sm2O3 0.00 0.00 0.00 0.21 0.22 0.09

Eu2O3 0.02 0.08 0.00 0.12 0.01 0.05

Gd2O3 0.00 0.00 0.45 0.21 1.67 0.47

Tb2O3 0.60 0.41 0.68 0.11 0.66 0.47

Dy2O3 3.35 1.39 1.97 1.62 3.22 2.31

Ho2O3 1.56 0.47 0.56 0.64 1.38 0.92

Er2O3 7.18 1.23 4.08 6.85 7.06 5.30

Tm2O3 0.31 0.23 0.42 1.34 1.41 0.70

Yb2O3 8.49 1.56 5.11 7.81 8.05 6.21

HfO2 0.40 0.00 0.00 0.50 0.52 0.28

Ta2O5 0.00 0.12 0.00 0.55 0.56 0.25

PbO 0.06 0.40 0.45 0.43 0.45 0.36

ThO2 0.12 0.30 1.12 1.18 1.22 0.79

UO2 0.95 0.99 1.25 1.21 1.24 1.13

Total 88.00 93.90 87.07 91.12 96.00 91.22

Cation proportions (based on 4 oxygen atoms)

Al 0.015 0.024 0.000 0.000 0.000 0.008

Si 0.042 0.041 0.069 0.093 0.032 0.055

As 0.001 0.004 0.000 0.000 0.000 0.001

Ca 0.007 0.029 0.001 0.002 0.002 0.008

Y 0.644 0.859 0.708 0.661 0.681 0.711

P 0.782 1.03 0.859 0.828 0.853 0.816

Zr 0.001 0.003 0.000 0.007 0.008 0.004

Nb 0.010 0.019 0.000 0.000 0.000 0.006

Nd 0.002 0.008 0.006 0.003 0.003 0.004

Sm 0.000 0.000 0.000 0.004 0.005 0.002

Eu 0.001 0.017 0.000 0.003 0.001 0.004

Gd 0.000 0.000 0.009 0.004 0.035 0.010

Tb 0.013 0.009 0.014 0.001 0.014 0.010

Dy 0.07 0.029 0.041 0.034 0.067 0.048

Ho 0.032 0.01 0.012 0.013 0.029 0.019

Er 0.15 0.026 0.087 0.143 0.147 0.111

Tm 0.006 0.000 0.009 0.028 0.029 0.014

Yb 0.177 0.033 0.106 0.163 0.168 0.129

Hf 0.008 0.000 0.000 0.011 0.011 0.004

Ta 0.000 0.002 0.000 0.011 0.012 0.005

Pb 0.001 0.008 0.009 0.009 0.009 0.007

Th 0.002 0.061 0.02 0.022 0.022 0.025

U 0.016 0.017 0.021 0.021 0.021 0.019

∑HREE 21.58 5.54 13.67 19.15 23.8 16.75

∑HRE+Y 52.5 46.78 47.66 50.87 56.47 50.86

Th / U 1.06 1.29 2.37 2.38 2.46 1.91

Zr / Hf 0.44 0.16 0.00 0.86 0.88 0.47

∑A+B 1.91 2.18 1.96 2.04 2.08 2.03
N = number of samples

Xenotime and monazite  
stability

The studied monazite is 
strongly zoned, as observed 
by SEM. According to hein-
rich et al. (1997), prograde 
zoning of metamorphic mo-
nazite and the partitioning of 
REE between monazite and 
xenotime are a function of 
temperature and pressure. It 
would appear that the U-Th 
partitioning between coexi-
sting monazite and xenoti-
me is also temperature and 
pressure depen dent and that 
crystals might be zoned in 
respect to their U/Th ratios. 
Xenotime can thus be used 
as a sensitive trace element 
geothermometer, both within 
monazite-xenotime pair (an-
drehs & heinrich, 1998). The 
data obtained by EPMA 
analyses of the stu died mona-
zite-(Nd) and xenotime-(Y) 
were plotted on the CePO4-
YPO4-ThSiO4 ternary system 
at different temperatures 
(Fig. 8), accor ding to gratz 
& heinrich (1997) and sey-
doux-guillauMe et al. (2002). 
It can be inferred from the 
diagram that the studied 
xenotime from Abu Rusheid 
lamprophyre dyke formed at 
a tempera ture around 600 °C, 
while monazite formed at 
temperatures between 600 
and 1100 °C (Fig. 8).

REE bearing minerals

Apatite (Ca10(PO4)6F2 )

Apatite mainly occurs in 
the form of massive, euhe-
dral to subhedral grains with 
size ranging from 10 to 40 µm 
(Figs. 4a, d, e, 5a). The apatite 
crystals are generally light 
gray to black in color under 
the transmitted light of an op-
tical microscope (Figs. 3d - f). 
Chemical composition of apa - 
tite, obtained by EPMA, cor-
responded to fluorapatite 
(Table 3). The EPMA analy-
ses (Table 3) also showed that 
the contents of major oxides 
and elements in the core of 
fluorapatite are: CaO (52.93 
to 56.6 wt%), P2O5 (39.78 to 
42.12 wt%), and F (3.18 to 
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Fig. 5. SEM-BSE images of 
a) apatite altered and break-
down to xenotime and mon-
azite on the rim of apatite  
b) fluorite rimmed by mona-
zite and xenotime on a rime, 
c) and d) heterogeneous mo-
nazite grain with darker and 
lighter parts, asso ciated with 
iron oxides.

4.15wt %), while in the rim of fluorapatite their 
values are: CaO (54.97 to 57.2 wt%), P2O5 (38.66 
to 42.39wt %), and F (3.55 to 3.7wt %). Minor 
amounts of LREE, Y, Fe, U, Sr and Si were also 
found as substituents in apatite, especially in the 
rim of apatite (Fig. 5b, Table 3). Uranium usually 
substitutes for Ca in apatite. 

As pointed out by zhu & sverJensky (1991), 
the formation of apatite with a composition of 
environments is F-rich, even though the activity 
of Cl in the fluid is much higher than that of F. 
The formation of the studied apatite is similar. 
In some carbonatitic apatite (hogarth, 1989), F  
appears to overfill the site, especially when signi-
ficant CO3 

2- is present (piccoli & candela, 2002). 
However, carbonatitic apatite contains very high 
Sr (commonly > 2500 ppm) and low Y contents 
(commonly < 400 ppm) (Belousova et al., 2002). 
The EPMA data (Table 3) show that studied  
apatite from the Abu Rusheid lamprophyre dykes 
are similar to other Kiruna type apatite occur-
rences and would seem to exclude a carbonatitic 
affinity.

Zircon (ZrSiO4)

Zircon is found as the most abundant acces-
sory mineral in the studied lamprophyre dykes of 
the Abu Rusheid area. Zircon occurs as subhedral 
prismatic to anhedral crystals of 20 to 50 µm in 
size. In the studied dykes, zircon is characterized 
by inclusions of xenotime and monazite (Figs. 4e, 
f). The core of zircon in the mineralized lampro-
phyre dyke contains inclusions of xenotime and 
monazite but has lower Hf and HREE contents 
than the rim of the studied zircon. Zircon crystals 
in the studied mineralized granites are mainly 
characterized by considerable metamictization, 
due to presence of uranium. The EPMA analyses 
of these crystals confirmed the zircon composi-

tion (Table 4). The EPMA analyses of these crys-
tals confirmed the zircon composition (Table 4). 
The EPMA analyses (Table 4) indicate that the  
major oxides in the core of zircon are ZrO2  
(59.93 to 65.22 wt%), SiO2 (31.71 to 33.12wt %), 
HfO2 (0.89 to 1.23 wt%), and HREE (0.36 to  
0.47 wt%) with significant amounts of ThO2  
(0.32 to 0.34 wt%), UO2 (0.022 to 0.84wt %), FeO 
(0.03 to 2.18wt %), and Y2O3 (0.14 to 0.43 wt%). 
In the rim of zircon, contents of major oxides are 
mainly ZrO2 (40.86 to 64.93 wt%), SiO2 (23.55  
to 34.70 wt%), HfO2 (1.77 to 2.15wt %), and HREE 
(2.73 to 3.12 wt%) with significant amounts  
of ThO2 (0.03 to 2.91 wt%), UO2 (0.21 to 2.21 wt%), 
FeO (0.14 to 1.59 wt%), and Y2O3 (8.89 to 9.47 wt%) 
in (Table 4).

Fluorite (CaF2) 

The fluorite occurs as large euhedral to subhe-
dral crystals with sizes ranging from 10 - 40 µm 
(Figs. 4b, 5b). Fluorite is commonly associated 
with zircon and thorite. The presence of fluo-
rite accompanying the mineralization indicates 
al teration processes due to hydrothermal acti-
vity. The EPMA analyses (Table 5) indicate that 
the major oxides and elements in fluorite are 
CaO (68.75 wt%), and F (45.83 wt%). Significant 
amounts of Y2O3 (2.7 wt%), REE (2 wt %), Ce2O3 
(0.7 wt%), ThO2 (0.2 wt%), and UO2 (0.02 wt%), 
were also found in fluorite Ce, Y, U, Th, and REE 
probably occur as substitutions in fluorite.

Rutile (TiO2)

Rutile was only found as a small crystal in 
the lamprophyre dyke in the Abu Rusheid area, 
which contains inclusions of xenotime. Generally, 
it is altered to xenotime in the fissure tracks of the 
rutile (Fig. 4c).
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Table 3  Composition of selected apatite from the Abu Rusheid lamprophyre dyke, obtained by EPMA

Sample no. A1 A2 A3 A4 A5 A6 A7 A8 Average Average

Mineral Apatite Apatite Apatite Apatite Apatite Apatite Apatite Apatite Core Rim

Oxides (wt%) Core Rim Core Rim Core Rim Core Rim N=4 N=4

F 3.68 3.18 3.58 3.92 3.55 3.61 3.7 4.15 3.63 3.72

SiO2 0.24 0.42 0.12 0.16 0.08 0.16 0.12 0.19 0.14 0.23

MgO 0.01 0.07 0.02 0.04 0.00 0.00 0.03 0.04 0.01 0.04

CaO 55.38 54.97 56.60 57.20 55.65 53.99 56.38 52.93 56.00 54.77

P2O5 40.96 38.66 41.81 42.39 42.12 39.48 42.4 39.78 41.82 40.08

Cl 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00

FeO 0.46 0.63 0.51 0.48 0.49 0.71 0.49 0.66 0.49 0.62

SrO 0.45 0.09 0.09 0.10 0.08 0.03 0.09 0.03 0.18 0.06

Y2O3 0.00 0.38 0.00 0.00 0.40 0.63 0.00 1.23 0.10 0.56

La2O3 0.23 0.00 0.06 0.09 0.06 0.16 0.07 0.00 0.11 0.06

Ce2O3 0.28 0.00 0.05 0.16 0.00 0.09 0.03 0.00 0.09 0.06

Pr2O3 0.03 0.11 0.15 0.09 0.08 0.04 0.00 0.00 0.06 0.06

Nd2O3 0.14 0.00 0.12 0.06 0.00 0.27 0.01 0.10 0.07 0.11

Sm2O3 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00

Gd2O3 0.00 0.06 0.00 0.19 0.00 0.12 0.11 0.18 0.03 0.14

PbO 0.05 0.19 0.01 0.00 0.00 0.00 0.00 0.07 0.01 0.06

ThO2 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.010

UO2 0.18 0.13 0.02 0.14 0.00 0.05 0.18 0.22 0.10 0.13

Total 99.92 97.57 101.62 103.37 101.01 97.83 101.72 97.84 101.07 99.15

Cation proportions (based on 4 oxygen atoms)

F ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Mg 0.001 0.003 0.001 0.002 0.000 0.001 0.001 0.001 0.002 0.001

Si 0.007 0.013 0.031 0.005 0.002 0.005 0.004 0.006 0.011 0.007

P 1.01 0.967 1.05 1.06 1.05 0.987 1.05 0.999 1.04 1.00

Cl ----- ----- ----- ----- ----- ----- ----- ----- ----- -----

Ca 0.938 0.948 0.976 0.986 0.959 0.931 0.972 0.913 0.961 0.945

Fe 0.014 0.020 0.016 0.015 0.015 0.022 0.015 0.021 0.015 0.020

Sr 0.016 0.004 0.003 0.004 0.003 0.001 0.003 0.001 0.006 0.003

Y 0.000 0.008 0.000 0.000 0.008 0.013 0.000 0.026 0.002 0.012

La 0.005 0.000 0.001 0.002 0.001 0.003 0.001 0.000 0.002 0.001

Ce 0.006 0.000 0.001 0.003 0.000 0.002 0.001 0.000 0.002 0.001

Pr 0.001 0.002 0.003 0.002 0.002 0.001 0.000 0.000 0.002 0.002

Nd 0.003 0.000 0.002 0.001 0.000 0.000 0.000 0.000 0.002 0.001

Sm 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000

Gd 0.000 0.001 0.000 0.004 0.000 0.002 0.002 0.004 0.001 0.003

Pb 0.001 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002

Th 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001

U 0.003 0.002 0.001 0.002 0.000 0.001 0.003 0.004 0.002 0.002

LREE 0.81 0.172 0.371 0.588 0.145 0.681 0.218 0.283 0.39 0.99

LREE+Y 0.000 0.557 0.000 0.000 0.544 1.312 0.000 1.508 0.49 1.55

---- not calculated
N = number of samples

Iron oxides 

Iron oxides are most common and very im-
portant in the mineralized lamprophyre dyke  
especially in the fractures and fissure tracks  
(Fig. 3f). They are associated with monazite, 
xenotime, apatite, fluorite, zircon, and rutile with 
inclusions of xenotime.

Discussion

The field observation shows that the minera-
lized lamprophyre dyke cuts the mineralized 

shear zone of Abu Rusheid area. The NNW-SSE 
faults along the shear zone itself acted as chan-
nel ways for the movement and focusing of  
hydrothermal fluids. Consequently, the lampro-
phyre dyke was subjected to the intense altera-
tion processes (ferrugination, fluoritization, and 
carbonatization), brecciation and mineralization.

The mixing of volatile fluids with meteoric 
water and fluid-wall rock interactions caused 
changes in pH and oxygen activity and resulted 
in deposition of base metals. Precipitation of iron 
oxides probably decreased the pH of the solu-
tion thus giving rise to acidic fluids. The sudden 
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Table 4. Composition of selected zircon from the Abu Rusheid lamprophyre dyke, obtained by EPMA

Sample no. Z1 Z2 Z3 Z4 Z5 Z6 Average Average

mineral Zircon Zircon Zircon Zircon Zircon Zircon Zircon Zircon 

Oxides (wt%) Core Rim Core Rim  Core Rim Core N=3 Rim N=3

SiO2 31.71 34.72 32.68 23.55 33.12 31.97 32.50 30.08

ZrO2 59.93 40.86 61.46 43.59 65.22 64.93 62.20 49.79

HfO2 0.89 1.77 1.12 2.15 1.23 2.02 1.08 1.98

P2O5 0.18 0.61 0.43 0.47 0.29 0.56 0.30 0.55

CaO 0.34 2.24 0.34 2.09 0.01 1.44 0.23 1.92

FeO 1.82 1.60 2.18 0.99 1.03 1.14 1.67 1.24

Y2O3 0.15 8.89 0.43 9.47 0.31 6.89 0.30 8.42

Ce2O3 0.09 0.85 0.03 1.09 0.06 0.08 0.06 0.68

Tb2O3 0.00 0.08 0.00 0.15 0.05 0.25 0.02 0.16

Dy2O3 0.11 1.47 0.24 0.96 0.02 0.09 0.13 0.84

Yb2O3 0.25 1.67 0.07 1.77 0.02 0.43 0.12 1.29

PbO 0.02 0.01 0.08 0.15 0.00 0.02 0.03 0.06

ThO2 0.34 2.91 0.33 2.41 0.02 0.03 0.23 1.78

UO2 0.84 2.21 0.71 2.16 0.10 0.22 0.55 1.53

Total 96.65 99.97 100.1 99.99 99.85 98.89 98.87 99.62

Cation proportions (based on 4 oxygen atoms)

Si 0.991 1.085 1.021 0.736 1.035 0.999 1.02 0.94

Zr 0.936 0.638 0.960 0.681 1.02 1.01 0.97 0.78

Hf 0.012 0.024 0.015 0.029 0.017 0.020 0.015 0.024

P 0.005 0.015 0.011 0.012 0.000 0.001 0.005 0.009

Ca 0.009 0.062 0.009 0.058 0.000 0.000 0.006 0.04

Fe 0.057 0.050 0.068 0.031 0.001 0.001 0.042 0.027

Y 0.003 0.185 0.009 0.197 0.000 0.000 0.004 0.127

Ce 0.002 0.018 0.001 0.023 0.001 0.002 0.001 0.014

Tb 0.000 0.002 0.000 0.003 0.001 0.000 0.001 0.002

Dy 0.002 0.031 0.005 0.002 0.001 0.000 0.003 0.011

Yb 0.005 0.035 0.002 0.037 0.000 0.009 0.002 0.027

Pb 0.001 0.001 0.001 0.002 0.000 0.001 0.001 0.001

Th 0.006 0.053 0.006 0.044 0.001 0.001 0.004 0.036

U 0.014 0.038 0.012 0.037 0.002 0.004 0.009 0.026

Zr/ Hf 67.41 23.10 54.68 20.30 53.02 45.41 58.37 29.60

Th / U 0.41 1.32 0.47 1.11 0.23 0.14 0.37 0.857

∑A+B 2.04 2.28 2.10 1.89 2.08 2.05 2.07 2.07

N = number of samples

Fig. 6. Nomenclature diagram for the system monazite  
(2REEPO4), cheralite (CaTh (PO4)) and huttonite (2ThSiO4) 
(after linthout, 2007).

Fig. 7. Compositions of monazite–gasparite and xenotime-
chernovite solid solutions in quadrilateral classification dia-
gram of the (Y,REE)AsO4-(Y,REE)PO4 system (after ondreJka 
et al., 2007).
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Table 5. Composition of selected fluorite from the Abu Rusheid lamprophyre 
dyke, obtained by EPMA

Sample no. F1 F2 F3 F4 Average Average

Mineral Flourite Flourite Flourite Flourite Core Rim

Oxides (wt%) Core Rim Core Rim N=2 N=2

F 46.21 44.43 44.87 39.80 45.54 42.12

Na2O 0.93 0.46 0.32 0.12 0.62 0.29

Al2O3 0.46 1.46 0.46 2.25 0.46 1.86

SiO2 0.81 0.46 1.40 0.65 1.11 0.56

P2O5 0.16 1.48 0.29 2.51 0.23 1.99

CaO 67.72 64.85 64.43 59.97 66.08 62.41

FeO 0.87 2.65 0.47 1.59 0.67 2.12

Y2O3 0.63 3.19 0.06 2.16 0.35 2.68

La2O3 0.06 0.14 0.03 0.13 0.05 0.13

Ce2O3 0.72 0.61 0.37 0.14 0.55 0.38

Pr2O3 0.03 0.07 0.15 0.05 0.09 0.06

Nd2O3 0.12 0.11 0.11 0.05 0.12 0.08

Sm2O3 0.03 0.06 0.01 0.00 0.02 0.03

Eu2O3 0.02 0.01 0.00 0.00 0.01 0.00

Gd2O3 0.10 0.18 0.05 0.26 0.08 0.22

Dy2O3 0.12 0.22 0.11 0.22 0.11 0.22

Er2O3 0.24 0.41 0.05 0.13 0.15 0.27

Yb2O3 0.35 1.82 0.38 2.16 0.36 1.99

PbO 0.01 0.08 0.02 0.25 0.01 0.16

ThO2 0.19 0.37 0.07 0.24 0.13 0.31

UO2 0.13 0.23 0.10 0.13 0.11 0.18

Total 101.4 100.5 103.2 105.2 102.3 102.8

Cation proportions (based on 4 oxygen atoms)

F ------ ----- ------- ------- ------ ------

Na 0.029 0.014 0.010 0.004 0.02 0.009

Al 0.009 0.030 0.010 0.047 0.01 0.039

Si 0.025 0.014 0.044 0.020 0.035 0.017

P 0.004 0.037 0.007 0.063 0.006 0.05

Ca 1.69 1.62 1.61 1.51 1.65 1.57

Fe 0.027 0.083 0.015 0.050 0.021 0.066

Y 0.013 0.066 0.001 0.045 0.007 0.056

La 0.001 0.003 0.001 0.003 0.001 0.003

Ce 0.015 0.013 0.008 0.003 0.012 0.008

Pr 0.001 0.001 0.003 0.001 0.002 0.001

Nd 0.003 0.002 0.002 0.001 0.003 0.002

Sm 0.001 0.001 0.001 0.000 0.001 0.001

Eu 0.001 0.001 0.000 0.000 0.001 0.001

Gd 0.002 0.004 0.001 0.005 0.002 0.005

Dy 0.002 0.005 0.002 0.005 0.002 0.005

Er 0.005 0.009 0.001 0.003 0.003 0.006

Yb 0.007 0.038 0.008 0.045 0.008 0.042

Pb 0.001 0.001 0.001 0.001 0.001 0.001

Th 0.004 0.007 0.001 0.004 0.003 0.006

U 0.002 0.004 0.002 0.002 0.002 0.003

∑HREE 0.80 2.63 0.59 2.77 0.69 2.70

∑REE 1.77 3.63 1.25 3.13 1.51 3.38

∑REE+Y 2.4 6.82 1.32 5.29 3.06 6.06

Th / U 0.32 0.60 0.17 0.37 0.25 0.49

----- not calculated
N = number of samples

change in the pH and temperature of the fluids 
lead to destabilization of base metal complexes 
favouring their deposition in the lamprophyre 

dykes (alexandrov et al., 1985). The 
emplacement of the lamprophyre 
dykes in the host rocks was accom-
panied by high temperature and 
CO2 and caused heating of the host 
rock. This lead to leaching of trace 
elements from minerals and their re-
mobilization through the foliation, 
joints, fractures and shear zones, 
accompanied by hydrothermal solu-
tions, rich in Cu, Y, Pb, W, V, Zn, and 
U. The rare-metals precipitated from 
saline and reduced fluids, origina-
ting from the two mica granites, in 
the form of sulfides due to cooling, 
fluid mixing and wall rock reactions 
(iBrahiM et al., 2007b). The lampro-
phyres, together with hydrothermal 
solutions and alterations, play an 
important role in the concentra-
tion and formation of the minerals 
in shear zones. The lamprophyres 
formed from CO2-rich magma. The 
CO2 is cha racterized by its ability to 
fix all mineralization. So the lampro-
phyres are considered as a chemical 
trap for mineralization (iBrahiM et 
al., 2007b).

Crystallization of fluorite, galena, 
and pyrite in the mineralized shear 
zone of Abu Rusheid area reflects the 
important role of F and S. Zr, Hf, Th, 
and Ti are typical high field strength 
elements (HFSE), which are gene ral-
ly conside red immobile during hy - 
drothermal water-rock interaction. 
Experimental and natural evidence, 
however, have demonstrated that Zr, 
Ti, and Th may become mobile espe-
cially in high-tempera ture magmatic 
or hydrothermal environments con-
tai ning strong complexing agents 
such as F, S, and others (keppler, 
1993). The fact that F may play a 
prominent role in the hydrothermal 
mobilization of HFSE has been in-
dicated for Zr, Th and REE (Moine 
& salvi, 1999). Also, fluoride com-
plexes, e.g., (Zr, F) (REE, F4)3, are 
known to be stable under hydro-
thermal conditions (Mineyev, 1963). 
The abundantly detected zircon and 
Th-bearing minerals, demonstrably 
of hydrothermal origin, can be attri-
buted to the role of F-rich fluids. 
Thus, although Zr and Th are gene-
rally considered as highly immobile 
elements, the occurrence of zircon 
indicates that significant concentra-
tions of Zr and Th can be tran sported 
via specified F-rich fluids.

Monazite associated with fluora-
patite is poor in Th (0.00 ≤ ThO2 ≤ 1.1 wt%), but 
usually rich in U (0.3 ≤ UO2 ≤ 2.5 wt%), and the 
Th/U ratio is always lower than unity and ave-
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rages to 0.09. In this type of monazite, spatial  
relations and compositional features, suggest 
that the Th-poor, U-rich monazite-(Ce) formed as  
result of fluorapatite metasomatism (zieMann et 
al., 2005). The studied monazite-(Nd) in the Abu 
Rusheid dyke, which is associated with fluorapa-
tite, is poor in Th (0.02 ≤ ThO2 ≤ 0.81 wt%) and 
rich in U (0.92 ≤ UO2 ≤ 2.91 wt%), with the Th/U 
ratio always lower than unity, averaging 0.16. 
This in dicates that monazite-(Nd) also formed  
as a result of flourapatite metasomatism.

Conclusions

1. The mineralized lamprophyre dyke in the  
Abu Rusheid area, occurs in a great fracture 
systems trending in NNW-SSE direction. It 
cuts cross the cataclastic mlyonite and mine-
ralized granitic gneisses. The rocks are intru-
ded by a huge intrusion of muscovite-biotite 
granites. The dyke in the Abu Rusheid area 
is characterized by HREE-minerals, such as 
xenotime-(Y) and monazite-(Nd), and REE- 
bearing minerals, such as apatite, fluorite, 
zircon, rutile with inclusions of xenotime and 
iron oxides.

2. The studied monazite-(Nd) in the lampro-
phyre dyke is frequently heterogeneous. There 
are two distinct parts in the same crystal. The 
part, which appears dark gray in BEI image, is  
enriched in HREE and depleted in LREE, Ca, 
Th and U, while the lighter gray part is deple-
ted in HREE, Y and Ca and enriched in Th and 
U. The studied monazite is also characterized 
by low Th contents and shows strong zoning 
that reflects its hydrothermal origin.

3. The solid solutions between monazite and 
xenotime indicate that they formed at high 
temperatures from hydrothermal solutions. 
Composition of the studied monazite-(Nd) and 

Fig. 8. Compositions of monazite and xenotime plotted in  
the CePO4-ThSiO4-YPO4 ternary diagram (after gratz &  hein - 
rich,1997). Dashed lines represent monazite compositions at 
the respective temperatures at 200 MPa (seydoux-guillauMe 
et al., 2002).

xenotime-(Y), plotted on the CePO4-YPO4-
ThSiO4 ternary system indicated that the  
studied monazite and xenotime formed at a 
temperature around 600 °C. 

4. The studied monazite-(Nd) in the Abu Rusheid 
dyke, which is associated with fluorapatite, is 
poor in Th (0.02 ≤ ThO2 ≤ 0.81 wt%), but usu-
ally rich in U (0.92 ≤ UO2 ≤ 2.91 wt%), and 
the Th/U ratio is always lower than unity and  
averages to 0.16. This indicates that the mona-
zite formed as a result of flourapatite metaso-
matism. The event most likely responsible for 
metasomatism of the fluorapatite is documen-
ted by the associated monazite-(Nd).

5. Apatite was formed by magmatic fractiona-
tion and was affected by hydrothermal solu-
tions enriched in REE, P and Y. 

6. The emplacement of lamprophyre dykes wit-
hin the mineralized shear zones was accompa-
nied by high temperatures and CO2. Presence 
of hydrothermal solutions, heated by the lam-
prophyre dykes, caused leaching and remobili-
zation of REE, P, Zr, F, Y, and Ti from minerals 
in the wall rocks, which  were then re-precipi-
tated as the REE-minerals monazite-(Nd) and 
xenotime-(Y) in the fractures and fissure tack 
in the apatite, fluorite, rutile, zircon and iron 
oxides. Fluorite and galena also indicate the 
displacement of REE, P and Y by hydrother-
mal solution and re-deposition in the fracture 
and fissure tack in the apatite, fluorite, rutile, 
zircon and iron oxide minerals.

7. The studied lamprophyre dyke in the Abu 
Rusheid area contains high concentrations of 
REE, P, U, F, Zr, Ti, and Fe, especially in the 
form of HREE minerals, such as xenotime-(Y), 
monazite-(Nd, and REE-bearing apatite, 
fluorite, zircon, and rutile with inclusions of 
xenotime. Accordingly, the mineralized lam-
prophyre dyke in the Abu Rusheid area could 
represent a very good source of REE-minerals, 
especially HREE. 
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