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AsstracT. Umm  Anab granitic pluton has an inhomogeneous
composition which varies from quartz-monzodiorite, granodiorite to
monzogranite. The former two varieties have strong trondhjemitic
affinities. Similar to most trondhjemites, they display high soda, low
potash and lime, comparable FeO*, MgO, FeO/MgO and K,0/Na,O
and are commonly corundum normative. The complete monzodiorite,
granodiorite, monzogranite suite exhabits calc-alkaline fractionation
trend with some transitional trondhjemitic tendencies. These
geochemical aspects characterize the Proterozoic active continental
margins, that apparently related to subduction.

The REE geochemical characteristics of Umm Anab granitoids are
interpreted to have been produced by partial melting of amphibolite,
leaving residues consisting mainly of hornblende.

Many lines of evidence suggest that Umm Anab granitoids are
interrelated by crystal fractionation. Albite and antiperthite
fractionation can explain some of the scatter in the trondhjemitic
varieties which has been noticed within many trondhjemitic suites and
was interpreted as a primary magmatic feature.

Umm Anab granitic pluton (24 km?) consititutes part of the Precambrian basement
rocks of El Shayib topographic sheet, north Eastern Desert, Egypt (Fig. 1). It forms
bold mountainous relief with a peak of maximum elevation of about 1782 m above
sea level (Gebel Umm Anab). The basement rocks of Safaga and El Shayib
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topographic sheets were mapped by Sabet et al. (1972). They were represented
mainly by; geosynclinal metasediments associated with metavolcanics which were
intruded by older granitoids (7-7.5 x 188 years in age; Dixon 1981) and a successive
more fractionated younger granitic rocks consist of granodiorite to quartz monzonite
(6.2-6.7 x 108 years; Stern and Hedge 1985) followed by a flood of LIL-enriched
granites (5.7-5.9 x 10% years; Fullagar and Greenberg 1978, Hashad et al. 1972,
Abdel-Monem and Hurley 1978). The older varieties include autochthonous,
para-autchthonous and intrusive tonalite and granodiorite, whereas the younger
granitoids comprise magmatic porphyritic adamellites, red granites and later alkaline

leucogranites. Umm Anab pluton was considered by Sabet et al. (1972) as red
granite rocks.
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Fig. 1. Geologic map of Gebel Umm Anab area (Sabet ¢t al. 1972).

Designation: 1-granites; 2-adamellites; 3-tonalite-granodiorites; 4-metavolcanics; 5-normal
faults
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The pluton is intruded into the older metavolcanics (mainly metabasalts,
metadolerites and andesite metatuffs) to the west and southwest and sends many of
shoots cutting them. The marginal parts, however contain abundant angular or
elongated metavolcanic xenoliths. They may reach 2 m in length and do not show
preferred orientation and display limited interaction with the enclosing granite
(Sabet et al. 1972). To the south, Umm Anab pluton invades the older gneissic
granodiorite complex (the autochthonous variety) and sends many dykes and small
masses through them. Moreover, at the NW parts, the pluton shows sharp intrusive
contacts with the older tonalite-granodiorite rocks (the intrusive variety). At the east
and south east parts, the adamellites of Gebel Umm Kibash are intruded into the
gneissic granodiorite complex and faulted against the granitoid rocks of Umm Anab
pluton (Fig. 1). Finally, the later is dissected by scores of dykes which have mainly
acidic types (felsites, aplites, and granophyres) with subordinate dacites, andesite
and andesitic basalt varieties.

Umm Anab pluton is inhomogeneous in composition, where its peripheries
attain a whitish grey colour that grades imperceptibly inwards into whitish pink and
pinkish tints. Amphibolite xenoliths, upto 15 cm diameter, are found at the northern
part of the mass. They are usually scattered and random without any preferred
orientation. The pluton and its ridges and summits are aligned in NW-SE direction.
According to Sabet er al. (1972), this seems due to the fact that its emplacement
might have been structurally controlled by pre-existing fractures.

Petrography

The model composition of the studied Umm Anab pluton (Fig. 2) reveals that it
comprises rocks extend in the fields of monzogranit, granodiorite and quartz
monzodiorite. It is worthy to mention that the latter two varieties contain abundant
albite and antiperthite which retlect a trondhjemitic affinity. This fact can be
deduced also from the normative An-Ab-Or diagram (Fig. 3) where the samples plot
predominantly in the trondhjemite and granite fields of Barker (1979). It should be
noted however, that virtually all the samples show a transitional compositional range
between the trondhjemite - granodiorite and granite. Moreover, the country grey
granite of Umm Anab pluton is comparable with the quartz monzodiorite on the
modal AQP triangular diagram and the tonalite - trondhjemite on the normative
Ab-An-Or relationship.
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The older grey granite is porphyritic mesocratic rock. It is composed
essentially of oligoclase, hornblende and biotite with subordinate amounts of quartz
and perthite. Oligoclase forms coarse grained subhedral tabular phenocrysts which
are sometimes rimed with albite and invaded by perthite. Some crystals are curved
and display the wavy extinction. Hornblende and biotite form crystal aggregates
associated with accessory magnetite, apatite, sphene and zircon.

Umm Anab pluton comprises three petrographic varieties; including
trondhjemitic granodiorite and quartz - monzodiorite, and monzorgranite. The
former two varieties are the result of variation of the mineralogical composition
between K-feldspars, plagioclase and quartz. They are leucocratic porphyritic to
equigranular with hypidiomorphic to allotriomorphic granular texture. These rocks
show a foliated structure, display many cataclastic deformations and contain some
amphibolitic xenoliths. The rocks are composed essentially of antiperthitic albite
which grades to perthitic microcline, oligoclase and quartz. The mafic minerals are
mainly biotite and uncommonly green hornblende. Whereas, sphene, magnetite,
apatite and epidote are the common accessory constituents. The antiperthitic albite
occurs as subherdral to anhedral tabular grains and may form coarse grained simply
twined phenocrysts. The mineral usually grades outward to perthitic microcline.
Oligoclase forms tabular subhedral crystals and may occur as phenocrysts. It
commonly surrounded by albite and antiperthite and reaction rims are developed.
Perthitic microcline tends to form anhedral coarse-grained phenocrysts and occurs
also as anhedral intergranular graines associated with quartz and oligoclase. Quartz
either occurs as anhedral intergranular crystals or uncommonly forms coarse-grained
phenocrysts.

The monzogranite is coarse-grained hypidiomorphic to allotriomorphic,
leucocratic with a pinkish white colour. The rock is composed essentially of quartz,
perthitic microcline, antiperthic albite and oligoclase. Biotite is the sole mafic
mineral often associated with magnetite, sphene, apatite and zircone. The rock may
display the porphyroclastic texture due to fracturing of quartz and feldspars.

The amphibolite enclaves are composed of green hornblende and andesine with
abundant apatite inclusions and intergranular clinozoisite. Hornblende is sometimes
replaced by chlorite and rimed by bluish green or greenish brown tints, whereas
andesine is intensively replaced by sericite, epidote and kaoleinite with few scapolite
and quartz.
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Geochemistry of Major Elements

Twenty one chemical analyses of Umm Anab granitic rocks were performed at
the Mining Institute, Saint Petersburg, Russian Fedral Republic using the XRF
technique (Table ). The range ot major elements chemical analysis of these rocks,
especially the granodiorite and quartz monzodiorite conform to the definition of
trondhjemitic affinity (Baker 1979). High soda (4.99-7.50%) relatively low potash
(2.85-3.30%) and lime (0.94-2.03%), and FeO* (total iron as FeOQ) and MgO total of
(1.35-3.77%) and FeO*/MgO ratio of about 3.54 are well comparable with the
suggested limites of trondhjemite. K,O/Na,O ratios of these rocks vary between 0.38
and 0.74 with an average of 0.59 which also confirms their trondhjemitic nature,

From Table I, it is clear that Umm Anab granitic rocks are very similar in
composition and in all probability are genetically related. The pluton is more felsic
which reflects the greater proportion of fractionated rock types present in it. It is
therefore suitable for the study of fractionation trend in a trondhjemitic suite.

Similar to the most trondhjemites and many of the associated tonalites, the
studied rocks are commonly corundum normative with values up to 2.29% which 1s
comparable with the high - ALO; trondhjemites. Moreover, the normative
plagioclase of the granodiorites, quartz-monzodiorites varies in composition from
Abg, to Abg,; and the majority of them ftall within the albite range. These rocks,
however can be considered as albite - bearing trondhjemitic varieties as suggested by
Barker (1979).

As the studied granitoid rocks show a strong trondhjemitic atfinity, they are
relatively far from the chemical averages of the Egyptian granitoid rocks.
Nevertheless, they are rather comparable with G-III younger granitoids given by
Greenberg (1981) and show many common characteristics of G-II calc-alkaline
younger granites proposed Hussein et al. (1982). These calc-alkaline granitoids are
widespread throughout the Arabo-Nubian Shield and exhibit common basic features
regarding stratigraphy, lithology, age, geochemistry, mineralization, tectonics, ezc. In
spite of these common features, there are differences of local and secondary nature
(El Shazly 1980, Jackson et al. 1984). Many authors compared them to younger
subduction related plutonic assemblage and assumed a similar origin for the
batholithic plutons of the Arabo-Nubian Shield (Gass 1977, El Shazly et al. 1982,
Bentor 1985). Moreover, granitoid rocks with strong trondhjemitic affinity were
described at different localities in the central Hijaz region among the older
assemblage (e.g. Bustan and Salajah intrusions, Jackson et al. 1984).
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Table 1. Chemical composition and CIPW norms of Gebel Umm Anab granitoids

Old granite

Younger granites

Younger granites
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The analytical data when plotted on the AFM triangular diagram (Fig. 4)
indicate that the quartz monzodiorite, granodiorite and monzogranite suite has a calc
alkaline composition with a clear trend of alkali enrichment. These calc-alkaline
trend is commonly interpreted (e.g. Barker et al. 1976) to be the result of crystal
fractionation. On the normative Q-Ab-Or and Ca-Na-K diagrams (Figs. 5 and 6) the
studied rocks show normal calc alkaline trends (Barker and Arth 1976). The latter
diagram however, show a distinct sodium enrichment of Umm Anab granodiorite
and quartz monzodiorite reflecting their strong trondhjemitic affinity.

Variation diagrams of differentiation index versus major oxides are plotted in
(Fig. 7a and b) for the older granitoids and the quartz monzodiorite, granodiorite and
monzogranites. The diagrams show a prominent gab between the older granitoids
and Umm Anab rocks which accomodates against a fractional crystallization
mechanism between them. Within the trondhjemitic suite SiO,, and K,O show a
positive correltion, whereas Fe,0s, FeO, TiO,, MgO, Ca0 and P,0Os have a negative
trend. Some other oxides display no systematic trend including ALO;, Na,O and
total alkalies. Nevertheless Na,O shows positive correlation within the trondhjemitic
quartz monzodiorite and granodiorite.

Geochemistry of Trace Elements

Trace elements and rare earth elements in some representative samples of the
studied granitoid rocks as well as one amphibolite enclave are given in Tables 2 and
3. REE, Sc and Y were determined by the Instrumental Neutron Activation Analysis
(INAA) at the Institute of Nuclear Physics, Moscow, Russian Fedral Republic. V,
Cr, Co, Ni, Zr, Ba, and Sr were determined by the XRF method and the other trace
elements by X-ray spectral analysis at the Mining Institute, Saint Petersburg,
Russian Fedral Republic.

The contents of Sc, V, Cr, Co, Ni, Sr, Ga, Y, Zr and Ba are plotted versus the
differentiation index (Fig. 8a and b). The diagrams stand against a fractional
crystallization process between the older granitoids and the younger trondhjemitic
monzodiorite, granodiorite, monzogranite suite. However, within the latter rocks; Ni,
Cr, Co, V and Ga show a negative correlation, whereas Y has a positive trend.
Moreover, Zr and Ba display no systematic trend although they are relatively
enriched in the strongly trondhjemitic rocks.

The REE contents of the studied granitic rocks are given in Table 3. The values
of elements which were not analysed (Pr, Dy, Ho, Er and Tm) have been calculated
by extrapolation of the REE curves (Figs. 9 and 10). The calculated and the analysed
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Fig. 4. AFM ternary diagram. Compressional and tensional trends after Petro et al. 1979.

Fig. 5. Normative Qz-Ab-Or ternary diagram.

Fig. 6. Na-Ca-K ternary diagram. The calc-alkaline and trondhjemite trends after Barker and Arth
1976.
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Table 2. Trace element concentrations of Gebel Umm Anab granitoids

0ld granite Younger granites
qz-monzodiorite Granodiorite

Anl | An54 | An24 | An25 | An26| An2 | An3 | Anl5 [An20 | An28 | An29
Be 00 2 2 | 2 1 1 2 2 1 |
Sc 12 22 6.1 5 4.1 9 9.6 13 9.6 6.4 2.6
\Y% 91 84 64 74 62 33 35 24 35 17 14
Cr 59 99 53 55 50 28 25 92 23 76 6l
Co 32 48 12 10 11 5 3 5 10 3 3
Ni 73 52 65 69 80 22 25 1’5 27 13 16
Cu 52 71 33 51 35 48 51 30 50 53 12
Zn 51 67 55 53 57 32 47 48 63 72 31
Ga 33 30 29 31 30 28 25 29 27 27 28
Sr 6590 | 1240| 3840] 2125 | 2230| 420 | 870 | 940 | 820 | 430 975
Y 34 46 9.5 Il 9.5 17 34 53 59 32 11
Zr 525 246 156 | 177 172 | 414 | 451 458 | 377 392 230
Mo 3 3 | | | 3 5 1 5 3 1
Ba 564 107 609 | 560 | 573 1187 | 1352 | 1343 | 1092 | 940 1325
Pb 7 9 10 10 30 00 00 28 13 32 29

Younger granites

Granodiorite Monzogranite Ar;];)cl;;l:zlslte

An31 (An34| An35 | An36 | An48 | An52| An57 | And4 | Anl2 Anl7
Be | 3 1 | 1 2 2 00 1 2
SE 9.6 13 8 6.8 3.3 9.1 62 |23 79 30
\Y 24 15 15 16 14 17 19 12 15 244
Cr 69 27 25 28 40 23 35 22 28 138
Co 4 5 3 10 4 3 12 2 4 28
Ni 12 16 24 26 22 20 19 12 10 92
Cu 9 48 35 33 29 48 32 47 34 75
Zn 57 68 49 45 50 30 33 32 29 48
Ga 26 29 28 27 28 25 29 24 25 32
Sr 935 | 1120 480 | 750 | 790 | 950 | 985 | 390 | 270 1980
Y 35 35 38 40 37 37 25 14 33 17
Zr 466 532 422 | 210 414 451 274 141 97 126
Mo 1 1 5 1 1 1 1 1 1 1
Ba 1191 | 689 1146| 1050 967 1210 629 | 439 | 289 88
Pb 10 12 10 9 7 10 7 52 55 10
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Table 3. REE data of Gebel Umm Anab granitic pluton
Old granite Younger granites
qz-monzodiorite Granodiorite
Anl |An54 | An24 | An25 [ An26| An2 | An3 |AnlS5 |An20 | An28 | An29
La 33 35 15 21 29 55 41 49 55 44 27
Ce 81 68 37 50 46 130 | 110 [ 180 [130 |86 45
Pr 12 1.1 149 |6 52 17.5 | 18.20 26 208 1104 | 6.2
Nd 47 51 19 19 18 67 69 110 193 42 21
Sm 9 14 4.1 3.6 |39 10 10 20 18 9 4.7
Eu 24 (290 | 1] 082 1094 |29 |32 |43 3.7 2.5 2.1
Gd 8.1 10 4 29 |27 |95 |96 15 15 8.5 3.4
Tb 1.3 1.60 | 0.56 | 040 [039 | 1.5 1.5 |22 |22 1.2 0.46
Dy 8 840 (2.7 |25 1.8 8.1 7.5 12 1.7 |6 2.4
Ho 1.7 1.8 0.6 0.5 0.4 1.9 1.6 2.4 2.6 .33 0.6
Er 3.8 |46 032 | 1.3 1 48 [42 |59 |63 3.4 1.3
Tm 0.5 06 102 102 |01 07 (06 |08 |09 0.5 0.2
Yb 2.8 33 064 076 |0.73 | 3.2 | 3.1 39 (44 2.4 0.9
Lu 041 (041 007 [0.09 [0.1 0.38 1038 051 |06 0.28 | O.11
14REE 211921271 90.19 109.1| 110.3| 314.4| 279.4(432 |364.2 | 217.5| 1154
(La/Sm)n [ 2.19 [ 1.64 |24 |[3.83 |4.88 | 3.61 |269 [1.61 [2.01 |32 3.8
(Ce/Yb)n [5.79 [4.12 }11.56] 13.16]| 12,60 813 (7.1 [92 |59 7.17 10
(Tb/Yb)n | 1.64 | 1.71 | 3.1 1.86 | 1.88 [ 1.65 [ 1.71 | 1.99 |1.77 [ 1.79 1.8
Eu/Eu* 0.89 |0.79 | 092 | 0.84 [093 | 0.97 | I.] 081 1075 [096 | 1.7
LREE 1829 179.1| 80 99.6 | 102.1| 281.5| 248.2(385.0|316.8 | 191.4| 103.9
HREE 26.61 [30.71(9.09 | 8.65 |7.22 | 30.08| 28.48(42.71 [43.7 | 23.61| 9.37
LREE/HREE| 6.87 |[5.83 | 8.8 1151 14.15) 9.36 | 871 |9.01 |7.25 |8.11 11.09
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Younger granites
Amphibolite
Granodiorite Monzogranite enclaves

An31 | An34| An35 | An36 | And48| An52| An57| And4 | Anl12 Anl7
La s6 |46 |46 |45 |46 |48 |37 |31 |44 14
Ce 1o |98 [100 | 110 {100 | 110 |84 |63 |97 28
Pr 143 (13 (14 163 |13 |14 107|715 |13 42
Nd so Isa |[so |s7 |57 |s3 |42 |23 |s2 18
Sm 99 |10 |12 |12 |12 |0 |82 [32 |88 5.1
Eu 31 (3 27 |27 |3 31 |17 074 |18 1.4
Gd 85 |85 |9 10 |9 93 |71 |31 |71 3.8
Tb 14 (13 |14 |7 |1s [1s |12 |oe2 |12 0.68
Dy 84 |66 |65 |84 |78 |78 |66 |33 |66 5
Ho 19 |14 |15 31216 [17 |15 075 |15 1.2
Er 46 (36 |36 |46 |42 [as |36 |19 |4 27
Tm 06 |05 |05 |oe |06 |06 |05 |03 |o058 04
Yb 20 |26 |27 |30 [30 |27 |22 |13 |31 2
Lu 038 037 (039 |052 |045 036 [033 017 |047 031
J4REE 272 | 2489 250.3| 275 |259.2| 266.9| 206.6| 139.5 | 241.2 86.79
(LaSmn 371 [3.02 | 252 246 [252 | 3.15 | 2.96 | 6.36 |3.28 1.8
Ce/Ybin 759 754 | 7.41 [7.33 667 | 815 | 7.64 | 9.60 |6.26 28
(To/Yo)n |17 177 | 1.83 |2 176 | 196 | 192 | 1.68 |1.37 1.2
Eu/Eu* 112 108 {082 [082 094 [ 108 |074 079 |075 1.04
LREE 2402|221 | 222 | 2403|228 | 2353|181.9] 1274|2148 69.3
HREE 28.68 | 24.87| 25.59| 31.94|28.15| 28.46 | 23.03| 11.44 | 24.55 16.09
LREE/HREE| 8.38 [8.89 [8.68 |7.52 |81 |827 |79 |11.13[8.75 431
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Fig. 9. Chondrite normalized REEs patterns (Schmidt er al. 1963) for younger granitoids; a)
monzogranites; b&c) granodiorites.
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values are given as sum of REE (£ 14 REE), whereas the normalized ratios Ce
(n)/Yb(n), La(n)/Sm(n) and Tb(n)/Yb(n) are used as measure of the degree of the
fractionation of REE, LREE and HREE respectively. Moreover, the Eu anomaly is
estimated as Ew/Eu* (Eu* = Sm(n) + Gd(n)/2).

Two samples of the older granitoids have equal £14 REE being about 212 ppm
which is lower than the average granitic rocks (250 ppm) given by Hermann (1970).
Their REE patterns (Fig. 10-b) show moderately fractionated LREE [La(n)/Sm(n) =
1.64-2.19] and unfractionated HREE [Tb(n)/Yb(n) = 1.64-1.71] as found in many
calc-alkaline suites from both island arc and active continental margins (e.g. Taylor
1969, Gill 1970, Lopez - Escobar et al. 1977). Moreover, the rocks display
moderately fractionated REE patterns [Ce(n)/Yb(n) = 4.12-5.79 and LREE/HREE =
5.83-6.87] and have a rather negative Eu anomaly (Eu/Eu* = 0.79-0.89) indicating
an appreciable plagioclase fractionation from their melt.

The trondhjemitic quartz monzodiorites have a lower contents of REE (14
REE = 90-110 ppm) as compared with the studied older granitoids and world
average (250 ppm). The rock, however, displays a higher degree of REE
fractionation where the Ce(n)/Yb(n) ratios varies between 11.5 and 13 and LREE/
HREE = 8.8-14.15. The patterns (Fig. 10-a) have fractionated LREE [La(n)/Sm(n) =
2.4-4.88] and slightly to moderately fractionated HREE [Tb(n)/Yb(n) = 1.8-3.1] and
display a negligable negative Eu anomaly (Eu/Eu* = 0.84-0.93).

The trondhjemitic granodiorites have a wide range of 14 REE which varies from
115-432 ppm with an average 253 ppm which is very close to the average of granitic
rocks. The patterns (Fig. 9b and c¢) show a rather fractionated LREE [La(n)/Sm(n) =
1.61-3.80) and slightly fractionated HREE [Tb(n)/Yb(n) = 1.65-2.0]. They also
display moderat degree of REE fractionation [Ce(n)/Yb(n) = 5.91-10.0 and LREE/
HREE = 7.25-11.1]. The rocks have a rather negative to positive Eu anomalies,
where Eu/Eu* varies between 0.74 to 1.12. One sample Amyg is exception and
displays moderate positive anomaly (Eu/Eu* = |.7), meanwhile it has the lowest
214 REE (115 ppm). it most probably represents an early case of fractionation as it
marked by higher positive anomaly and lower REE abundance.

The monzo-granites have wide range of REE content which varies from 140 to
241 ppm and approaching the world average of granitic rocks (250 ppm). The
patterns show fractionated LREE [La(n)/Sm(n) = 3.28-6.36] and unfractionated
HREE [Tb(n)/Yb(n) = 1.37-1.68] which are characteristic tfor calc-alkaline rocks
(Fig. 9a). They show moderate degree of REE fractionation, where Ce(n)/Yb(n)
varies from 6.26 to 9.69 and the LREE/HREE falls within 8.75 and | .13. Monzo-
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granite has moderate negative Eu anomaly (Eu/Eu* = 0.75-0.79) which implies some
fractionation of plagioclase feldspar from the melt.

Discussion

Rare-earth elements have been considered one of the most effective key to
granitoid genesis. The partition behaviour of REE has been studied for a variety of
mineral phases (e.g. Philpotts et al. 1972) and the results have frequently been used
in petrogenetic models. The available REE and other trace elements data have been
used to evaluate a model for the genesis of the trondhjemitic monzodiorite-
granodiorite and monzogranite of Umm Anab pluton.

Two theories have been proposed for the origin of trondhjemitic granitoid rock
comprising; fractional crystallization from basaltic magmas (e.g. Coleman and
Peterman 1975, Barker and Arth 1976, Arth et al. 1978), or partial melting of
eclogite or amphibolite (e.g. Hanson and Goldich 1972, Glikson and Lambert 1976,
Arth and Barker 1976, O’Nions and Pankhurst 1978).

In view of the low Sr initial ratio; 8Sr/8Sr = 0.702-0.704 (Stern and Hedge
1985, Fullagar and Greenberg 1978, Rogers et al. 1978), and close similarity in
geochemical aspects between the studied trondhjemitic rocks and high-Al,O;
trondhjemites in other parts of the world, it is felt that the genesis of the concerned
rocks is similar to genesis of like rocks in other regions (e.g. Central Hijaz region,
Jackson et al. 1984, Gill and Stork 1979, Chakradhorpur complex, Sengupta et al.
1983, New Mexico, Condie 1978). A study of the chemistry of the amphibolitic
enclaves has proved helpful is suggesting probable source rock for the trondhjemitic
rocks, providing corroboration for the proposed model. Study of the monzogranite
phase help in completing the evolutionary trend of Umm Anab pluton.

The systematics of REE pattern in relation to SiO, may be used to distinguish
rocks formed by fractionation or partial melting of basaltic liquids (Barker 1979). On
the basis of the absence of intermediate members between the studied trondhjemitic
rocks and amphibolite argues against the fractional crystallization theory, and
propose a partial melting model for the origin of Umm Anab trondhjemitic rocks.
The relation between SiO, content and REE abundance is explained as being due to
an increase of hornblende-liquid partition coefficient for the rare-earth elements as
the melt grew more silicic (Arth er al. 1978, Sengupta ef al. 1983). The moderately
fractionated REE patterns [Ce(n)/Yb(n) ranging from 5.91-13.0], marked depletion
of HREE and the tendency to positive Eu anomaly (Eu/Eu* = 0.74-1.72) within the
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studied trondhejemitic suite are rather comparable to the typical trondhjemitic rocks
(Arth and Hanson 1975, Glikson 1979, O’Nions and Pankhurst 1978) which
interpreted to have been produced by partial melting of eclogite or amphibolite,
leaving residues consisting mainly of garnet or hornblende. Field observation and
geochemical characteristics of Umm Anab trondhjemitic rocks argue against partial
melting of eclogite as a mechanism for their genesis and suggest amphibolite
instead. These include: 1) the total absence of garnet bearing enclaves and the
common amphibolite ones 2) the less extensive depletion of HREE which can be
explained assuming hornblende instead of garnet in the residue; 3) liquids produced
by equilbirum partial fusion of garnet-bearing assemblage would be systematically
more calcic (Tarney et al. 1979) in contrast to the normal calc-alkaline magma of
Umm Anab rocks. The analysed amphibolite enclave (sample An-17, Fig 10c) shows
differentiated REE pattern [Ce(n)/Yb(n) = 2.8]. It is tentatively suggested that it
represents the parent material of the Umm Anab trondhjemitic rocks. The
hornblende residue from such an already fractionated parent may produce the
observed higher [Ce(n)/Yb(n)] ratios in the resulted parent melt.

Many lines of evidences suggest that Umm Anab trondhjemitic monzodiorite-
granodiorites and monzogranites are interrelated by crystal fractionation. Firstly,
there is a close spatial relationship in the field; the suite forms intrusive bodies into
the surrounding rocks and in some instances, a single intrusive body varies in
composition along its length from monzodiorite-granodiorites to monzogranites.
Moreover, there is a continuum of composition in the Ab-Qz-Or plot (Fig. 5) among
these rocks showing the same straight line trend. The latter is suggestive of
crystallization along the quartz feldspar cotectic surface towards the thermal
minimum. Geochemically, the continuum of rock types from monzodiorite to
monzogranite over a range of SiO, content from 66.48 to 75.42 wt % and the smooth
trends on the A-F-M (Fig. 4) and differentiation index variation diagrams (Figs. 7
and 8) are strongly suggestive a crystal fractionation process. On the [Ce(n)/Yb(n)]
versus Yb(n) plot (Fig. 11) the studied rocks show an increasing of REE with
depletion in Yb. This trend is consistent with fractional crystallization origin because
the distribution coefficients for both Ce and Yb are much less than | between
plagioclase of granitic and granodioritic liquids (Rollinson and Windley 1980). Ce
and Yb will, therefore, remain in the liquid in proportion similar to the parental rock,
although the concentration may be enriched slightly. The REE patterns, however as
expected show depletion in Eu in monzogranite (Eu/Eu* = 0.75-0.79) relative to the
monzodiorite (Eu/Eu* = 0.84-0.93) and granodiorite (Eu/Eu* = 0.74-1.7) this is
partly supported by REE determinations by (Tarney er al. 1979) on Scourian
trondhjemite and granites.
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Fig. 11. Variation diagram of normalized values of Yb and Ce/Yb.

In view of large amount of crystal fractionation necessary to produce some of
granitic liquids and the difficulty in separating the liquids from the crystal residue it
is probable that separation of Umm Anab granitoid rock occured during deformation
by means of filter pressure as suggested by Rollinson and Windley (1980).

Albite and antiperthite fractionation can explain some of the scatter in the
trondhjemitic rocks of Umm Anab pluton. The pronounced enrichment in Na,O in
these rocks is comparable with the increase in ALO;, Y, Zr, Sc, Ba, LREE and
HREE and depltion in K;O. These two different trends have been noticed within
many trondhjemitic granite suites (e.g. Wells 1978, Rollinson and Windley 1980)
and were interpreted as a primary magmatic feature. An important corollary to the
above argument is that granites and granodiorites can be derived by fractional
crystallization of Na-plagioclase from trondhjemite. The REE determination of
Tarney et al. (1979) supports this view. They considered the trondhjemitic rocks
which have ZREE, Ce(n)/Yb(n) and Eu anomalies comparable with the Umm Anab
rocks as primary trondhjemitic liquids.

The decrease in TiQ, with differentiation index within Umm Anab rocks
probable reflects sphene and/or ilmenite fractionation, whereas the decrease in Fe,O4
and MgO reflect the fractionation of a mafic phase- biotite with or without minor
hornblende. The decreasing of Zr and P,O5 concentrates reflect minor zircon and
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apatite fractionation. The rather unsystematic trend of LREE and HREE with
increasing differentiation index is not readily explained by classical fractionation
schemes which generally show increasing LREE enrichment with fractionation (e.g.
Haskin er al. 1968). Some workers (e.g. Tindle and Pearce 1981, Miller and
Mittlefehldt 1982) have suggested the observed REE behaviour typical of many
felsic rocks as a result of accessory phase fractionation.

It has been argued above that the intrusive grey granites and the younger
granitoids of Umm Anab pluton cannot be related by fractional crystallization. The
evidence presented from the variation diagrams indicates that the older granites
cannot by crystal residues derived from the younger monzodiorite-granodiorite-
monzogranite suite. This agrees with the field relationships which indicates that the
former are earlier than the younger suite. The REE geochemical characteristics show
that there is no direct genetic chemical link between these two granitoid groups. The
older granites display high ZREE (212 ppm) and negative Eu anomaly (Eu/Eu* =
0.79-0.89) where most samples of the younger granitoid suite have lower REE
abundance and positive Eu anomaly. The differentiation process might acquire the
late differentiates more content of REE, whereas partial melting would leave residue
with positive Eu anomaly to characterize Ca-plagioclase accumulation. These
characteristics are entirely absent within the concerned two granitoid groups.

Figures 12 and 13, show that the older granites are typically of crustal igneous
origin and their REE patterns indicate the probability of their derivation by partial
melting of basaltic material with moderate hornblende in the residue to explain the
slightly fractionated REE patterns [Ce(n)/Yb(n) = 4.12-5.79]. The slightly negative
Eu anomaly implies few plagioclase separation from the melt.

5 A|203 / Ca0 + NaZO + Kgo

C-type
1.5F " x\oé«& a £
- +
1
M-type
0.5
0 | | | 1 1 1
45 50 55 60 65 70 75 80
SiO,

Fig. 12. SiO, - Al,O;/ CaO + Na,O + K,O variation diagram (Didier er a/. 1982).
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NaQO
8

Fig. 13. K,03 — Na,O variation diagram (S-and I-fields after White and Chappell 1983).

Summary and Conclusions

Umm Anab granitic pluton constitutes part of the Precambrian basement rocks,
north Eastern Desert, Egypt. The pluton is intruded into older metavolcanics, older
granitoid rocks and faulted against the adamellites of Gebel Umm Kibash. It has an
inhomogeneous composition and contains some amphibolitic enclaves. The modal
composition varies from quartz monzodiorite-granodiorite to monzogranite. The
former two varieties contain abundant albite and antiperthite and show strong
trondhjemitic affinities. Simmilar to most trondhjemites they display high soda, low
potash and lime, comparable FeO*, MgO, FeO*/MgO and K,O/Na,O and are
commonly corundum normative. The rocks have normative plagioclase which falls
mainly within the albite range to characterize albite-bearing trondhjemitic varieties.

The complete monzodiorite-granodiorite-monzogranite suite of Umm Anab
pluton exhibits calc-alkaline fractionation trend with some transitional trondhjemitic
tendencies. These geochemical aspects characterize the Proterozoic rocks of the
active continental margins that apparently related to subduction.

The moderatly fractionated REE patterns, marked depletion of HREE and the
tendency to have more positive Eu anomaly of the studied trondhjemitic suite are
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interpreted to have been produced by partial melting of amphibolite, leaving residues
consisting mainly of hornblende. The analysed amphibolite enclave is tentatively
suggested to represent the parent material of Umm Anab pluton. Similar petrogenic
model has been given for the Buston trondhjemitic intrusion of the central Hijaz
region which might have been produced as a result of partial melting of amphibolite
(Jackson et al. 1984).

Many lines of evidence suggest that Umm Anab trondhjemitic monzodiorite-
granodiorite and monzogranite are interrelated by crystal fraction. Albite and
antiperthite fractionation can explain some of the scatter in the trondhjemitic rocks.
The enrichment in Na,O is comparable with increase in Al,O;, Fe,03, Y, Zr, Sc, Ba,
LREE and HREE and decrease in K,0O. These two different trends have been noticed
within many trondhjemitic suites and were interpreted as a primary magmatic
feature.

The field observation, major and trace chemical analyses show that there is no
direct genetic chemical link between the older granites and Umm Anab granitic
rocks. The former are assumed to be derived by partial melting of basaltic material
with slight to moderate hornblende in the residue and few plagioclase separation
from the melt.
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