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Petrochemistry of Granitoids from the Mozambique Belt

By Dar Kix Fune, Maputo; BErNDp Voraxp, WoLFeGANG ScHMIDT,
Freiberg

With 8 Figures and 4 Tables

1. General geology of the southern part of the Mozambique belt

The basement north of the Zambesi river is of old geological constitution (archean or proterozoic)
and comprises the following structural units: Metil mobile belt, Lurio-Lugenda mobile belt,
Nampula, Mueda, Marrupa, Lichinga and Fingoe blocks (LAicHELT 1985, 1988, Figs. 1, 2, 1990,
Fig. 1).

The Nampula, Marrupa and Fingoe blocks probably represent remains of an archean nucleus
of granite-greenstone type. The mobile belts are relatively narrow zones (of graben or rift type)
which were tectonically reactivated in different geological times. We still distinguish the Metil
mobil belt and the Namama belt (Fig. 1) in the shape of a thrust, where numerous rare metal
mineralizations occur.
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Fig. 1. Structural schematic map of the southern part of the Mozambique belt (adapted from
SaccHr et al. 1984 and LicHELT 1985)
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Petrographically, the southern part of the Mozambique belt is composed of leucogneisses,
biotitic gneisses, micaschists, quartzites, basic to ultrabasic rocks, granitoids. The granitoids
are pre-Kibaran (age older than 1000 m.y.), syn- and post-tectonic with Kibaran orogeny (about
1000 m.y.) or pan-African (about 500 m.y.) (SaccHT et al. 1984).

2. Geochemical classification of the granites

The granites under investigation were ordered on the basis of Er. BousEkEY & BL SoK-
KARY’s (1975) ternary diagram Rb—Ba—Sr. From a total of 99 samples, they are distri-
buted als follows (Fig. 2):

— 10 highly differentiated granites with high Rb contents and low Ba values

— 28 normal granites with high Ba, decreased Rb and uniform Sr contents

— 51 anomalous granites (metasomatizated or granitized) with lower Rb contents relative to
those of normal granites but higher than those in granodiorites.

— 10 granodiorites with high Ba and Sr contents and low Rb ones.

This grouping has to do with a differentiation degree which corresponds, by decreasing
order, to: highly differentiated granites > normal granites > anomalous > granodiori-
tes. In the granodiorites to normal granites sequence, the factor governing the differentia-
tion is the Ba/Sr ratio whereas in the normal to highly differentiated granite series
the Ba/Rb ratio is more important.

3. Geochemical ¢haraeterization of granites
The granites classified in this way show certain regularities in the geochemical beha-
viour of the major and trace elements, and also in ratios between elements.

— the Si0, and alkalies sum values increase with fractionation and the CaO, MgO, Fe,0,, TiO,
and P,0; contents decrease (Table 1).

S
Fig. 2. Granites grouped after EL. BoUusEmEY & EL SOKKARY’s diagram (1975)

A — highly differentiated granites; B — normal granites; C — anomalous granites; D — granodiorites;
E — diorites
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Table 1. Chemical composition of granites in major elements (#: mean values in 9; s: standard-deviation; (v): variation range of the values;
N: number of samples)

Highly differentinted Normal granites Anomalous Granodiorites
granites (N 10) (N = 28) granites (N = 51) (N = 10)

@ 8 2 & 8 Ul & 8§ v @ § ?
5i0, 7547 1.19 (73.6—1T7.0) 7447 2.58 (69.3—78.8) 7043 4.94 (56.7—76.5) 68.52 5.77 (68.5—T7.7)
AlO, 13.63 0.70 (12.3—14.9) 13.28 0.91 (11.6—15.4) 14.88 0.60 (13.3—16.0) 15.75 1.90 (13.2—19.5)
F,0,4 1.48 0.72 (0.66—2.83) 246 1.04 (0.68—5,05) 3.38 1.64 (1.05—10.0) 3.94 2.37 (0.85—9.60)
(— total)
CaO 0.61 0.20 (0.32—10.82) 0.96 0.50 (0.30—2.55) 1.88 0.84 (0.80—5.48) 3.58 2.01 (1.68—7.41)
MgO <03 4x10% (< 0.3) 0.26 0.17 (< 0.3—0.8) 0.67 0.49 (< 0.3—2.7) 0.88 0.90 (< 0.3—2.9)
Na,0 3.04 0.80 (1.8—4.2) 253 0.62 (< 0.5—3.8) 249 0.73 (1.4—6.1) 3.12 095 (1.0—4.5)
K,0 5.15 1.27 (3.58 —8.23) 5,12 0.96 (3.76—8.87) 511 091 (1.22—6.47) 3.19 1.20 (1.32—5.26)
MnO 0.07 0,08 (0.02—0.27) 0.04 0.02 (0.01—0.09) 0.05 0.05 (0.01—0.36) 0.06 0.04 (0.02—0.12)
TiO, 0.13 0.12 (0.01—0.40) 0.28 0.18 (0.056—1.01) 0.57 0.37 (0.01—1.99) 0.48 0.38 (0.10—1.41)
P,0; 0.05 0.05 (< 0.03—0.13) 0.08 0.06 (< 0.03—0.24) 0.19 0.16 (< 0.03—0.83) 0.156 0.16 (0.06—0.58)

Table 2. Chemical composition of granites in trace-elements (#: mean value in ppm; s: standard deviation; (»): variation range of the values;
N: number of samples; C: Clarke concentration — after Vixocranov, 1962 in RoEsLEr & Laxge 1972)
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Highly differentiated Normal granites Anomalous granites Granodiorites
granites (N = 10) (N = 28) (¥ = 51) (N = 10)
& 8 ) (0] z 8 v (0] z 8 v C T 8 v C

Rb 3359 1.4 (168—529) 22 180.2 1.3 (112—376) 1.2 1653 1.8 (< 10—286) 1.1 64.7 2.7 (< 10—153) 04
Sr 344 3.3 (< 10—164) 0.1 77.6 2.2 (27—208) 0.2 271.1 1.6 (28—629) 0.8 4244 1.4 (270—828) 1.2
Ba 285.0 1.4 (200—3500) 0.4 649.6 1.6 (330—1800) 1.0 10158 1.6 (160—3100) 1.6 688.4 1.4 (350—1000) 1.1
Sn 2.9 48 (<i1—22) 12 67 22 (=1-—15) 24 41 3.2 (<1—41) 1.6 2.8 34 (<1—10) = 11
Be 6.5 1.7 (2—10) 1.4 28 1.6 (1—8) 0.7 25 1.8 (1—14) 0.7 1.8 1.0 (1-—3) 0.5
Nb 39.9 1.9 (15—100) 2.0 22.0 1.4 (13—60) 1.1 22.7 1.8 (9—130) 1.1 129 1.4 (9—28) 0.6
Pb 66.7 1.9 (28—210) 4.2 23.0 1.7 (7—66) 14 27.6 1.9 (9—180) 1.7 18.8 14 (12—38) 1.2
A% 47 2.0 (< 5—13) 0.05 8.2 3.0 (3—82) 0.09 35.7 2.0 (< 5—130) 0.4 51.6 2.3 (11—180) 0.6
Co 31 1.9 (< 3-6) 0.2 3.5 21 (<3-—12) 0.2 7.2 1.6 (< 3-—-27) 0.4 7.6 1.9 (4—22) 0.4
Cu 6.2 5.6 (1—150) 0.1 24.6 2.6 (3—100) 0.5 13.2 24 (2—100) 0.3 26.1 2.6 (9—130) 0.6
Ga 229 1.2 (17-—31) 1.2 17.6 1.2 (13—29) 0.9 224 1.4 (11—110) 1.2 184 1.2 (13—25) 1.0

Zr 75.3 2.2 (16—170) 0.4 2448 1.7 (74—670) 1.4 3308 2.0 (45—820) 1.9 175.0 2.1 (57—410) 1.0
B 54 1.3 (4—9) 0.4 58 1.6 (3—14) 0.5 6.3 14 (3—15) « 0.6 5.6 14 (3—9) 0.5
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— the Rb, Be, Nb and Pb contents increase with differentiation while the Sr, V and Co ones de-

crease (Table 2, Fig. 3).
— Sn, Cu, Ga, Ba, Zr and B do not show a consequent relation with the differentiation trend.

The Rb/Sr, Rb/Ba ratios values as well as the agpaitic index are higher in the more
differentiated granites; the K/Rb and Ba/Rb ratios decrease with the fractionation
(Table 3).

Nearly all studied granites are peraluminous with an Al,0,/(CaO + Na,0 + K,0)
ratio = 1 and show a predominantly potassic alkaline tendency.

The Fig.4 shows the granite distribution in the (Na,0 + K,0)/SiO, variation
diagram (TISCHENDORF 1985).

In the highly differentiated granites SiO, ranges between 74 and 779, and the alkali
content varies from 7 to 109,. These granites correspond to alkali feldspathic granites

Table 3. Some ratios between elements in granites

Ratio Highly Normal Anomalous Granodiorites
differentiated granites granites
granites
K/Rb 124.4 232,56 250.4 383.5
Rb/Sr 9.8 2.32 0.61 0.15
Ba/Rb 0.85 3.57 6.25 11.1
Ba/Sr 8.3 8.4 3.7 « 6.6
Ga/Al 3.17 2.50 2.85 2.22
Rb/Zr 4.5 0.74 0.50 0.37
K/Na 2.14 3.51 2.49 1.52
Na + K/Al 0.79 0,73 0.65 0.55
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Fig. 4. (Na,0 4 K,0)/8i0, variation diagram for the considered granites
1, 2, 3, 4 see Fig. 3

A — alkaline rocks; B — subalkaline rocks; C — calealkaline rocks; Grfa — alkali feldspathic granites;
Sgr — syenogranite; Gr Monz — granodiorite/monzogranite; Ton — tonalite; Tr — trondhjemite
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with characteristics of syenogranitic. The normal granites present SiO, values between
69 and 799, and the alkali sum varies form about 6.5 to 8.5%,. These granites also follow
an alkaline syenitic-granitic development. In the anomalous granites, one part is
distributed in the same ways and other parts fall into the granodioritic field with alkali
contents of about 69.

The granodiorites show tonalitic-trondhjemitic tendencies, and they are characterized
by lower SiO, (uptil 58.5%,) and alkalies (uptil 59,) contents.

In the TisScHENDORF & PALOHEN's (1985) Rb—Sr diagram, the highly differentiated,
normal and anomalous granites follow the crust tendency (the Rb/Sr ratio varies in
the range between 0.3 and 100 or more) while the granodiorites seem to be mantle-
influenced.

4. Application of other granitoid classification to granites

In recent publications, several classifications of granitic rocks can be found based on
petrochemical, structural, formational and tectonic criteria (CuappeL & Waire 1974 in
WivmeNAUER 1985; pE LA RocHE et al. 1980; Dipier et al. 1982 in BATCHELOR
& Bowpen 1985; TiscHENDORF & PALcHEN 1985; TiscHENDORF 1986; WHALEN et al.
1987).

The assignment of the granites under investigation to these different types is not
often realistic, taking into account that the geologic setting in Mozambique may
present characteristics which do not correspond to the other investigated regions of the
world which served as a basis for the definition of these rock types.

So, we will try to establish an equivalence to some of the proposed types (Table 4),
and to indicate the aspects which seem to have no concordance:

— highly differentiated granites: considered as fractionated felsic I-type (magmatic origin,
derived from the continental crust, with high Si0,, alkali, Ga/Al and Nb contents and low
CaO und Sr, with evidence of strong fractionation by the low K/Rb and Ba/Rb values).
Assignment to the I -type (anatexites of orthometamorphites, intrusives of the continental
crust) is also possible (Fig. 6).

— mnormal granites: they are distributed as felsic S-type granites (sedimentary origin, derived
from the continental erust) or A-type (anorganie, of igneous origin, derived from the continental
crust, normally without great differentiation, with high Ga/Al, Nb and Zr values). Assignment
to the S;-type (intrusives of the continental crust, anatexites of parametamorphites) is also
possible (Fig. 6).

Table 4. Granite order after literature classifications

Type CHAPPEL TISCHENDORF WHALEN et al.
& WaiTe & PALCHEN (1987)
(1974) (1985)

Highly S Ik fractionated

differentiated felsic I

granifes

Normal S St felsic S

granites A

Anomalous S Ss bS]

grunites 1(]]\_. A

Granodiorites 1 Tox M
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— Anomalous granites: their geochemical characteristics assign them to the S-type (sedimentary
origin, derived from the continental crust) or to the A-type.
Assignment to the Iggk-type (intrusives of the oceanic crust) and to the Sg-type (in situ grani-
toids of the continental crust, anatexites of parametamorphites) is not probable from the
geotectonic point of view (ScamroT 1986).

— Granodiorites: their behaviour is close to M-type granites (intrusives associated to a mantle
evolution, with low Si0,, Rb/Sr, Rb/Ba and high Ca0, MgO, K/Rb contents).
For a tectonic classification of the granites, their distribution in the Na,O x Zr — Rb/MgO
diagram (BEvuGE 1987) shows that they are collision granites (Fig. 7).

5. Geochemical specialization of granites.
Metallogenetic potential

It is not possible to make conclusions about the granitoid specialization on the basis of
the geochemical data only. In highly differentiated granites we can observe, in some
cases, certain peculiarities concerning the enrichment or the impoverishment of some
indicators (high Nb, Rb, Pb, Rb/Zr, K/Na, 8i0,, and low Zr, Ba, Sr, K/Rb, MgO and
CaO contents).

The enrichment of some elements, indicated by the Clarke concentrations values
(Table 2) — Pb, Rb, Nb and Be in highly differentiated granites; Sn, Pb and Zr in
normal granites; Zr, Pb, Sn and Ba in anomalous granites — is however, not as high as
compared to the limits normally defined for a specialization (TisScHENDORF 1977;
Barsukov 1967 in GoverT 1983).
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Fig. 7. Correlation between Na,0-Zr and Rb/MgO in granites

MPG — within plate granite; COLG — collision granite; VAG — voleanic arc granite; ORG — ocean rift granite;
YG — younger granite; 0G — older granite; 1, 2, 3, 4 see Fig. 3
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From its analysis (see also the structural map of Fig. 1) we deduce the following:

(1) It seems that there is a link between the structural units of the region and the granite types,
since

— the anomalous granites are preferentially located in the Nampula block and in the border
regions of the Lurio-Lugenda mobile belt (only subordinately in the Metil mobile belt).

— the highly differentiated granites, normal granites and granodiorites occur in the Metil mo-
bile belt, including the granulitic complex of Mugeba.

(2) We observe a relation between the represented tectonics and the granite type:

— the normal granites occur in two spots (Alto-Ligonha and Mocuba regions) which, as in the
known pegmatitic fields, are located at the erossing of linear structures of great dimension.

— the granodiorites are found in a zone between the two spots mentioned above following the
NNE—SSW tectonic direction and in the southern part the Namama belt direction.

— the highly differentiated granites occur in a southeast zone of the region under investigation
and also in the Mocuba spot; these granites seem to be associated with NE—SW and NW
to SE lineaments.

— the anomalous granites do not show a relation with the main tectonic directions concerning
the granites-pegmatites relation, -has not yet been clearly defined a genetic connection
between the two formation types.

The pan-African granites have often been related to the rare metal pegmatites, but
only in temporal and spatial aspect (AQUATER 1983).
From the results obtained we can conclude:

— the highly differentiated and the anomalous granites are not, as a rule, spatially connected to
zones where useful mineralizations are known.

— the normal granites occur in zones where great pegmatitic fields are found, at the crossing of
old Kibaran and pre-Kibaran lineaments of NW—SE orientation with younger, Pan-African
aged lineaments of NE—SW orientation.

— the granodiorites are located in areas of economically important mineral oceurrences of the
Namama belt.

Saummary

The studied granites are classified on the basis of their relative Rb, Ba and Sr contents. Four groups
resulted from this classification — highly differentiated granites, normal granites, anomalous
granites and granodiorites — which are distinguished by their differentiation degree and by some
characteristics in the geochemical behaviour of major elements, trace-elements and values of the
ratio between elements. The tectonic control of the granites reveals a connection between the
granite type and the geotectonics of the considered region as well as a relation between the granite
type and the localization of economically important ore deposit areas.

Zusammenfassung: Die untersuchten Granite kénnen auf der Grundlage ihrer relativen Gehalte an
Rb, Ba und Sr geordnet werden. Daraus ergeben sich vier Gruppen von Granitoiden — hoch-
differenzierte Granite, anomale Granite, Normalgranite und Granodiorite. Sie unterscheiden sich
durch ihren Differentiationsgrad und durch einige Charakteristika in der Geochemie von Haupt-
und Spurenelementen sowie Elementverhiiltnissen. Es existiert eine Beziehung zwischen dem
Granittyp und der geotektonischen Situation der betrachteten Region einerseits sowie dem Auf-
treten 6konomisch wichtiger Erzlagerstitten andererseits.

Pestome: Hnaccumkanusa mMccaef0BaHHEIX HAMI I'DAHNTONIO0B HA OCHOBAHUU OTHOCHTENLHOIO
cojiepAaHnA B HHUX piaemeHTOB Rb, Ba m Sr BosmozkHo. Takum myTeM BOBMOKHO BhIjleJeHNe
YeTHIpex IPYNI IPaHUTONIOB ;

BricokoguddepennpoBanHEX IPAHNTOR, aHOMAMBHEIX I'PAHNTOB, HOPMAJIbHHEX TPAaHUTOB M
rpaHoIHOPHTOB.
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OHI PasIMYAOTCHA APYT OT APyTa Ho cremenit puddepeHmanui u 10 HeKOTOPEIM XapaKTepHbM
NpPUBHAKAM TeOXHMHH TJIABHEIX DJIEMEHTOB I HIEMEHTOB-IpHMecell, a OTIHYAITCA TaK#ke I0
HIIEMEHTHBIM OTHOMISHIAM.

CymecTByer CBA3L, ¢ OHOII CTOPOHEI, MEKLY THIIOM FPAHUTA M Me0TeKTOHIYECKoil cnTyarmei
paceMarpuBaeMoro paiioHa, ¢ ApYroif CTOpPOHBI, MEHY THIOM IPAHUTA U IOABIEHNEM HKOHO-
MIUECKH BajiHBIX PYIHBIX MECTOPOIeHHIt.
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